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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 61st Annual Meeting of the Society of Toxicology, held at the San Diego Convention Center,
San Diego, California, March 27–31, 2022.
An alphabetical Author Index, cross-referencing the corresponding abstract number(s), begins on page 470.
The issue also contains a Keyword Index (by subject or chemical) of all the presentations, beginning on page 508.
The abstracts are reproduced as accepted by the Scientific Program Committee of the Society of Toxicology and
appear in numerical sequence. If a number is missing in the numerical sequence, the abstract assigned to the missing
number was withdrawn by the author(s). Author names that are underlined in the author block indicate that the author
is a member of the Society of Toxicology. For example, J. Smith. SOT members may sponsor abstracts that do not
include an author with SOT membership. Authors who are members of designated organizations could serve as the
sponsor of the abstract if an SOT member was not a co-author; these types of sponsorships are displayed with an
organization name after the sponsor name (e.g., Sponsor: A. Smith, EUROTOX).
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Continuing Education
Courses
Education-Career
Development Sessions

Informational Sessions

Roundtable Sessions
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Regional Interest Sessions
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The 2022 SOT Event App and Online Planner
The Event App is available via the SOT Annual Meeting website and app marketplaces. The Event App, alongside the
Online Planner is accessible from the SOT Annual Meeting website, enables attendees to engage with organizers,
exhibitors, and each other and to manage their time and maximize their experience during the Annual Meeting.
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This abstract book has been produced electronically by the Society of Toxicology. Every effort has been made to faithfully reproduce the abstracts
as submitted. The author(s) of each abstract appearing in this publication is/are solely responsible for the content thereof; the publication of an
abstract shall not constitute or be deemed to constitute any representation by the Society of Toxicology or its boards that the data presented
therein are correct or are sufficient to support the conclusions reached or that the experiment design or methodology is adequate. Because of the
rapid advances in the medical sciences, SOT recommends that independent verification of diagnoses and drug dosage be made.

1001

AM01: Animal-Free Safety Assessment of Consumer Products
and Ingredients: A Primer

1003

AM03: Evidence Map, Scoping Review, Rapid Systematic
Review, and Systematic Review—And How to Conduct Them

C. Willett. Humane Society International, Washington, DC.

A. Wang. NIEHS/NTP, Research Triangle Park, NC.

There has been significant progress globally over recent years in advancing the
science to underpin nonanimal cosmetic safety assessment. In addition, citizenled initiatives that prohibit animal testing of cosmetics and cosmetic ingredients
are expanding geographically every year. These advances are leading to the need
for global capacity building among the regulated and regulatory communities for
completely animal-free safety assessment of consumer products. In the European
Union, there has been a ban on animal testing of cosmetics since 2004 and a sales
ban on cosmetics tested on animals since 2013; nevertheless, because of testing
requirements in other sectors or geographies, animal testing of cosmetics continues. To enable confident decision-making regarding the safety of cosmetics and
personal care products, it is important to build confidence in the requisite methodologies based on experience. Toward this aim, an in-depth educational program
has been developed by the Animal-Free Safety Assessment (AFSA) Collaboration,
a partnership of nonprofit organizations and industry. Achieving a confident risk
assessment of a consumer product or ingredient without data from new animal
testing requires a novel approach to the assessment, as well as integration of
several types of in silico and in vitro data. This Continuing Education course will
provide a primer on the necessary tools, including understanding the regulatory
playing field, risk assessment problem formulation, estimating consumer exposure,
in silico and in vitro approaches to filling data gaps, and estimating an in vitro
point of departure—plus, a case example demonstrating how to combine all these
elements into a well-documented assessment based on the modules developed by
the AFSA Collaboration. Each of the presentations, given by a partner representative with the relevant expertise, will include a set of learning objectives to stimulate
audience participation; after the presentations and before the open discussion,
there will be a short crowdsourced quiz via Slido on the material presented. An
open discussion/roundtable will include one to two participants with regulatory
experience.

Besides traditional, narrative reviews, other review types are increasingly being
used in toxicology and recognized for their strengths. For instance, systematic
review has joined the narrative review on the short list in the quick publication
type filter on PubMed. Systematic reviews, a format originating from the clinical
research field, offer balanced answers to predefined questions with transparent
steps and comprehensive consideration of diverse, including conflicting, results.
They are considered the gold standard in many agencies for hazard identification and/or risk assessment of carcinogenic and noncarcinogenic effects from
chemical, physical, and biological agents; mixtures; lifestyles; and other scenarios.
Evidence map (survey the available research evidence), scoping review (evidence
map with a descriptive narrative summary of the results, typically without data
extraction or study quality assessment), rapid systematic review (faster completion
than a systematic review with or without review shortcuts), umbrella review, and
mixed type of review each can fit different needs while requiring fewer resources
than a systematic review. This course is designed for toxicologists at all stages of
their careers and will explain the review types, how to know which type is right for
your question and situation, how to complete selected types of the review, and how
to publish them, including interim products, in peer-reviewed journals. Many early
steps in the process are highly similar among these highlighted review types, and
participants will be able to build knowledge and know-how by following the presentations in the designed order. At the end of the course, the participants will be able
to (1) distinguish different types of reviews; (2) prepare an evidence map, scoping
review, rapid systematic review, or systematic review that fits their needs; (3) use
computational tools to simplify and hasten the process; and (4) write a competitive
manuscript to amplify the impact of their work.

1002

AM02: Conceptual Models in Immunotoxicology: Leveraging
Biological Knowledge, Alternative Approaches, and
Computational Strategies for the Future of Risk Assessment

E. Corsini. Università degli Studi di Milano, Milan, Italy.
Over the last several decades, a great deal of progress has been made in the
development of alternative methods to assess immunotoxicity, for both inappropriate immunostimulation and immunosuppression. Immunotoxicology hazard
identification requires novel approaches and strategies, possibly without the use of
animals to be in line with the vision of toxicology in the 21st century. In vitro methods
anchored to adverse outcome pathways (AOPs) currently under development or
already accepted at the Organisation for Economic Co-operation and Development
(OECD) level, associated with identified key characteristics (KCs) of immunotoxicants, and the combination of complementary information, in the context of an
Integrated Approaches to Testing and Assessment or a Defined Approach, offer the
opportunity to identify the hazard that xenobiotics may pose to the immune system.
This Continuing Education course aims to highlight animal-free approaches in
immunotoxicology, and participants will learn how to apply these novel strategies
to gain an understanding of how and if substances modulate immune processes.
The course will present the KCs of immunotoxicants as an approach for hazard
identification and will provide examples demonstrating the use of this framework
in the characterization of the toxicity of immunotoxic agents.The use of KCs for
the design of tests to evaluate the hazards of novel chemicals to complement or
replace existing approaches will be emphasized. In the second presentation, the
defined approaches for skin sensitization recently adopted at the OECD level will
be presented. Defined approaches have been demonstrated to be more reliable
and human relevant than stand-alone in vitro tests or the commonly employed in
vivo test methods. The third presentation will discuss integrated testing strategies for the identification of xenobiotic-inducing immunosuppression, including
high-dimensional profiling pathway analyses and computational approaches to
integrating immune-related data and outcomes assessments. Finally, the Universal
Immune System Simulator (UISS), a simulation framework to model the immune
system, will be introduced. The UISS software is free and has been used for hazard
characterization of pharmaceuticals. The application of this software for evaluating environmental contaminants will be demonstrated. The presentation of these
novel approaches will enable course participants to gain an understanding of how
mechanistic-based testing strategies can be applied to evaluate the adverse effects
of chemicals on immunity.

1004

AM04: How Advances in Exposure Science and Toxicology Are
Changing Assessments of the Effects of Chemical Mixtures on
Human Health

P. Price. Retired, Cedar Rapids, IA.
The fields of exposure science and toxicology are changing, and these changes
have the potential to improve our ability to assess risks from concurrent exposures
to multiple chemicals. The changes include advances in exposure monitoring; the
development of structure-based predictions of chemical properties relevant to
exposure assessment and/or relevant PK modeling of internal doses; the development of new approach methodologies (NAMs); advances in modeling variation and
uncertainty in exposure and dose-response; and the creation of curated databases
of information on toxicity and exposure. This course presents a review of how
these advances can, and likely will, change mixture risk assessments. The course
will begin with an overview of the existing approaches for mixture risk assessment, the limitations of these approaches, and the identification of the types of
information and tools needed to improve the assessments. The remainder of the
course will consist of four talks on how changes in scientific disciplines relevant
to mixture toxicology, such as cumulative exposure assessment, toxicokinetics,
toxicodynamics, and data organization, are helping to address the needs of mixture
risk assessors. Each talk will describe how advances in the field are improving the
ability to assess mixture risks (with case studies) and what could be done in the
future. The first talk will focus on how advances in exposure science can be used to
improve our ability to rapidly characterize multiple chemical exposures in an individual and how these combined exposures vary across individuals. The second talk
will address advances in our understanding and ability to model chemical interactions that involve the toxicokinetics of the chemicals. The third talk will discuss
the testing of mixtures of chemicals using in vitro assays to characterize interactions of chemicals in terms of common molecular initiating events, key events, and
certain apical effects. The final talk will recast our understanding of the mixture
risk assessment process using the concepts of the aggregate exposure pathways
(AEPs), adverse outcome pathways (AOPs), and AEP-AOP networks. This talk will
include a description of a proposed taxonomy for chemical interactions that can
help organize existing data on mixture toxicity. Together, the talks will describe
the relevance of scientific advances to the assessment of risks from exposures
to multiple chemicals. The course will discuss assessing risks from exposure to
discrete mixtures of chemicals and from exposures to multiple sources (cumulative exposures). While many of the issues discussed apply to ecological effects of
mixtures, this course will focus on the effects on human health.
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1005

AM05: Importance of Sexual Maturity and Reproductive
Senescence in Laboratory Animal Models

C. J. Bowman. Pfizer Inc., Groton, CT.
Age and reproductive status are often overlooked variables in mammalian
nonclinical studies, but they can have a significant impact on the evaluation of the
reproductive system, the interpretation of potential experimental- or test article-related findings, and ultimately the risk assessment. The reproductive system of
male and female test species undergoes considerable changes as it transitions
from immature to puberty and into fully sexually mature. The timing of puberty and
sexual maturation varies across species and sexes and is a major variable in acute/
subchronic and reproductive toxicity testing. In females, there also is an age-associated decline in reproductive performance, termed reproductive senescence.
In chronic toxicity testing, the effects of reproductive aging are not likely to be
seen in nonrodents (e.g., dogs, nonhuman primates, and minipigs) because of their
relatively long life spans; however, this can be a major complicating factor for female
rodents. An appreciation and understanding of these developmental and age-related changes in the reproductive system is critical to study design, execution, and
interpretation for a variety of in vivo experimental disciplines, including toxicology
(general, juvenile, investigative, DART, etc.), mouse models, and discovery efforts.
The objectives for this course are to provide attendees with an overview of the
basic biology of sexual maturation in males and females and reproductive aging in
females and to review the effects on study design, data interpretation, and extrapolation to humans. This course will complement the Continuing Education (CE)
course “The Male Reproductive Tract: Development, Toxicology, and Pathology,”
which was presented as part of the scientific program during the Virtual 2020 SOT
Annual Meeting, and the CE course “Development, Toxicology, and Pathology of
the Female Reproductive Tract: Interpretation of Findings from the Pathologist and
Regulatory Perspectives,” which was presented as part of the scientific program
during the Virtual 2021 SOT Annual Meeting. These courses are available as part of
SOT CEd-Tox, the Society’s online Continuing Education course program.

1006

AM06: Safety Evaluation Strategies in Drug Discovery: From
Target Assessment to Identification of Drug Candidates

M. Lemper. UCB S. A., Belgium, Brussels, Belgium.
Drug discovery toxicology starts at the very beginning, when a new target is
proposed for entry into the portfolio. After confirmation of the target, the discovery
toxicologist will serve as an integral member in lead optimization and candidate
selection for progression into GLP toxicology studies. A lead candidate is selected
through rigorous in silico and in vitro screening and subsequent in vivo pilot toxicology studies that enable a preliminary assessment of safety. In this course, the
speakers will provide a comprehensive overview of the target toxicity evaluation,
chemical series and compound de-risking strategies, and approaches leading to
lead identification and the first in vivo pilot toxicology studies. The identification of
any potential liabilities associated with the target and their relevance for the patient
population and indication contributes to the decision to invest in the exploration of
a particular target. After the decision is made to drug a chosen target, the discovery
toxicologist will become a critical member of the early discovery team, where the
selection of lead compounds will be discussed to finally enable the identification
of a candidate to take into GLP toxicology studies. To select a molecule with a
safety profile that provides an optimal chance of clinical success, strategies are
developed by selecting a panel of in silico, in vitro, and in vivo experiments. How
these in silico and in vitro strategies are developed to provide optimal chemical
series and compound de-risking will be discussed. Other presentations will focus
on the in vivo experiments where PK/PD modeling and ideally early human dose
predictions are needed to drive decisions on dosing frequency and dose selection.
Early in vivo pilot toxicology studies will be discussed, with a focus on their design,
interpretation, and impact. The course will conclude with an interactive investigative toxicology case study session where different case studies will be discussed
with the audience. While this session focuses on strategies for small molecules,
the overall concepts, approaches, and technologies are generally informative for
biotherapeutics and new chemical modalities.

1007

PM07: Best Practices for Successfully Assessing Ototoxicity in
Drug Development

J. Keating. CBSET Inc., Lexington, MA.
Hearing loss is a major global health issue affecting 1.5 billion people worldwide.
Prevalence is increasing dramatically: in 2050, one in four people will have some
hearing impairment. Acquired hearing loss is attributed to different environmental factors, including aging, noise exposure, and intake of ototoxic medicines.
Ototoxicity resulting in inner ear damage is a leading cause of acquired hearing
loss worldwide. It is estimated that up to 60% of patients receiving cisplatin and
aminoglycosides will have hearing loss, according to the World Health Organization
(WHO). This could be minimized or avoided by early testing of hearing functions in
the preclinical phase. While the assessment of ototoxicity is well defined for drug
candidates in the hearing field (i.e., required testing for drugs that are administered

by the otic route and expected to reach the middle or inner ear during clinical use),
ototoxicity testing is not required for the other therapeutic areas. Unfortunately,
this has resulted in more than 200 ototoxic marketed medications. This course will
provide an interactive learning opportunity to understand the key considerations for
determining a drug candidate’s ototoxicity. Discussions will focus on four aspects
of ototoxicity: (1) the burden of ototoxicity, the physiopathology of hearing loss, and
current therapeutic strategies to treat deafness; (2) why, when, and how to perform
preclinical ototoxicity studies; (3) regulatory perspectives; and (4) ototoxicity case
studies. The target audience includes toxicologists involved in the development
of potentially ototoxic drugs, pharmaceutical companies looking to develop or
repurpose drugs for hearing disorders, and those seeking scientific and operational
expertise to make sure that drug candidates do not affect auditory mechanisms.

1008

PM08: Juvenile Toxicology Testing: Assessing Pediatric Safety

S. Laffan. GlaxoSmithKline plc, Collegeville, PA.
This course will focus on the principles of nonclinical pediatric safety assessments. For pharmaceuticals, the ICH S11 Guideline on Nonclinical Safety Testing
in Support of Development of Paediatric Pharmaceuticals was recently finalized and
outlines a weight of evidence approach to deciding whether a juvenile animal study
is warranted. Once it is decided a juvenile animal study is needed, there are many
decisions that need to made, as there is no set default study design. The objectives
for this course are to provide attendees with an overview of the regulatory rationale
to conduct juvenile toxicology studies, the comparative biology of organ systems
that develop postnatally, practical study design considerations, and case studies
exemplifying data interpretation and risk assessment.

1009

PM09: Leading-Edge Microbiome Methods for Toxicological
Applications

A. Dzierlenga. NIEHS, Durham, NC.
The human microbiome describes the collective genomes, and encoded functions,
of the trillions of bacterial cells that live on and in the human body. Host-associated
microbiomes produce metabolites that impact human host cells in myriad ways,
including interaction with host metabolic and immune signaling. The microbiome’s
relationship to human health is made more complex when considering its interactions with the environment and the chemicals within. In fact, the role of the microbiome in modulating chemical exposure and the role exposure plays in shaping the
microbiome are becoming more critical considerations for mechanistic toxicity
studies and chemical evaluations. Recent technological advances that provide a
deeper understanding of the microbial milieu are outpacing the incorporation of
microbiome analyses in the field of toxicology. The objective of this course is to
provide attendees with an overview of reliable and robust approaches for analyzing
the microbiome’s composition, function, and role as a potential mediator of toxicity.
Speakers with expertise in microbiome analysis in the context of exposures will
present (1) an overview of the importance of considering the microbiome in the
context of toxicology studies; (2) an explanation of cutting-edge technologies
currently used to assess changes in microbiome composition and function and
their applications to toxicology; (3) examples of the use of in vitro and alternative
models for the microbiome and toxicity; (4) guidelines for the use of rodent models
in assessing the microbiome as a mechanism of action for toxicity of chemicals;
and (5) a summary of current translational approaches for studying the microbiome. Participants will gain an understanding of the utility of available models and
methodologies for studying the microbiome, xenobiotic exposure, and human
health and toxicity.

1010

PM10: Methodological Aspects of Vascular Toxicity

T. Knuckles. West Virginia University, Morgantown, WV.
The vascular network has long been known as a target of toxicity following
exposure and absorption. Furthermore, overall health and well-being of the cardiovascular system is highly dependent on a functional vascular network that can
respond dynamically to ever-changing physiological demands. However, the
difficulty of measuring functional and structural changes in the vascular network
can limit toxicological findings. This course will specifically deal with methodology
related to quantitating vascular toxicity at the cellular, tissue, and whole-network
levels. This course’s presentations will describe techniques to elucidate functional
vascular outcomes, from cellular to system-wide. After a brief introduction on
advanced physiology of the vascular system, including structure, function, fluid
dynamics, and pathology, the course will focus on isolated vascular and cellular
techniques in rodent models to determine changes in vascular reactivity, vasomotor responses, and barrier integrity in isolated tissue and cells, as well as reactivity
of these models to absorbed serum toxicants, followed by a specific discussion
of the endothelial cell and vascular remodeling in the cerebrovascular network.
Intravital microscopy as a mechanism for functional assessment of intact tissues
in a diverse set of vascular beds will be discussed, as will the utilization of ultraso-
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nography to determine in vivo uterine artery blood flow during gestation. In addition,
the methodology aspects of endothelial cell function noninvasely, as well as cell
harvesting from human volunteers, will be outlined. This course will be of interest to
a broad scope of scientists that are increasingly being asked to consider the effects
of novel compounds and toxicants on the physiology of the vascular network.
Furthermore, this course builds on a 2013 Continuing Education course and a 2019
Platform Session.

1011

PM11: Next-Level Neurotoxicology: New Technologies to
Advance Visualization of Spatial Molecular Alterations and
Behavioral Phenotyping

S. Witchey. NIEHS, Wake Forest, NC.
Neurotoxicological effects following chemical exposure range in structural and
functional alterations within the anatomically complex brain. Traditional histological or ’omic techniques used to identify potential toxicity have limitations in
specificity or a comprehensive understanding of altered connectivity of the 100
billion interconnected neurons. The objective of this course is to provide toxicologists with a better understanding of novel neuroscience techniques that provide
optimized visualization of spatial alterations and behavioral phenotyping that can
be applied to and advance neurotoxicology studies. This course is designed to
highlight and educate all levels of scientist on the current approaches in neuroscience research that can be used in the field of toxicology to evaluate the context
of brain morphogenesis and the significance of toxicant-induced disruption and
will demonstrate how the 3D in vitro system can model the complex multicellular
brain environment found in vivo. Different approaches to examining intact brain
tissue capturing neurocircuit morphology will be discussed, including (1) a novel
method to clear the tissue, enabling the visualization and spatial rotation of the
regions (or systems) of interest from animals; (2) fMRI methods to provide highly
detailed models of neurocircuitry to gain new insights into exposure effects; and
(3) proficient behavioral phenotyping models and in vivo neurocircuit visualization to identify neurotoxic chemicals. Many times, the neurochemical effects are
unknown and have no targeted system. The course also will discuss spatial profiling on slide-mounted tissue and the capability of choosing a neuronal region of
interest to perform genomic profiling; this can distinguish the chemical effects
at a genomic level within specific regions of the brain. Providing participants with
a comprehensive understanding of the new techniques and their application in
neurotoxicology using real-world examples, the course will allow the audience to
interact with experts who are currently using the techniques and to ask questions
for future application to their own research. While the course focuses on neurotoxicology, these techniques are easily transferred to different areas of research,
including neurodegeneration and drug discovery, as well as other organ systems.
The five-minute introduction will lay out the agenda of the course, including the
overall goals, speaker lineup, and intended outcome. All five speakers will have a
total of 30 minutes each, which includes time for questions following each talk.

1012

PM12: Principles and Applications of Read-Across in Human
Health Risk Assessment

J. Melia. SRC Inc., Scarborough, ME.
Although read-across approaches have been used for many years to fill data gaps
for chemicals lacking experimental toxicology data, recent advances in computational toxicology and the development of new approach methodologies (NAMs)
have extended these approaches to allow for better mechanistic understanding.
The initial foundation for read-across was based on similarity in chemical structure
and physicochemical properties; however, recent approaches also include consideration of toxicokinetic similarity and common toxicologic mode of action. This
course will provide important background on read-across principles and will describe
the latest computational tools that may assist with toxicological read-across. The
importance of applying expert judgement to interpret the output from computational tools will be discussed. Case studies will present a variety of perspectives on
current applications of read-across to human health risk assessment (i.e., US and
international regulatory agencies, NGOs, industry, and consultants). The course is
outlined as follows: The first talk will provide an introduction, focusing on common
principles and techniques employed in read-across, regulatory frameworks, and
available guidance for best practices. The second talk will then describe available
tools used for different aspects of selecting and evaluating analogues in support of
a toxicological read-across strategy. The third talk will describe application of the
European Chemicals Agency (ECHA) Read-Across Assessment Framework (RAAF)
to predict subchronic and developmental health effects for a target chemical. The
fourth presentation will expand on the Presentation #3 case study to describe
how broadening the use of read-across can help fill multiple data gaps to support
selection of safer chemical ingredients. Finally, the fifth talk will discuss the historical and future directions of read-across under Canada’s Chemicals Management
Plan, including case studies that utilize NAM data. Read-across methods have
evolved rapidly during the past several years. This Continuing Education course
will provide a thorough overview of existing methods with a view toward the future
of incorporating mechanistic NAM data to support read-across approaches. Thus,

this course will offer broad appeal to audience members of different backgrounds
and may be of interest to trainees interested in a career in regulatory toxicology or
risk assessment.

1013

Cardiovascular Effects of Environmental Metals: New Preclinical
and Clinical Insights

L. Cai. University of Kentucky, Louisville, KY.
Environmental causes of cardiovascular diseases (CVDs) and potential health
consequences are leading global health issues. In particular, a link between metal
exposure and CVDs has become apparent. Although the association of general
CVDs with increased exposure to low-dose heavy metals occupationally and
residentially has received attention and is increasing, there remains a lack of causal
evidence for such a link to certain types of CVDs, particularly pulmonary hypertension, atherosclerosis, and cardiomyopathy. Therefore, this session will focus on the
epidemiological and clinical evidence for such associations and preclinical animal
model-derived and mechanism-based evidence. To this end, we will provide the
following presentations: (1) epidemiological information regarding the potential
risks of individuals exposed occupationally and environmentally to heavy metals,
including lead, for CVDs and/or metabolic syndromes; (2 and 3) two clinical studies
focusing on the potential link of heavy metals to pulmonary artery hypertension
(PAH): a presentation of altered blood metal concentrations of both nonessential and essential metals in PAH and a presentation concerning the association
between antimony levels and hemodynamic markers of PAH disease severity; (4)
arsenic-induced atherosclerosis via inflammatory cells in a mouse model; and (5)
the pathogenic effects on the heart by adult chronic exposure to very low-dose
cadmium via epigenetic mechanisms and whole-life exposure to low-dose cadmium
via exacerbating high-fat diet lipotoxicity. The session will bring together epidemiologists, therapeutic industry professionals, clinicians, and translational scientists
to discuss the health risks of occupational and environmental exposure to heavy
metals through direct toxicity and indirect effects by disturbing homeostatic
mechanisms regulating essential metals as well as lipid levels. It will provide data
linking multiple different metals to CVD and define differences and commonalities.
Based on this, the goal of the session is to define the mechanisms by which we
may accelerate the development of efficient prevention and therapeutic strategies,
facilitating collaborations and discussions among investigators focused on these
emerging issues.

1014

Chronic Exposure to Low-Moderate Levels of Naturally
Occurring Metals and the Risk for Cardiometabolic Outcomes in
a Rural Community

K. James. University of Colorado, Aurora, CO. Sponsor: L. Cai
Cardiometabolic outcomes is a global public health concern especially with
increasing average life span. It is established that environmental exposure to
heavy metals is associated with clinical and subclinical cardiovascular disease
and diabetes mellitus; however, there is limited research on the effect of concurrent exposure to multiple naturally occurring metals. We will present findings from
our investigation of the association between environmental exposure to naturally
occurring metals (arsenic, cadmium, manganese, lead, and tungsten) and clinical
indicators of cardiometabolic outcomes in the San Luis Valley Diabetes Study
cohort. This cohort has extensive longitudinal clinical, demographic, and behavioral
data. Metals exposure was estimated through urinary biomarker analysis of historically collected repeated samples and cardiometabolic outcomes were measured
(n=1799). Our modeling also accounts for other pathophysiologic and confounding
factors, including age, sex, race/ethnicity, diet, smoking, physical activity, family
history, specific drug use, occupation, and other contributing medical factors.
Findings from this study of an identified association between concurrent exposure
to multiple environmentally relevant metals and cardiometabolic outcomes can
help elucidate the pathophysiology.

1015

Metallomics Profile in Pulmonary Hypertension Patients

J. Huang. University of Louisville Hospital, Louisville, KY.
Exposure to environmental nonessential metals has been linked to increased
incidence of CVDs. However, the relationship between metals and pulmonary
hypertension (PAH) as one of the CVDs was less investigated. We performed a
comprehensive metallomics analysis in PAH patients, aiming to identify potential
roles of nonessential metal toxicity and essential metal dyshomeostasis for the
pathogenesis of PAH. After IRB approval and informed consent, we recruited 20
PAH patients and 3 control subjects in this prospective observational study. Blood
and urine samples were obtained for and measuring comprehensive 31 metals
measurements were performed in whole-blood, plasma, and urine samples using
ICP-MS. In the blood samples, the PAH group showed about 5 times higher Cd
and significantly lower thorium concentrations than the control group. For the
plasma samples, PAH showed significantly higher sodium and lower manganese
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and arsenic levels. In the urine samples, PAH patients had increased levels of zinc,
arsenic, and Cd relative to controls although not statistically significant. In addition,
we identified that lead (Pb) level was about twice higher in the whole blood, 3.5
times higher in the plasma, and 1.4 times higher in the urine in PAH patients when
compared to controls although not statistically significant. We further found that
compared to controls, idiopathic PAH patients had less thorium in the blood; higher
sodium and lower manganese and arsenic in the plasma; and higher selenium and
molybdenum in the urine. Idiopathic PAH urine cadmium level was also 18 times
higher than the controls. There were also significant variations among all metals in
urine, blood, and plasma samples of PAH patients with large standard deviations
indicating the heterogeneity of PAH pathogenesis. This pilot prospective observational study revealed the abnormal essential and nonessential metal levels in PAH
patients, which shed light on the urgent need to extend large observational study
and accordingly to develop a strategy for the prevention of population exposure to
environmental heavy metals and maintain essential metal balances.

1016

Plasma Level of Antimony Correlates with Pulmonary
Hypertension Severity

K. El-Kersh. University of Nebraska Medical Center, Omaha, NE. Sponsor: L. Cai
With the hypothesis that there may be a correlation between heavy metal levels,
particularly antimony, and prognostic markers of pulmonary hypertension in PAH
patients, we have performed a prospective, single center pilot study with approved
IRB and all participated patients signed informed consent. Blood and urine samples
were collected to measure essential and nonessential metal levels in blood, plasma,
and urine using ICP-MS. Also, we collected demographics, hemodynamics, last
6-minutes walking distance (6MWD), last available B-type natriuretic peptide (BNP)
level, and REVEAL Lite 2 risk score as the simplified method of mortality risk assessment for patients with PAH. For this pilot study, a total of 20 patients with PAH
were included with mean age of 57.6±11.8 years, and 80% female. All the patients
were receiving PAH combination therapies including a prostanoid agent. Mean
last was 312.7m±96.2 and mean last BNP level was 118.3±129.6 pg/ml. RVEAL
Lite 2 risk score was low in 9 patients, intermediate in 6, and high in 4 patients.
Mean hemodynamic values were mean right atrial pressure (mRAP) 5.9±4.4 mmHg,
mean pulmonary artery pressure (mPAP) 45.6±13.9 mmHg, pulmonary artery
wedge pressure (PAWP) 8±3.5 mmHg, cardiac output (CO) 5.1±1.4L/min, Cardiac
index (CI) 2.86±1.1 L/min/m2, and pulmonary vascular resistance (PVR) 8.32±4.4
WU. There were significant correlations between plasma level of antimony and
mRAP (r=0.47), CO (r=-0.50), CI (r=-0.54), PVR (r=0.52), PA saturation (r=-0.54).
These variables clearly showed significant correlations between plasma level
of antimony and prognostic hemodynamic markers of disease severity in PAH
patients without known prior history of occupational heavy metal exposure. A
previous preclinical study reported that ventricular myocytes of guinea pigs treated
with trivalent antimony showed impaired contraction responses to changes in
stimulus frequency, reduced calcium current, and elongated action potential. The
clinical importance and implication for the significant correlation between serum
antimony levels with the prognostic hemodynamic markers of disease severity in
PAH patients will be discussed.

1017

Arsenic-Mediated Effects on Immune Cells Leading to
Atherosclerosis

K. Mann. McGill University, Montréal, QC, Canada.
Arsenic exposure is linked to increased risk of atherosclerosis in humans and can
be modeled in the mouse. We have previously shown that even low to moderate
arsenic levels increase atherosclerosis in apolipoprotein e knock-out (apoe-/-)
mice in the absence of a high-fat diet. This increased atherosclerotic plaque size
is accompanied by changes in the plaque constituents. These changes include
increased lipid deposition and decreased smooth muscle cell and collagen.
There were no changes to the number of macrophage cells within the plaque,
but we hypothesized that macrophage function would be altered. Importantly,
macrophages can be polarized along a spectrum from classically activated, inflammatory (M1-like) macrophages to alternatively activated wound healing (M2-like)
macrophages. A shift in the balance towards classically activated macrophages
is consider pro-atherogenic. We profiled primary murine bone marrow-derived
macrophage populations in vitro using RNA-Seq and pathway analyses, comparing
unpolarized (M0), interferon γ-activated M1, and IL-4 induced M2 macrophages
with and without exposure to arsenic. We find that arsenic alters each macrophage
population differently. Arsenic inhibits a main regulator of cholesterol homeostasis, the liver X receptor, primarily in M1 macrophages. Arsenic decreases MHC II
presentation on M2 macrophages, but not M1. Importantly, we have now profiled
the macrophage populations within the atherosclerotic lesions of control and
arsenic-exposed apoe-/- mice using single cell RNA-Seq. We have identified 7
different macrophage clusters within the atherosclerotic plaque, some of which
are altered by arsenic. Thus, we believe that macrophage function is significantly
altered by arsenic leading to pro-atherogenic changes.

1018

Chronic Exposure to Low-Dose Cadmium Induces or
Exacerbates Obese-Induced Cardiac Pathogenesis in
Mouse Model

L. Cai1, and K. James2. 1University of Louisville, Louisville, KY; and 2University of
Colorado, Aurora, CO.
Although chronic cadmium (Cd) exposure has been associated with the incidence
of CVDs, the effect of chronic exposure to low-dose Cd, either as an adult modeling
occupational exposure or whole-life from preconception to model residential
environmental exposure, on the heart remains unknown. We have exposed adult
mice to low-dose Cd for 4 weeks (20 nmol/kg or 5 ppb, i.p. every other day)
and then 40 weeks later examined and found the remaining cardiac contractile
abnormalities with overt interstitial fibrosis, which was mitigated by DNA methylation inhibitor 5-aza-2’-deoxyctidene (5-AZA; 0.25 mg/kg, i.p). In order to examine
whether whole-life exposure to low-dose Cd directly causes offspring cardiac
pathogenesis or impacts offspring’s susceptibility to high fat diet (HFD)-induced
cardiac pathogenesis, we exposed mice to low-dose Cd via drinking water from
conception to sacrifice with and without postweaning HFD (42% or 60% kcal from
fat) for 10 or 21 weeks. Whole-life exposure to 5 ppm Cd did not directly cause
significant functional and structural changes of the heart, but significantly exacerbated HFD-induced cardiac pathogenic effects. These studies showed that a HFD
combined with life-long, low-dose Cd exposure induces cardiac hypertrophy and
fibrosis in mice with different effects on gender, a response that is independent
of oxidative stress, but affected by zinc (Zn) levels (deficiency or supplementation). We further found that Zn prevention of Cd direct toxicity or exacerbating
HFD cardiac toxicity was not directly related to metallothionein expression, which
was further confirmed in neonatal murine engineered cardiac tissues (ECTs).
Therefore, the complete features of low-dose Cd pathogenic effects on the heart
may reflect the diversity of human cardiovascular responses to low-dose Cd either
residentially or occupationally. However, Zn protective effects against Cd toxicity
in animal models and ex vivo ECT model are important and potentially applied into
these exposed populations even though their exact mechanisms remain under
investigation.

1019

How to Maximize the Value of Electronic Data via Analytics
and Exchange to Create Knowledge: Case Studies across the
Pharmaceutical Industry and Regulatory Sectors

A. Brigo. Roche Innovation Center, Basel, Switzerland.
In the era of digital transformation and artificial intelligence, topics such as digitalization of historical data and data analytics have become of paramount importance
in most industries and sectors, including the pharmaceutical industry. It is apparent
that critical information is hidden in large, sparse, and diverse datasets that are not
easily utilized due to suboptimal storage, lack of curation, and lack of harmonization. The Standard for Exchange of Nonclinical Data (SEND) represents one remarkable effort carried out by the pharmaceutical industry and the US FDA to address
the very same limitations, which concern the in vivo toxicology data. The general
aim of this collective effort was to ensure that the in vivo toxicology data, given
its complexity, would comply with a standardized model to allow faster review,
cross-study comparisons, and deeper analytics. Considering that historical toxicology data does not conform to SEND format, this poses an additional challenge
going forward to appropriately utilize the entire body of data for analysis. The
scope of this session is twofold: (1) bring together US FDA and pharmaceutical
companies to share their experiences of what is working well and what still remains
to be addressed, five years after the implementation of SEND; and (2) understand
activities undertaken by the pharmaceutical industry in the form of global consortia
and modeling initiatives to ensure that the wealth of nonclinical data is leveraged to
the maximum extent, consolidating new knowledge to help progress drug discovery and development. The first two presenters will describe the steps taken by US
FDA in preparation to receive SEND data submissions, how the practical review of
submissions has changed after the implementation of SEND, the impact of being
able to analyze the raw SEND data, and the infrastructure developed to support
the nonclinical reviewers in their evaluations and foster research and knowledge
retention. The speakers will cover the ongoing experiences and initiatives within
the pharmaceutical industry regarding SEND and electronic data aspects.
Digitalization efforts of historical regulatory toxicity data and approaches to merge
and harmonize internal data with publicly available information will be discussed,
both as individual companies and in the context of broad consortia. Additionally,
the session will cover initiatives using SEND datasets to build machine-learning
models to predict organ-specific microscopic findings and the associated issues
and caveats with SEND, as well as benefits and potential for future analysis. The
session will conclude by discussing the impact that broader availability of electronically available complex data from multiple sources has on computational predictive
toxicology approaches, presenting two case studies on chemical series prioritization and mechanistic hypotheses generation.
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Introduction

A. Brigo. Roche Innovation Center, Basel, Switzerland.
The session will kick off with a high-level description of the most recent big data
and artificial intelligence discussions ongoing in the field of toxicology and drug
discovery and development. An overview will be given on the efforts taken in the
recent past by US FDA and the pharmaceutical industry to digitize complex datasets
with the convergence to the SEND model for preclinical data exchange, which now
allows unprecedented in vivo data accessibility and mining options. In addition, the
cross-pharma global data sharing activities will be briefly described emphasizing
the multiple possibilities that the creation of a very large bulk of shared data allow
in terms of mining, computational predictive models development and mechanistic
hypotheses generation. The session will move from regulated data exchange and
review to activities involving less harmonized datasets.

1021

Positive Impact of SEND on the US FDA/CDER Nonclinical
Review Process

P. Brundage. US FDA/CDER, Silver Spring, MD.
Per the guidance issued by the US FDA in December 2014 “Providing Regulatory
Submissions in Electronic Format—Submissions Under Section 745A(a) of the
Federal Food, Drug, and Cosmetic Act,” standardized electronic study data must
be submitted for applications, including New Drug Applications (NDAs), Biologics
License Applications (BLAs), and Investigational New Drug Applications (INDs),
for study types modeled in US FDA-supported SEND Implementation Guides. The
US FDA Center for Drug Evaluation and Research (CDER) employs software tools
that allow nonclinical reviewers to utilize SEND datasets to analyze study data
from multiple perspectives, beyond just using the tables, figures, and line listings
provided in the PDF study reports. SEND enables enhanced data visualization and
analytics to facilitate the review of data in a study as well as across studies within
an application. Reviewers are able to dynamically filter and sort data facilitating
the identification of dose-related trends and patterns. SEND also allows reviewers to easily determine the magnitude of differences of summary findings data
from concurrent controls or baseline values, which was previously a laborious task.
Overall, SEND enables analyses of the study data that improve the overall efficiency
and quality of the regulatory review process.

1022

SENDing Toxicology into the 21st Century: Overcoming
Challenges and Realizing Opportunities to Leverage
Repositories of Electronic Study Data

tia. To benefit from all these various datasets, they first need to be curated and
combined to one structured dataset. This also includes the transformation of the
data to SEND terminology/format to allow the use of originally non-SEND data in
combination with real SEND data used for all future approvals. With this approach,
we were able to compile the following dataset of preclinical in vivo toxicity data:
520 drug (candidates) from 1,800 Sanofi’s internal toxicity study reports; 2,000
drug (candidates) from 8,500 studies shared via eTOX/eTRANSAFE consortia;
and 3,250 mainly approved drugs from more than 10,000 publicly available in vivo
studies. This dataset is intended to support future preclinical safety assessment.
This includes all the organization of all data into one searchable database to be
used for read-across approaches in R&D (searches for specific adverse effects,
chemical structure etc.) and also for the review of future filings. Additionally, these
data serve as training data for the application of machine learning approaches and
development of in silico models for the prediction of drug toxicity in R&D.

1024

The Trials and Tribulations of Using SEND Data for Machine
Learning

N. Greene. AstraZeneca, Waltham, MA.
The introduction of the Standard for the Exchange of Nonclinical Data (SEND)
raises the opportunity to apply artificial intelligence techniques to extract relationships from data that had been previously challenging to work with from a machine
learning perspective. Could we look across studies and find patterns in the data
that would lead to new insights or greater precision in our ability to understand how
and when toxicity might occur with drug candidates? Starting with a set of approximately 3,200 possible studies, these were filtered to meet our desired criteria for
analysis. The resulting training set consisted of 90 studies covering 53 distinct
treatments and approximately 3500 subjects. Machine learning models were built
to predict the presence or absence of an organ-specific microscopic finding using
the blood and urinalysis clinical pathology measures as descriptors. Perhaps
unsurprisingly, some organ-level findings could be accurately predicted whereas
others could not. Additionally, model feature importance was used to further investigate the relationships between blood or urinalysis measures and a corresponding
pathological lesion. This presentation will outline the approaches taken to perform
data harmonization and application of machine learning techniques to the resulting
in vivo data set and the results discovered in the analysis. It will illustrate the issues
and caveats with SEND as well as benefits and potential for future analysis.

1025

Leveraging Nonclinical Pharmaceutical Metadata to Impact the
Drug Discovery Pipeline to Prioritize Compounds with a High
Probability of Success

K. Snyder. US FDA/CDER, Silver Spring, MD. Sponsor: C. Hasselgren

F. Shah. Merck & Co. Inc., West Point, PA.

The recent adoption of the CDISC-SEND data standard by the pharmaceutical
industry has created exciting opportunities to gain new insights by integrating
results of various endpoints across multiple toxicology studies. This will not only
ease the ability to generate routinely performed cross-study analyses, e.g., calculation of historical control ranges, but will also lead to the development and refinement of novel innovative approaches to the assessment of toxicological profiles
and off-target liabilities for both individual molecules and classes of compounds.
Although the machine readability of structured electronic standardized datasets
is enormously better than that of traditional study reports documents, flexibility
in the implementation of CDISC-SEND data standard to accommodate variability
in data collection systems and study designs has resulted in significant heterogeneity among SEND datasets such that practical development and execution
of cross-study analyses can be quite difficult. Overcoming these challenges will
require interdisciplinary collaboration among toxicologists, data scientists, IT
specialists, and data managers to assemble the appropriate software tools and
environments necessary to successfully extract the scientific knowledge from
repositories of SEND-formatted toxicology study data.

The progress in the field of computational toxicology, computational chemistry, computational biology, and chem/bioinformatics has enhanced our ability
to interrogate complex toxicology data in an unorthodox way. The recent push
towards cloud storage has further fueled our ability to quickly access and mine
toxicological data to generate mechanistic insights and to build/deploy models
for predictive toxicology endpoints. These predictive toxicology approaches are
beginning to impact the drug discovery pipeline in our ability to proactively address
safety risk or to aid in understanding the mechanisms of toxicity. Two case studies
showcasing utilities of predictive toxicology approaches will be presented: 1)
Leveraging ancillary pharmacology and in silico models for toxicology endpoints
to inform on potential safety liabilities and to influence chemical series prioritization; 2) Analysis of historical pharmaceutical metadata to generate potential
hypotheses for the mechanism of toxicity. The presentation will highlight a need for
management ‘buy-in’ and close partnership with discovery chemistry, DMPK, and
drug safety organizations for successful implementation of predictive toxicology
capabilities to impact an iterative drug design cycle.

1023

Compilation of In Vivo Drug Toxicity Data from Various Data
Sources and Their Application to Support Preclinical Safety
Assessment

A. Amberg. Sanofi, Frankfurt, Germany. Sponsor: C. Hasselgren
In vivo drug toxicity data exist in many different sources, so to compile big datasets
that can be applied in preclinical safety assessment, harmonization, combination,
and transformation of the different sources is essential. An important data source
for each company is their historical proprietary in-house data. These in vivo safety
data are often stored in Laboratory Information Management System (LIMS) and
summarized in regulatory toxicity study reports, which in many cases need to be
digitalized by data extraction and text mining from PDF reports. To enhance the
value of these internal data, it is important to merge them with external data, like
publicly available regulatory approval documents, databases, or publications.
Another option is pre-competitive data sharing of unpublished, non-confidential
data between companies; examples for this are the eTOX and eTRANSAFE consor-

1026

New Approach Methods for Functional Developmental
Neurotoxicity

T. Tal. Helmholtz Centre for Environmental Research, Leipzig, Germany.
New approach methods (NAMs) represent innovative possibilities for the replacement, refinement, or reduction (3R) of animal experiments. One area where NAMs
can have a significant impact is on the evaluation of developmental neurotoxicity
(DNT). While neurodevelopmental disorders can result in lifelong disability, causal
links between xenobiotic exposure and neurodevelopmental outcomes have only
been queried and identified for a small number of chemicals that specifically disrupt
complex cognition-related endpoints such as learning and memory. This is in part
due to the lack of accepted functional DNT NAMs that test for chemical-dependent
disruption of learning and memory. The OECD is coordinating the generation of a
guidance document on the use of a DNT in vitro test battery (DNT-IVB) that contains
early key events (KEs) that dictate brain development. While this represents an
important step forward, this alternative testing battery lacks functional NAMs that
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capture neuronal network function, learning, and memory. This session will highlight
novel tools and models for the evaluation and integration of functional DNT NAMs.
The first speaker will present the state-of-the-science on exposure-related associations with decrements in human cognitive indicators to set the stage for why
DNT NAMs need to account for key aspects of cognition, including learning and
memory. Organized by increasing biological complexity, the second speaker will
present on chemical-dependent perturbation of neuronal network formation in 2D
and 3D human-induced pluripotent stem cell (hiPSC)-derived cell models. Using the
3R-compliant early life stage zebrafish model, the third speaker will demonstrate
the utility of calcium-based neuronal activity indicators to detect xenobiotic effects
on neuronal function. The fourth speaker will present a new, sequential battery of
movement-, learning-, and memory-related zebrafish behavior assays to identify
chemicals that specifically disrupt learning and short-term memory. The fifth
speaker will demonstrate computational strategies for the integration of functional
DNT NAM data for hazard identification, chemical prioritization, and point-of-departure estimations. The final speaker will provide a regulatory perspective on the path
to acceptance and use of functional DNT NAMs and highlight potential roadblocks.
Collectively, this session will demonstrate the need, and discuss potential technical
and regulatory paths forward, for the inclusion of functional DNT NAMs in toxicity
testing and risk assessment.

1027

Human Developmental Neurotoxicity (DNT) of Environmentally
Exposed Chemicals

A. Chen. University of Pennsylvania, Philadelphia, PA. Sponsor: T. Tal
One in six children in the United States and Canada have one or more learning or
behavioral problems, and early human brain development is sensitive to environmental toxicant exposures, including metals, pesticides, PCBs, and PBDEs.
Epidemiologic data showing that environmental lead exposure is related to reduced
cognitive function, working memory, verbal comprehension, and academic achievement in children will be presented, as will results from birth cohort studies showing
consistent associations of pre- and postnatal PBDE exposure with reduced
cognitive function and increased behavior problems in children. Other potential
developmental neurotoxicants including BPA, phthalates, fluoride, parabens,
triclosan, replacement flame retardants, and PFAS will be discussed. Children are
exposed to mixtures of environmental chemicals from commercial products (e.g.,
pesticides, plasticizers, antimicrobials), air (e.g., particulate matter), water (e.g., As),
diet (e.g., MeHg, PCBs, DDT/DDE, and PFAS), and dust (e.g., lead, flame retardants).
While the vast majority of epidemiological studies use a single-pollutant approach
to examine developmental neurotoxicity, recent studies have applied advanced
statistical methods to examine chemical mixtures for effects on child neurodevelopment, including interactions and cumulative effects. The number of newly
introduced chemicals each year outweighs the current testing capabilities using
experimental animals. To efficiently evaluate chemicals and mixtures for effects
on human relevant outcomes such as behavior, cognitive function, learning, and
memory, the need for functional DNT NAMs is clear. Functional DNT NAMs can
help screen emerging chemicals, investigate chemical mixtures and ultimately,
facilitate the identification of chemicals that provoke DNT while limiting the use of
experimental animals.

1028

Assessment of Human Neuronal Network Formation and
Function Using 2D and 3D hiPSC-Derived Cell Systems

E. Fritsche. IUF—Leibniz Research Institute for Environmental Medicine,
Düsseldorf, Germany.
Learning and memory are commonly affected within a wide variety of neurodevelopmental diseases and also upon chemical exposure (e.g. lead or methylmercury).
One cellular feature of disturbed learning and memory is the inhibition of neuronal
network development. This can be due to disrupted synaptogenesis as outlined in
the Adverse Outcome Pathway (AOP) for Impairment of Learning and Memory (AOP
13; AOP Wiki). To assess developmental neurotoxicity (DNT), an OECD supported
in vitro battery (DNT-IVB) has been established. The DNT-IVB does not contain
human in vitro assays for neuronal network formation (hNNF). To address this
gap, we developed two different in vitro systems using human-induced pluripotent
stem cell (hiPSC)-derived, pre-differentiated excitatory and inhibitory neurons and
human astrocytes. This 2D method forms functionally active neuronal networks
on microelectrode arrays (MEAs) over a time course of 35 days in vitro (DIV).
The second test system is generated via neural induction of hiPSC to form 3D
neurospheres. 3D differentiation and subsequent plating onto MEAs form functionally active neuronal networks by 21-35 DIV. The 2D method mainly assesses
network formation while the 3D method integrates neuronal function and a variety
of developmental endpoints. Both systems were molecularly and functionally
characterized and evaluated with positive and negative compounds. In vitro assays
that assess neuronal network formation and function will be helpful tools for identifying compounds that might pose a hazard to human learning and memory. The
evaluation of model compounds in orthogonal functional DNT assays will help
define assay-specific applicability domains that will target their application.

1029

Snapshots of Neural Network Formation: How the
Photoconvertible Calcium Indicator CaMPARI Can Be Used to
Identify Toxicant-Induced Changes in Neural Development and
Function in Larval Zebrafish

J. Plavicki. Brown University, Providence, RI.
The brain undergoes tremendous growth during embryogenesis and continues to
develop rapidly well into early childhood, turning an altricial infant into an inquisitive toddler capable of asking questions and scaling couches. Orchestrating
each cognitive and motor milestone is a complex neural network foraged through
selective synaptic refinement and myelination. Disruptions in network assembly
can impair the acquisition and integration of information into existing frameworks,
resulting in aberrant responses to sensory stimuli, impaired learning, and disruptions in social behavior, all of which are hallmarks of developmental disorders in
humans. To understand how toxicant exposure affects neural network formation,
we use CaMPARI, a genetically encoded calcium indicator, to perform functional
neuroimaging studies in zebrafish embryos and larvae. When intracellular calcium
levels are high, the neuron-specific CaMPARI construct photoconverts and allows
researchers to take a snapshot of brain activity at a given point in time. To capture
brain activity profiles in freely behaving fish, we simultaneously pair photoconversion with behavioral assays. Convulsant and anesthetizing agents were used
to validate our experimental pipeline. This approach was used to examine how
developmental exposure to per- and polyfluoroalkyl substances (PFAS) affect
brain activity. We exposed zebrafish to perfluorooctanesulfonic acid (PFOS), a
pervasive toxicant that has been shown to produce hyperactivity in larval zebrafish.
By five days post-fertilization, chronic exposure to PFOS resulted in a significant
global increase in neural activity in multiple brain regions including the habenula
and the ventral telencephalon, nuclei with critical roles in emotional regulation,
response to social stimuli, and motivational states. We are currently comparing
whether exposure to different PFAS congeners produce similar patterns of neural
activity. Taken together, this work demonstrates how functional neuroimaging can
be coupled with behavior assays to identify toxicants that disrupt neuroactivity and
behavior in an alternative in vivo model.

1030

Behavior-Based Identification of Developmentally Neurotoxic
Environmental Chemicals That Cause Deficits in Learning and
Memory in Larval Zebrafish

D. Leuthold. Helmholtz Centre for Environmental Research, Leipzig, Germany.
Neurodevelopmental disorders are an increasing public health concern, in part due
to xenobiotic exposure-dependent developmental neurotoxicity (DNT). Impairment
of habituation, a non-associative form of learning, is prevalent in several human
disorders. Habituation is an iterative response decrement to repeated inconsequential stimuli and is conserved from unicellular organisms to invertebrates and
humans. Zebrafish exhibit a rapid escape motor behavior termed the acoustic
startle response (ASR). Upon repeated acoustic stimulation, larvae habituate
and learn not to respond to the non-threatening stimulus. While pharmacological
modulation of ASR habituation by serotonergic, glutamatergic, and dopaminergic
agents has been demonstrated, little is known regarding the effect of developmental exposure to environmental chemicals on learning and memory formation, nor
has habituation been tested in parallel with other more commonly used behavior
assays. We developed a battery of zebrafish behavior assays to sequentially
evaluate alterations in locomotor responses to photic stimuli, acoustic sensitivity,
habituation, and memory retention. The assay battery was systematically optimized
for acclimation requirements, age, stimulus frequency, and inter-stimulus, inter-bout
and inter-test intervals. Larval zebrafish at 5 d post-fertilization demonstrated
robust habituation behavior and exhibited memory retention for ~3 min. In line with
previous pharmacological studies, acute exposure to the NMDA antagonist MK-801
(1-100 µM) reduced habituation learning. Demonstrating assay sensitivity, deficits
in ASR were observed in larvae developmentally exposed to lead (EC50 0.2 µM),
over one order of magnitude below the no observed effect concentration (NOEC) for
teratogenicity (2.2 µM). Current work focuses on the evaluation of 100 compounds
prioritized for DNT testing by the OECD and US EPA. Taken together, this rapid
learning and memory assay battery, performed in a 3R-compliant and metabolically
competent alternative model, has the potential to serve as a functional anchor for
human in vitro DNT NAMs.

1031

Computational Approaches to Integrate DNT NAMs for Fit-forPurpose Identification of DNT Hazard

K. Carstens. US EPA, Research Triangle Park, NC.
Current developmental neurotoxicity (DNT) hazard assessment relies on in vivo
testing that is resource intensive and lacks information on key cellular processes.
To address these limitations, DNT new approach methodologies (NAMs) are being
evaluated for their utility to inform DNT hazard, including: functional microelectrode array network formation assay (NFA) to evaluate neuronal network formation;
and, high-content imaging to evaluate proliferation, apoptosis, neurite outgrowth,
and synaptogenesis. This work applies computational approaches to address
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three related hypotheses: (1) a broad screening battery will provide a sensitive
marker of potential DNT bioactivity; (2) evaluating selective bioactivity may provide
a more specific indicator of the functional processes underlying DNT; (3) some
subset of the DNT NAM endpoints may optimally classify DNT in vivo reference
chemicals. The dataset contained 57 assay endpoints, with a union set of 92
screened chemicals, including 53 in vivo DNT reference positives and 13 putative
negatives. K-means clustering of selectivity revealed five chemical clusters with
distinct DNT-relevant activity and identified DNT reference compounds with 66%
sensitivity and 92% specificity, capturing 18 false negatives. We used a supervised
machine learning approach to identify the most informative endpoints in classifying a DNT reference chemical. The five most important features included three
cytotoxicity endpoints, network formation, and neurite outgrowth endpoints. This
work highlights current obstacles in DNT NAM data interpretation, including a
limited set of reference negatives and the question of whether cytotoxicity should
be considered off-target or is relevant to deriving key DNT-related points-of-departure. Together, these data emphasize the importance of an integrated analysis that
combines computational approaches, a broad chemical set, and a diverse suite
of assays to demonstrate the fit-for-purpose utility of DNT NAMs for identification, hazard characterization, and prioritization of chemicals. This abstract does not
reflect US EPA policy.

1032

Blueprint (and Roadblocks) for DNT NAM Acceptance

A. Terron. European Food Safety Authority, Parma, Italy. Sponsor: T. Tal
From the international regulatory perspective, our goal is to ensure that the use
of chemicals is not harmful to exposed populations. Developmental neurotoxicity (DNT) hazard identification, particularly with respect to functional cognitive
endpoints, remains a critical information gap. Understanding how dysregulation
of fundamental processes in brain development has the potential to lead to an
unhealthy outcome can be achieved by linking DNT NAMs to Adverse Outcome
Pathway (AOP)-based conceptual frameworks that integrates in vivo and in vitro
data. The first challenge is to have appropriate AOP coverage to enable efficient
use in risk assessment, particularly for all developmental stages. Evidence linking
molecular initiating events (MIEs), plausible key event (KEs), and KE relationships
(KERs) with the probability of an adverse outcome (AO) of regulatory concern
is essential to inform DNT hazard identification. Along the AOP, the level of
uncertainty accompanying decisions based on in vitro measurements, relative to
the apical endpoint, must be addressed. This is especially relevant for functional
DNT AOs, due to lack of pathomorphological correlates or incomplete understanding of neurodevelopmental disease processes. An OECD draft guidance project
developed a framework to facilitate the regulatory use of DNT NAM data through
an integrated approach to testing and assessment (IATA). Identified scientific
challenges include ADME considerations, resolving identified data gaps, and
mapping guideline in vivo DNT endpoints against available DNT NAMs. Further, a
consensus road map for DNT NAM validation and inclusion of the DNT IVB in the
different legislations is necessary. Alternative DNT models like zebrafish have the
capacity to recapitulate more downstream functional events (e.g. activity behavior
and habituative learning) and potentially minimize the limited metabolic capacities of current in vitro methods. However, zebrafish DNT NAMs need standardized protocols and contextualization within the DNT AOP network to understand
their regulatory potential. Coordinated international harmonization efforts around
regulatory needs and development of functional DNT NAMs have the potential
to overcome these challenges and yield batteries that will more effectively and
efficiently screen environmental chemicals for human-relevant neurodevelopmental outcomes.

1033

Novel Approaches to Finding Better Antidotes for Cyanide
Toxicity

D. Jett. NIH/NINDS, Bethesda, MD.
Cyanide is a well-known industrial chemical that also has been used as a deadly
poison throughout modern history and antiquity. Cyanide is a public health concern
because of exposure after industrial accidents, and it is a serious complication
of smoke inhalation. Also, the United States Departments of Health and Human
Services and Homeland Security have identified cyanide as a public health threat
because of its potential deliberate use to cause harm and mass casualties.
Several cyanide-containing compounds, including hydrogen cyanide, potassium
cyanide, and methyl isocyanate, are highly toxic. Cyanide disrupts cellular oxidative
phosphorylation via the inhibition of cytochrome c oxidase. Cyanide also inhibits
several other enzymes, induces oxidative stress, and increases cellular calcium.
Mitochondrial toxicity and other effects lead to death, usually from cardiopulmonary paralysis. Nonlethal chronic effects include deficits in motor neuron functionality, like those reported after consuming cyanogenic cassava root (Konzo disease)
and the Parkinsonism reported in survivors of cyanide poisoning. The wealth of
knowledge gained from decades of research on the mechanisms of cyanide toxicity
has resulted in the development of therapeutics for individual exposures, including
the recently US FDA-approved drug Cyanokit. These antidotes work well if they are
administered before lethal acute toxicity; however, the unmet need discussed in
this session is the lack of safe and effective therapeutics for treating many individ-

uals at once after deliberate or accidental release. The currently available antidotes
can be effective and relatively easy to use by trained professionals to treat individual poisonings. However, they can require reconstitution before administration, and
all available US FDA-approved cyanide antidotes must be delivered by intravenous
injection, which is difficult and time-consuming. These and other features of current
antidotes may not be ideal for rapid treatment of many individuals at once, and
the use of Cyanokit in the prehospital setting is uncommon in the US. This session
will describe the unmet need for better cyanide antidotes during mass casualty
events and provide specific examples of current innovative research on the discovery of new lead compounds and the development of drug candidates. Current
research has identified new, promising candidate therapeutics, including platinum
complexes, glyoxylate, cobalt complexes, and new, more effective formulations of
existing compounds under study.

1034

Overview of Research Gaps in Cyanide Research and Novel
Approaches

D. Jett. NIH/NINDS, Bethesda, MD.
There are two US FDA-approved cyanide antidotes currently available: Cyanokit
(hydroxo-cobalamin) and Nithiodote (sodium nitrite and sodium thiosulfate).
Additionally, there is a third treatment, amyl nitrite, which has traditionally been
packaged with sodium nitrite and sodium thiosulfate as the Cyanide Antidote
Kit, however amyl nitrite is no longer available in antidotes kits in the US and no
longer an acceptable initial therapeutic response. Cyanokit and Nithiodote require
intravenous administration by trained personnel. While these antidotes can be
effective for single cyanide poisonings, better antidotes for mass casualty events
is a current unmet need. New and improved antidotes should have the following
essential characteristics: 1) they can be administered by minimally trained individuals, possibly with intramuscular autoinjectors, oral, intranasal, or inhalational
administration; 2) have a rapid onset and long duration of efficacy; 3) efficacy for all
forms of cyanide and routes of cyanide exposure; 4) have a ready-to-use antidote
not requiring preparation in the field; 5) stable for storage of many doses, and;
6) be cost effective. Current research on better cyanide antidotes includes basic
mechanistic research to discover targets, through preparing candidate therapeutics for advanced development and ultimate FDA approval and licensure. Cyanide
research can be categorized as either cyanide-based or host-based. Cyanide-based
research includes agents that bind cyanide and remove it from circulation, while
host-based research focuses on the detoxification of cyanide by increasing its
metabolism and elimination, or by direct interaction with targets of cyanide and
other mechanisms that prevent or ameliorate acute and chronic toxicity. Special
consideration is being given to alternate routes of administration and/or dosing
regimens for new or already FDA-approved therapies that would be safer, more
effective, or easier to administer during a mass casualty scenario. Specific subpopulations (e.g., pediatric and pregnant women, those with pre-existing conditions)
that are more vulnerable are also a priority for civilian exposures. Finally, clinical
efficacy studies are rare because of the obvious ethical challenges, however some
studies may be possible in people who are exposed to cyanide accidentally, for
example from smoke inhalation.
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Novel Cyanide Countermeasures Discovered via Phenotypic
Screening

R. Peterson. University of Utah, Salt Lake City, UT. Sponsor: D. Jett
Existing cyanide countermeasure are all limited by challenges related to mechanism
of action and mode of delivery. Novel countermeasures remain a high priority, but
validated targets are few. Fortunately, phenotype-driven screening approaches can
be used to discover new cyanide countermeasures even in the absence of validated
targets. Phenotypic screens in living zebrafish have identified the multivalent
cyanide scavenger hexachloroplatinate (HCP) and the metabolic modulator glyoxylate as promising countermeasures. A derivative of HCP has been developed that
reduces its toxicity while enhancing its scavenging of cyanide. This HCP formulation has been shown to be efficacious in zebrafish, mouse, rabbit, and pig models
of cyanide toxicity. We have also discovered that the human metabolite glyoxylate
is highly efficacious as a cyanide countermeasure in zebrafish, mice, rabbits, and
pigs. It exhibits low toxicity and a broad therapeutic window. Mechanistic studies
have demonstrated that cyanohydrin formation represents only part of glyoxylate’s
rescue mechanism, and that enzymatic transformation by lactate dehydrogenase
leads to rapid and profound metabolic changes that are essential for glyoxylate’s
function. Glyoxylate treatment rapidly normalizes the cellular redox imbalance
caused by cyanide treatment and restores oxygen consumption. Importantly, both
HCP and glyoxylate can be delivered by intramuscular injection. These discoveries
pave the way for development of cyanide countermeasures that are fundamentally
different from existing countermeasures and have the potential to transform our
ability to treat cyanide poisoning.
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Identification of a Lead Cobalt Complex for Use in Combination
with NO Donors

J. Peterson. University of Pittsburgh, Pittsburgh, PA. Sponsor: D. Jett
While some cobalt complexes have been shown to exhibit cyanide-scavenging
properties, only (hydroxo)cobalamin has been FDA-labeled for use in ameliorating
the harmful effects of cyanide toxicity without causing life-threatening side effects.
Cobalamin is expensive and requires the slow (~15 min) intravenous administration of large volumes. Recently, we have shown cobalt complexes of the Schiffbase macrocycles CoN4[11.3.1] (2,12-dimethyl-3,7,11,17-tetraazabicyclo [11.3.1]
heptadeca-1(17)2,11,13,15-pentaene) and CoN4[14] (5,7,7,12,14,14-hexamethyl-1,4,8,11-tetraazacyclotetradeca-4,11-diene) to be viable options as cyanide
antidotes. These are low molecular weight compounds that each bind two cyanide
anions (cobalamin binds only one cyanide under physiological conditions) and are
synthesized in one or two steps with affordable starting materials. The reaction
kinetics of cyanide association and the stability of the dicyano adducts are suitable
for sequestering cyanide in vivo and elimination of the toxicant in the urine.
In a sub-lethal mouse model, both CoN4[11.3.1] and CoN4[14] are shown to be
more effective at ameliorating cyanide toxicity when compared to cobalamin, its
precursor cobinamide, or a cobalt containing porphyrin. However, in experiments
where the cobalt complexes were given in combination with sodium nitrite (NO
donor), the CoN4[11.3.1] + nitrite combination was a superior antidote. Some of
the mechanistic bioinorganic chemistry underlying these observations will be
discussed. Significantly, no long-term neuromuscular sequelae are evident in these
mice more than a week later as assessed by the ability of the animals to remain on
a rotating cylinder (RotaRod testing). Due to their relatively low molecular masses
(~4-times smaller than cobalamin), the Schiff-base complexes can be expected
to exhibit greater molar solubility than other larger cobalt-containing cyanide
antidotes, leading to enhanced ameliorative capability through faster delivery
of effective doses. While it has been convenient in experiments with rodents to
administer putative antidotes by intraperitoneal injections, more recent work has
demonstrated that the cobalt compounds and sodium nitrite can be successfully
administered intranasally as aqueous solutions, suggesting a viable route (e.g.
pneumatic inhalation) in the case of humans.
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Cobinamide and Sodium Tetrathionate for Treating Cyanide
Poisoning

G. Boss. University of California San Diego, San Diego, CA. Sponsor: D. Jett
Cobinamide is a vitamin B12 (hydroxocobalamin) analog that is far more potent
than cobalamin as a cyanide antidote. Smaller volumes are, therefore, needed to
rescue animals from cyanide poisoning, and it is highly effective when administered
by intramuscular injection. It is also an effective antidote against hydrogen sulfide
and several other toxic chemicals, making it a potentially very useful drug. We have
shown that it is highly effective in mouse, rabbit, and pig models of cyanide poisoning, and we have developed a formulation that is well tolerated by animals with a
therapeutic index of at least 10. Sodium tetrathionate, like sodium thiosulfate, is
a sulfur donor that neutralizes cyanide by converting it to thiocyanate. Compared
to thiosulfate, which neutralizes a stoichiometric amount of cyanide, tetrathionate
neutralizes two moles of cyanide, thus reducing the amount needed to treat cyanide
poisoning. Like cobinamide, intramuscular sodium tetrathionate is highly effective
at rescuing mice, rabbits, and pigs from cyanide poisoning.

1038

Update on Dimethyl Trisulfide (DMTS) as a Non-intravenous
Cyanide Medical Countermeasure in Multiple Animal Models

G. Rockwood. US Army Medical Research Institute of Chemical Defense, Aberdeen
Proving Ground, MD.
Cyanide exposure most commonly occurs through inhalation of combustion
smoke, but dangerous exposure can also occur through ingestion, dermal contact,
and/or gaseous fume inhalation. While the current FDA-approved cyanide countermeasures Cyanokit (hydroxocobalamin) and Nithiodote (sodium nitrite and sodium
thiosulfate) are efficacious against cyanide poisoning, both require intravenous (IV)
administration and are consequently unsuitable for use in treating multiple cyanide
victims, particularly at or near exposure locations a distance away from a hospital.
In fact, hospital resources may be strained by an emergency need for multiple IV
line preparation and implementation. Dimethyl trisulfide (DMTS) is sulfur-based
molecule present in several common vegetables (e.g., garlic, onions, cabbage,
broccoli), and is currently recognized by the FDA as GRAS (Generally Recognized as
Safe) for oral use as a flavor additive. DMTS is emerging as a safe and efficacious
intramuscular (IM) anti-cyanide sulfur donor, as demonstrated in rodent models
of cyanide injection, ingestion, and inhalation. Further, in lethal rabbit and swine
models of cyanide poisoning, IM DMTS significantly enhances survival, with doses
as low at 10 mg/kg in swine. An improved (10% Aqueous) DMTS formulation has
yielded rodent pharmacokinetic results, showing peak blood levels in as little as
2-10 min and peak brain levels in 10 min, both post-IM injection. Further, we have
recently observed promising safety and efficacy of intranasal neat DMTS using
a novel nose-to-brain delivery in rodents. DMTS is now shown to be a candidate

cyanide medical countermeasure with flexible delivery options, without the inherent
limitations associated with IV administration. The potential role of DMTS as a
viable cyanide medical countermeasure candidate will be discussed in the context
of next-generation countermeasures that are practical, efficacious, safe, easy to
administer, route-flexible, and cost-effective.
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The Microbiome in Toxicity and Disease: A Yin and Yang Duality
for the Host throughout the Life Span

V. Sutherland. NIEHS/NTP, Research Triangle Park, NC.
The gut microbiome regulates immune homeostasis, not only serving as protection against exogenous bacteria and contaminants, but also producing essential
vitamins and metabolites for proper host function. The role it plays in our health
starts during gestation and lasts throughout our lives, but a complete understanding of what impacts the microbiome and how, or how long, an impact can affect
an individual is still not fully elucidated. It is believed that alterations in commensal microbiome fitness can render increased risk of childhood and adult disease,
but researchers are still working to determine the exact mechanisms, pathways,
and mediators that are involved. Therefore, understanding the role of the gut
microbiome and its functional metabolites in mitigation or mediation of exogenous
environmental chemicals across the life span is essential. This is a rapidly growing
field with impacts on human health, the environment, food security, and many
other areas of concern. This session is designed to highlight the significance of
the microbiome, the important questions currently being addressed, and the many
ways toxicologists can contribute to the field. To set the stage for discussions on
the importance of the microbiome, from conception throughout life, this session
will begin with a brief introduction, followed by a presentation on what influences
early development and establishment of the microbiome. The next presentations
will cover select environmental toxicants and their effects on the gut microbiome
and female reproduction, as well as a broader view of the role of the immune
system and responses in the context of a “normal” gut versus intestinal inflammation. To set the stage for discussions on the importance of the microbiome, from
conception throughout life, this session will begin with a brief introduction, followed
by a presentation on what influences early development and establishment of the
microbiome. The next presentations will cover select environmental toxicants
and their effects on the gut microbiome and female reproduction, as well as a
broader view of the role of the immune system and responses in the context of a
“normal” gut versus intestinal inflammation. Alterations in the gut microbiome can
influence a number of systems and overall health of the host, and arguably, one of
the most impacted organs is the brain. Understanding if and how alterations in the
gut microbiome can adversely impact or improve mental health and cognition will
be explored. Finally, the session will involve understanding where we are today and
the role the Human Microbiome Project played to set the stage for where we can go
from here, if we are able to alter the course of a disease through microbiome-based
interventions, and the next steps in understanding the role of the microbiome in
our health.
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All This Time, I Thought It Was My Brain Telling Me What to Do

V. Sutherland. NIEHS/NTP, Research Triangle Park, NC.
While it is now accepted that the microbes that live in and on us play a significant
role in our health, understanding how they function in this role throughout our lives
is not fully appreciated. We know that impacts on our microbiomes, by xenobiotic
exposures or life events, can alter our health status, but identifying biomarkers of
change, deciphering the interactions between the microbiomes and the host, and
understanding how all of this affects our mental and physical well-being are still
areas of focus for researchers. A brief introduction to this area will set the stage for
discussions on the importance of the microbiome and how impacts on the microbiome can affect health.

1041

Womb with a View: The Role of the Microbiome and Its
Metabolites in Facilitating Maternal-Offspring Communication
for Lifelong Adaptive Health

K. Aagaard. Baylor College of Medicine, Houston, TX. Sponsor: V. Sutherland
We have known for decades that maternal environmental exposures to agents
such as methylmercury, cadmium, and polycyclic aromatic hydrocarbons during
pregnancy and lactation have a lasting impact on the childhood and adult health of
her offspring. However, the role of the microbiome in preparing and adapting to the
world that her fetus will experience after birth is a relatively new and exciting area of
investigation. Understanding the impact of maternal environmental exposures on
both the structure and function of her developing offspring’s microbiome, as well
as the role of the microbiome on mediating and mitigating exogenous exposures,
is of utmost importance.
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Impacts of Phthalate Exposure on the Gut Microbiome and
Female Reproduction

1045

The Human Microbiome Project (HMP): What We’ve Learned
and Where We Go from Here

J. Flaws. University of Illinois at Urbana-Champaign, Urbana, IL.

L. Proctor. NIH, Bethesda, MD. Sponsor: V. Sutherland

Although many studies indicate that diet, geography, lifecycle stage, and pharmaceutical use affect the gut, few studies have focused on the effects of environmental chemical exposures on gut morphology and function. Further, few studies
have examined how chemical-induced changes in the gut lead to adverse health
outcomes such as female subfertility/infertility. Phthalates are a large class of
chemicals commonly used as plasticizers and stabilizers in personal care products,
medical equipment, construction materials, and polyvinyl chloride products.
Humans and other animals are ubiquitously exposed to phthalates through inhalation, ingestion, dermal absorption, and intravenous administration. Di(2-ethylhexyl
phthalate) (DEHP) is a model phthalate and known endocrine disruptor. DEHP
is widely used in many countries, but it is slowly being replaced by diiosnonyl
phthalate (DiNP). Although DEHP and DiNP are prevalent in our environment, only
a few published studies have reported the effects of any phthalates on the gut
microbiome and none of the studies focused on the impact of phthalate-induced
changes in microbiome on female reproduction. This presentation will focus on
data from our lab indicating that DEHP exposure alters the colonic microbiome and
it causes subfertility in female mice. Further, the presentation will focus on our data
indicating that DiNP exposure in female adults alters colonic morphology, colonic
gene expression of various immune and cell cycle regulation factors and causes
endocrine disruption and subfertility in female mice.

Research supported by HMP mapped the normal bacteria that live in and on the
healthy human body. Importantly, HMP research revealed that though microbial
community makeup can vary from person to person, the metabolic capabilities of these communities may correlate with health and disease. With a better
understanding of what “normal” microbiomes look like, researchers are now exploring how changes in the microbiome are associated with, or even cause, illnesses.
Work is ongoing to develop new therapeutic approaches designed to manipulate
the microbiome to treat disease as well as to restore and support health. This
presentation will review highlights from the HMP project, address the impact of an
adversely altered microbiome, and discuss if the field has advanced enough that
science can help alter the course of a disease, to help further understand the role of
the microbiome in our health.
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Impacts of Exogenous Agents on Intestinal Epithelia, Immune
Function, and the Gut Microbiome

C. Allred. University of North Carolina at Greensboro, Greensboro, NC. Sponsor:
V. Sutherland
We are exposed to numerous toxicants throughout our lives and their effects on the
gut microbiome range from changes in epithelial cell signaling to chronic inflammation that can lead to disease states. Understanding how toxicants influence
the microbiome and the host, and the role that mediators play as they communicate between the microbiome and the host, will broaden our understanding of the
impacts exogenous agents can have on both the microbiome and the host and
potential long-term impacts. Our research in preclinical models has demonstrated
that exposure to bisphenol A (BPA) alters intestinal inflammation and disrupts the
gut microbiome. In fact, endocrine disruptor compounds, such as BPA, appear to
modulate the severity of intestinal inflammation in a sex specific manner. Likewise,
our data indicate that key environmental regulators such as the aryl hydrocarbon
receptor (AhR) play a critical role in the development of tertiary lymphoid tissues
(TLTs) in response to environmental changes such as diet and that this response is
sex-specific. This presentation will focus on environmental exposures that influence
the intestinal microbiome and host intestinal epithelia and immune responses in
the context of the normal gut and intestinal inflammation.
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The Microbiome, Cognition, and Mental Health

J. Gilbert. University of California San Diego, San Diego, CA. Sponsor: V. Sutherland
The microbiome plays a role in almost every physiological function in the host,
but its influence on cognition and mental health is possibly one of the most significant impacts during development and throughout life. Numerous studies have
now shown that the microbiome has both associative and causative influence
on neurological behavior, in both animals and humans. The microbiome offers a
unique opportunity to create interventions that could counter depression, anxiety,
and improve cognitive development and reduce cognitive decline. However, the
identification of microbial biomarkers associated with cognition and mental health
outcomes is confounded by the high dimensionality and dynamism of the microbiome, especially as it relates to dynamic confounders such as diet, lifestyle, and
pharmaceutical use. Exploration of the key organisms and metabolisms linked to
cognition and mental health has led to several translational outcomes, such as
live biotherapeutic products that are being tested to determine their impact on
outcomes as broad as perinatal depression, anxiety, and autism. This presentation will discuss work we are developing to leverage these probiotics to address
perinatal depression in populations that are recalcitrant to antidepressants due
to the associated social stigma. In addition, the presentation will discuss work
in which we have identified prebiotics that stimulate the growth of bacteroides
organisms that promote GABAgenic activity in the developing brain to improve
cognitive outcomes. This presentation will focus on the science underpinning these
microbial therapeutics, as well as their potential translation into clinical use.
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A Holistic View of the Impacts of Climate Change

B. Rivera. Oregon State University, Corvallis, OR.
Climate research has shown a steady rise in global temperatures. This rise has
primarily been driven by an accumulation of greenhouse gases in the atmosphere
from the combustion of fossil fuels and other sources. This accumulation of
greenhouse gases has resulted in increased global surface temperatures and ocean
acidification as well as increased extreme weather events such as forest fires and
dust storms. Human and ecological health are directly affected by climate change.
Human health effects such as cardiovascular and respiratory diseases are exacerbated by combined exposure to chemical and nonchemical stressors. Combined
stressors relating to climate change also have been shown to have ecological
impacts resulting in disruption of ecosystems or population decline. In this session,
we intend to address combined exposures, such as complex mixtures, heat-stress,
and socioeconomic factors, that are exacerbated by climate change. We intend
to provide a multidisciplinary perspective on this topic, featuring speakers with
diverse backgrounds representing government, academia, consulting, and the
nonprofit sector. This session will cover current approaches that individuals from
the fields of toxicology, epidemiology, environmental justice, ecological risk assessment, and economics are using to answer key questions relating to climate change
and combined exposures. Specifically, this session will discuss current approaches
to investigate interactions of combined stressors, associated human and ecological health effects, and susceptible subpopulations. This session will conclude with
an economics perspective investigating the influences of social factors combined
with climate change-associated health effects and their implications related to
public health costs.
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Introduction

D. Carlin. NIEHS, Research Triangle Park, NC.
Climate change is associated with the exacerbation of health effects and the
creation of new public health challenges. This phenomenon is affecting populations
such as children, the elderly, and disproportionately vulnerable and disadvantaged
communities. The National Institute of Environmental Health Sciences (NIEHS)
is well-poised in the effort to support research on the health effects associated
with climate change and environmental exposures. This presentation will cover
pertinent examples of recent climate change research supported by the NIEHS
Climate Change and Human Health Program (e.g., Centers, interagency collaborations, consortia, and investigator-initiated research) and the NIEHS Superfund
Research Program (SRP), as well as future directions for this important research
portfolio.

1048

Health Effects of Wildfire Smoke and Dust Storms: Evidence
from Epidemiologic Studies

H. Chang. Emory University, Atlanta, GA. Sponsor: B. Rivera
As a result of increased global temperatures, population exposures to extreme
weather events such as wildfires and dust storms are increasingly more common.
Smoke plumes are complex air pollutant mixtures, and their compositions can vary
by fuel types and meteorological conditions that affect aerosol aging. Similarly, dust
storm air pollution is a mixture characterized by high concentrations of particulate
matter from soil that can contain heavy metals, pesticides, and spores or conidia
of microorganisms. This presentation will describe results from ongoing population-based epidemiologic studies in Arizona, California, and Nevada that leverage
patient-level hospital records from large administrative health databases. We will
summarize results from case-crossover analyses that link short-term exposures
to wildfire and dust storm to emergency department visits and hospitalization for
cardiovascular and respiratory diseases. We will also highlight exposure assessment methods for wildfire and dust storm air pollution that utilize measurements
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from monitoring network, satellite imagery, and numerical model simulations. One
important challenge is how to differentiate wildfire and dust storm air pollution
from other emission sources in order to quantify potential differences in toxicity.
Finally, we will discuss ongoing efforts to identify sensitive subpopulations, for
example by the presence of other comorbidities.

1049

Interactive Health Effects of Heat Stress and PM2.5 Exposures

L. Chen. New York University Langone School of Medicine, New York, NY.
Although the causes of climate change remain unresolved, it is widely accepted
that increased emissions of greenhouse gases contribute to climate change.
Accompanying these increases in global surface temperature are also increases
in the frequency, intensity, and duration of extreme weather. Climate change
and air pollution are intrinsically connected since many greenhouse gases and
air pollutants originate from the same source. During a heat wave, the elevated
temperature is usually accompanied by corresponding increases in concentrations
of air pollutants such as O3 and fine particulate matter (PM2.5). Recent studies have
shown that both PM pollution and temperature are associated with adverse health
outcomes and that PM has its largest mortality effects on hot days. We hypothesized that there are interactive effects of air pollution and extreme weather on the
cardiometabolic systems. To test this hypothesis, C57BL/6 mice (some implanted
with ECG transmitters) were randomly divided into filtered air (FA), fine particulate matter (PM) group, filtered air combined with heat stress (FH) group, and fine
particulate matter combined with heat stress (PH) group for a 4-week PM exposure
followed by 2-week heat stress exposure via a whole-body exposure system. ECG
tracings were continuously monitored throughout the exposure period. Systemic
glucose homeostasis, insulin sensitivity and circulating inflammatory cytokines
were examined. HSP72 expression and insulin signaling in the liver were measured.
While both PM2.5 and heat stress elevated heart rate, no changes were observed
in either FA or PH groups. Glucose tolerance and insulin sensitivity were impaired
in response to heat stress, accompanied with lessened hepatic Glut2 expression
and inhibited insulin signaling pathway. No synergistic effects of heat stress and
PM2.5 exposure on glucose homeostasis were observed, while the heat-upregulated
HSP72 expression was attenuated with accumulated TNF-a induced by further
PM2.5 exposure. These findings provide new insight into the interactive effects
of climate change stressors such as heat stress and PM2.5 on cardiometabolic
systems.
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Advocating for Community Resilience to Climate Change

A. Raval. Asian Pacific Environmental Network, Oakland, CA. Sponsor: B. Rivera
Climate change has been shown to have disproportionate impacts on low-income
communities. These communities often lack the resources needed to prepare for or
recover from extreme weather events, and often live in areas with greater exposure
to natural hazards. APEN is a grassroots environmental justice organization that
uses research-driven advocacy focusing on community leadership to address key
issues. Our approach aims to ensure that research does not only legitimize scientific
expertise but authentically values the lived experiential knowledge of community
residents as a way to advocate to end the extractive, dirty energy economy and to
build healthy, thriving, and resilient neighborhoods. Two recent policy reports that
APEN developed (Mapping Resilience and Resilience Before Disaster) exemplify
this approach and drive APEN policy strategies around community resilience
to climate change. This presentation will draw from specific case studies and
examples based on APEN’s community organizing work with Asian immigrant and
refugee communities in the Bay Area, including the RYSE youth center in Richmond,
CA, a youth-led resilience hub project that will support local community power and
leadership, enable social connection and services, promote renewable energy and
sustainability, and power our neighborhoods during times of disasters.
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threats. Although developed for coral reefs, the described methods can be adapted
for screening-level risk assessments with broad and complex spatial data sets
for other contexts and ecological variables. Evaluating the temporal dimensions
of risks for considerations of phase shifts and ecological resilience to climate
change will also be discussed. Assessing and managing the changes to ecological
condition from a changing climate will benefit from the future application, use, and
development of Bayesian networks.

Bayesian Networks for Assessing and Managing Risks to
Ecosystems in a Changing Climate

J. Carriger. US EPA, Cincinnati, OH. Sponsor: B. Rivera
Estimating ecological risks from climate change requires knowledge of the
exposure to multiple stressors along with the susceptibility of the ecological
resources to these stressors. Uncertainty and variability are essential components
for calculating risks in future conditions. Bayesian networks are probabilistic tools
that have been underutilized for inferring risks. A Bayesian network approach for
considering risks from multiple global- and local-source stressors will be explored.
The approach will be demonstrated with examples from a case study on coral
reef risks to stressors from local sources such as watershed- and marine-based
pollution and global sources such as acidification and thermal stress. The networks
were developed using machine learning techniques and based on augmented naïve
structures to accommodate multiple predictors and collinearities in the spatial
data. However, causal knowledge was also used with a direct effects assessment
to examine the potential changes in the reef health indicators from changes in
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Climate Change, Toxicology, and Environmental Justice: An
Economic Perspective

T. Tomasi. Integral Consulting, Cherry Hill, NJ. Sponsor: B. Rivera
Climate change will increase exposure to multiple stressors that interact to affect
health outcomes. Further, effects of exposures may be mediated by social factors
such as access to healthcare, education, income, and social support programs.
The evaluation of the effects of alternative polices to control risks in this setting
is complex. This presentation will review economic approaches for measuring environmental inequality. The presentation will begin with one-dimensional
measures applicable to a single index of exposure. The properties of invariance
to scale and ability to compare groups will lead to particular measures of inequality; the Gini coefficient measures. The presentation will then introduce the idea of
trading off the size of the pie and the distribution of its slices via a social welfare
function (SWF), which gives rise to the Atkinson class of inequality measures.
When one moves to a multi-dimensional setting, with several stressors and/or
outcome measures, one can (i) either aggregate them into a single outcome for
each individual, and then use a SWF to address inequality across people on this
aggregated outcome, or (ii) leave the outcomes distinct and combine them via a
multi-dimensional inequality measure. Examples of these alternative approaches
will be presented via a hypothetical example.
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Leveraging Physiologically Based Pharmacokinetic (PBPK)
Modeling for Refining Safety Assessment of Food, Drugs, and
Chemicals under Data-Rich and Data-Poor Conditions

C. Tan. US EPA, Research Triangle Park, NC.
Physiologically based pharmacokinetic (PBPK) models simulate the absorption, distribution, metabolism, and excretion (ADME) of a chemical in the body.
Traditionally, the development of these models begins with a critical evaluation of
available in vivo data that inform the ADME processes. These data, and sometimes
with in vitro and in silico estimated ADME parameters, are then used to construct a
PBPK model. The performance of a model is evaluated by comparing the concordance between simulated internal concentrations with the observed data. For
environmental chemicals, these models are commonly applied to estimate human
health risks from animal-derived dose-response data, as well as understanding
intraspecies variability and life-stage sensitivity. PBPK models also can be used to
examine the impact of exposure scenarios and nonlinearity in ADME mechanism(s)
on internal doses and subsequent responses. Furthermore, PBPK models have been
used to evaluate the safety of human food derived from food-producing animals
treated with veterinary drugs and to support veterinary drug development for farm
and domestic animals. Recently, PBPK models have played a critical role in converting in vitro bioactive doses to equivalent external exposure levels for screening and
prioritizing chemicals for further testing. This session will cover a collection of case
study applications to demonstrate how recent advances in PBPK modeling can be
leveraged to integrate available data for a variety of risk assessment purposes—
from study design to data interpretation; for drugs, food, and chemicals; and under
both data-rich and data-poor conditions. Specific model applications that will be
discussed include organizing the current state of knowledge to optimize animal
study design; supporting animal-derived food safety assessment, animal health risk
assessment, and veterinary drug development; extrapolating to new and inaccessible conditions and evaluating potential sensitivity of a susceptible population;
estimating the PK of data-poor chemicals; and extrapolating in vitro and in vivo test
results to human exposure levels. Following the presentations, there will be a panel
discussion on how to encourage more frequent use of PBPK modeling as a quantitative tool in chemical risk assessment for both human and animal health. Though
PBPK modeling is now a familiar tool to many toxicologists, these broad topics will
be discussed such that both newcomers and practitioners will feel welcome.

1054

Incorporating PBPK Modeling throughout the Chemical Safety
Testing Program

H. Barton. Barton Systems Pharmacology and Toxicology, Mystic, CT.
Safety assessments of environmental chemicals rely on extrapolating administered
dose in animal dose-response studies to acceptable human exposure levels; while
for therapeutic compounds, typically, blood concentrations are the basis for such
extrapolations. Dose-response relationships that are difficult to interpret at the
administered dose level can become more understandable when dose is expressed
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at the internal level, especially when one or more ADME processes are nonlinear
(for example, saturable metabolism). An overview will be given of determining
model structure and parameters, along with experimental and in silico methods
to support model development. Examples will be provided to demonstrate using
PBPK models to account for nonlinearities in ADME process to predict the relationship between administered dose and internal dose for a parent or metabolite(s).
Knowledge regarding ADME nonlinearities may be obtained from PK data collected
from animal studies and/or in vitro measured ADME parameters. Together with
Information about mechanisms leading to effects obtained from short-term animal
toxicity studies, such as the role of the parent or metabolites, PBPK models can
be useful for testing hypothesis on mode of action, integrating existing data and
knowledge related to PK, and suggesting targeted experiments to fill data gaps to
support optimal design of longer-term animal studies.

1055

Applications of PBPK Models for Drugs in Cattle, Swine,
Chickens, Sheep, and Goats for Animal-Derived Food Safety
Assessment

W. Chou. University of Florida, Gainesville, FL.
This presentation will introduce the development and applications of PBPK models
of veterinary drugs in non-human species, with a focus on common food-producing animals, such as calves, beef cattle, dairy cows, swine, sheep, goats, broiler
chickens, laying hens, and turkeys, as well as fish. PBPK models can be used to
estimate drug residue concentrations and drug withdrawal intervals in edible
tissues, such as meat, milk, and eggs. Such an application will be illustrated using
recent studies for penicillin G, flunixin, and oxytetracycline. The PBPK modeling
approach will be compared with the traditional methods, such as population PK
models and statistical tolerance limit methods used by the US Food and Drug
Administration and the European Medicines Agency. To facilitate the application
of PBPK models in animal-derived food safety assessment, several tools have been
developed, such as a web-based interactive Physiologically Based Pharmacokinetic
(iPBPK) interface using R Shiny, and a comprehensive database on physiological
parameters for different production classes of common food animal species.
Finally, challenges and future perspectives on the applications of PBPK models in
animal-derived food safety assessment, animal health risk assessment, and veterinary drug development will be discussed in this presentation.
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Applications of PBPK Modeling to Conduct Species, Route, and
Population Extrapolations in Chemical Risk Assessments

H. Clewell. Ramboll US Corp, Durham, NC.
The purpose of dosimetry modeling in human health risk/safety assessment is
to provide a quantitative estimate of an exposure concentration or dose in the
human population of interest that would be equivalent, from the viewpoint of
tissue exposure, to a particular exposure concentration or dose (such as NOAEL)
derived from animal bioassays or epidemiological studies. This presentation will
describe applications of PBPK modeling to replace default interspecies, intraspecies, and age-dependent uncertainty factors; to conduct route-to-route extrapolation as an alternative to the traditional dosimetry adjustment factor approach; and
to estimate scenario- and age-specific human points of departure. Case studies
will demonstrate how PBPK modeling can be used to estimate Data-Derived
Extrapolation Factors to address extrapolation of an animal point of departure to
an estimate for the human population; and to evaluate the potential sensitivity of
susceptible populations due to genetic polymorphisms or life-stage factors.
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Utilizing a Read-Across Approach for Efficient PBPK Model
Development and Evaluation

A. Paini. esqLABS GmbH, Saterland, Germany.
With the current progress in using NAMs to support chemical hazard characterization, there is growing interest in developing and applying PBPK models to relate
a chemical concentration that induces in vitro responses to an equivalent human
exposure level. The aim of this presentation is to introduce a strategic workflow
that lays down the fundamental steps in using a read-across framework to inform
modelers and risk assessors on how to develop PBPK models for chemicals that
are lacking in vivo PK data, and to evaluate these models for which predictive
capacity cannot, therefore, be assessed. This strategic workflow was included in
the recent OECD PBPK model guidance document to provide the minimum set of
criteria required to perform a read-across from data-rich chemicals to a data-poor
analogue. The workflow analysis is illustrated by means of a real case study using
the alkenylbenzene class of chemicals, showing the reliability and potential utility
of this approach.
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From Exploratory Analysis to Risk Assessment Application
Using a PBPK Modeling Platform

J. Dorne. European Food Safety Authority, Parma, Italy. Sponsor: C. Tan
Several commercial and open source PBPK modeling platforms are available to
allow users with little to no programming experience to conduct PBPK modeling
analysis. These platforms can be used to investigate a wide variety of “what if”
questions to inform toxicity testing design, or to extrapolate in vitro and in vivo test
results to human exposure levels. Using an open source platform, TKplate, developed
by the European Food Safety Authority, this presentation will demonstrate how
such a platform can be used to support human and animal health risk assessment
of chemicals. TKplate has several generic models, including humans, test species
(rat, mice, dog, rabbit) and farm animals (cattle, pig, sheep, chicken). The users can
provide input exposure data and select a generic model to perform either forward
dosimetry or reverse dosimetry simulations. Forward dosimetry predicts internal
concentrations, such as tissue concentrations in key organs, which can inform PK
mechanisms of a chemical. Reverse dosimetry predicts external exposures from
internal concentrations based on either biomonitoring data or in vitro bioactive
concentrations. Sensitivity analysis can be conducted to investigate the influence
of model parameters on outputs. Also, TKplate has a benchmark dose module that
can be used to run dose response modeling on an internal dose basis.
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Double Feature: Improving SciComm Skills through Creative
Storytelling and Novel Presentation Delivery, Plus a GSLC
Three-Minute Thesis (3MT)

S. Phatak. University of California Irvine, Irvine, CA.
To become key influencers advancing science and increasing the impact of
toxicology, both the present and the next generation of toxicologists must evolve
and adapt to newer methods and modes of science communication (SciComm).
According to a recent Nature Editorial (V590, p528, 2021), the future of SciComm
is reliant on effective collaborations with artists to “reach a broader audience and
make emotional connections that enhance learning.” The objective of this session
is to provide attendees at all career stages with modern, creative, and relevant
presentation design and delivery skills tailored for discrete communication formats
(e.g., written, visual, audio, video, and traditional). The presenters will offer practical
strategies for crafting comprehensible and audience-specific SciComm, from press
releases and blogs, to Twitter posts, YouTube videos, and beyond. The presenters will explain how toxicologists can increase their scope as science writers and
communicators. They will include examples of transforming complex technical
topics into simple, fun, and engaging messages or digital media, thus enhancing
the value of leveraging innovative software to illustrate science in elegant graphics.
The second bill is the Three-Minute Thesis, or 3MT, an annual competition held
globally at over 900 institutions in more than 85 countries. The Graduate Student
Leadership Committee (GSLC) first launched its own 3MT in 2021 to simultaneously facilitate participation from any interested toxicology program worldwide.
The GSLC 3MT encourages undergraduate, professional, and graduate Student
members, as well as postdoctoral scholars, from all toxicology fields to disseminate their research in simple and creative ways, all under the 180-second limit.
3MT participation provides the bonus of practicing an elevator pitch that could be
used effectively when meeting new acquaintances, at family events, during a job
interview, or in other nontechnical settings. This theme component will highlight (1)
the value of creative storytelling and toxicology communication through the GSLC
3MT competition by sharing compelling examples; and (2) GSLC 3MT Judges’
Choice and Peoples’ Choice winners by announcing them live for the first time and
in person. Upon completion of the session, attendees will be armed with strategies
on how to effectively distill and communicate the interdisciplinary and complex
science of toxicology into bite-size messages, through multiple platforms and for
any audience, using contemporary tools. This session is directly responsive to the
SOT strategic initiative to facilitate member communications and enhance the
public’s exposure to toxicology. Additionally, this session is particularly complementary to the 2022 sessions “Honor Thy Stakeholders: How Toxicologists Can
Better Incorporate Stakeholders into Research, Communication, and Translation”
and “Communicating Science in an Age of Misinformation and Mistrust.” As such,
interested attendees could attend all three sessions to maximize their exposure to
all aspects of SciComm.
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All for One and One for All: One Environmental Health in
Toxicology

J. Wise Sr. University of Louisville, Louisville, KY.
The founding principle of One Health is that the health of humans, animals, and
the environment are all intrinsically linked. The focus of One Health has been
overwhelmingly dominated by a wave of infectious disease research with a goal of
prevention of zoonotic diseases, particularly since the onset of the global COVID-19
pandemic. Other critical components have been left in the wake of this wave,
such as noncommunicable diseases including cancer and investigations into how
exposure to environmental chemicals impacts health of all systems. The moniker
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“One Environmental Health” was coined as a subconcept of One Health to create a
space that focuses on the health impacts associated with exposure to environmental stressors. Toxicants are an inevitable component of our natural and built environment. This session aims to highlight the diversity in One Environmental Health
approaches from bench to bedside, from animals to lawmakers, from field work to
court rooms, and how some of our most pressing metal and organic environmental
health concerns are being considered in this important paradigm. We will begin with
an introduction to One Environmental Health from Dr. Mary Ann Ottinger, where she
will integrate the introduction with the important role of wildlife conservation. The
session will then transition into exposure monitoring using sentinel species. Dr.
Catherine Wise will discuss using pet dogs as a model for environmental health
and the novel utility of silicone wristbands for noninvasive comparative exposure
monitoring. Our third speaker will demonstrate the integration of exposure monitoring in a sentinel species with health outcomes. Dr. Scott Belcher will discuss the
immunomodulatory effects of per- and polyfluoroalkyl substances (PFAS) using
the American alligator as a sentinel species. The fourth speaker will demonstrate
the use of a sentinel species to investigate mechanisms of disease. Dr. John Pierce
Wise Sr. will discuss the use of whale cells as in vitro models for metal-induced
cancer mechanisms. The final speaker will end with turning One Environmental
Health data into policy. Dr. Niladri Basu will discuss mercury pollution at the integration with global public policy and how to assess the effectiveness of those policies
in practice. This session will demonstrate how One Environmental Health is used
to draw attention to the collaborative efforts in toxicology and how it fits within
the One Health paradigm. The topics discussed show how the breadth of species
and real-world exposure scenarios can inform us about greater ecosystem and
human health threats. Together, these speakers represent the full spectrum of
One Environmental Health, from concepts, to exposure monitoring, to mechanistic
disease research, and finally to public policy—with an overarching goal to create a
healthier world for humans, animals, and ecosystems.
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S. Belcher. North Carolina State University, Raleigh, NC.
Per- and polyfluoroalkyl substances are a diverse group of immunotoxic man-made
persistent chemicals associated with autoimmune disorders in humans. As an
alternative model to examine long-term health impacts from PFAS exposures, the
American alligator (Alligator mississippiensis) is an established sentinel for predicting long-term adverse effects of persistent toxic pollutants. Here we present the
results from a three-year, comparative One Environmental Health PFAS exposure
and immune health monitoring study of alligators from differentially contaminated aquatic habitats in regions of North Carolina. The study was conducted at
sites co-inhabited by human populations that are differentially exposed to PFAS
in drinking water. Findings of this analysis revealed that alligators with increased
serum PFAS levels displayed dose dependent increases in innate immune activities and increased incidence of hallmark phenotypes of autoimmune-like disease.
Lupus-like pathology, including increases in double-stranded DNA antibodies, decreases in thrombocytes, upregulated expression of key interferon alpha
signature genes, skin lesions, and slow wound healing, were observed only in alligators from sites with increased PFAS exposure. Overall, the reported observations
indicate that increasing concentrations of PFAS broadly alter immune functions
that contribute to autoimmune pathogenesis. Along with supporting previous
evidence from human epidemiological studies that identified links between PFAS
exposures and autoimmune disease, the findings of autoimmune phenotypes in
alligators suggest the mechanisms of PFAS toxicity and autoimmunity are generalizable across diverse taxa.
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Introduction to One Environmental Health: Bridging Aspects of
Wildlife Conservation and the Exposome

M. Ottinger1, and C. Geiselman2. 1University of Houston, Houston, TX; and 2Cullen Trust
for Health Care, Houston, TX. Sponsor: J. Wise Sr.
One Environmental Health provides a platform to conceptualize the close interactions and interdependence of human-wildlife-ecosystem health. Stressors impact
all aspects of these dynamic interactions and arise from a variety of sources, such
as anthropogenic factors associated with industry and urbanization pressures, land
use, disease, and climate change. Wildlife conservation is fundamental to sustaining healthy ecosystems, which in turn interact with the health of individuals and
communities. One Environmental Health provides a broad conceptual framework
to bring together these dynamic factors. The health of an individual reflects lifetime
exposures to environmental chemicals, living conditions and other experiences,
expressed as their Exposome. This presentation will focus on these conceptual
frameworks from the perspective of the human-wildlife-ecosystem health nexus.
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Canary in the Coal Mine, Canine on the Couch—The Use of
Silicone Samplers on Pet Dogs as Sentinels for Environmental
Health

C. Wise1, S. Hammel1, N. Herkert1, M. Breen2, and H. Stapleton1. 1Duke University,
Durham, NC; and 2North Carolina State University, Raleigh, NC.
The environment undoubtedly influences human health, yet the extent of its impact
remains a significant challenge to address. The long latency period associated with
the development of chronic human diseases (e.g. cancer, heart disease) is a major
obstacle to identifying potential links to environmental exposures that occur early in
life. To better understand risks to population health from environmental exposures,
we need more research to accurately and reliably assess environmental exposures
throughout the lifetime. Our dogs spend their whole lives sharing our environment
and many of our daily exposures to pollutants. Moreover, the canine and human
genomes are closely related and the One Health concept has shown that both
species develop diseases, including cancers, with shared clinical and biological
features. With a 6-8 fold shorter lifespan than most humans, use of pet dogs as a
sentinel species can help elucidate links between chemical exposures and related
human disease. To support this research direction, we conducted a study to investigate chemical exposures among pet dogs and their paired human companions
using silicone dog-tags and wristbands. Silicone samplers were analyzed for a suite
of chemicals across multiple compound classes, including flame retardants, plasticizers, industrial chemicals, and pesticides. Significant and positive correlations
were observed between humans and dogs (rs = 0.38-0.96, p/=50%) of samplers
from both species. Stronger correlations were observed between silicone sampler
levels and urinary metabolites in dogs compared to humans. For example, DEET
and its two metabolites were positively and significantly correlated between
species for samplers and urine and between matrices (rs>0.82, p<0.0001). These
data demonstrate that pet dogs can act as surrogates for human exposures in the
home environment, potentially providing a new way to study relationships between
environmental exposures and disease etiology.

Increased Exposure to Per- and Polyfluoroalkyl Substances Is
Associated with Autoimmunity in the American Alligator

Of Whales and Men: How Great Whales Evade Metal-Induced
Cancer

J. Wise Sr1, H. Lu1, S. Wise1, J. Toyoda1, J. Wise Jr1, and A. Bolt2. 1University of
Louisville, Louisville, KY; and 2University of New Mexico, Albuquerque, NM.
Metals are ubiquitous environmental pollutants and a major cause of human
cancers. Chromosome instability (CIN) is a common feature of metal-induced
human cancer, though the pathway(s) from CIN to tumorigenesis are largely
unknown. Whales are long-lived species that face long-term exposure and accumulation of environmental pollution such as metals. Despite their long lives, whales
have low cancer rates, which suggests better protective mechanisms to prevent
or repair DNA damage. How whales evade carcinogenesis is unknown. We discovered whales across the globe are exposed to Cr, regardless of their position in the
food chain, indicating the potential for inhalation exposure. Based on exposure,
whales should be experiencing higher rates of cancer, further indicating they may
have evolved protective measures against Cr(VI) carcinogenesis. Previously, we
focused on hexavalent chromium [Cr(VI)], a common environmental pollutant
known to cause human lung cancer, and demonstrated its ability to induce both
structural and numerical CIN in human lung cells. Here, we used whale cells to
investigate DNA damage repair mechanisms in response to Cr(VI). We exposed
whale cells to levels of Cr(VI) that induce DNA double strand breaks in human
cells. We found similar amounts of DNA breaks in whale cells indicating a similar
genotoxic potency across species. Remarkably, we found Cr(VI) did not impair
DNA double strand break repair in whale cells, as was seen in human cells. This
resilient repair mechanism enabled whale cells to prevent the progression of these
breaks into CIN. Our data show whale cells 1) evade Cr(VI)-induced loss of repair,
2) evade loss of RAD51, and 3) evade Cr(VI)-induced centrosome amplification,
cell cycle arrest, and CIN. These outcomes indicate whales have indeed evolved
cellular mechanisms to protect against carcinogenesis. Future research will delve
into the mechanisms for this protection. This work was supported by grants from
the National Institute of Environmental Health Sciences [R01ES016893 and R35
ES032876 to JPW Sr.].
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Evaluating the Effectiveness of the Minamata Convention
through a One Environmental Health Approach

N. Basu. McGill University, Montréal, QC, Canada.
The Minamata Convention on Mercury is a landmark multi-lateral environmental
agreement that entered into force in August 2017. The Convention signaled the
global commitment by governments to reduce the use and environmental release of
mercury in order to protect human health and the environment (Article 1). Now that
the Convention is a reality, attention turns to Article 22, which concerns evaluating
its effectiveness (i.e., is human and environmental health being protected). Over the
past year, the Minamata Convention’s Secretariat’s Office has convened a series of
events to derive a global monitoring plan. This involved bringing together diverse
stakeholders, including policy makers and scientists (which include exposure
scientists, risk assessors, chemists, and biologists). As one of the consultants
hired for this work, the speaker will provide a description of how Article 22 aims
to leverage mercury data from air, biota, and humans. Specifically, how mercury
exposure, hazard, and ultimately risk from these media may be integrated and
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modeled to evaluate the Convention’s effectiveness. In doing so, this activity
showcases how a real-world, science-policy case in our field has progressed based
on a One Health philosophy.
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It Takes Guts: Exploring New Models and Modalities for
Gastrointestinal Toxicity

L. Lewis. Bristol-Myers Squibb Company, New Brunswick, NJ.
Drug-induced gastrointestinal toxicity (DI-GIT) is among the most frequently
reported adverse events across drug development and can result in dose-limiting toxicities and discontinuation of treatment in patients. Despite a continual rise
in identification of DI-GIT during preclinical development, especially within new
modality therapeutic programs, efforts to address the gaps in our understanding
related to on- and off-target effects for GI toxicity are limited. Furthermore, translatability of in vivo models is diminished by diversity in GI toxicity phenotypes, lack
of robust biomarkers, and inherent cross-species differences in the GI tract and
related organ systems. Therefore, to advance de-risking strategies, decrease drug
attrition related to GI toxicities, and improve overall patient well-being, characterization and validation of innovative in vitro models for assessment of GI toxicity
is warranted. This session will present novel research pertaining to the development of systems for GI toxicity that recapitulate key toxicological mechanisms
of action and discuss approaches to incorporate advanced 3D in vitro models to
evaluate safety liabilities. The first presenter will discuss novel microphysiological systems and their ability to support risk assessment through recapitulation of
complex intestinal physiological interactions (i.e., gut microbiome) and functions
(i.e., gut motility). The next presentation will highlight the utility of GI organoids for
identifying small molecule and oligonucleotide-dependent toxicity within the early
discovery landscape. Presentation 3 will discuss the development of a GI-immune
organoid model that can be applied to de-risking immune-oncology programs (i.e.,
CAR T-cell therapies). The fourth presenter will discuss the advancements in using
patient-derived cells within 3D cultures for toxicological assessment and focus on
in vitro to in vivo extrapolation using e-cigarettes as a tool compound. The final
presenter will conclude with a discussion on designing, developing, and validating predictive intestinal in vitro models for therapeutic development. The goal of
this session is to unite GI drug discovery scientists across research disciplines
in order to (1) explore the advantages/challenges surrounding predictive in vitro
model development, and (2) stimulate advancement of next-generation tools that
can aid in GI-related drug discovery and safety approaches. As experts in their field,
the presenters offer key insights into model development and toxicological parameters that are essential for successful design and characterization of GI in vitro
platforms. Together, the methodologies and models highlighted within this session
are positioned to make a significant impact in drug development pipelines, reduce
drug attrition due to DI-GIT, and aid in accelerating drugs from bench to bedside.
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Validating CAR-T Immunotherapy in a Patient-Specific
Colorectal Cancer Chip

H. Kim. University of Texas at Austin, Austin, TX. Sponsor: L. Lewis
The drug discovery process has been considerably hampered by the need for in
vivo animal models that are time- and resource-intensive, ethically questionable,
and poor in predicting the drug efficacy and safety in humans. Current in vitro or
ex vivo experimental models, including static cell cultures and three-dimensional
(3D) organoid cultures, are not able to perform a stable long-term co-culture with
living gut microbiome that has substantially contributed to intestinal homeostasis,
metabolism, and immune modulation. Thus, it is a critical unmet need to develop a
human-relevant intestine model that emulates the host-microbiome ecosystem and
mechanically dynamic microenvironment in a defined anoxic-oxic interface. Here,
we suggest a patient-specific colorectal cancer-on-a-chip (CRC Chip) that recapitulates the tumor microenvironment of individual CRC patients. In collaboration
with gastrointestinal clinicians, we build a three-dimensional (3D) lumen-capillary
interface under peristalsis-like motions and flow and oxygen control. We leverage
this pathomimetic microsystem to validate the efficacy and toxicity of CAR-T
immunotherapy that targets key CRC markers. We envision that our CRC Chip
model can potentially lead to creating patient-specific intestinal disease models,
dissect the contribution of gut microbiome germane to the underlying disease
mechanism, and contribute to the customized precision medicine.
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Utility of Intestinal Organoids for Discovery Toxicology

S. Faber. Takeda Pharmaceutical Company Limited, San Diego, CA.
The gastrointestinal (GI) tract is a commonly affected organ system for on- and
off-target toxicities. Due to its role in key physiological functions, GI-related toxicities are frequently reported throughout drug development, including severe adverse
events resulting in termination (i.e., dose-limiting toxicities). In contrast to other
drivers of clinical attrition (e.g., hepatotoxicity or cardiotoxicity), incidence of
GI-related adverse effects associated with drug failure is small; however, cases

have increased in recent years. This can be partially attributed to the rise in new
modality therapeutics with unknown mechanisms of GI toxicity as well as the
current paradigm for addressing GI toxicity outcomes, which relies on palliative
co-therapies or dosage reduction instead of developing and GI safety by design
measures early in drug discovery. Existing in vitro models center around pharmacological endpoints and utilize cell lines or primary 2D cultures, which enable
high-throughput screening but lack biological diversity and cell-specific functionality that is required for recapitulating clinical GI toxicity. Focusing on a spectrum
of endpoints for assessing GI toxicity in vitro and confirmed reports of GI incidence
from clinical trials, we demonstrated the utility of human small intestinal organoids
for GI toxicity testing and clinical translation of common GI adverse events. To
our knowledge, this is the first retrospective analysis to assess clinical translatability of organoids using a validation set of 25 small molecule kinase inhibitors
and 5 commercially-available antisense oligonucleotides. Our results support the
translatability of the intestinal organoid model for common GI adverse events and
utility of this system for hazard identification within a drug discovery platform
across modalities.
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Exploring Immunotherapies within a Novel Immune-Oncology
Organoid Model

R. Pal. Crown Bioscience Inc., San Diego, CA. Sponsor: L. Lewis
Patient-derived intestinal models improve translatability of preclinical research
pertaining to gastrointestinal toxicity. Intestinal organoids are the most clinically
predictive 3D in vitro tumor models available, and serve as patient surrogates that
recapitulate key clinical observations including, diversity and heterogeneity of the
patient population in reference to genomic, morphological, and pathophysiological
characteristics of original epithelia/tumors. This presentation will discuss how to
leverage patient derived organoids and immune cell co-culture for immunotherapy development and focus on case studies that highlight the development of
three intestinal organoid platforms. Topics include: (1) assessment of selective
tumor cell killing by immune cells, such as T cells (i.e., CAR-T and bispecific T cell
engagers); (2) evaluation of sensitivity/specificity of drugs using tumor organoids in
co-culture with PBMCs from healthy and diseased donors; and (3) off-target versus
tumor effects using tumor organoids versus normal organoids. Together, these
case studies suggest that co-culture of non-autologous immune cells from healthy
donors with tumor organoids enable potency assessment of novel immunotherapies. Further, this co-culture system provides a model to evaluate tumor organoid
killing and tumor reactivity of CAR-T and bispecific T cell engager antibodies in an
in vitro system. The patient derived intestinal model offers a novel approach to
addressing complex tumor-normal tissue interplay as well as provides a potential
model for advancing immune-oncology drug therapy approaches.
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3D Enteroid-Derived “Gut-in-a-Dish” Model Shows E-cigarettes
Compromise the Gut Barrier and Trigger Inflammation

S. Das. University of California San Diego, San Diego, CA. Sponsor: L. Lewis
Recent work in acute and chronic models of E-cigarette aerosol inhalation, along
with transcriptomic analysis of intestinal injury following E-cigarette exposure, has
highlighted the potential for E-cigarette-induced GI toxicity. Histologic and transcriptome analyses revealed that chronic, but not acute, nicotine-free E-cigarette use
increased inflammation and reduced expression of tight junction markers (TJ) in
the GI tract. To address the underlying mechanisms of E-cigarette exposure on gut
barrier integrity, we developed a physiologically relevant in vitro model of the gut that
recapitulates the complex dynamics observed in vivo. The “Gut-in-a-Dish” model
enables high-throughput screening (HTS) of polarized enteroid-derived monolayers
(EDMs) in a 96-well plate to assess how E-cigarettes impact the permeability of the
human gut barrier. Further, we developed multidimensional models of vaper’s gut by
combining pathogenic microbes, enteroids, and E-cigarette vapor-infused media to
evaluate the impact of E-cigarette components on innate immune functions of the
gut lining. Together, our findings suggest that E-cigarettes disrupt the gut barrier,
trigger inflammation, and increase bacterial internalization in the gut epithelium.
Considering the importance of an intact gut barrier for host fitness, and the impact
of gut mucosal inflammation on a multitude of chronic diseases, the enteroid-derived Gut-in-a-Dish model is useful to test the toxic effect of different compositions
of E-cigarettes and other exogenous chemicals that may target the GI tract.
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The Challenges of De-risking New Modality Therapeutics with
Intestinal Toxicity

M. Peters. AstraZeneca, Waltham, MA.
Drug-induced gastrointestinal toxicities (DI-GITs) are among the most common
adverse events in clinical trials. High prevalence of DI-GIT has persisted among new
drugs due in part to the lack of robust experimental tools to allow early detection or
to guide optimization of safer molecules. Developing in vitro assays for the leading
GI toxicities will likely involve recapitulating complex physiological properties
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that require 3D GI microtissues to capture interactions between diverse cell and
tissue types. These interactions give rise to the microphysiologies fundamental to
gut biology and toxicities. The breakthrough in organoid technology has enabled
intestinal cultures comprised of stem cells continually differentiating into each of
the epithelial cell types and that self-organize into a multicellular tissue proxy with
villus- and crypt-like domains. Here, emerging in vitro approaches for assessing
GI toxicity of pharmaceuticals are reviewed and gaps are compared against the
capabilities of emerging microtissues in order to provide perspective on the assay
features needed for new models to be adopted for DI-GIT assessment.
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Bad Breath: Noninvasive Investigation into the Exhaled
Biomarkers for Toxicological Research

P. Mach. Los Alamos National Laboratory, Los Alamos, NM.
Worldwide, a global pandemic increased the focus on alternative bio-reservoirs
for testing and diagnosis. Numerous antibody, polymerase chain reaction, and
mass spectrometric methods were rapidly developed to characterize the immune
system response, assess the viral load, and identify proteinaceous/metabolite
biomarker panels for SARS-CoV-2. Due to the rapid and widespread availability of
new analytical techniques, there has been a revolution in direct analysis of breath
allowing for unprecedented characterization in terms of both depth and breadth of
biomolecular diversity. Many of these advances are attributable to the integration
of novel online separation techniques such as ion mobility. Despite these advances,
there is need for discourse within the analytical and toxicological communities,
especially concerning (1) reproducibility of sample collection (online and offline);
(2) frequency of analysis; and (3) establishing a healthy baseline dataset that
accounts for biological and environmental variance. While small volatile molecules
are historically markers for breath monitoring devices, new novel targets, such
as proteins, lipids, and metabolites, have shown potential. This session seeks to
highlight the most recent advances in the breath biomarker discipline. This includes
instrumental advances, considerations for experimental design, and efforts to
improve and normalize data acquisition and analysis. We hope this session on
breath will spur productive discussion to address and inspire innovation urgently
needed to advance the field of breath ’omics.
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Developing a Valley Fever Breath Test: Characterizing the In
Vitro and In Vivo Volatile Metabolome of Coccidioides

H. Bean. Arizona State University, Tempe, AZ. Sponsor: P. Mach
Valley fever (coccidioidomycosis) is an endemic fungal pneumonia of the North
and South American deserts, and in highly populated areas of the endemic regions,
e.g., Phoenix and Tucson in Arizona and the San Joaquin Valley in California, up
to 30% of community-acquired pneumonias may be caused by Valley fever. The
current diagnostics for Valley fever are severely lacking due to poor sensitivity (via
serology) and invasiveness (via biopsy), leading to delayed diagnosis, inappropriate treatment with antibiotics, lost productivity, and increased medical costs. Our
goal is to substantially shorten the time-to-diagnosis for Valley fever through the
development of sensitive and specific breath-based diagnostics for coccidioidomycosis lung infections. To identify putative breath biomarkers of Valley fever,
we used headspace solid phase microextraction (HS-SPME) and comprehensive
two-dimensional gas chromatography coupled to time-of-flight mass spectrometry (GC×GC-TOFMS) to analyze volatile organic compounds (VOCs) from in vitro
cultures and mouse model lung infections of Coccidioides immitis and C. posadasii.
For the in vitro analyses, six strains each of species were cultured in triplicate for
96 h to induce the spherule (host) or mycelia (environmental) life cycle. The spent
media were analyzed by HS-SPME-GC×GC-TOFMS, yielding 353 VOCs that were
at least 2-fold more abundant in a Coccidioides culture than in medium controls.
For the in vivo experiments, three cohorts of C57BL/6 mice were infected with
C. immitis RS (n=6), C. posadasii Silveira (n=6), or vehicle control (n=4). Ten days
post infection, tracheal intubation recovered ~2 mL of bronchoalveolar lavage
fluid (BALF) for cytokine analysis and VOCs analysis by HS-SPME-GC×GC-TOFMS.
Mouse spleen and brain were analyzed for fungal dissemination. The in vitro experiment showed that the volatile metabolome of Coccidioides is more dependent on
life cycle (spherule vs. mycelia) than fungal species. The in vivo data reveal that
a subset of the BALF VOCs are correlated with the degree of infection. Together,
these studies suggest that a Valley fever breath test could detect infection caused
by either species and indicate the degree of fungal burden.
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aldehyde concentration variance in a normal population to understand when these
levels are significantly perturbed by exogenous stressors or health conditions. We
collected breath samples from 692 participants and quantified C4-C10 straight
chain aldehyde levels. C9 aldehyde was the most abundant in breath, followed
by C6. C4 and C5 appear to have bimodal distributions. Post hoc, we mined our
dataset for other breath carbonyls captured by our assay, which involves elution
of breath samples onto a solid phase extraction cartridge, derivatization, and liquid
chromatography-quadrupole time of flight mass spectrometry (LC-qTOF). Similarly,
we have examined populations of larger inflammatory biomarker compounds in
exhaled breath condensate (EBC). Common inflammatory markers are formed by
the lipid oxidation (oxylipins), mainly involving eicosanoids that are metabolites
of arachidonic acid. In a pilot study, we describe the altered metabolites in a small
cohort of healthy control subjects and mild asthmatic subjects. For this, breath
samples were collected as condensates with a novel miniaturized sampler. The EBC
obtained was analyzed with liquid chromatography-mass spectrometry (LC-MS)
to discriminate asthma phenotypes and define differences between subjects.
Our results show proof-of-concept to measure and correlate breath biomarkers
of interest with physiological changes. It shows the power of population level
statistics to understand demographic “normal” curves, and to aid in personalized
medicine approaches to breath monitoring.
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Online Real-Time Mass Spectrometric Analysis of Exhaled
Breath and Other Volatile Samples

R. Zenobi. ETH Zurich, Zurich, Switzerland. Sponsor: P. Mach
Online breath analysis is a powerful approach to obtain insight into the metabolism of a person in real time. With ambient ionization methods, this can be
achieved rapidly and completely noninvasively, opening up interesting possibilities to diagnose diseases via exhaled breath, to discern diurnal changes in the
metabolism, and to monitor drug use (or drug abuse) by analyzing the chemical
composition of exhaled breath. Other volatile samples, for example perfumes, can
also be readily profiled, and there have even been proposals to “sniff” mines in
war zones. Several ionization methods and instruments are available for real-time
mass spectrometric detection of biomarkers in exhaled breath: proton transfer
reaction-mass spectrometry (PTR-MS); selected ion flow tube-mass spectrometry
(SIFT-MS); and secondary electrospray ionization-mass spectrometry (SESI-MS). In
the first part of this presentation, the technical background of these methodologies
will be explained, and based on this, the analytical performance (mass resolution,
upper mass limit, detection limit, softness of ionization, etc.) and the coverage of
biomarkers (polarity, volatility, molecular weight, etc.) that can be detected will be
elaborated. Our laboratory uses SESI-MS for this purpose, which affords sub-ppt
limits of detection, and analysis of compounds with molecular weights up to 1000
Da, and thus excellent coverage of the breath metabolome and deep insight into the
metabolic state of a person. High mass resolution also allows detailed characterization of compounds that can be used as biomarkers, often aided by chromatography, of exhaled breath condensate and comparison against commercially available
or synthetic reference compounds. In the second part several examples in medical
diagnosis, including the detection of novel biomarkers for respiratory diseases
such as obstructive sleep apnea (OSA), chronic obstructive pulmonary disease
(COPD), cystic fibrosis, and asthma will be presented. Monitoring of metabolic
changes during sleep, of drug compliance and of pharmacokinetics via real-time
SESI-MS will also be shown.
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Applications in Analyzing Breath and the Future of Breathomics

R. Chitale. Defense Advanced Research Projects Agency, Washington, DC.
Sponsor: P. Mach
Volatile organic and inorganic compounds (VCs) in exhaled human breath aerosols
and condensates have the potential to be diagnostic and/or prognostic for different
pathologies; the VCs are indicative of local or systemic metabolic pathways. This
field of study, known as breathomics or breath biopsy, has been gaining momentum
over the last several years. With the onset of COVID-19, US Government programs
funded by NIH and IARPA, at least, were launched to accelerate diagnostics of
SARS-CoV-2 infection using breath. Other US Government programs are also now
seeking to characterize human breath at baseline, and in pathologic states, in
order to establish robust signatures that can be detected using instrumentation of
varying resolution and size. This presentation will discuss some of the recent US
Government efforts in breathomics and volatilomics, and suggest ways forward
for the field.

Breath-Based Diagnostics of Pulmonary Diseases

C. Davis. University of California Davis, Davis, CA. Sponsor: P. Mach
Oxidative stress is associated with numerous health conditions and disorders,
and aldehydes are known biomarkers of oxidative stress that can be noninvasively
measured in exhaled human breath. Few studies report breath aldehyde levels
in large human populations, and none have claimed participant numbers in the
hundreds or more. Further, the breath community must first define the existing
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This Is Your Brain on Mixtures: Neurodevelopmental Effects of
Combined Exposures

C. Rider. NIEHS/NTP, Research Triangle Park, NC.
The brain has been described as the most complex entity in the universe, with
estimates of over 170 billion cells communicating through intricate networks.
Neurodevelopmental disorders, such as autism, are etiologically complex, with
contribution from both genetic and environmental factors. However, investigation of the impact of external factors on neurological development has focused
predominantly on the effects of single stressors. A more holistic understanding
of environmental interactions with the developing brain will require building on
mechanistic insights into neurodevelopmental disorders, advancements in tools
and capabilities in neurodevelopmental testing, and novel application of cumulative
risk assessment principles. Characterizing exposure to neurotoxicants is the first
step toward evaluating such risk. Efforts that utilize concepts from the exposome
to better characterize the complex exposures that target key neurodevelopmental
processes and neurological function are critical to prioritizing research on mixtures
and developing reliable testing strategies. The second step in evaluating risk is to
characterize hazard associated with exposure to chemical and nonchemical stressors that target neurodevelopment. Both epidemiological and toxicological research
is needed to untangle the relationships between complex environmental exposures
and brain development. Animal models offer opportunities for exploring the integration of signals impacting the developing brain that result from diverse stressors to
investigate the joint action of combined stressors. Novel alternative approaches,
including in vitro models and in silico modeling, can complement epidemiological
and animal studies by contributing to better mechanistic understanding of these
interactions. In vitro models, especially those based on human neuronal/glial
cells, can be used to explore the effects of complex mixtures since they mimic
key neurodevelopmental processes relevant to human brain development. Building
networks of adverse outcome pathways (AOP) offers a useful framework for
incorporating data from various sources to move toward a more predictive vision of
mixture effects evaluation using a battery of in vitro assays anchored to common
key events. Finally, a broader perspective on factors that contribute to neurodevelopmental disorders combined with expanding our use of alternative models can
improve our ability to protect human health. Cumulative risk assessments focused
on the system (i.e., neurodevelopment), rather than a particular chemical class, can
provide a path forward for consideration of the totality of factors that contribute to
neurodevelopmental disorders. In this session, researchers at the intersection of
developmental neurotoxicology and mixtures toxicology will describe their efforts
and engage in discussion to advance our understanding of the effects of complex
environmental factors on neurodevelopment.
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Characterizing the Complex Exposure Profile: The
Neurodevelopmental Pesticide Exposome

E. Faustman. University of Washington, Seattle, WA.
The exposome provides a conceptual model for identifying and characterizing
lifetime environmental exposures and resultant health effects. Key exposome
concepts were applied to look specifically at the neurodevelopmental pesticide
exposome, which focuses on exposures to pesticides that have the potential to
cause an adverse neurodevelopmental impact. Using household dust samples
from a children’s agricultural cohort located in the Yakima Valley of Washington
state, we identified 87 individual pesticides using liquid chromatography-tandem
mass spectrometry. A total of 47 of these have evidence of neurotoxicity included
in the US Environmental Protection Agency (US EPA) (re)registration materials.
We used a mixed effects model to evaluate trends in pesticide exposure. Over
the two study years (2005 and 2011), we demonstrate a significant decrease in
the neurodevelopmental pesticide exposome across the cohort, but particularly
among farmworker households. Additional analysis with a non-parametric binomial
analysis that weighted the levels of potentially neurotoxic pesticides detected in
household dust by their reference doses revealed that the decrease in potentially
neurotoxic pesticides was largely a result of decreases in some of the most potent
neurotoxicants. Overall, this study provides evidence that the neurodevelopmental
pesticide exposome framework is a useful tool in assessing the effectiveness of
specific interventions in reducing exposure as well as setting priorities for future
targeted actions. Lessons from this study on pesticides can be applied to future
efforts aimed at evaluating a broad range of chemicals with neurodevelopmental
toxicity potential.
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Neurological Effects of Perinatal Exposure to a Combination of
Manganese in Drinking Water and Nonchemical Stressors

D. Herr. US EPA, Research Triangle Park, NC.
Perinatal life experiences, including the physiological and psychological well-being
of the mother, may alter susceptibility to adverse health risks throughout one’s
lifetime. Although many organ systems may be affected, the developing brain is
particularly vulnerable to disruption, as structural and functional reprograming
are difficult to reverse. Sustained increases in levels of maternal stress hormones

during gestation may alter neonatal neural development. Both chemical and
nonchemical factors may influence developmental programming but are rarely
examined in combination. Manganese (Mn) is an essential element that is required
for normal development but is a neurotoxicant with higher exposure levels. Our
objective was to examine effects of repeated moderate-level stressors during the
gestation and lactation periods in rats, produced by a rotating battery of variable,
unpredictable, and noninvasive nonchemical manipulations, coupled with exposure
to Mn (0, 2, 4 mg/mL) in drinking water. A battery of cognitive and noncognitive
behavioral measures were examined in the offspring, from neonates through
adulthood. Both Mn and perinatal stressors altered several behavioral tasks, with
cognitive functions seemingly having the largest changes. In several tests, the
changes produced by Mn and stress attenuated the effect of the other factor, and
the changes may differ between the gender of the offspring. The results suggest
that both chemical and nonchemical factors can produce long lasting changes in
brain function, and nonchemical stressors may play a role in differential susceptibility of various populations.
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New Approach Methodologies for Evaluating Developmental
Neurotoxicity of Complex Mixtures

K. Ryan. NIEHS, Research Triangle Park, NC.
Advances in testing technologies, combined with efforts to limit the use of animal
models, led to the development of an in vitro and alternative animal assay battery
for evaluating developmental neurotoxicity. The first iteration of a screening battery
incorporated assays along a continuum from simple to complex that target different nodes in relevant developmental neurotoxicity pathways. Included in the battery
are multiple receptor-based assays, neurite outgrowth and migration assays (e.g.,
human induced pluripotent stem cells), a rat primary cortical cell assay to evaluate
neuronal network formation, and alternative animal assays (e.g., zebrafish larvae)
that assess chemical-induced malformations and behavior. A chemical library
containing pesticides, drugs, and industrial chemicals with evidence of neurotoxicity was evaluated by collaborating partners in candidate assays. Data from diverse
platforms were entered into an analysis pipeline that allowed for integration and
visualization of complex data sets, culminating in the publicly available DNT Diver
analysis tool. While the initial phase of testing focused on individual chemicals,
the approach holds promise for addressing mixtures. Complex mixtures (e.g.,
commercial formulations, environmental samples) present a safety assessment
challenge in that their constituents and ratios can vary from sample to sample.
This is a particular problem for evaluating the safety of botanical dietary supplements, which have multiple sources of variability and are taken at pharmacological doses. Methods for determining sufficient similarity of these products (i.e.,
complex mixtures read-across) are needed to bridge between the tested mixture
and related products. Current efforts include evaluating complex botanical mixtures
in a streamlined battery of seven developmental neurotoxicity assays. Botanical
ingredients with evidence of potential developmental neurotoxicity (i.e., wormwood,
bupleurum, yohimbe, aconite, and kratom) were selected for evaluation as part of
this second phase of testing. These efforts will contribute to our understanding
of how to effectively evaluate risk associated with exposure to complex mixtures.
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Using Adverse Outcome Pathways and Key Event-Linked Assays
to Evaluate Mixtures

A. Bal-Price. European Commission Joint Research Centre, Ispra, Italy. Sponsor: C. Rider
Prenatal and postnatal co-exposure to multiple chemicals at the same time may
have deleterious effects on the developing nervous system. We previously showed
that chemicals acting through similar mode of action (MoA), and grouped based
on perturbation of brain-derived neurotrophic factor (BDNF), induced greater
neurotoxic effects on human-induced pluripotent stem cell (hiPSC)-derived neurons
and astrocytes compared to chemicals with dissimilar MoA. Here we assessed
the effects of repeated dose (14 days) treatments with mixtures containing the six
chemicals tested in our previous study (bisphenol A, chlorpyrifos, lead(II) chloride,
methylmercury chloride, PCB138 and valproic acid) along with 2,2’4,4’-tetrabromodiphenyl ether (BDE47), ethanol, vinclozolin, and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), on hiPSC-derived mixed neurons/astrocytes. Similar MoA
chemicals in mixtures caused an increase of BDNF levels and neurite outgrowth,
and a decrease of synapse formation, which led to inhibition of electrical activity.
Perturbations of these endpoints are described as common key events in adverse
outcome pathways (AOPs) specific for DNT. When compared with mixtures tested
in our previous study, adding similarly acting chemicals (BDE47 and EtOH) to the
mixture resulted in a stronger downregulation of synapses. A synergistic effect
on some synaptogenesis-related features (PSD95 in particular) was hypothesized
upon treatment with tested mixtures, as indicated by mathematical modelling. Our
findings confirm that the use of human iPSC-derived mixed neuronal/glial models
applied to a battery of in vitro assays anchored to key events in DNT AOP networks,
combined with mathematical modeling, is a suitable testing strategy to assess in
vitro DNT induced by chemical mixtures.
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Defining and Intervening on Cumulative Environmental
Neurodevelopmental Risks: Introducing a Complex Systems
Approach

D. Payne-Sturges. University of Maryland, College Park, MD. Sponsor: C. Rider
The combined effects of multiple environmental toxicants and social stressor
exposures are widely recognized as important public health problems contributing
to health inequities. However, cumulative environmental health risks and impacts
have received little attention from US policy makers at state and federal levels to
develop comprehensive strategies to reduce these exposures, mitigate cumulative risks, and prevent harm. An area for which the inherent limitations of current
approaches to cumulative environmental health risks are well illustrated is children’s
neurodevelopment, which exhibits dynamic complexity of multiple interdependent
and causally linked factors and intergenerational effects. We delineate how a
complex systems approach, specifically system dynamics, can address shortcomings in environmental health risk assessment regarding exposures to multiple
chemical and nonchemical stressors and reshape associated public policies.
Systems modeling assists in the goal of solving problems by improving the “mental
models” we use to make decisions, including regulatory and policy decisions. In
the context of disparities in children’s cumulative exposure to neurodevelopmental
stressors, we describe potential policy insights about the structure and behavior of
the system and the types of system dynamics modeling that would be appropriate,
from visual depiction (i.e., informal maps) to formal quantitative simulation models.
A systems dynamics framework provides not only a language but also a set of
methodological tools that can more easily operationalize existing multidisciplinary
scientific evidence and conceptual frameworks on cumulative risks. Thus, we can
arrive at more accurate diagnostic tools for children’s environmental health inequities that take into consideration the broader social and economic environment in
which children live, grow, play, and learn.
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Up to the Task? Quantitative Evaluation Criteria for
Physiologically Based Pharmacokinetic (PBPK) Models

D. Kapraun. US EPA, Research Triangle Park, NC.
Scientists are frequently faced with the decision of whether to apply a given
mathematical model to make important predictions, but for a given application,
when is a model “up to the task”? In this session, we connect this question to
physiologically based pharmacokinetic (PBPK) models, which provide mathematical descriptions of organismal absorption, distribution, metabolism, and excretion
(ADME) of a substance and which are used in chemical risk assessments to relate
externally applied doses (such as oral or inhaled doses associated with adverse
health effects) or environmental exposures (such as estimates of oral ingestion
via drinking water) to internal dose metrics (such as blood concentrations) that
may be more directly related to toxicity. Specifically, we ask, “When is a PBPK
model ‘good enough’—in a quantitative sense—for a given chemical risk assessment application? Some sources tentatively recommend a PBPK model evaluation
criterion based on a “factor of two.” For example, the World Health Organization
(WHO) International Programme on Chemical Safety (IPCS, 2010) has stated, “In
PBPK modelling, predictions that are, on average, within a factor of 2 of the experimental data have frequently been considered adequate.” However, in a recent peer
review of a US Environmental Protection Agency (US EPA) dose-response analysis
that involved the application of a PBPK model, one toxicology expert stated, “This
reviewer has never understood why PBPK modelers consider factors of 2 to 3 as
reasonable fits of a model to the experimental data!” We believe this reviewer is
not alone. This session will explore the basis for and adequacy of various evaluation criteria, including the “factor of two” criterion. A diverse group of speakers
will share their experiences and perspectives with respect to evaluation of PBPK
model fitness through a series of presentations. After the prepared presentations,
the session Co-Chair will moderate a panel discussion. The following questions
may be directed to the panelists: Is there a sound statistical basis for a fixed factor
criterion? If so, should this factor differ depending on application? What alternative evaluation criteria could be applied? Which model outputs (for example, peak
blood concentrations, steady-state concentrations, or areas under the concentration-vs.-time curve) need to meet a given set of criteria? Should the criteria be different when only mean (average) in vivo observations (rather than observations for
multiple individuals) are available? How can criteria be developed that consider
measurement uncertainty, heteroskedasticity, and “limits of detection”?

dose metrics, such as oral reference doses or inhaled reference concentrations.
For Toxicological Reviews conducted for the Integrated Risk Information System
(IRIS), quantitative scientists at the US EPA carefully evaluate PBPK models using
a documented quality assurance process to decide whether they are adequate for
performing dosimetry calculations. In this introductory presentation, we describe
the components of the quality assurance protocols applied to PBPK models used
in IRIS chemical risk assessments to provide both context and focus for the discussion of quantitative evaluation criteria for PBPK models.
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H. Barton. Barton Systems Pharmacology and Toxicology, Mystic, CT.
How to evaluate what is good enough for a PBPK model is still an open question
that needs to be addressed, probably by describing methods to apply rather than
coming up with a “one size fits all” standard. The first thing to consider is: for what
purpose must the model be “good enough?” To do that we must clearly identify,
define, and specify what the model purpose or use is; there is a tendency to start
with discussing “the model,” as if we cared about the model, itself. Our job is to
answer questions and a model could be a valuable tool to do that, but the model is
not an end to itself. The different characteristics of the data available for evaluation
of the model need to be considered. Many statistical fitting methods are influenced
by factors such as the number of data points, so how to appropriately consider
abundant blood or plasma time-course data versus sparse excreta (i.e., urine or
feces) or tissue data needs consideration. The model outputs (predictions) that
will be used to address the user’s goals are the ultimate focus. How much would
variations in fits to data, usually captured in model parameter values, change the
outputs? These output changes reflect both the sensitivity of the output to the
parameter and the magnitude of the parameter changes. Illustrative examples will
include environmental chemicals and pharmaceutical compounds.
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Quality Assurance Protocols for Physiologically Based
Pharmacokinetic (PBPK) Models

D. Kapraun. US EPA, Research Triangle Park, NC.
Physiologically based pharmacokinetic (PBPK) models often play an important
role in modern chemical risk assessments. By accounting for absorption, distribution, metabolism, and excretion (ADME) of a substance in an organism, they can
be used to translate externally applied doses or known exposures into measures
of internally delivered doses. Conversely, they can be used to translate internal
dose metrics, such as blood concentrations associated with toxicity, into external

Insights Gained Developing PBPK Models for Data-Sparse
Life Stages

A. Lumen. US FDA/NCTR, Jefferson, AR.
Time-varying parameters add an additional layer of complexity when evaluating and using life-stage physiologically based pharmacokinetic (PBPK) models.
Furthermore, only sparse opportunistic plasma concentration data are available
for life-stage model parameterization and evaluation. This poses some underdiscussed challenges on the topic of model evaluation. For example, in the case of
pregnancy, Dallmann et al. (2018) have shown that two very different assumptions about the trimester-specific changes in sensitive metabolic parameters (e.g.
induction of CYP3A4) in life-stage PBPK models can still yield equally acceptable
plasma concentration predictions when compared to observed data (Dallmann
et al. 2018) even though uncertainties remain in the pregnancy-related changes
in enzyme activity. Moreover, the purpose of a life-stage model is to predict the
influence of a specific life-stage on the adult drug pharmacokinetics. For example,
the goal of the pregnancy PBPK model is to predict the observed percentage difference in the area under the plasma concentration time curve (AUC) or maximal
plasma concentration (Cmax) between nonpregnancy and pregnancy. Often such
models have already been deemed fit for the purpose of adult PK predictions using
the factor of two model evaluation criterion. However, the observed difference
between AUC or Cmax values for pregnancy vs. nonpregnancy is usually less than
100 percent. Therefore, if we were to just use the factor of two criterion for evaluating life-stage models, a nonpregnancy model can still be said to adequately predict
pregnancy pharmacokinetics even though it does not capture any pregnancy related
changes in the physiology or biochemical properties over the course of gestation.
In other words, using only the factor of two criterion for life-stage model evaluation can sometimes be misleading. Some of our ongoing research on pregnancy
PBPK modeling will be discussed as case studies. Additionally, therapeutic areas
are also considered to have relatively more availability of clinical data compared
to chemical toxicokinetics. The implications of this for rigor in model parameterization, calibration, and evaluation across life-stages will also be discussed in the
context of the session theme.
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Approaches and Challenges of Evaluating Multiple Data Types
with Physiologically Based Pharmacokinetic Models

Leveraging Information from Existing PBPK Models to Increase
Confidence (Reduce Uncertainty) in New Models

J. Madden. Liverpool John Moores University, Liverpool, United Kingdom. Sponsor:
D. Kapraun
To ascertain whether a model is “good enough” for a given purpose, it is important
to understand and communicate any uncertainty in the model such that the model
user can make an informed decision. Uncertainty in PBPK modeling can arise due
to uncertainty in the input parameters and the model algorithm or structure, leading
to overall uncertainty in the model output. We have recently completed a systematic review of existing PBPK models that demonstrates some of the confounding
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factors (i.e., variability across models for the same chemicals, variability in generation of input parameters, and lack of clarity in model reporting) that together lead to
uncertainty in the output. Increasing confidence in a new model to determine if it is
“good enough” can be assisted by leveraging as much information as possible from
existing models (if not for the chemical of interest then for “similar” chemicals,
increasing the overall weight of evidence); therefore, curation of existing PBPK
models can provide valuable insights. The publications identified within this review
utilize various measures to ascertain the quality of the models in terms of how well
they recapitulate available experimental data. The recently published Organisation
for Economic Co-operation and Development (OECD) Guidance Document on the
Characterisation, Validation and Reporting of PBK Models for Regulatory Purposes
and the case studies presented therein provide particularly pertinent examples.
The assessment of goodness-of-fit, frequently measured using fold-error, directly
informed the evaluation of the case study models in terms of assigning a
confidence level and determining suitability for regulatory purposes. Examples of
the metrics used to assess model quality and model suitability for a given purpose
will be discussed for a range of models from this review.
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The Use of Sensitivity Analysis and Uncertainty Quantification
to Guide Model Validation

R. Smith. North Carolina State University, Raleigh, NC. Sponsor: D. Kapraun
Before applying any mathematical model, one should critically assess confidence in
the model by applying “verification” and “validation” procedures. Model verification
methods can be used to assess the accuracy of the solution to a computational
model (as obtained, e.g., via a numerical algorithm), but for our purposes in this
session we will assume that the relevant models have already been verified. Model
validation, on the other hand, involves assessment of the agreement between
model simulation results and experimental data. When validating a model, the goal
is to evaluate the feasibility or quality of model predictions. Thus, one must quantify
uncertainties associated with the models, inputs to the models, and data used to
calibrate the models. Instead of proposing rigid criteria for deciding whether or
not a given mathematical model should be used for a given application, we will
discuss how one might apply methods from the interdisciplinary fields of sensitivity
analysis (SA) and uncertainty quantification (UQ) to assess the predictive accuracy
of models. To illustrate SA and UQ principles, we will apply them to example models
arising in engineering, biology, and physical sciences applications. The selected
examples will be presented in such a way that they are accessible to toxicologists,
biologists, and risk assessors.

1089

Can PBPK Modeling Benefit from Decision Analysis?

F. Bois. Certara, Sheffield, United Kingdom. Sponsor: D. Kapraun
We too often resort to simplistic decision rules in our daily life and even in our
more sophisticated activities. Uncertainty factors of 10, or factors of two for model
adequacy, are partly justified by the fact that we have 10 fingers and two hands.
Doing better requires some thinking. The question of PBPK model adequacy is also
relevant to pharmacology, and some modified procedures have been proposed and
discussed (Guest, 2011; Abduljalil, 2014; Shebley, 2018). The first key is to shift
from purely data-fit-based criteria to prediction-based or utility-based assessments,
because we do not always have the data corresponding to exactly the model predictions that matter most for risk assessment. Model fit may then be reasonable,
while prediction uncertainty may be unacceptable, because of nonlinearities and
non-identifiability problems. Using utilities, rather than pure statistical measures of
uncertainty, would highlight differences in stakeholders’ perceptions of risks and
benefits. The second key is to account in detail for prediction uncertainty, which
compounds issues of population variability, intra-subject variability, and estimation
uncertainty. The differential impact of those is often overlooked, simply because
of lack of proper statistical analysis of PBPK models. Finally, we rarely make use
of value of information concepts. However, when a model is not deemed “good
enough,” the next question is immediately about what it would take to improve it
and the available alternatives. Tools are available for that and could be used. They
may be relatively complex but could be used to shed light on classes of PBPK
applications, leading to better and simplified guidelines for everyday use. At least
those simplified criteria would be firmly backed by science.
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DDT Dump Site Off Southern California: Seafloor Survey,
Ecological Impact, and Human Health

C. Moore. San Diego Zoo Wildlife Alliance, San Diego, CA.
In March 2021, the University of California San Diego’s Scripps Institution of
Oceanography surveyed more than 35,000 acres of seafloor where barrels of the
toxic pesticide DDT were discovered in 2011. The incomplete dumpsite survey in
the San Pedro Basin found over 27,000 barrels of waste. This dumpsite is a key
source of DDT in Southern California, leading to expansive bioaccumulation of
DDT and metabolites in marine and terrestrial animals and pervasive prevalence

in human biological samples. Now a well-established and regulated environmental
contaminant, the magnitude of DDT and its metabolites found in Southern California
highlights the continued threat of these legacy compounds to human and animal
health, a threat we cannot ignore. Scientists will share results from the recent
survey, provide background on previous discoveries, and discuss DDT’s ecological
impacts and impact on human health through breast milk studies collected in San
Diego, California. These presenters have been called upon by national and state
legislators to present these findings and give context to this persistent threat in our
environment.
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Sloppy Dumping of DDT Wastes to California’s Deep Coastal
Ocean

D. Valentine. University of California Santa Barbara, Santa Barbara, CA.
Sponsor: C. Moore
Ocean dumping of industrial waste was common practice in the post-World War II
era, preceding the growth of the environmental movement in the United States. The
petrochemical industry centered in Southern California engaged in such practices,
notably for the ocean dumping of unwanted byproducts from the industrial synthesis of dichlorodiphenyltrichloroethane (DDT). This presentation will describe the
(re)discovery of this waste disposal process through the application of autonomous and remotely operated underwater vehicles, as well as results from targeted
environmental sampling. Discarded waste containers were found to litter the sea
floor and structured the suboxic benthic environment. DDT-family compounds were
found to have breached containment with a peak concentration of 257 microgramsper-gram of sediment. A hydrocarbon mixture was found along with DDT, indicative of multiple petroleum distillates in the waste stream. Application of a two
end-member mixing model with DDTs and polychlorinated biphenyls enabled the
differentiation of shelf discharge versus containerized waste, pointing to the sloppy
dumping of containerized waste as the major source of DDT to more than 3000
square kilometers of the region’s deep seafloor. This presentation will also provide
an update on additional results from ongoing work and will include a discussion of
future research on this topic.
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Seabed Survey of the San Pedro Basin Dump Site

E. Terrill. University of California San Diego Scripps Institution of Oceanography, La Jolla,
CA. Sponsor: C. Moore
The San Pedro Basin, located in Southern California waters between Catalina Island
and Palos Verdes at depths ranging from 600-900 meters, was a dump site for
byproducts containing the pesticide dichlorodiphenyltrichloroethane (DDT) by
the Montrose Chemical Corporation. Between 1947 and 1961, up to 2000 metal
barrels per month were dumped, resulting in an estimated 767 tons of DDT placed
into the ocean. DDT is now well understood to be an extremely poisonous and
stable compound with long-lasting negative environmental impacts: poisoning food
webs, altering reproduction cycles, and leading to cancer within wildlife. To date,
no systematic survey of the locations and conditions of the potentially hundreds
of thousands of the dumped barrels has been conducted, due in part to the historical technical challenges associated with deep water survey. A multi-week survey
was conducted in March 2021 using robotic seabed survey assets, covering 150
square km and identifying over 27,000 barrel targets. An overview of the survey and
suggestions for next steps to characterize the dump site will be provided.
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DDT Accumulation in Regional Marine Mammals and Their
Health Impacts

E. Hoh. San Diego State University, San Diego, CA. Sponsor: C. Moore
The highly dynamic and boundaryless nature of marine environments, coupled with
the long lifespan and the physiology of marine mammals to store blubber, makes
these sentinel species highly susceptible to the bioaccumulative effects of DDT and
its metabolites and co-contaminants, broadly called halogenated organic contaminants (HOCs). To better understand the ecological impact of both regulated and
unregulated HOCs in the Southern California Bight, chemical constituents were
elucidated in marine mammal tissues using a novel non-targeted analysis based
on comprehensive two-dimensional gas chromatography coupled to time-of-flight
mass spectrometry (GC×GC/TOF-MS). Previously unrecognized HOCs were identified in the marine mammals. In total, several hundreds of HOCs were present in
various marine mammal species. Although the HOC profiles were different among
the species, DDT was most abundant class among the HOCs across the species.
Newly identified DDT compounds were more abundant than typical DDT monitoring
compounds in the marine mammals, which suggests that it is important to monitor
the large suite of DDTs and understand their health effects have to be investigated.
Compared to DDT accumulation in bottlenose dolphins in other US regions and
globally, DDT in the bottlenose dolphins from the southern California Bight was
most abundant, which may link to not only the known DDT contaminated Palos
Verdes Site but also recently discovered DDT waste barrels in the region. HOCs’
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relation (including DDT) to endocrine and cellular biomarkers were found in coastal
marine mammals, suggesting the chemicals leaking that we now know are leaking
from the dump site can have major ecological and health implications.
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Use of a National Human Milk Research Biorepository to
Examine Expected and Unexpected Contaminants in Breast Milk

C. Chambers. University of California San Diego, San Diego, CA. Sponsor: C. Moore
Persistent organic pollutants (POPs) are prevalent in our environment and have
diverse biological consequences. One mode of exposure during the developmental period is via breast milk. We previously collected a small set of breast milk
samples from women recruited through the UC San Diego health system. Assays
demonstrated evidence of POPs in these milk samples, suggesting that monitoring
for contaminants in breast milk is relevant for child health. To this end, in 2014
we established the UC San Diego Human Milk Research Biorepository (HMB) as
a nationwide ongoing research data and sample collection platform. To date, milk
samples and clinical data have been collected and are available for collaborative
research on over 5,000 women and their infants/children. Untargeted analyses
have been used to characterize contaminants in a subset of these samples, and
to correlate findings with geographic location, maternal characteristics including
socioeconomic status, occupation, and diet as well as infant growth and development. We have identified POPs that are routinely found in breast milk samples, the
majority of which are regulated in at least one global market. Of these contaminants,
nearly all were not routinely monitored in breast milk surveys. This work highlights
the importance of breast milk as a biomonitoring medium and demonstrates the
importance of expanded chemical testing.
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Publishing Educational Toxicology Exercises in CourseSource:
A Step-by-Step Workshop for Preparing Your Manuscript

J. Gray. US Coast Guard Academy, New London, CT.
Last year, the Society of Toxicology became the 10th scientific society to partner
with CourseSource, a multi-disciplinary biology-centered resource for undergraduate educators founded on principles of the Vision and Change in Undergraduate
Biology Education movement. Vision and Change revolutionized undergraduate
biology education, creating a framework for undergraduate biology centered
around Core Concepts (such as Evolution) and Core Competencies and encouraged
inclusive and evidence-based teaching practices for biology that would increase
recruitment and retention of STEM students, including those underrepresented in
the sciences. CourseSource enabled professional scientific societies to contribute learning frameworks that built upon the foundation of the original biology
framework, including genetics, biochemistry, molecular biology, cellular biology,
anatomy and physiology, and toxicology, and facilitates the creation and adoption
of inclusive, evidence-based teaching materials to support those frameworks.
The goals of this session are to train current and future toxicology educators to
use CourseSource and to inspire them to submit their own inclusive, evidencebased educational resources supporting the Society’s Undergraduate Toxicology
Learning Framework published in Toxicological Sciences in 2019 and available
on the SOT website. Participants will be asked (but not required) to bring ideas
for inclusive, evidence-based teaching materials (undergraduate and graduate
level) for preparation for submission at any stage of development, from idea to
classroom-tested assignment. The program will be broken into three parts. In the
first part, Erin Vinson, managing editor of CourseSource, will discuss the design
of the CourseSource website and its features. She will discuss how the learning
frameworks integrate with each other and Vision and Change, and the various types
of submissions will be highlighted. During the second part, SOT members with
varying degrees of experience preparing CourseSource manuscripts will review
their experience in ideation, creation, and submission of activities, with an equal
focus on content of the exercise and authorship. During the third part, audience
participants will begin preparing their own concepts guided by Ms. Vinson and the
panelists with frequent pauses for discussion. Participants will be invited to engage
in up to two follow-on digital Zoom sessions to be scheduled in June and August
2022 by the panelists. Participants will gain an understanding of the CourseSource
platform and make significant progress in the creation of a manuscript for submission to this educational resource for toxicology.

1096

Safe and Sustainable Plastics: Navigating Health Impacts with
Innovations

micro- and nanoplastics (MNPs), originating from products within which they
were intentionally added, such as cosmetics, or generated during use or by the
degradation of larger plastic items, such as textiles and tire wear. MNPs represent
a heterogenous mixture of particles and fibers of varying shape, size, polymer
composition, and surface chemistry and have recently been found in drinking water,
food, and the air we breathe. Accordingly, human exposure to MNPs is expected to
be ubiquitous, although reliable identification of types, origins, and exact concentrations is hindered by the limitations in data availability as well as adequate
detection methods. Similarly, their effects on human health are unclear, including
their adsorption, biodistribution, and potential toxicity, and neither is their ability
to translocate across biological barriers and reach secondary organs clear, nor
what extent, how, and when this may lead to adverse health effects. Research on
the human hazard of MNPs is emerging, and evidence suggests that physiological
mechanisms exist for uptake, distribution, and elimination of plastic particles and
these processes are influenced by the nature of the materials. This session will
present the latest toxicological findings on various organ systems as well as a path
forward for safety assessment and sustainable plastics production.

1097

Plastic and Human Health: Is Microplastic Air Pollution a
Concern?

S. Wright. Imperial College, London, United Kingdom. Sponsor: F. Cassee
Micro- and potentially nanoscopic plastic debris (“microplastic”) globally contaminates drinking water, dust, food, and air. This has raised concern for population
exposure and the potential health impacts, however, the evidence base underpinning this is in its infancy. Although microplastics and human health is an emerging
field, complementary existing fields indicate potential particle, chemical, and
microbial hazards. If inhaled or ingested, microplastics may accumulate and exert
localized particle toxicity by inducing or enhancing an immune response. Chemical
toxicity could occur due to the localized leaching of component monomers,
endogenous additives, and adsorbed environmental pollutants. Chronic exposure
is anticipated to be of greater concern due to the accumulative effect that could
occur, which is expected to be dose dependent. With a focus on air, this presentation will outline the critical knowledge gaps in exposure and hazard needed to
classify and characterize the risks that plastic particles pose to public health. The
current analytical methods for and understanding of microplastic as an air pollutant will be discussed, and the latest findings from hazard characterization studies
using in vitro airway models presented. Finally, urgent areas for future research will
be proposed.

1098

Fate and Biological Interactions of Micro-Nanoplastics (MNPs)
in the Gastrointestinal Tract

P. Demokritou. Harvard T.H. Chan School of Public Health, Boston, MA.
Sponsor: F. Cassee
Despite mounting evidence of increasing micro- and nanoplastics (MNP) contamination in natural environments, as well as in food and drinking water, little is known
of the potential toxicity and health hazards associated with ingestion of MNPs. This
critical knowledge gap includes how primary and secondary, “real world” MNPs,
interact with food and biotransformed in the GI tract, their effects on small intestinal epithelial (SIE) health, nutrient digestion and absorption, and their potential to
act as delivery vehicles for environmental toxins. This presentation will focus on the
toxicity and interactions of a panel of environmentally relevant MNPs in the gastrointestinal tract (GIT) using advanced small intestinal epithelium (SIE) cellular model
coupled with simulated digestions. Data will be presented to answer hypothesis
driven questions such as: 1) Does ingestion of MNPs cause direct toxicity, inflammation, or altered function within the GIT? 2) Can MNPs cross the intestinal barrier
to enter the circulation? 3) Do ingested MNPs interfere with digestion or absorption of nutrients? 4) Can MNPs concentrate and act as delivery vehicles for toxic
environmental pollutants (EPs), or impair intestinal barrier function, thereby increasing the bioavailability of EPs and all dietary toxicants? Findings from our studies
suggest that MNPs can cause significant toxicity and underscore the urgent need
for additional detailed and in-depth studies of the potential hazards of ingested
MNPs.

1099

Perspectives on Developmental Effects of Micro- and
Nanoplastics: State of the Art, Missing Information, and Future
Directions

F. Cassee. Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Bilthoven, Netherlands.

L. Campagnolo. Università degli Studi di Roma Tor Vergata, Rome, Italy.

With its global production having increased exponentially over the past decades,
and a significant proportion not being disposed of properly, plastic pollution is
acknowledged as a serious concern for the environment. Plastic debris is associated with a “cocktail of contaminants” made up of chemicals used to make plastics
and pollutants adsorbed to plastics from the environment, including metals and
other persistent contaminants. It spans orders of magnitude in size, including

Recent evidence brought up the possibility that unintentional exposure to MNPs
during pregnancy results in their distribution to the placental tissue. Toxicity of
plastic additives on reproduction and development has been widely studied, while
the distribution and effect of plastic polymers per se is less understood. In vitro
and ex vivo studies using plastic beads have demonstrated a size-dependent ability
of these particles to cross the placental barrier and reach the fetal compartment.
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Whether this affects fetal development needs to be addressed. This presentation
will include discussion on the possibility that, similarly to what has been shown in
other tissues, MNPs may induce local immunoreactions in the placenta and/or the
fetus, which poses a risk for the progression of pregnancy. In addition, the available
in vitro and in vivo mammalian models, which may be used to investigate developmental effects of MNPs, will be critically analyzed.

1100

Human Health Risks of Conventional Plastics and Safety Criteria
for Replacement Chemistries

R. Halden. Arizona State University, Tempe, AZ.
Upon mass production and environmental release for over half a century, conventional first-generation plastics today represent a global pollution problem that
constitutes a threat to both human health and the integrity of ecosystems humanity
relies upon for survival. Human exposure to plastic constituents today is ubiquitous
and unavoidable, with threat agents including the polymers themselves as well
as plastic monomers, oligomers, embedded plasticizers, antimicrobials, surface
conditioners and colorants, as well as fragments of consumer plastics in the form
of environmental microplastics (<5 mm in diameter) and nanoplastics (<1 µm)
and the persistent pollutants and biohazards that are known to accumulate on
their surfaces. The health and economic implication of the ongoing global human
exposure to first-generation plastic chemistry will be discussed alongside with
strategies to assess the risks posed and health outcomes in human populations.
Recommendations will be presented on how to select safer replacement chemistries which are direly needed to end the still accelerating global plastic pollution
crisis.

1101

In Vitro Neurotoxic Hazard Characterization of Micro- and
Nanoplastics

R. Westerink. Universiteit Utrecht, Utrecht, Netherlands.
As nano-sized particles such as gold (Au) and titanium dioxide (TiO2) nanoparticles can reach the brain after inhalation to exert a range of neurotoxic effects, it
seems plausible that similar effects can occur for micro- and nanoplastics (MNP)
to which we are exposed to via air, food, and drinking water. Current evidence
regarding uptake, translocation, and the potential neurotoxicity of MNPs is scarce.
We therefore investigated acute (30 min) and repeated (21 days) exposure effects
of different MNPs on neuronal activity of rat primary cortical cultures grown on
microelectrode arrays (MEAs). While the results suggest limited effects on
neuronal activity and cell viability, parallel experiments demonstrated that exposure
to MNPs can result in inhibition of acetylcholinesterase activity in vitro. To increase
the relevance of this in vitro neurotoxic hazard characterization, the ability of in
particular nanoplastics to cross an in vitro blood-brain barrier model was examined,
indicating that nanoplastics can actually reach the brain upon systemic uptake.
This was confirmed in a proof-of-principle study in which mice were orally exposed
to microplastics for one to ten days. Microscopy analysis revealed that also in
vivo small plastic particles have the intrinsic ability to reach the brain. Given the
ability of small plastic particles to reach the brain, a systematic comparison of the
neurotoxic effects of different particle types, shapes, sizes at different exposure
concentrations and durations is urgently needed to further elucidate the neurotoxic
hazard and risk of exposure to MNPs.

representing many organ types, such as liver, intestine, and various sections of
the respiratory tract. These models have several advantages, including the cells’
ability to orient and communicate in a three-dimensional space, thus allowing
them to create a more physiological matrix than what is observed in monolayer
cell systems. Perhaps the greatest advantage of these models compared with
submerged cell culture systems is their ability to be grown at the physiologically
relevant interface, allowing tissues normally exposed to air, such as lung and skin
cells, to be grown at the air-liquid interface (ALI). The ALI allows compounds, either
single chemicals or mixtures, to be applied directly to the surface of the organ
model. Direct application of materials resolves solubility limitations inherent in
many submerged cell culture systems and more closely mimics human exposure to
chemicals and products. As tissue engineering companies began to manufacture
and ship these models, researchers benefited from the availability of standardized test systems complete with Quality Assurance statements shipped directly
to their laboratories. A testimony to their usefulness can be seen in that several
commercially available models have been incorporated into the Organisation for
Economic Co-operation and Development (OECD) Test Guidelines program for use
in classification and labeling for hazards associated with eye and skin irritation and
corrosion. Furthermore, “open-source” tissue models can address challenges with
cost and availability of commercially available tissue models for certain regions or
applications, and tissue growth and performance standards need to be developed.
This session will use recent methodological or regulatory advances to demonstrate
the advantages of reconstructed human tissues beyond tissue damage, often
overcoming issues with monolayer or submerged cell culture systems. Case
studies in the area of phototoxicity, genotoxicity, skin sensitization, and respiratory sensitization and toxicity will be presented. The session will conclude with a
discussion of how to speed the evaluation and implementation of reconstructed
human tissue models, including considerations related to the use of data from
“open-source” models by regulatory agencies.

1104

A. Hilberer. Institute for In Vitro Sciences Inc., Gaithersburg, MD.
Reconstructed human epidermis (RhE) tissue models have been used to evaluate
photosafety for over three decades and have recently been incorporated into
various safety documents to meet regulatory needs. The RhE model provides a
relevant exposure platform for testing ingredients, mixtures, and formulations,
providing an ability to address both hazard and risk for phototoxicity. Cosmetic,
pharmaceutical, and personal care products intended for dermal application can be
applied topically onto the RhE models prior to simulated solar exposures, thereby
closely modeling the exposure events in vivo. Because of this attribute, the test
method also overcomes the solubility limitations of the 3T3 NRU Phototoxicity
assay (OECD TG 432) when evaluating ingredients. In combination with the 3T3
NRU Phototoxicity assay, the RhE model can serve as a second tier test prior to
evaluation in a clinical setting. The RhE model is amenable to procedural modifications (e.g., systemic exposure modeling, incorporation of UVB exposure, etc.) and
provides flexibility in technical handling (e.g., compound physical forms, solvent
evaluation, cytotoxicity assessment, test article exposure, etc.) to meet specific
testing needs. This presentation will highlight the practicality of the RhE model to
address photosafety, as well as describe technical aspects and considerations for
its use.

1105
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Science-Based Safe and Sustainable Plastics Discourse

Enlightened: How Reconstructed Human EpiDermis (RhE)
Models Are Used to Address Photosafety

Development, Standardization, and Validation of the
Reconstructed Human Skin Micronucleus and Comet Assays

F. Cassee. Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Bilthoven, Netherlands.

S. Pfuhler. Procter & Gamble Company, Mason, OH.

Momentum for transformative efforts to get to sustainable plastics is building in
society, but this is not enough on its own. A key question is: how can we obtain
a net positive balance between using plastics as a currently essential material in
everyday life and adverse impacts on human health and the environment? The
role of science in this is to provide objective foundations for a societal debate
that involves all stakeholders, including members of the public and industry. We
elaborate on three practices we deem fundamental for this debate: advances in risk
assessment, safe-and-sustainable design strategies, and science-based transformation pathways. Working on these needs allows the discourse to move away from
a narrow focus on recycling and reuse targets and to enable sustainable plastic
applications that are safe for humans and the environment.

Three-dimensional (3D) human skin equivalents have been used for decades
to assess toxic properties like skin irritation and corrosivity of dermally applied
substances. More recently, 3D skin models have been successfully adapted for
measuring DNA damage as higher-tier assays to follow-up on positive results
from the standard in vitro genotoxicity testing battery, directly replacing animal
studies, since they show in vivo-like behavior for key parameters like cell viability,
differentiation, morphology, gene and protein expression, and function. Measures
established include clastogenicity/aneugenicity, as shown by the reconstructed
skin micronucleus assay (RSMN), and DNA strand breaks, as measured in the RS
comet assay. Such skin-based assays allow mimicking of the dermal exposure
route and representation of the metabolic features of human skin. Assay optimization and standardization efforts have been ongoing for a decade and have led to a
robust protocol enabling an international validation effort which has demonstrated
good within- and between-laboratory reproducibility and a high predictive capacity
of these assays. In more detail, the specificity was found to between 75 and 80%,
while the sensitivity (ability to correctly predict in vivo genotoxic carcinogens) was
found to be 89% when these assays are used as intended, i.e. in a test battery
approach. Utility of these assays is also supported by a thorough investigation of
the metabolic competency of these reconstructed skin models which showed that
they possess properties of xenobiotic metabolism similar to native human skin.
The Protocols have been standardized and both assays have been taken up into the

1103

Building the Toolbox: Three-Dimensional Tissue Constructs as
Problem Solvers

E. Hill. Institute for In Vitro Sciences Inc., Gaithersburg, MD.
The advent of three-dimensional reconstructed human tissues for use in toxicology testing started in the late 1980s. These early tissues, spinoffs of therapeutic
technologies, began with models of human skin and eyes and now include models

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 22

Organisation for Economic Co-operation and Development (OECD) Test Guideline
development program and are also currently undergoing independent validation
peer-review.

1106

Use of a Three-Dimensional Model in the SENS-IS Assay for
Skin Sensitization Testing of Challenging Materials

C. Ryan. ToxTech Solutions LLC, Milan, IN.
The skin sensitization SENS-IS assay is a 3D reconstructed human epidermis
(EpiSkin) model that measures overexpression of selected genes after exposure
to chemicals. The assay involves analyzing a group of 17 ARE and 21 Sens-IS
genes, which indicate sensitization potential, and another group of 23 genes that
indicate irritant potential. The data generated predicts both skin sensitization
hazard and potency. The model is unique in that the dose applied can be calculated
in µg/cm2 and compared to historical animal and/or human data for potency
comparison. SENS-IS potency data from 173 chemicals (102 fragrance materials; 71 non-fragrance materials) has been reviewed and compared to the human
weight-of-evidence potency categories established from an expert review of all
available skin sensitization data, including in vivo, in silico, in chemico, and in vitro.
The chemicals are distributed over five potency categories plus a non-sensitizer
category. The results show an excellent approximation of potency with the SENS-IS
model showing 86% of the compounds aligned with an exact potency match or
an adjacent category. The accuracy of hazard prediction for these chemicals was
86.9%. The SENS-IS platform provides another needed advantage in being able
to test materials that are well known to be challenging for the current OECD skin
sensitization assays. Experience with mixtures or insoluble materials along with
formulations will be reviewed. The need for in vitro methods to assess formulations
is of particular interest to the Agrochemical sector as the US EPA requires skin
sensitization data not only on the active ingredient but also on the final product. The
SENS-IS can significantly enhance our toolbox for challenging test materials and
provide valuable information on potency for risk assessment purposes.

1107

Improved Respiratory Sensitization and Inflammation
Assessment with a Three-Dimensional Co-culture Model

A. Gutleb. Luxembourg Institute of Science and Technology, Esch-sur-Alzette,
Luxembourg.
Monoculture systems have been commonly used to perform in vitro studies including models representing the lung. Recent efforts have clearly shown the added
value of complexity using several cell types in coculture grown at the air liquid
interface (ALI) to establish in vitro models. For example, an interesting approach
consisting of an alveolar model of high complexity combining 4 different cell lines
(A549 alveolar epithelial cells, EA.hy926 endothelial cells, THP-1 cells differentiated
into macrophage-like-cells and human mast cells HMC-1) has been developed to
assess the effect of environmental particles under native aerosol exposure at the
ALI. This model was exposed to environmentally relevant doses of DEP in order
to further explore the indirect inflammation of the endothelial cells. In addition, an
increased production of chemokines such as IL-6 and IL-8 relevant for inflammatory
and irritation processes was measured. This model was carefully characterized at
the molecular biological level. A network model and the leading node analysis using
transcriptomic data obtained in this coculture model indicated a high relevancy
due to the coculture conditions that resemble the in vivo situation to a large extent.
This model, although useful for a broad range of uses for toxicity testing, is not
suitable for the assessment of respiratory sensitization. Several modifications
of this coculture model were mandatory to allow the assessment of respiratory
sensitization, including the addition of a dendritic like cell line. Different markers
on DCs surface, such as CD54, TSLPr and CD86, related to DC activation, were
determined to identify chemical respiratory sensitizers. A set of 12 chemicals was
tested to verify the ability of the model to identify chemical respiratory sensitizers
and discriminate them from non-respiratory sensitizers. For instance, the model
correctly identifies piperazine as a respiratory sensitizer, which has been reported
as a false negative in other assays. The status of development, validation, and
needs for further improvements of such in vitro models will be discussed.

1108

A Data-Driven Assessment of the Need for Harmonization as
a Path Forward for Increasing Confidence in In Vitro Air-Liquid
Interface Systems for Chemical Testing

the potential to improve accessibility to high quality in vitro tissues, but their
use faces other challenges such as variation in methods and reagents across
users. Harmonizing core aspects of the construction, use, and reporting of both
commercial and “open source” approaches to the use of in vitro reconstructed
ALI tracheobronchial tissues is critical to building confidence in these systems
for chemical safety testing. Here, data from our studies examining the pre- and
post-exposure variability of these endpoints will be presented to highlight critical
considerations facing the widespread use of both commercial and open source
in vitro reconstructed ALI tracheobronchial tissues. Specifically, this presentation
will discuss: 1) differences in exposure-induced pro-inflammatory and oxidative
stress gene expression between immortalized and primary bronchial epithelial cells; 2) impacts of common methodological differences on trans-epithelial
electrical resistance (TEER) measurements; 3) the effect of donor variability on
gene induction, TEER, mucus production, and ciliary beat frequency; 4) the effect
of re-submersion of differentiated ALI cultures on global gene expression and
biological pathway activation in primary bronchial epithelial cells and co-cultured
lung fibroblasts; and 5) incorporation of aspects of the cellular microenvironment (i.e., stromal cells and extracellular matrix proteins) on bronchial epithelial
culture physiology and exposure outcomes (culture morphology, exposure-responsive gene expression, TEER, and cytotoxicity). Addressing key biological factors
through harmonization of in vitro systems and endpoint assays will be critical for
the development of confidence in their predictive value and thus for their utility in
regulatory decision making. Does not reflect US EPA policy.

1109

Human Neural Tube Defects: Basic Embryology to Predictive
Toxicology

T. Knudsen. US EPA/ORD, Research Triangle Park, NC.
New approach methods (NAMs) for developmental processes and toxicities are
needed to identify and prioritize potential hazards during pregnancy. This session
will focus on cutting-edge technologies in NAM-based evaluation and predictive
biology underlying chemically induced neural tube defects (NTDs). Five invited
talks will cover scientifically diverse topics: (1) current scientific understanding of
NTDs from human studies and animal models; (2) synthetic reconstruction of the
neural tube in vitro microsystem using human pluripotent stem cells and bioengineering; (3) a bioengineered in vitro platform as an off-the-shelf assay scalable to
high-throughput screening of small molecule libraries; (4) a computational (in silico)
systems model for dynamical reconstruction of complex genetic networks underlying neurulation; and (5) pathways to regulatory acceptance of NAMs. The invited
speakers are an inclusive representation of sectors covering academic, governmental, industrial, and geographical perspectives. Their topics will cover the basic cell
biology of neurulation, pathophysiology of chemical effects, novel bioengineering
technologies for human-relevant morphogenesis and scalable hazard identification, computational systems models, and pragmatic case studies for regulatory
toxicology. The presentations will be followed by a moderated discussion with the
panelists and session attendees to focus on the spectrum of research and translation needed, from screening/prioritization to regulatory approval of replacement
of required animal testing for neurodevelopmental defects. The integration of new
technologies with advanced scientific understanding of NTDs provides a generalizable model for mechanistic validation to establish causality within complex
dynamic cell signaling and mechanical forces that ultimately determine how drug/
chemical disruption of cell function translates into an adverse outcome. Disclaimer:
this abstract does not reflect US Environmental Protection Agency policy.

1110

Introduction

T. Knudsen. US EPA/ORD, Research Triangle Park, NC.
Neural tube defects (NTDs) are severe birth defects of the brain and spine. These
conditions reflect improper closure of the neural tube during early pregnancy, often
before a woman knows she is pregnant. The two most common NTDs are spina
bifida (a spinal cord defect) and anencephaly (a brain defect). Their etiologies
linked to both environmental and genetic factors reflect complex morphogenetic
mechanisms and diverse adverse outcome pathways (AOPs). This session offers a
novel toxicological perspective on the mechanisms and prevention of human NTDs
based on new information and technological advances from in vivo, in vitro, and
in silico models. The integration of technologies serves as a case study for New
Approach Methods (NAMs) in predictive toxicology of early neurodevelopmental
toxicity, which will be further addressed in a wrap-up discussion with the panelists
and attendees to conclude the workshop. Disclaimer: Does not reflect Agency policy.

S. McCullough. US EPA, Research Triangle Park, NC.
Air-liquid interface (ALI) cultures afford an invaluable level of biological relevance
for examining the effects of chemical exposures in the respiratory tract; however,
their use is subject to variability that can confound data interpretation and inhibit
their acceptance and use in toxicological testing and research. Commercially
available tissues are a valuable resource for inhaled chemical testing, but their
use incurs high costs, dependence on tissue providers, and limited transparency
of proprietary reagents and construction methods. “Open source” models have
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NTDs: Physical Characteristics, Molecular Embryology, and
Precision Toxicology

R. Finnell. Baylor College of Medicine, Houston, TX. Sponsor: T. Knudsen
Neural tube defects (NTDs), including spina bifida, anencephaly, and craniorachischisis, are amongst the most common of all human structural birth defects. Their
striking physical characteristics make them important “bellwether” malformations
for epidemiological investigations of birth defect clusters, especially in parts of
the world that are medically underserved. One such example is Dolutegravir (DGT;
Dovato), an anti-retroviral HIV medication that caused NTDs in a study conducted
in Botswana, a country that does not have mandatory folic acid fortification of
the food supply. Whether there is an increase in other congenital malformations
linked to DGT remains to be determined. This adds to their importance in teratological investigations. The global prevalence of NTDs varies widely, as they are
complex malformations whose etiological susceptibility is influenced by both
genetic and environmental factors, including in utero exposure to anti-seizure
medications, occupational exposures (hyperthermia), and heavy metals (arsenic).
Understanding the complex genomic architecture contributing to the development
of NTDs requires international cooperation and collaboration. These studies feed
into appropriate animal model systems as well as the utilization of human stem
cell organoid models to better understand the morphogenetic processes involved in
neural tube closure. Such an approach should lead to better intervention modalities
to provide a better quality of life for children born with these serious congenital
defects.

1112

Neural Tube-on-a-Chip: In Vitro Reconstruction of Spatial and
Temporal Dynamics

J. Fu. University of Michigan, Ann Arbor, MI. Sponsor: T. Knudsen
Early human development remains mysterious and very difficult to study. Recent
advances in mammalian embryology, stem cell biology, organoid technology, and
bioengineering have contributed to a significant interest in bottom-up, synthetic
stem cell-derived models of human development (or embryoids). The controllability and reproducibility of human embryoids coupled with the ease of genetically
modifying stem cell lines, the ability to manipulate culture conditions, and the
simplicity of live imaging, make them robust and attractive systems to disentangle cellular behaviors and signaling interactions that drive human embryogenesis. This presentation will describe research using human pluripotent stem cells
(hPSCs), and innovative microengineering tools including microfluidics, to develop
a neuroectoderm patterning model that recapitulates formation of the neural plate,
and another micropatterned neural tube model with fully defined anterior-posterior
and dorsal-ventral axes. Both of these models are useful for testing the effects of
drugs and chemicals on human central nervous system (CNS) development and
birth defects associated with the CNS, including neural tube defects.

1114

Computational Toxicology of NTDs: AOPs, Ontologies, and
Computer Simulation

H. Heusinkveld. Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Bilthoven,
Netherlands.
Neural tube closure is a vital step in the early development of the mammalian
embryo which depends on a complex interplay of proteins along gradients. Being
able to predict what chemicals may do to this process in humans requires an
in-depth description of the (preferably) human biology to build the ontology. We
charted the biology underlying mammalian neural tube closure and organized the
data in regulatory networks using a systems biology software tool (Cell Designer).
Herein, important tissue structures and regulatory networks, as well as origin and
directionality of protein gradients, were described. This data provides the basis
for the design of a four-dimensional model of mammalian neural tube closure in
silico that captures the interaction of cell- and tissue compartments leading to
proper closure of the neural tube. The underlying gene and protein network will
be ultimately to allow study of the effect of chemically induced disturbance of
the underlying signaling pathways on neural tube closure, such as results from
alteration of endogenous retinoic acid homeostasis and signaling. Thus, it will be
useful as a tool for defining related AOP networks and their critical key events.

1115

Integrating NAMs into Developmental Toxicity Testing: Case
Study for Predicting NTDs

M. Green. ExxonMobil Biomedical Sciences Inc., Annandale, NJ. Sponsor: T. Knudsen
New approach methods (NAM) data offer a promising opportunity to fill critical
data gaps in safety assessments. While significant progress has been achieved
in the development and application of NAMs, confidence in NAM data to support
decision making is sometimes difficult due to poor understanding of test performance and applicability. However, there is immense pressure on the industry sector
to characterize potential risks to human health and the environment of substances
while reducing animal usage. An example will be presented on how NAMs for
hazard identification (e.g. in vitro data, in silico models) and exposure assessment
can be used in combination with in vivo guideline developmental toxicity study
data to support a weight-of-evidence assessment for chemical-induced NTDs.
Technologies and advanced scientific understanding provided for NTDs address
the challenges and considerations in validating/qualifying their methods for
acceptance by regulators. This presentation will help shape recommendations for
the spectrum of research and translation needed to get from upper tier screening-prioritization to regulatory approval for hazard detection in the animal-free zone.

1116

Let’s Talk About Sex—Through the Lenses of a Toxicologist!

J. Young. University of Louisville, Louisville, KY.
1113

Bioengineering CNS Morphogenesis with Human Stem Cells for
a Scalable HTS Risk Assay

R. Ashton. University of Wisconsin–Madison, Madison, WI. Sponsor: T. Knudsen
Derivation of neural rosette cultures from human pluripotent stem cells (hPSCs)
models the initial events of embryonic brain and spinal cord development. However,
rosette formation in traditional 2- and 3D culture occurs in a spontaneous spatial
and temporal manner, thereby limiting its predictive utility. Here, a bioengineered
hPSC-derived assay that standardizes neural rosette morphogenesis using
micropatterned culture substrates and defined culture conditions is presented.
The off-the-shelf, 96-well plate, Rosette Array assay can be conducted in six days,
imaged using standard microscopy, and processed via computational software
to rapidly quantify a chemical’s NTD risk or prophylactic capabilities. Assay
endpoints detect cell viability and proliferation, neural differentiation, and normality of rosette morphogenesis, and has been tested across chemical classes with
known (e.g., Methotrexate, Valproic Acid, Carbamazepine) and putative (e.g., PFOS
and Dolutegravir) clinical NTD risk. Moreover, the Rosette ArrayTM platform can
model early morphogenesis of diverse CNS axial regions, which display differential
neurulation and DNT mechanisms. Also, it can be used with patient induced pluripotent stem cells (iPSC) to elucidate the multifactorial etiology of clinical NTDs,
potentially unlocking a personalized medicine approach for genetically predisposed
patients. Conflict of interest disclosure: RSA is a co-founder of Neurosetta LLC,
which seeks to commercialize the presented technology.

Traditionally, the influence of the basic biological differences between the sexes
has been overlooked in biomedical science. However, recently it has become
abundantly clear that the basic physiological differences between males and
females contribute to disease susceptibility and progression and imply there
are sex-specific factors that provide disease protection. Starting in 1990 with
the establishment of the Office of Research on Women’s Health, the US National
Institutes of Health (NIH) recognized the essentiality of evaluating the effects of
sex differences in understanding diseases and developing more targeted therapies.
Since NIH announced policies in 2014 requiring grant applicants to assess sex
differences in preclinical trials unless exclusion of a single sex is warranted, the
number of publications on sex differences has increased. However, our understanding of sex as a biological variable and disease risk factor, as well as any toxicological implications, continues to be overlooked and understudied. This session
aims to provide informal, interactive presentations that highlight ongoing research,
conducted to further our understanding of the toxicological implications of sexual
dimorphism. The session will open with a presentation addressing a major point of
confusion, sex versus gender, as well as highlighting the history and polices put into
place to address the gaps in our knowledge of sexual dimorphism in human health.
Next, the session will discuss the contributions of sex to the neurological behaviors
associated with exposures to endocrine-disrupting chemicals (EDC), highlighting
results from studies spanning multiple taxa. Further evidence of the importance of
considering the biological variable of sex in toxicological research will be presented
in a discussion of sex differences in liver toxicity and lipid disruption induced by perand polyfluoroalkyl substances (PFAS). The presentation will discuss the emerging
concern of sexual dimorphic outcomes resulting from vaping (e-cigarettes) and
the need to understand the effects from the cellular/molecular to the whole animal
level. The final presentation will discuss the importance of sex as a risk factor in
cardiovascular disease resulting from early-life exposures to the toxic metalloid
arsenic. Overall, the session will provide a unique platform for discussion on why
“sex matters.” The topics discussed span multiple disease outcomes and a variety
of timely (arsenic, EDC) and emerging (PFAS and e-cigs) chemicals of concern
presented by a diversity of speakers, from industry and academia, who have come
together to highlight the importance of sex as a biological variable. There will be
discussion between panelists and members of the audience around inclusion of
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sex and gender as variables. Topics will include (1) differences between sex and
gender in experiments; (2) the best ways to include these variables in experimental
design; and (3) data gaps where sex/gender need to be addressed.

1117

Sex Matters! History, Policy, and Toxicological Implications of
Sex Differences in Disease Outcomes

changes in PPARa, CAR, PXR, and HFN4a target gene expression, as well as expression of genes involved in regulating serum triacylglycerides and cholesterol, were
evident. PFOA-treated males had a greater increase in liver to body weight ratios
and liver triacylglycerides than females. While PFOA more strongly increased
serum triacylglycerides associated with very-low-density lipoprotein particles in
females, it more strongly increased serum cholesterol associated low-density
lipoprotein particles in males. These results highlight the need for further investigation of sex-dependent differences in response to PFAS.

M. Mallampalli. HealthyWomen, Middletown, NJ. Sponsor: J. Young
Historically, the exclusion of sex as a biological variable has hindered the advancement of scientific research as well as the detection and treatment of disease for
specific populations. On the heels of the creation of the Office of Research on
Women’s Health at the NIH came policy changes that highlight the importance of
sex-based comparisons in basic and clinical research. It has now become increasingly clear that consideration of both sexes is needed when developing research
questions and experimental design. It is also critical to apply sex-specific analysis
to interpretation, validation, and reporting of research data. As it pertains to the
field of toxicology, much of our understanding on the toxic effects of chemicals
comes from human studies of industrial workforces traditionally comprised mostly
of males. Even in studies that included both sexes, differences were generally
ignored or not analyzed and reported. Although some attention has been given to
the importance of sex differences in toxicological research, many gaps still remain.
This presentation will discuss the history, policy, advancements, and existing
knowledge-gaps in considering sex as a biological variable. Furthermore, there is
much confusion around the terms “sex” and “gender” not only within the media
and public, but within basic research as well. These terms will be defined, and
reasons will be provided for this confusion in scientific research, and their appropriate application explained.
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Environmental Health Factors and Sexually Dimorphic
Differences in Behavioral Disruptions

C. Rosenfeld. University of Missouri, Columbia, MO. Sponsor: J. Young
Endocrine disrupting chemicals (EDC) mimic and interfere with endogenous
hormones. The hormonal symphonies playing out in males and females differs
and so do the responses to such hormones. This is especially the case in the
brain where testosterone and estrogen are essential in masculinizing the developing brain, and the surge in testosterone at puberty is essential in elaboration of
male-typical behaviors, otherwise coined organizational-activational programming
of the brain. Feminization of the brain was once thought to be the default pathway,
but it is increasingly becoming apparent that key pathways must be incited to
induce brain feminization. With their ability to agonize and antagonize estrogen
and testosterone, EDCs, in particular bisphenol A (BPA) and the phytoestrogen,
genistein, may disrupt normal brain masculinization and feminization pathways.
However, many studies fail to consider sex as a biological variable in these cases.
In our own studies spanning mice (Mus musculus), deer mice (Peromyscus maniculatus bairdii), California mice (Peromysccus californicus), eastern painted turtles
(Chrysemys picta), and most recently anemonefish (Amphiprion ocellaris), we have
found that across all taxa, sex contributes a great deal to the neurobehavioral
effects observed in response to EDCs. These bridge such important behavioral
domains as cognition, anxiogenic, exploratory, and socio-sexual behaviors. Another
mechanism by which EDCs can affect neurobehavioral patterns is through the
microbiome-gut-brain axis. Such responses of the EDCs on the gut microbiota are
also sex dependent. Our data summarizing the sex-dependent effects of developmental exposure to EDCs directly on the brain and on the gut microbiome will be
discussed.
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Sex Differences: An Understudied Factor in PFAS-Induced Liver
Toxicity and Lipid Disruption

J. Schlezinger. Boston University School of Public Health, Boston, MA.
Humans are exposed to per- and polyfluoroalkyl substances (PFAS) in drinking
water, food, air, dust, and by direct use of consumer products. Increased concentrations of serum total cholesterol and low-density lipoprotein cholesterol are among
the endpoints best supported by epidemiology. Of the 30+ studies investigating the
effect of perfluorooctanoic acid (PFOA) on liver and/or lipid homeostasis in animal
models published since 1992, only three have included females. Of the two studies
that investigated effects on both males and females, significant sex differences
were observed, which were not dependent on differences in pharmacokinetics.
We tested the hypothesis that PFOA exposure at a human-relevant level dysregulates expression of genes controlling lipid homeostasis in liver and levels of serum
lipids in mice expressing human PPARa (hPPARa). Female and male hPPARa and
PPARa null mice were fed a diet based on the “What we eat in America” analysis
(NHANES) and exposed to PFOA in drinking water (3.5 mg/l). A 6-week exposure to
PFOA resulted in a serum concentration of 48 ± 9 µg/ml, similar to highly exposed
fluorochemical workers. Sex differences were evident both in the control mice and
in the responses to PFOA exposure. Significant sex-differences in PFOA-induced
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Vaping and the Sex Connection

J. Zelikoff. New York University Grossman School of Medicine, New York, NY.
The influence of sex in the biology of living organisms and their responses to
environmental agents are poorly appreciated in toxicology. However, multiple lines
of evidence indicate that sex differences modulate effects from cellular/molecular
to whole animal levels that result in varying toxic responses to chemical exposures.
One emerging example of toxicant-induced sexual dimorphism is related to
electronic cigarettes (e-cigs). While e-cig use among youth and pregnant women
is becoming an increasing problem, there is limited knowledge on sex differences
in e-cig use, perception, and health outcomes. Based on epidemiological evidence,
sex differences arise in the type of e-cig and flavors used, as well as the nicotine
dosage. Survey results also show differences in the reason for starting e-cig use;
males primarily initiate e-cig use as a cessation tool to quit smoking, while females
start as a result of weight control, social media, and recommendations from family
or friends. Although the adverse health outcomes associated with exposure to e-cig
aerosols are rapidly emerging, limited research considers sex as an influencing
variable, particularly associated with early life exposure and later life health. As the
in utero environment is a particularly vulnerable environs for toxic agents, including
tobacco products and nicotine, animal studies have shown that prenatal exposure
to e-cig vaping aerosols, with and without nicotine, adversely affect juvenile and
adult offspring behavior, neurotranscriptomics, and pulmonary health. As much of
the literature on sex-differences in tobacco research use has focused on cigarettes,
these same proclivities for sex differences in e-cigarette use and health outcomes
need further examination. This presentation will discuss the importance of sex as a
biological variable influencing vaping use and health effects and its usefulness for
establishing appropriate sex-dependent policies.
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Sex-Specific Effects of Early-Life Inorganic and Methylated
Arsenic Exposure on Atherosclerotic Plaque Development and
Composition in Adult apoE-/- Mice

K. Makhani. McGill University, Montréal, QC, Canada.
Arsenic toxicity is a global concern and is related to adverse health outcomes in
exposed populations. Several studies have indicated that pregnancy is an important window for arsenic exposure. Importantly, in utero arsenic exposure has
been associated with cardiovascular disease (CVD). Atherosclerosis, the gradual
occlusion of arteries by fibro-fatty plaques, is a major contributor to CVD morbidity and mortality. While the incidence of atherosclerosis is sex dependent, sex is
also an important determinant in arsenic metabolism and its toxicity in terms of
metabolic diseases. In this study, we exposed apolipoprotein E knockout (apoE-/-)
mice to arsenicals in the drinking water from conception to weaning and assessed
the level of atherosclerotic plaque in the offspring at 18 weeks of age. We used
mixed regression models to estimate the mean change in atherosclerotic plaque
size and plaque components relative to the unexposed group. The regression
models were adjusted for sex and litter. We observed that the effects of in utero
arsenical exposure on the development of atherosclerosis was sex-dependent. Of
note, the effect of arsenic on plaque size and plaque composition was greater in
males than females. We have further investigated a role for DNA methylation in
programming pro-atherogenic changes and find sex-specific hepatic DNA methylation that persists later in life. Further research is needed to link DNA methylation changes in utero to atherosclerotic outcomes and to determine the underlying
cause of these sex-specific differences.
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Mode of Action, Adverse Outcome Pathways, and Key
Characteristics (KCs): Proposed Steps Forward and Mid-Course
Corrections

D. Wikoff. ToxStrategies Inc., Asheville, NC.
Mode of Action (MoA) and Adverse Outcome Pathways (AOP) are long standing
pathway-based biological constructs applied in regulatory context which link
stressor exposure to a specific apical response based on identification of a molecular initiating event and subsequent key events at increasing levels of biological
organization. As such, they are effective integrating constructs for a broad range
of sources of data, including computational predictive models and those generated
in vitro and by new approach methods (NAMs). However, AOP and MoA constructs
are restricted to our current understanding of biological pathways to disease
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leading to concern that they may not draw sufficiently on the available mechanistic knowledge base. This has prompted interest in in alternative approaches
such as key characteristics (KCs), which are perceived to draw more broadly on
the available mechanistic information which may be associated with a general
outcome (e.g., cancer, reproductive effects). These three approaches—MOA, AOP,
and KCs—are currently all considered, in varying capacities, by regulatory and
authoritative bodies. KC-based approaches are typically described as organizing
constructs for mechanistic data for hazard identification. In this context, they can
be useful in systematic reviews of increasingly voluminous mechanistic data on
endpoints at lower levels of biological organization. They have also been proposed
(and implemented by some organizations) as a tool for classifying hazard potential
based on biological perturbations, including activity reported in studies utilizing
NAMs. Their use to directly characterize hazard is controversial; however, due to
lack of consideration of toxicokinetics and broader knowledge of, or linkage to,
biological pathways and networks. While there have been many sessions on KCs
at previous scientific meetings, this session is novel in bringing together scientists
knowledgeable in the consideration and regulatory application of mechanistic
data-including both KCs and MOA/AOPs-to present and discuss proposed steps
forward, as well as potential mid-course corrections addressing misperceptions,
in the combined application of KCs relative to pathway-based constructs. This
session seeks to: (1) address misperceptions regarding the objectives, strengths,
weaknesses, and attendant uncertainties of KCs relative to AOPs and MoA; (2)
clarify their interrelationships of these different, but complementary, constructs
through case examples; and (3) provide a guide for participants in understanding
which construct—or perhaps combination of constructs—is appropriate for their
application.
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X. Arzuaga, B. Blake, and I. Druwe. US EPA, Washington, DC.
Hazard evaluation of chemical-induced toxicity involves the analysis of toxicological, epidemiological, and mechanistic evidence. The eight key characteristics (KCs)
of male reproductive toxicants provide a tool for identifying and organizing evidence
across mechanistic studies. The goal of this presentation is to provide an overview
of a case study using the KCs of male reproductive toxicants to screen, organize,
and evaluate mechanistic evidence on benzo[a]pyrene (B[a]P)-induced male
reproductive toxicity. A literature search was performed, relevant studies which
met predefined criteria were screened, and a literature inventory was constructed
using the eight KCs of male reproductive toxicants. The 2,172 studies identified
were screened using SWIFT-ACTIVE Screener and DistillerSR, resulting in 64 in vitro
and in vivo studies that met inclusion criteria. A literature inventory was developed
to extract mechanistic and toxicological evidence from the identified studies and
to facilitate the review process. Analysis of the available evidence for each KC
led to the identification of potential pathways associated with B[a]P-induced male
reproductive toxicity at the molecular cellular, organ, and organism level. This case
study demonstrates that the KCs approach serves as a transparent and efficient
tool to identify, organize, and evaluate mechanistic studies, and to facilitate the
analysis of biological plausibility and human relevance of the available evidence.
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Mechanistic Data in Hazard Characterization: Key
Characteristics and Mode of Action/Adverse Outcome Pathways
in Context

B. Meek. University of Ottawa, Ottawa, ON, Canada.
This presentation addresses common misunderstandings in the description and
associated terminology—the extent of the contributing database and its prior
evaluation and strengths and weaknesses of Key Characteristics—relative to
longer standing biological pathway descriptions developed and applied in regulatory hazard characterization and risk assessment (AOPs/MOA). Both constructs
contribute to the assimilation and integration of increasingly available mechanistic
data at lower levels of biological organization. However, the extent of the organized
contributing knowledge base and documentation supporting each varies considerably, with descriptions and robust review process for development of AOPs being
formalized in a public knowledge base for an OECD program. Emerging networks of
pathways in the knowledge base incorporate ever-increasing data on the interface
of biological pathways in inducing human disease, which facilitate weighting and
assessment within and across lines of evidence at different levels of biological
organization to support purpose specific hazard identification/characterization and
risk assessment. In contrast, KCs provide a helpful preliminary overview for further
assessment, but without broader biological context. This variation in supporting
evidence and biological context sets the scene for delineation of the strengths,
weaknesses, and uncertainties of both approaches for a wide range of different
problem formulations for various applications in regulatory hazard characterization
and risk assessment.
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KCs in Identifying Chemical Hazards, Risks, and Safer
Chemicals: Where We Are Now and Where We Need to Go

L. Zeise. Office of Environmental Health Hazard Assessment, Sacramento, CA.
Most typically, the precise nature of chemical interactions that lead to adverse
outcomes are unknown. For a number of known human toxicants, however, biological traits associated with adverse outcomes have been identified. Such Key
Characteristics, or KCs, have been proposed for a number of types of toxicants
(carcinogens and female and male reproductive, cardiovascular, liver, and immune
toxicants, and endocrine disruptors [see keycharcteristics.org]). These KCs provide
a way of organizing and integrating mechanistic data in support of identifying
chemicals for public health and regulatory attention. They can be applied variously
to “data-rich” and “data-poor” chemicals in informing hazard and risk assessments,
to prioritize chemicals for further research, and to identify gaps in testing regimes.
Challenges in application include integration with information on pharmacokinetics and other aspects of biological context, and identification and application of
more specific sub-characteristics. For data-rich chemicals with large volumes
of mechanistic data, sizing the work to meet needs for timely assessments also
presents challenges. Finally, an ongoing concern is how to consider these characteristics in light of informing identification of safer chemicals. This presentation will
explore these challenges, considering them in the light of information from AOP
evaluations, and set the stage for discussions about future directions.

Applying the Key Characteristics Approach for Evidence
Screening and Analysis of Benzo[a]pyrene-Induced Male
Reproductive Toxicity

MOA/AOP Compared with Key Characteristics Approaches:
Case Studies

S. Cohen. University of Nebraska Medical Center, Omaha, NE.
The MOA/AOP framework utilizes identification of key events for a detailed evaluation of the human relevance of tumors induced in animals. Four modes of action
have been identified for human carcinogens: 1) DNA reactivity; 2) immunosuppression; 3) high estrogenic activity with mitogenesis; and 4) cytotoxicity with
consequent regenerative cell proliferation. In contrast, the ten key characteristics
approach utilizes various characteristics of chemicals that are known human
carcinogens, but without an evaluation of non-carcinogenic chemicals or rodent
carcinogens that are not relevant to humans; thus, the specificity is unknown. This
approach might be useful for categorizing publications related to an agent, but
will lead to numerous false positives with respect to human carcinogenesis and
should not be used for assessment of cancer risk in humans. Case examples,
including statins, PPARa activators, and paraquat, will be presented contrasting these approaches with respect to the underlying scientific events and event
relationships, which are fundamental to evaluating biological pathways of carcinogenesis. Collectively, these examples will demonstrate the critical importance of
understanding the activity related to key characteristic events in the context of
cancer risk assessment.
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Picking the Right Tool: Using Evidence-Based Toxicology to
Evaluate Mechanistic Data in KC, AOP, and MoA Constructs

D. Wikoff1, G. Chappell1, and S. Borghoff2. 1ToxStrategies Inc., Asheville, NC; and
2ToxStrategies Inc., Cary, NC.
Increasing use of mechanistic data for characterization of hazard and risk by
scientists and regulators globally has resulted in the opportunity to identify and
discuss challenges in applying KC, AOP, and MoA approaches. Simultaneous to
the evolution of techniques for assessing mechanistic data, the implementation of
systematic review and other evidence-based methods have heightened the need
for discussion on evaluation constructs. These evidence-based methods often
result in identification of large amounts of information which can be challenging for
scientists to interpret relative to assessment needs. This presentation will build on
the previous presentation by demonstrating via case studies how evidence-based
techniques can be used to facilitate pathway-based assessments of mechanistic
data in a manner which facilitates evaluation of the biological concepts discussed
previously. And, specifically, how KC-based organizational concepts can be used
as a step—but not alone—in such. First, a KC-based evaluation of mechanistic data
for aspartame will be presented, demonstrating the importance of considering the
totality of KC data relative to other evidence streams when determining cancer
hazard. Second, trichloroethylene data will demonstrate how systematic review
findings can be organized and evaluated using an AOP construct for a developmental endpoint. And in the third case study, the stepwise application of KC-based
organization of data will demonstrate how KC in the assessment of alternative
MoAs for Cr(VI) will be presented. Collectively, these case studies will demonstrate
the combined utility and challenges of utilizing evidence-based methods to support
pathway-based assessments, and subsequently provide opportunity to visualize
approaches to “pick the right tool” for specific uses.
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Technological Advancements and Strategic Approaches in
Developmental and Reproductive Toxicity Assessments

J. LaRocca. Corteva Agriscience, Indianapolis, IN.
Recent toxicological efforts have focused on predictive and precision testing, with
ample development of high-throughput screening, new technologies, and replacement of mammalian models. One concern with these new techniques is how best
to develop an accurate model that is robust enough to reflect a human response
that captures a multitude of biological variables that may influence toxicity. With
regard to developmental and reproductive toxicity (DART), scientists across diverse
sectors have developed cutting-edge approaches to fill this critical gap. In this
session, we will highlight novel variables and cutting-edge approaches that are
currently being developed to predict and assess mechanisms of DART, including
sex-specific responses of the epigenome, new approach methodologies (NAMs),
3D microtissues, and host-microbiome toxicogenomic responses. There is an
opportunity to leverage new technology to provide a deeper understanding of a
chemical’s potential to elicit DART effects, as well as provide insight on the mode
of action. To this end, experts from academia, industry, and nonprofit organizations will discuss the current state-of-the-science and how these approaches are
being utilized for predictive and mechanistic studies as well as regulatory toxicology applications. After the presentations, a Q&A will engage attendees to enable
deeper understanding of the current state-of-the-art approaches and horizon for
addressing chemical-induced DART endpoints. The targeted audience are those
interested in understanding how these tools are being leveraged in DART predictive
and mechanistic testing paradigms. They also will gain insight into the strengths,
limitations, and future development opportunities of in vitro, in silico, and alternative
models for predictive and mechanistic DART assessments.
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High-Throughput In Vitro Platform for the Efficient Screening of
Chemicals against Gap Junction Intracellular Communication
and Estradiol Production of Human Granulosa Cells

B. Ip. Brown University, Providence, RI. Sponsor: J. LaRocca
Humans are consistently exposed to thousands of untested environmental
chemicals that have been detected in follicular fluid of female ovaries and can
directly disrupt female reproductive health. Human granulosa cells are the
functional unit of the ovarian follicles with steroidogenic activities and play a pivotal
role in nourishing the oocyte in the female ovary. During ovarian follicle progression,
GCs multiplies and form a three-dimensional (3D) avascular structure, and gap
junction intracellular communication (GJIC) between GCs is critical in maintaining optimal GCs viability and function. We developed a high-throughput in vitro
screening platform of human GCs for the efficient screening of chemicals that can
impact GJIC and estradiol production of human granulosa cells. Our granulosa 3D
microtissues, fabricated with human ovarian granulosa-like tumor KGN cells, are
multicell layered structures that mimic the avascular architecture of the granulosa
surrounding the oocyte, and robustly express the steroidogenic CYP19 aromatase
enzyme and connexin 43 (Cx43), an intercellular membrane channel responsible
for GJIC in GCs. Our granulosa microtissues produced estradiol in the presence
of testosterone at similar rate to primary human granulosa cells culture in 2D as
previously reported. Estradiol production was induced by CYP19 activators (follicle
stimulating hormone, dibutyryl-cAMP) and inhibited by the well-known CYP19
inhibitor, letrozole. E2 production by granulosa microtissues was not impacted by
exposure to bisphenol A or genistein (0 - 100 µM) except at the highest dosage,
where E2 production was induced. Granulosa microtissues displayed active GJIC
function, as demonstrated by the Cx43-dependent diffusion of calcein fluorescent
dye from spheroid surface to the core using the Opera Phenix high-content confocal
microscopy in conjunction with our open-sourced automated image analysis tool.
Overall, our 3D human granulosa screening platform is highly promising for predictive and efficient in vitro toxicity testing, and we envision using them to screen
chemicals in follicular fluid including polychlorinated biphenyls and per- and polyfluoroalkyl substances.
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Application of Predictive DART Tools in New Product
Development

E. Bianchi. Corteva Agriscience, Indianapolis, IN.
The discovery and development of novel agrochemical products is a complex
process that traditionally relies on intensive animal use for hazard identification.
Increased concerns related to safety and sustainability remain a critical challenge
for discovery programs and increase the need of implementing high-throughput
predictive models for assessment of off-target hazardous properties of molecules
early in discovery that can increase the change of success of the compounds
that advance into development. The use of new approach methodologies (NAMs)
allows chemical toxicity assessment in a faster and more cost-efficient manner
and provide the possibility to study chemical-induced changes at molecular levels
without the need to test in traditional mammalian studies, such as the rat and
rabbit. Therefore, the combination of in vitro tools, such as toxicogenomics, with
small aquatic models can provide both mechanistic and whole-animal informa-

tion necessary for prioritization of chemicals. Regulatory implications for DART
effects in new product development will be discussed together with case studies
that illustrate how high-throughput in vitro screening combined with aquatic models
can be leveraged for molecule design. Specifically, the utility of the morphological
assessment of zebrafish embryos to predict developmental toxicity with a training
set of pharmaceuticals, plant protection productions, and industrial chemicals,
will be discussed. The accuracy of this training set was over 80%, indicating high
confidence for this tool for analog selection and prioritization. Case studies will be
given to highlight the importance of chemical subclass for compound assessment.
Additionally, the use of toxicogenomics and analytical measurements of steroids,
such as estrone, to elucidate chemical potency and mode of action will be explored.
We conclude that the combination of in vitro and aquatic models provides a valuable
platform for the prioritization and design for novel compound development.

1131

Exploring the Microbiome as a Key Variable for Developmental
Toxicity in Zebrafish

T. Tal. Helmholtz Centre for Environmental Research, Leipzig, Germany.
Humans underwent coevolution with microbes that typically engage in a range
of mutually beneficial functions. Microbial symbionts make use of sugars and
nutrients that are generally inaccessible to human metabolism and produce
microbial products that are used by the human host. While this relationship formed
and evolved based on nutrient utilization, xenobiotics can interact with host microbiomes. Chemical exposure can disrupt the community structure of host-associated
microbes. Xenobiotic-selected microbiomes can exhibit altered toxicokinetics.
The functional relevance of microbiome perturbations and microbiome-dependent
changes in tissue dose to the host are less clear. Using conventionally colonized
(CC), axenic (AX) (i.e. microbe-free), and axenic conventionalized on day 1 (AC1)
zebrafish, we have shown that exposed, microbiome-competent zebrafish contain
higher concentrations of triclosan and several biotransformations products. In
the case of the endogenous ligand estradiol (E2), exogenous exposure resulted
in higher levels of E2 and associated biotransformation products in axenic zebrafish. Exposure to triclosan, bisphenol A, (BPA), BPF, or BPS produced concentration-dependent shifts in community structure, while BPAF or BPB exposure failed
to restructure the zebrafish microbiome. We observed an inverse relationship
host developmental toxicity and microbiome disruption suggesting that screening for developmental toxicity in zebrafish will likely fail to identify chemicals that
affect community structure and function. To understand the host developmental requirement for microbial association, we used RNA sequencing to evaluate
transcriptomic differences in CC, AX, and AC1 zebrafish. Several key toxicologically relevant pathways were repressed in AX zebrafish, including PPAR, AHR2,
and ER. In support of a central role for toxicologically relevant receptor systems as
microbiome mediators, CRISPR/Cas9 gene editing was used to knockout pparaa
and pparab in larval zebrafish. Pparaa/ab crispants exhibited reduced survival at
five days post fertilization. In surviving crispants, altered neurobehavioral endpoints
were observed. This work will ultimately reveal whether classic toxicological signaling pathways function, in part, to mediate microbiome-host interactions and are
therefore particularly sensitive to disruption by developmental toxicant exposure.
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Sex-Specific Epigenetic Programming of Cardiac Differentiation
by Developmental Environmental Exposures

L. Svoboda. University of Michigan School of Public Health, Ann Arbor, MI.
Cardiovascular diseases (CVDs) are a significant public health problem, and
increasing evidence points to environmental exposures playing a role in their
etiology. Although there are marked sex differences in CVD pathogenesis, the
sex-specific effects of environmental exposures on cardiac health and development have not been adequately investigated. Perinatal and adult exposures to lead
(Pb), phthalate plasticizers, and perfluoroalkyl substances (PFAS) have been linked
to adverse cardiovascular outcomes, but the sex-specific effects of these toxicants
on the heart have received little attention. Several cardiac disease states are
characterized by altered DNA methylation (DNAm), and disruption of developmental DNAm programming may have long-term deleterious effects. We investigated
effects of exposure to Pb and diethylhexyl phthalate (DEHP) during gestation and
lactation on DNAm in hearts of adult offspring mice. Two weeks prior to mating,
dams were randomized to control, Pb acetate, or DEHP and exposures continued
until offspring weaning at three weeks of age. Using enhanced reduced-representation bisulfite sequencing, we discovered hundreds of differentially methylated
cytosines (DMCs) and regions (DMRs) in males and females. DMCs/DMRs and
their associated genes were sex-specific, with a small subset overlapping between
sexes at both time points. In lead-exposed males, RNA-seq analysis of weanling
hearts revealed significantly increased expression of long noncoding RNAs critical
for heart development, including Mhrt, Malat1, and Kcnq1ot1. No significantly
differentially expressed genes were observed in Pb-exposed female hearts. Using
human induced pluripotent stem cells (hiPSC) from male and female donors, we
are currently investigating how exposure to Pb, monoethylhexyl phthalate (MEHP,
the active metabolite of DEHP), and perfluoroocatnoic acid (PFOA, a ubiquitous
PFAS) affect normal cardiac differentiation, epigenetic programming, and function.
Optical mapping studies in hiPSC-derived cardiomyocytes demonstrate that acute
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exposure to these chemicals alters action potential duration. These findings
demonstrate that developmental and acute exposure to environmental chemicals
impact normal epigenetic programming and function in the heart and highlight
the importance of considering sex in environmental epigenetics and mechanistic
toxicology studies.
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Transforming Safety Biomarker Development and Translation
through Predictive Safety Testing, Big Data, and Artificial
Intelligence: Industry, Academia, and Regulatory Perspectives

L. Ramaiah. Pfizer Inc., Pearl River, NY.
The field of toxicology has seen rapid development of innovative platforms and
generation of large quantities of multidimensional data such as ’omics technologies. These tools present important opportunities for the development of safety
biomarkers, in agreement with US FDA Critical Path Initiative principles. However,
these emerging tools have not yet been effectively applied to monitorable, biofluid-based nonclinical or clinical safety biomarkers to support refined and speedier
delivery of new drugs to patients. The application of advanced computational tools
and artificial intelligence (AI) to safety biomarkers is still in its infancy and deserves
greater investment. The field of safety biomarker science must begin to leverage
these technologies to maximize the utility of clinical and animal biomarker data.
An integrative, computational, and modernized approach to biomarker science
will fully leverage existing traditional and emerging biomarker data, delivering
greater insights while simultaneously replacing, reducing, or refining animal use. In
addition, there is a need to better understand the current US FDA perspectives in the
context of AI applications for biomarker discovery and development. This session
offers attendees a path forward and addresses an important and ongoing challenge
in safety assessment: the need for better safety biomarkers. It will highlight ideas,
ongoing efforts, and future aspirations from industry, consortia, academia, and
the US FDA on utilization of big data, predictive safety testing, computational
models, and AI, and will describe how increased integrative analysis of longitudinal
data and new approaches can have greater impact on novel biomarker and drug
discovery and development. Examples to be highlighted in this session include
(1) advanced computational workflows developed as part of academic collaborations with the European Biomedical Institute to enable automated data retrieval
and integration from a wide variety of public sources; (2) computational tools to
construct interactome and network signatures associated with specific drug toxicities and their application to safety biomarker development, clinical translation, and
prediction of drug toxicities; (3) integrative pathway analysis of high dimensionality
data for toxicity prediction, translatability assessment, adverse outcome prediction, and identification of appropriate biomarkers for mechanistic investigations
or to address safety concerns; (4) repurposing existing medical models to assess
longitudinal biomarker data; (5) a deep learning predictive model of drug-induced
liver injury through the US FDA ISTAND qualification mechanism; (6) ToxGAN as an
alternative to animal models; and (7) the AI TRIAL (Transparency, Reproducibility,
Interpretability, Applicability, and Liability) framework as a guiding principle to apply
AI in biomarker research and development.
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Introduction: Frontiers in Biomarker Science—Opportunities
for Holistic Integration of Disparate and Complex Datasets to
Transform Safety Biomarker Development and Translation

L. Ramaiah. Pfizer Inc., Pearl River, NY.
Body fluid-based biomarkers have driven evidence-based, pathophysiology-informed medical decision-making since the first observation of foamy urine in
patients with kidney disease. With each industrial revolution came an expanded
array of measurable analytes and an evolution of medical understanding. Today,
the need for analysis of large relevant data sets that further advance safety
biomarker development is becoming well-recognized. In addition, a wide array of
advanced statistical and computational tools is now available to support analysis
of complex, translatable in vitro and ‘omics data. The application of such tools for
holistic, integrative, multidimensional, and mechanistic assessments of multiple
and disparate data sets, including longitudinal data, is still in its infancy. In addition,
guidance from regulators on agreed approaches for application to approaches for
analysis of these data sets is lacking. Complex data sets such as in vivo toxicology
study and clinical trial data (e.g. ‘omics, immunology, clinical observations, clinical
pathology, and histopathology) have yet to be leveraged on a large scale using
advanced computational tools to support biomarker development. This introductory talk will discuss how tools, such as Bayesian statistical analysis, cluster
analysis, pathway analysis, predictive modeling, machine learning, and AI, can be
used across disciplines to develop novel biomarkers, support mechanistic investigation of observed toxicities and enable better translatability of safety findings to
advance clinical care.
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Predictive Safety Testing and Biomarker Identification in the Era
of Computational Modeling and Integrative Analysis of Big Data

S. Rahuman. European Bioinformatics Institute, Cambridge, United Kingdom.
Sponsor: D. Dalmas
Integrated analysis of big data and artificial intelligence for biomarker development
and/or longitudinal analysis of biomarkers is lacking. Use of these new emerging
tools with big data for biomarker identification and/or evaluation has the potential
to revolutionize predictive toxicology, biomarker development, and patient safety.
Understanding the cell signaling pathways and regulatory molecules that are
affected by a drug candidate are a critical component that can now begin to be
leveraged using integrative tools to enable a more integrated assessment of known
monitorable biomarkers, as well as provide novel data that may identify more
predictive and translatable biomarkers. Statistical and machine learning models
that leverage big data approaches by integrating multilayered ’omics, biomarker,
and toxicity datasets can provide mechanistic understanding and potentially
enable more informed safety predictions and development of novel biomarkers,
thus enabling better translation and prediction of potential adverse effects. Such
approaches require (1) building big data resources for drug bioactivity, toxicogenomics, biomarker data, histopathology, etc., (2) building tools for integration of
multiple datasets, and (3) development of novel modeling approaches to analyze
such complex multidimensional big data to understand and predict drug toxicity
and/or identify novel potentially predictive safety biomarkers. This presentation
will focus on innovative computational workflows being developed for automated
data retrieval and integration, and for construction of drug target-protein profiles
that can be leveraged for predictive toxicology and safety biomarker identification/
evaluation. Computational techniques include propagation of drug/protein-protein
interaction networks, reactome enrichment analysis, and integration of tissue-specific drug effects from the Human Protein Atlas and data extracted from over 1000
black box warnings of pharmaceutical agents to identify tissue-specific biochemical pathways and transcription factor fingerprints associated with different drug
toxicities. These tools have the potential to predict and define potential safety
concerns based on molecular and pathway profiles, to aid in the development
of more integrated approaches to biomarker identification and analysis, and to
provide data to develop adverse outcome predictions.
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Biomarkers at the Nexus of Integrative Toxicology: Advanced
Pathway Analysis Tools in Safety Biomarker Discovery and Use,
Causality Determinations, and Adverse Outcome Predictions

D. Dalmas. GlaxoSmithKline plc, Collegeville, PA.
Recent technological advances have enabled the development of innovative
platforms and the generation of high dimensionality data. Advanced integrative
pathway analyses tools, such as Ingenuity Pathways Analysis (IPA), allow researchers to integrate high dimensionality data and to perform in-depth analyses that
enable better biomarker identification and prediction of toxicity/efficacy. Toxicology
data can be layered with large networks of molecular information, biology data,
in silico data, canonical pathways, and/or published clinical trial data to simulate
effects of altered activity of target molecules. These tools can thus support hypothesis generation to identify potential mechanisms of action related to observed in
vivo non-clinical/clinical safety concerns, and to identify novel or known biomarkers. These tools can also be used to help identify potential toxicity based on dysregulation of canonical pathways, cross-talk among pathways, de novo pathways, and/
or integration of public drug toxicity resources. This presentation will focus on
the application of integrative pathway analysis to identify biomarkers that can be
prospectively or retrospectively evaluated from samples obtained on safety studies
and publicly available data from clinical trials, to help develop investigative studies
(in vitro and/or in vivo), discover novel potential biomarkers, or provide weight
of evidence for a mechanism of toxicity to help address regulatory concerns.
Utilization of these tools to aid in development of Adverse Outcome Predictions
(AOPs) will also be discussed. Case studies from across the industry highlighting
how integrated data analysis and pathway-based tools such as IPA are being used
in biomarker identification, causality determinations, and/or AOPs will be shared.
It is anticipated in the coming years that high dimensionality data evaluated using
pathway-based computational tools will be used to generate multimodal biomarker
signatures to predict and characterize complex toxicities.
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New and Improved Biomarker Performance Metrics Meet Big
Data and Artificial Intelligence

K. Romero. Critical Path Institute, Tucson, AZ. Sponsor: D. Dalmas
Safety biomarker development and utilization has traditionally been focused on
performance metrics comparing a single biomarker to a single gold standard at
a single point in time. The longitudinal assessment of biomarker dynamics, using
continuous and dynamic linked-to-actionable metrics of toxicity, provides opportunity to maximize the utility of safety biomarkers to inform drug development and
advance clinical care. These approaches will better enable bioanalytical validation
and determination of biomarker utility in a more integrated manner. Understanding
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biomarker dynamics as a continuum calls for a reassessment of traditional
biomarker performance metrics such as sensitivity, specificity, and predictive
values, and will be highlighted. In addition, methods to quantify clinical translatability are needed to maximize the utility of a safety marker. The use of bigdata from
nonclinical and clinical data sets through application of computational modeling
and artificial intelligence (AI), including integration of biomarker data, are expected
to aid in this endeavor, and will be emphasized. Quantitative multivariate methods
to better characterize clinical translatability and to fully understand the meaning
and relevance of biomarker results to optimize decision making are needed. These
new approaches will need to also incorporate novel methods to evaluate identification and quantification of sources of variability. This presentation will examine how
the questions described above have been addressed in other medical fields that
integrate experiment-level preclinical with patient-level clinical data, how these can
provide valuable lessons learned, and how they may be applied to safety biomarkers. Biomarker science stands to benefit tremendously by leveraging methods
from other areas, such as translational platforms for rank-ordering combination
regimes against tuberculosis, quantitative tools to optimize the deployment of
imaging markers in clinical trials, and disease models to optimize the utility of
biofluid biomarkers for population selection in late-stage development. The PSTC
perspective regarding what data are needed to implement these approaches and to
fully realize the potential of safety biomarkers will be discussed.
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Biomarkers in the Era of Big Data and Artificial Intelligence:
Current Thinking and Ongoing Efforts at the US Food and Drug
Administration (US FDA)

W. Tong. US FDA/NCTR, Jefferson, AR.
Artificial intelligence (AI) has made a significant mark in the past decade and
demonstrated its utility in the broad area of predictive toxicology and clinical
application. However, these tools are in their infancy regarding their application to
biomarker identification, application, and evaluation. The rapid advancements in
AI also present several opportunities and challenges to regulatory agencies with
questions such as: (1) how to assess and evaluate AI-based products and; (2) how
to develop and implement AI-based application to improve the agencies functions.
The current thinking and ongoing efforts at US FDA in the area of regulatory science
research will be discussed, with a focus on biomarker discovery and development.
AI consists of two application categories, predictive and generative; both are critical
to biomarker development. Predictive algorithms learn from existing data/information to predict future outcomes, while generative algorithms produce new data
with AI-driven study design. Examples will be given from FDA projects in both AI
application categories with data from digital pathology, new approach methodologies (NAMs), and in silico approaches and how these can be potentially applied
to discovery, development, and integrative biomarker analysis. Specifically, a novel
deep learning model for prediction of drug-induced liver injury (called DeepDILI) will
be introduced to support drug discovery and development through the FDA ISTAND
qualification mechanism (ISTAND: Innovative Science and Technology Approaches
for New Drugs). In addition, ToxGAN will be discussed as an AI-based alternative
to animal models that generates gene expression data under various treatment
conditions to produce genomic biomarkers. The presentation will conclude with
proposing the AI TRIAL framework (TRIAL stands for Transparency, Reproducibility,
Interpretability, Applicability and Liability) as a guiding principle to apply AI in
biomarker research and development.
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Honor Thy Stakeholders: How Toxicologists Can Better
Incorporate Stakeholders into Research, Communication, and
Translation

speaker will present a state government view of approaches to stakeholder engagement from a “communicating risk versus hazard” perspective. This talk will focus
on constructing an approach that considers multiple viewpoints instead of taking
a “one-size-fits-all” approach to stakeholder engagement. The relationship between
nontechnical communication media and researchers also will be reviewed. The
next presenter will demonstrate stakeholder engagement from a private industry
using case studies on worker engagement in industrial chemical health programs.
This presentation will highlight best practices and common challenges and unpack
potential solutions for increasing stakeholder engagement efficacy in the private
sector. Finally, the unique lens of a nonprofit research organization will cover two
case studies, including training and working alongside community stakeholders
on college campuses and as women firefighters. This final presenter will address
building trust with impacted community stakeholders and the importance of clearly
communicating risk when addressing public exposure and adverse health outcome
concerns.
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Cross-Species Extrapolation: Opportunities in a 21st-Century
Regulatory Nonanimal Testing World

B. McAtee. PPG Industries Inc., Monroeville, PA.
Regulatory decisions surrounding chemical safety are based primarily, although
not exclusively, on human and environmental protection. Historically, there has
been a reliance on animal toxicity testing to inform hazard and risk assessment.
Typically, mammalian data drive human health considerations and studies from
selected nonmammalian species representing different taxa drive environmental
considerations, with limited cross-talk between the knowledge streams. The global
regulatory landscape is experiencing an evolution in thinking surrounding animals
in toxicity testing; in the US, for example, there is now a major drive to greatly reduce
the use of in vivo testing. Therefore, the data landscape also is changing, requiring greater use of mechanistic, cell-based, and computationally derived information for consideration as alternatives to animal testing. To establish confidence
in mechanistic data and provide evidence as to how it relates to apical-level
changes at an individual or population level, the adverse outcome pathway (AOP)
conceptual framework is being considered or actively adopted in many regulatory,
industry, and academic settings. The AOP framework has been described as an
approach for developing causal linkages between levels of biological organization,
allowing for prediction of adverse effects. Such pathway-based approaches provide
opportunities to incorporate data generated from all species and biological levels
to understand the biology to mutually inform both human and environmental safety.
This approach can be applied in considering both mammalian data to provide
insights to nonmammalian species and vice versa. In fact, a critical component
of the AOP framework is determining the taxonomic domain of applicability, with
an emphasis on conservation (or lack thereof) of the biology and in particular
pathways across species for the purpose of understanding how broadly available
knowledge can be extrapolated. Fortunately, this shifting paradigm in toxicity
testing has inspired the use of bioinformatics and specifically the development of
tools and workflows for computationally exploring and predicting the taxonomic
relevance of existing and newly generated toxicity data and knowledge across
species. To date, a number of these methods/tools (e.g., SeqAPASS, EcoDrug,
phylogenetic workflows) have been released to the public, peer-reviewed, and
published. However, there is a growing recognition that although each tool brings
important information to the challenge of cross-species extrapolation, maximum
value in supporting decision-making can be achieved only when each individual
tool is developed while considering its application in the context of, or alignment
with, other approaches. Therefore, this session has been organized to enhance
communication among researchers and decision-makers regarding interoperability
and cooperation to advance the use of such computationally derived results to
inform regulatory decisions.

L. Walker. Rutgers, The State University of New Jersey, Piscataway, NJ.
Over the last decade, the rise of digital information dissemination has made it easier
than ever to connect active research and development with community interests.
Emerging challenges of increasingly accessible information include the rampant
spread of misinformation, fragmented communication discourse between scientists
and stakeholders, and eroding trust. If toxicological research does not reach the
people it is meant to benefit, scientists and other professionals miss opportunities
for greatest impact. This session provides a comprehensive overview, across a
range of sectors, of successful strategies and tools for overcoming stakeholder
exclusion and mistrust. Much of these challenges culminate in capturing stakeholders’ unique and valid feelings of safety and toxicologists’ diligent communication
to distinguish risk from hazard under the context of probable paths of exposure.
The first presenter will frame the overall landscape and core values of stakeholder
engagement and why it is integral to the success and long-term sustainability of
scientific research. Using several case studies related to air quality in agricultural
regions, the difference between active stakeholder engagement versus “shouting
into the void” will be delineated. The presentations will remark, with illustrative
case studies, on the value-added approaches from diverse perspectives across
academia, government, private industry, and a nonprofit research organization.
The next presenter will offer an academic mission lens, emphasizing the intersectionality of research endeavors and the community, and defining the line between
community activism and the expectations for objective research conduct. The third
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Harmonization of Approaches for the Biological Safety
Assessment of Medical Devices and Pharmaceutical Packaging:
Implications for Drug-Device Combination Products

R. Brown. Risk Science Consortium LLC, Arnold, MD.
Approaches used for the biological safety assessment of medical devices and
pharmaceutical packaging/delivery systems share a number of common elements
but differ in the pathways by which the approaches have been developed. Differing
regulatory viewpoints on how to evaluate the toxicological safety of drug packaging/delivery systems and medical devices have led to differences in the way these
products are evaluated for safety. The lack of uniformity in methods for the safety
evaluation of drug packaging and devices has resulted in confusion over regulatory expectations for the safety assessment of drug-device combination products.
For example, overlapping requirements for material safety result when the drug
container is the delivery device. With respect to assessment of biocompatibility,
application of USP and ISO 10993-5 to the same assembly that functions both as
a container closure and as a device (e.g., prefilled syringe or metered dose inhaler)
results in redundant testing due to nonalignment of USP and ISO standards for
cytotoxicity. With respect to toxicity assessment, emphasis is placed on chemical
characterization with toxicological assessment for both packaging (USP, 1663,
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1664, 1664.1) and devices (ISO 10993-1 and 10993-18). The recent update to ISO
10993-18 included the concept of an Analytical Evaluation Threshold (AET) for
extractables developed from a dose-based threshold per ISO TS 21726, which is
inconsistent with the PQRI approach. Therefore, the design of appropriate extractables studies for a combination product where the device is also packaging
presents some unique challenges because the threshold concepts for a device
are different from those for packaging. Additionally, differences exist in methods
to evaluate potential patient risk following exposure to E&L compounds. The
process for developing Tolerable Intake (TI) values, as described in ISO 10993-17,
differs from that for the derivation of Permissible Daily Exposure (PDE) values for
compounds released from packaging. In the absence of any guidance or standard,
principles from ICH Q3C or ICH M7 have been applied to develop PDE values for
packaging leachables. Also, differences exist in the way that nonclinical studies
are used to evaluate the safety of devices or drug delivery systems undergoing
clinical trials. This session will identify the similarities and differences in methods
to conduct safety assessments of medical devices and pharmaceutical packaging/
delivery systems and will propose harmonized approaches that may be useful for
the safety assessment of drug-device or biologic-device combination products.
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Tg.rasH2 Positive Controls: Added Value or No Longer
Necessary?

K. Hempel. Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der
Riss, Germany.
This session will discuss the merits of a proposal to eliminate the use of positive
control groups in every Tg.rasH2 carcinogenicity study, as currently required by
regulatory authorities. Recent published reviews have demonstrated that the
positive control group has responded appropriately to positive control agents in
100% of studies over the last decade. Eliminating, reducing, or introducing alternative approaches to routine inclusion of positive control groups will reduce animal
testing. Tg.rasH2 mice are widely used across the pharmaceutical industry for
carcinogenicity testing. These mice have the Ha-ras gene expressed in a large
number of tissues. This overexpression of the oncogene increases susceptibility
of Tg.rasH2 mice to carcinogens compared with standard mouse strains, which
results in more rapid onset to tumorigenesis. Thus, these mice offer the opportunity
for high-quality data together with short timelines for carcinogenicity assessments
of pharmaceutical, environmental, and other chemicals of concern. In addition,
revisions to the ICH S1 guidance document offer new perspectives on the role
of this model in carcinogenicity assessment. Recent publications give valuable
insight into current study design practices across the pharmaceutical industry and
have identified several potential approaches to reduce animal usage—in particular,
using microsampling, non-transgenic wild-type littermates in the dose range-finding
study and eliminating the requirement to include positive control groups in every
study. The latter could significantly reduce animal usage in the spirit of the 3Rs
and therefore should be carefully discussed across the scientific community. A
roundtable is considered an ideal forum for discussion of benefits and associated
risks. The goal of this session is to offer scientific exchange on the proposed new
opportunity for animal usage reduction by omitting positive control data. It also will
offer the toxicology community an opportunity to engage in a scientific and ethical
discussion of the potential benefits and risks during the expert panel discussion,
which will include Q&A from the audience.
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Deep Learning and Graph Algorithms: New Approaches in
Computational Toxicology

D. Reif. North Carolina State University, Raleigh, NC.
This session will review the use of deep learning and graph algorithms in the analysis
and prediction of chemical toxicity. Over the past decade, we have witnessed the
rapid rise and spread of machine-learning algorithms in the biological sciences,
particularly in image classification, speech recognition, drug discovery, and the
analysis of connected data. Deep learners in particular have been successfully
applied to in vitro toxicology, with the NIH 2014 Tox21 Data Challenge being one of
the first applications. At the same time, graph algorithms have become an increasingly popular way to represent chemical and toxicology data to make more accurate
predictions and leverage machine-learning advances. Despite these successes,
there remain many technical challenges, including the integration of subject-specific knowledge to adapt deep learning algorithms and graphs to toxicology. This
session will present (1) the latest deep learning methods as they apply to predictive toxicology and the generation of synthetic data; (2) case studies on practical
implementations of graph algorithms, handling imbalanced data, and approachable machine-learning resources; (3) the current challenges in applying machine
learning to in vitro and in vivo toxicology and potential future areas of research; (4)
instruction on using graph techniques to understand connected data, from building
knowledge graphs through applying graph algorithms and using graph embeddings
for predictive analyses; and (5) data on the development of a deep neural network
(DNN), and a conditional Generative Adversarial Network (cGAN) used to leverage
ToxCast phase one and two zebrafish toxicity data along with chemical structure
information to predict toxicity.
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Machine Learning in Predictive Toxicology: An Overview and
Case Study

C. Ring. US EPA/ORD, Research Triangle Park, NC.
Machine-learning (ML) has emerged as an important tool for in silico predictive
toxicology. ML refers generally to the class of computational algorithms that can
infer patterns from data. ML models are provided with an input set of training
data, where each sample (data item) is characterized by a set of features (relevant
variables or parameters) and a target or response (the outcome to be predicted,
which is known or measured for the training data). The model then infers patterns
in the features to predict the response. Model predictions are evaluated using
a separate set of test data. ML can rapidly make predictions to fill data gaps or
screen large libraries of chemical substances. For example, ML can be used to
develop quantitative structure-activity relationships (QSARs) to predict bioactivity
from chemical structure, or in vitro-in vivo extrapolation (IVIVE) models to predict in
vivo toxicity from in vitro bioactivity. However, ML in predictive toxicology presents
many challenges, among them feature selection; imbalanced training data;
and approaches to model evaluation. Imbalanced training data is a particularly
important consideration because it occurs frequently in predictive toxicology; a
dataset contains many examples of one type of response (the majority class, e.g.
substances that are not bioactive in a given assay), but only a few examples of
another type (the minority class, e.g. substances that are bioactive in the assay).
Imbalance is often addressed by generating synthetic data of the minority class
before training the model. There are many strategies for synthetic data generation,
but there are deep challenges in evaluating and comparing these strategies, which
will be discussed. Finally, a case study will be presented in which ML was applied
to in vitro high-throughput screening (HTS) data from 221 chemicals to predict in
vivo biological responses in the rat liver. The model then was used to predict in vivo
biological responses for an additional 6617 chemicals with only HTS data. The case
study illustrates some of the benefits and challenges of ML in predictive toxicology,
including the challenges of imbalanced data and synthetic data generation. The
views expressed are those of the authors and do not necessarily reflect the views or
policies of the US EPA.
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Relationships Matter: Leveraging the Connections between Your
Data Points for Better Machine Learning

A. Frame. Neo4j, Brooklyn, NY. Sponsor: J. Wambaugh
As scientists, we understand that our data points are connected, whether it’s a
knowledge graph that captures the connections between chemicals, proteins, and
cellular to organismal to population level responses; electronic health records that
capture the connections between patients, providers, diseases, drugs, and health
outcomes; or in vitro single cell analysis data capturing interactions at the cellular
level. Analyzing connected data, however, can be challenging; most data science
frameworks are built around tables with rows and columns, and any connections have to be laboriously hand engineered or re-learned with advanced deep
learning techniques. Graphs put the connections between your data points front
and center, allowing you to store and analyze your connected data as connected
data, and treating relationships as first class citizens and important predictive
signals. As graphs have become an increasingly popular way to represent toxicological data (e.g. the Toxicological Effect and Risk Assessment Knowledge Graph,
TERA; Graphing Ecotoxicology: The MAGIC graph for linking environmental data on
chemicals; ComptoxAI), as well as to make more accurate predictions (Matter et al
2020, Myklebust et al 2019), it is essential to understand what a graph is, and how
it can be leveraged in machine learning. Topics to be discussed during this presentation include using graph databases to store, query, and interact with connected
data; leveraging graph algorithms as powerful unsupervised machine learning
techniques to identify patterns and anomalies in your data; using graph embeddings
to transform your graph data into vectors (a format your ML pipelines understand!)
while still preserving key features of your graph; and using graph algorithms and
graph embeddings as features to train a supervised machine learning model, so you
can make predictions based on connections. The presentation will conclude with
a case study of using graph embeddings to represent patient journeys—extracted
from three years of electronic health records, representing every patient’s unique
history of visits, diagnoses, prescriptions, and laboratory data—and using those
embeddings to stratify a patient population to identify those most likely to benefit
from a new drug.
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Leveraging High-Throughput Screening Data, Deep Neural
Networks, and Conditional Generative Adversarial Networks to
Advance Predictive Toxicology

A. Green. North Carolina State University, Raleigh, NC.
There are currently 85,000 chemicals registered with the US Environmental
Protection Agency (US EPA) under the Toxic Substances Control Act, but only a
small fraction have measured toxicological data. To address this gap, high-throughput screening (HTS) and computational methods are vital. As part of one such HTS
effort, embryonic zebrafish were used to examine a suite of morphological and
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mortality endpoints at six concentrations from over 1,000 unique chemicals found
in the ToxCast library (phase 1 and 2). We hypothesized that by using a conditional
generative adversarial network (cGAN) or deep neural networks (DNN), and leveraging this large set of toxicity data, we could efficiently predict toxic outcomes of
untested chemicals. Utilizing a novel method in this space, we converted the 3D
structural information into a weighted set of points while retaining all information
about the structure. In vivo toxicity and chemical data were used to train two neural
network generators. The first used a regression enhanced DNN while the second
utilized cGAN architecture to train a generator to produce toxicity data. Our results
showed the DNN significantly outperformed the cGAN, support vector machine,
random forest and multilayer perceptron models in cross validation, and when
tested against an external test dataset. By combining both the DNN and the cGAN,
our consensus model improved the SE, SP, PPV, and Kappa, to 71.4%, 95.9%, 71.4%
and 0.673, respectively, resulting in an area under the receiver operating characteristic (AUROC) of 0.837. Considering their potential use as prescreening tools,
these models could provide in vivo toxicity predictions and insight into the hundreds
of thousands of untested chemicals to prioritize compounds for HT testing. This
presentation will conclude with a discussion on machine learning resources and
how to approach your problem with them in mind.
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Developmental Origins of Inflammatory and Immune Diseases:
Identifying the Effects of In Utero Stress on Immunological
Competency

A. Venosa. University of Utah, Salt Lake City, UT.
Epidemiological and experimental evidence demonstrates that altered environments in fetal and neonatal life exert a profound influence on physiological function
and risk of disease in adult life. Intrauterine stress may reprogram crucial functions
of the immune system during critical periods of fetal development, which can
immediately and/or permanently alter the immune function of offspring. Immune
pathways and inflammation have been implicated in the pathogenesis of many
diseases and may be central to the development of adult diseases following
challenged fetal development. Recent advances in understanding the fetal immune
system have demonstrated it is dynamic, influential, and uniquely vulnerable. During
fetal development, the immune system is preparing for the post-birth environment.
The immune system also plays an integral role in development, such as organogenesis and establishing resident immune populations. In utero inflammation and
exposure to immune-modulating drugs and toxicants have the potential to disturb
fetal development and have been implicated in the pathogenesis of diseases. While
we know many toxicants affect the adult immune system, our understanding of
the effects on the developing immune system is limited. This session aims to
present the most up-to-date research on the unique vulnerabilities of the developing immune system and the lasting effects of immunomodulation. In particular,
this session will discuss the long-term effects of in utero immunomodulation on
hematopoietic, metabolic, and pulmonary systems. This research implicates the
immune system as a key player in the pathogenesis of several diseases. Basic and
translational research on developmental immunotoxicology is an underdeveloped,
but rapidly growing, niche of research, currently spearheaded by academia. This
session will provide a platform to unite immunologists, developmental biologists,
and toxicologists with the goal of fostering novel ideas, sparking collaborations,
and possibly reaching across the regulatory and industry sectors to advance our
understanding of developmental immunotoxicology (DIT), in particular as it pertains
to the immunological competency.
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Alterations to the Developing Immune System Impact
Pancreatic Function in Adulthood

T. Golden. University of Pennsylvania, Philadelphia, PA.
Alterations during uterine development have lasting effects leading to adult
diseases. We focus on the long term effects of fetal growth restriction and
intrauterine exposure to endocrine-disrupting chemicals (EDCs). Fetal growth
restriction and intrauterine exposure to EDCs lead to development of metabolic
disease in adult offspring. Using a rat surgery model, bilateral uterine artery ligation,
blood flow is restricted to the fetuses and they are born small for gestational age.
Following birth, inflammation is present in the neonatal pancreas as seen by an
increase in macrophages and T cells. Cytokines favoring the Th2 pathway are also
increased in the first two weeks of life. Offspring then develop obesity and type 2
diabetes (T2D) in adulthood. When the Th2 pathway is inhibited, with administration of an interleukin 4 neutralizing antibody in the first week of life, increases in
macrophages and T cells are prevented and the offspring do not develop T2D as
adults. Intrauterine exposure to an EDC mixture (including bisphenols, phathalates,
and others) also results in beta cell dysfunction and T2D. Interestingly, in adults
exposed in utero, pancreatic inflammation is also present. We aim to elucidate
the effect of intrauterine EDC exposure on the developing immune system and its
subsequent role in development of type 2 diabetes.
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Prenatal Inflammation Defines a “Critical Window” for Immune
Development

A. Beaudin. University of Utah, Salt Lake City, UT. Sponsor: A. Venosa
During development, transient fetal hematopoietic stem cells (HSCs) are responsible for the production of “unconventional” innate-like immune cells that contribute
to adult immunity. Whereas dysregulation of fetal-derived immune cells contributes
to pathogenesis in a variety of immune tolerance disorders, the cellular and molecular drivers of pathogenesis are unknown. We have previously identified a transient
developmentally restricted HSC (drHSC) that specifically gives rise to innatelike lymphocytes during the perinatal period. Under homeostatic conditions, the
drHSC disappears postnatally, but its innate-like lymphocyte progeny persist into
adulthood. Our discovery of a transient cell-of-origin for a specialized component
of adult immunity underscores a “critical window” of immune development, during
which phenotype of the adult immune system can be shaped by extrinsic inputs
in early life. Here, we tested how prenatal inflammation induced in utero by a
single low-dose injection of poly(I:C) at mid-gestation drives both immediate and
lasting changes to hematopoiesis and immunity in offspring. In utero perturbation
disrupted the entrance of fetal HSCs into quiescence, causing disproportionate
expansion of drHSCs and a resultant shift towards lymphoid-biased multipotent
progenitor output. Single-cell sequencing of fetal hematopoietic stem and progenitors mirrored in vivo findings, revealing both the sensitivity of transient, lymphoid-biased progenitor populations to upregulated cytokines in the fetal liver, as well
their expansion in response to prenatal inflammation. Postnatally, we observed
sustained expansion and inappropriate persistence of the drHSC population
into adulthood. These fundamental changes to the postnatal HSC compartment
resulted in parallel expansion and hyperactivation of innate-like lymphocytes,
thereby altering immune landscape and function in offspring. Our work highlights
the existence of a critical window of immune development by modeling the effects
of perturbation of fetal hematopoiesis on in immune-competence and disease
susceptibility in the offspring. These data will provide mechanistic foundation to
the future study of environmental toxicant exposure during critical windows of
immunological development.
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Environmental Signals Are Key Regulators of Hematopoiesis
and Immunity

P. Lawrence. University of Rochester Medical Center, Rochester, NY.
There is considerable correlative evidence that the environment we live in, the foods
we consume, the water we drink, the air we breathe, and perhaps even what our
parents and grandparents experienced, influences several aspects of human health
including immune competence. Yet the exact mechanisms by which environmental factors affect health remains widely unknown. Recent studies of the environment-sensing transcription factor, aryl hydrocarbon receptor (AHR), provide several
clues about how environmental exposures influence the immune system. Activation
of the AHR changes the function of the immune system in human populations
and animal models, and some of these alterations persist long after AHR ligand
are cleared from the system. However, the cellular mechanisms that drive these
changes remain poorly defined. Using mouse models of infection with influenza
and corona viruses, we are delineating the root cause of variations in antiviral
immune defenses. Using conditional knockout mice, bone marrow transplantation,
and adoptive transfers, we show that critical changes are due to direct effects
in specific types of immune cells, while others are indirect, reflecting alterations
to intercellular communication. To delineate causal mechanisms, we combine
multidimensional flow cytometry, next generation RNA sequencing, and whole
genome assessments of DNA methylation. These approaches have yielded novel
information about the cellular pathways affected by early life AHR signaling, and
demonstrate that in addition to affecting functional capacity of peripheral immune
cells, AHR signaling regulates the proliferation and differentiation of hematopoietic
stem and progenitor cells during acute viral infection. Revealing mechanisms by
which AHR signaling produces durable changes in hematopoiesis and immune
provides new insight into approaches to modify immune responses to improve
health.
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Effects of Perfluoroether Acids, Understudied PFAS, on the
Developing Immune System

J. DeWitt. East Carolina University, Greenville, NC.
Perfluoroether acids (PFEAs), recently detected in the Cape Fear River of North
Carolina, appear to be byproducts of fluorochemical manufacturing, and have
not been extensively evaluated with respect to their potential toxicity. As immune
suppression is an outcome that has been observed following exposure to several
well-studied members of the class of compounds known as per- and polyfluoroalkyl substances (PFAS), and as children appear to be more sensitive than adults,
a relevant question is whether these emerging PFAS also have developmental
immunotoxicity (DIT) potential. C57BL/6 female mice were bred with C3H males
and from gestational day (GD) one through GD17, were orally exposed to 0.05,
0.5, or 1 mg/kg of perfluoro-2-methoxyacetic acid (PFMOAA), one of the dominant
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PFEAs found in the Cape Fear River, or 5 mg/kg of PFOS as a positive control.
Preliminary assessment of DIT endpoints in offspring shows no change in lymphoid
organ weights at postnatal day (PND) 28. Our ongoing studies will also interrogate immune cell composition and phenotype, T cell-dependent antibody response,
and natural killer cell cytotoxic potential at PND 28 and 56. Additional work is
necessary to fully understand the repercussion of PFAS exposure on immunological competence and susceptibility to disease long term.

1151a

Precise Modulation of the Immune System by Therapeutics:
Lessons Learned

J. Birkebak. Gilead Sciences Inc., Foster City, CA.
The immune system is a complex and finely tuned system. Disruption of the
immune system leads to a wide spectrum of diseases. As our understanding of the
immune system has grown, there has been increasing focus within the pharmaceutical industry on developing therapies that modulate the immune system beyond
the more traditional immunosuppressive therapies. In addition, the pharmaceutical industry has developed therapeutic modalities (e.g., monoclonal antibodies,
chimeric antigen receptor [CAR] T cells, T cell engagers) that take advantage of the
unique properties of the immune system to develop precisely targeted therapies.
Because the immune system is finely balanced, therapies that target the immune
system not only are beneficial but also can be associated with unintentional
adverse effects. This has required the pharmaceutical industry to modify their
approach to nonclinical safety evaluations to better interrogate the immune system
for unintended effects. While it is recognized that immune-mediated findings in
nonclinical species, especially in response to monoclonal antibodies and other
protein therapeutics, do not necessarily translate to humans, an understanding of
the translatability of immune findings in preclinical species is important for interpretation of nonclinical study findings. Additionally, there are species differences in
the sensitivity of the immune system that have required considerations of alternative methods to the traditional use of the NOAEL to set the first-in-human dose.
Recognizing these challenges, the DruSafe Leadership Group of the IQ Consortium
formed a series of working groups to address these challenges. This session will
summarize the outcomes of these working groups, focused on how therapeutic
immunosafety sciences are evolving to address the safety of drugs targeting the
immune system, the translatability of immune response to therapeutics from
toxicology species to humans, and when and how to use MABEL to determine the
first-in-human dose for immunomodulatory drugs.

1151b

Evolving Immunosafety Sciences

M. Collinge. Pfizer Inc., Groton, CT.
Immunosafety assessment is a critical component of drug development, especially
in view of the emergence of numerous immunomodulatory therapeutics (small and
large molecule) as well as gene therapies. There are significant safety challenges to
overcome with therapeutics intended to be immunomodulatory, either immunosuppressive or immunoenhancing, as well as modalities that are not intended to impact
the immune system. The speed of the evolution of novel therapeutic approaches is
among the primary drivers requiring development of new tools and technologies to
optimally assess immunosafety risk. Additionally, while there are numerous regulatory documents that provide some guidance for immunosafety risk assessment,
the primary guidance (ICH S8) has not been updated since 2006. ICH S8 is focused
on unintended immunomodulation and does not address intended immunomodulation and the continuum of pharmacology vs. toxicology, nor does it include
guidance regarding drug-induced hypersensitivity or autoimmunity. The DruSafe
Immunosafety Working Group conducted a survey of industry to identify the current
gaps in immunosafety assessments and whether new guidance may be needed, as
well as to identify future areas of collaboration to identify the most critical gaps.

1151c

Translatability and Management of Immune-Mediated Findings
in Nonclinical Studies

T. MacLachlan. Novartis Institutes for BioMedical Research, Cambridge, MA.
With the growth of monoclonal antibodies and other proteins as major modalities in the pharmaceutical industry, there has been an increase in pharmacology
and toxicity testing of biotherapeutics in animals. Animals frequently mount an
immune response to human therapeutic proteins. This can result in asymptomatic anti-drug antibody formation, immune complexes that affect drug disposition
and/or organ function such as kidney, cytokine release responses, fatal hypersensitivity, or a range of reactions in between. In addition, an increasing number of
oncology therapeutics are being developed that enhance or directly stimulate
immune responses by a variety of mechanisms, which could increase the risk of
autoreactivity and an autoimmune-like syndrome in animals and humans. When
evaluating the risk of biotherapeutics prior to entering the clinic, the nonclinical
safety data may include any of these responses and it is critical to understand
whether they represent a safety liability for humans. The DruSafe Translatability

and Management of Immune-Mediated Findings in Nonclinical Studies Working
Group conducted a survey of industry to understand sponsors’ experiences with
these immune reactions in nonclinical studies related to both immunogenicity and pharmacologically mediated immune perturbations. The survey covered
what pathways were affected, how the immune responses were presented, how
the company and health authorities interpreted the data, and whether the immune
responses were observed in the clinic. Additionally, the survey gathered information
on association of these findings with anti-drug antibodies as well as sponsors’ use
of immunogenicity predictive tools. The data suggest that the ability of a biotherapeutic to activate the immune system, intended or not, plays a significant role in
characteristics of the response and whether they are translatable.

1151d

Immuno-Therapies and MABEL for FIH Dose Selection

M. Leach. Pfizer Inc., Cambridge, MA.
The MABEL approach, which considers differential species sensitivity between
animals and humans and the pharmacologic activity in vitro and/or in vivo over a
broad range of concentrations in several types of assays, is designed to assist in
selection of a first-in-human starting dose that results in only a minimal biological effect, theoretically maximizing safety for clinical trial subjects. The MABEL
approach was recommended for new molecular entities (NME) with increased
risk due to mode of action, the nature of the target, and/or the lack of relevance
of animal species. Many companies now calculate MABEL as part of a thorough
pharmacological/toxicological characterization of an NME, in particular for NMEs
targeting the immune system. However, a range of risk factors should be considered when deciding whether to use MABEL to select the starting dose. MABEL
is being applied too often as a default rather than using a rigorous data-driven
and risk-based approach, resulting in FIH starting doses that are, in some cases,
much lower than what proves to be an appropriate therapeutic dose or necessary to
appropriately protect the safety of patients in early clinical trials. Recommendations
for appropriate use of the MABEL or alternative approaches in determining an FIH
starting dose will be presented.

1152

Addressing the Toxicology of Newly Decriminalized Drugs

O. McMaster. US FDA/CDER, Silver Spring, MD.
In 2021, the criminal penalty for the possession of small quantities of Schedule
I, II, III, or IV drugs in Oregon was reduced from a Class A or C misdemeanor to a
Class E violation, punishable by a $100 fine or a health assessment at an Addiction
Recovery Center. This law affected the possession of cocaine, heroin, methadone,
MDMA, oxycodone, psilocybin, LSD, methamphetamine, and other drugs, and
continued a trend that began in Portugal, where all drugs were decriminalized in
2001 and possession or use of any drug is treated as a health issue and not a crime.
Appropriate regulation of decriminalized drugs can result in more testing to develop
therapeutic uses. The US FDA is committed to protecting the public health and
improving the efficiency of regulatory pathways for the lawful marketing of foods
and drugs. The US FDA has developed a number of resources that address cannabis
and cannabis-derived products that could apply to other products. The therapeutic
use of drugs with an established history of illicit use is typically complicated by
this history, as well as its abuse liability and target organ toxicity potential. Despite
evidence of efficacy in the treatment of pain, depression, and various other medical
conditions, a drug with a history of illicit drug use may not be prescribed to patients
because of the stigma associated with this history. These issues complicate the
ability of the US FDA and other regulatory agencies to regulate the safe clinical
use of these therapeutics. An understanding of the history of decriminalization of
drugs in the US and in other countries provides lessons to inform the regulatory
resources needed by the DEA, the US FDA, and other agencies to deal with these
types of products. Drugs with illicit use that have therapeutic applications provide
insight on approaches to safely use these drugs in clinical settings. Although widely
used in home remedies and patent medicines until the 1800s, research has shown
that cannabis use by adolescents results in long-lasting effects in brain function.
Decriminalization could increase access and experimentation by this vulnerable
population with the associated dependence, increased susceptibility to drug abuse,
addiction, psychoses in genetically vulnerable patients, and intoxication-induced
accidents. Any use of medical or recreational cannabis must be informed by
detailed knowledge of beneficial and adverse effects of cannabis, whether smoked
or ingested in adult and juvenile subjects.

1153

Regulating Newly Decriminalized Drugs

O. McMaster. US FDA/CDER, Silver Spring, MD.
The Portugal model of drug decriminalization yielded impressive results including
a drug-induced death rate one fifth of the average rate in the European Union, but
the benefits resulted from the participation of the citizens, lawmakers, educators,
judges, counselors, and drug treatment centers. The blanket decriminalization of
small quantities of Schedule I, II, III, or IV drugs in Oregon raises many concerns,
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including increased risk of access to drugs that lack quality control, occurrence of
serious adverse health effects, and lack of access to adequate resources to manage
hazards related to the use of these drugs. While many of these drugs are familiar,
the list includes agents such as ayahuasca (containing N, N-dimethyltryptamine
or DMT), ibogaine, toad venom (containing 5-MeO-DMT), and peyote (containing mescaline), which may increasingly become the focus for Emergency Room
visits. Some of these decriminalized drugs are being used and/or studied in clinical
settings, and there are federal regulations that exist to ensure the safe use of these.
Under the Food Drug and Cosmetic Act, any product that is marketed with a claim
of therapeutic effect or with any other disease claim is considered to be a drug and
must be approved by the US FDA before being introduced into interstate commerce.
Therefore, the Agency has a framework to ensure the safety of approved drug
products its components. The history, pharmacology, and toxicology of these drugs
inform the type and extent of regulatory oversight provided by the federal regulatory
agencies (FDA and DEA) to ensure the safe use of these drugs in clinical settings,
and the safety challenges related to the decriminalization of drugs.

1154

Therapeutics with Abuse Potential: Leveraging Nonclinical
Information to Ensure Clinical Safety

M. Delatte. Independent Consultant, Clarksburg, MD.
The toxicity profiles for decriminalized drug substances are impacted by the safety
issues related to product quality, including adulteration and sterility of each, and
best practices to manage hazards relating to the use of these decriminalized drugs.
Case studies provide insight by leveraging information from the public domain
to identify and assess hazards related to cocaine, psilocybin, and cannabis. An
understanding of various successful strategies to assess and manage potential
local and systemic hazards provide a framework in which findings may be used
to inform the safety issues to communicate to populations using these drugs, the
level of drugs allowed for legal possession, and the mechanisms for providing
medical support to individuals that use these decriminalized drugs.

1155

The Adverse Health Effects of Cannabis Use

S. Weiss. NIH/NIDA, Bethesda, MD. Sponsor: O. McMaster
Laws around cannabis in many parts of the United States are rapidly changing. This
is partly due to shifting attitudes: the public is becoming more supportive of policies
that decriminalize or legalize cannabis, because prohibition has not prevented
access to the drug and has disproportionately harmed people of color and their
communities (among others). There is also a widespread belief that cannabis is
safe relative to other substances and may have therapeutic benefits. But cannabis
use also has well documented risks: it can be addictive, especially in those who
start young; it raises the risk of car crashes; it affects cognitive performance; it
can precipitate or worsen the course of psychosis in vulnerable individuals; and it
negatively affects life achievement and satisfaction. Also, because the endocannabinoid system (where cannabis acts) plays an important role in brain development,
cannabis may pose specific risks for children, adolescents, and babies in utero.
But there is still much we don’t know about cannabis, including the reversibility or
persistence of its effects; the impact of higher potency products (containing high
levels of delta-9-tetrahydrocannabinol [THC]), and the potentially beneficial effects
of cannabis or cannabinoids for treating pain and other conditions. It is crucial
that cannabis users and healthcare personnel recommending its use for medicinal
purposes understand the state of the science related to its potential beneficial
pharmacology and adverse health risks.

1156

Advances in CRISPR-Based Molecular and Computational
Methods for Assessing Mechanistic Underpinnings of Toxicity
and Gene-Environment Interactions

L. Wehmas. US EPA, Research Triangle Park, NC.
The specificity, adaptability, and efficiency of Clustered Regularly Interspaced
Short Palindromic Repeats (CRISPR)-Cas9 approaches for genetic perturbations
across numerous model systems have propelled this revolutionary application to
the forefront of translational biology. This includes illuminating the mechanistic
underpinnings of complex cellular processes such as pathways of toxicity, disease
susceptibility, and defining causal interactions between genes, chemical exposure,
and adverse biological outcomes of concern. These gene and transcription-modifying techniques can be used with and without chemical exposure across in vitro and
in vivo model systems, or be scaled for high-throughput capacity to perturb single or
genome-wide-level targets. Moreover, CRISPR-Cas9 techniques can be combined
with assessments of ‘omic profiles, cellular function, and toxicological outcomes to
understand mechanistic toxicity networks and biological susceptibility in a quantifiable, time- and cost-efficient manner. Toxicologists are only beginning to leverage
this powerful tool for such areas as discovery toxicology, confirming epigenetic
mechanisms of pesticide-induced pulmonary toxicity, establishing the role of
nuclear receptors in chemical-mediated abnormal behavior and neurotoxicity, and

linking occupational exposures with key events in health and disease outcomes.
This session will highlight how toxicologists are applying CRISPR techniques in
cell-based screening assays to determine new, temporally relevant mediators of
acetaminophen-induced hepatotoxicity, and to elucidate gene-by-environment
interactions required for arsenicals-, formaldehyde-, and dieldrin exposure-related
disease development, as well as using combined transcriptomic and phenotypic
screening in embryo-larval zebrafish to reveal causal links between different aryl
hydrocarbon receptors, polycyclic aromatic hydrocarbon exposure, and developmental toxicity. The session will conclude with a facilitated discussion among
speakers and the audience on current and future directions for use of CRISPR in
toxicology as well as potential barriers to widespread adoption.

1157

Functional Profiling of Toxicants Is Enabling Systematic
Understanding of Gene x Environment Interactions in Human
Disease and Toxicity Development

C. Vulpe. University of Florida, Gainesville, FL.
A combination of genetic susceptibility and environmental exposure likely play an
important role in the development of multiple human diseases. Identification of
gene by environment (GxE) interactions of relevance to development of disease
associated with exposure to chemical toxicants and biological toxins remains
challenging. Current genetic approaches to discern GxE interactions, including
human epidemiological studies and mouse genetic variation mapping studies, are
expensive, frequently under powered, and limited in resolution. Similarly, detailed
mechanistic studies of individual toxicants have identified candidate genetic
factors for further evaluation, but the large number of possible exposures and
GxE interactions makes a systematic consideration of candidate human relevant
interactions unfeasible using current targeted, reductionist approaches. Recent
advances in functional genomics using CRISPR-Cas9 are enabling an alternative
approach to identifying GxE interactions in toxicology. Loss or gain of function
genetic studies are well established for understanding molecular mechanisms of
toxicity and dissecting cellular pathways that modulate toxicity of diverse xenobiotics. More recently, genome-wide CRISPR screening with toxicants is providing
a systematic and comprehensive approach to probe the functional role of each
human gene in cellular response to a toxicant. These studies can identify functionally relevant candidate genes and pathways that can be considered and evaluated
for potential relevance in people. This presentation will consider recent studies by
our group and others to use CRISPR screening to identify cellular GxE interaction
for selected toxicants including arsenicals, formaldehyde, and dieldrin. Continuing
developments in CRISPR technology will be discussed which could enable future
efforts and approaches to identify human population relevant GxE interactions in
toxicology.

1158

Identification of Novel Regulatory Genes in APAP-Induced
Hepatocyte Toxicity by a Genome-Wide CRISPR-Cas9 Screen

K. Shortt. University of Missouri School of Medicine, Kansas City, MO.
Sponsor: L. Wehmas
Stable gene editing with CRISPR-Cas9 has wide-reaching implications for pharmacogenomic and toxicological discovery. Identification of previously unknown
genetic risk factors will provide mechanistic insights and novel therapeutic targets
for drug toxicity. Here we describe a genome-wide CRISPR-Cas9 screen to evaluate
genes that are protective against, or cause susceptibility to, acetaminophen
(APAP)-induced liver injury. HuH7 human hepatocellular carcinoma cells containing
CRISPR-Cas9 gene knockouts were treated with 15 mM APAP for 30 minutes to
4 days. A gene expression profile was developed based on the 1) top screening
hits, 2) overlap of expression data from APAP overdose studies, and 3) predicted
affected biological pathways. We further demonstrated the implementation of
intermediate time points for the identification of early and late response genes. This
study illustrated the power of a genome-wide CRISPR-Cas9 screen to systematically identify novel genes involved in drug toxicity and to provide potential targets to
develop novel therapeutic modalities.

1159

Coupling Targeted Gene Editing and Phenotypic Screening in
Zebrafish to Establish Causal Gene-Environment Relationships

R. Tanguay. Oregon State University, Corvallis, OR.
The field of toxicology is experiencing a paradigm shift with increased use of
high-throughput approaches that evaluate vast swaths of chemico-structural space
for bioactivity. This shift is driven by the need to move from high-cost, low-throughput models to efficient and cost effective alternatives. The developing zebrafish,
with its well-documented advantages, has emerged as a sensitive biosensor of
chemical activity. Zebrafish high-throughput phenotypic chemical screening is now
routine, but screening alone typically does not provide sufficient information to
understand toxicity mechanisms. We systematically use phenotypically anchored
unbiased toxicogenomics to begin to investigate the mechanism of toxicity after
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developmental exposure of embryonic zebrafish to chemicals. Zebrafish are
exposed from 6 to 120 hpf to identify the concentration at which 80% of exposed
embryos have adverse effects (EC80) in our model system. This paradigm favors
the detection of early transcriptional changes causally related to the initiation
of toxicity. Bioinformatic, pathway, and network analysis yield candidate targets
that may represent molecular initiating or key events related to specific chemical
exposures. Confirming the role of these candidate genes in toxicity mechanisms
require empirical experiments including deployment of targeted CRISPR-Cas9 gene
editing. This presentation will provide examples of this systematic approach for
a large set of polycyclic aromatic hydrocarbons where gene editing established
the causal relationship for specific aryl hydrocarbon receptors as initiating event
required for select polycyclic aromatic hydrocarbon toxicity, and the essential role
of genes downstream of aryl hydrocarbon receptor activation in toxicity.

1160

Disparities in Environmental Chemical Exposure and Health
Risks

N. Tassew. Genentech Inc., South San Francisco, CA.
This session will highlight disparities in environmental chemical exposure and
health risks to minority and susceptible populations. Three examples highlight
these disparities: air pollution, lead in drinking water, and electronic waste export
from industrialized to developing countries. Racial disparities in disease incidence
are a public health problem and challenge. These disparities are likely due to very
complex interactions between genetic, social, lifestyle, and environmental risk
factors. The influence of environmental risk factors may be substantial; however,
the adverse health outcomes are not well recognized in communities disproportionately exposed to higher levels of chemicals. Recently, the US EPA examined
facilities emitting air pollution, as well as the racial and economic profiles of
surrounding communities. It was found that African Americans were exposed to
significantly more particulate matter (PM2.5), which has been associated with lung
disease, heart disease, and premature deaths. Further, a 2017 study by the National
Association for the Advancement of Colored People (NAACP) and the Clean Air
Task Force found low-income Black Americans are disproportionately exposed
to toxic air pollution from the fossil fuel industry and they experience elevated
levels of asthma, heart disease, and respiratory disease (NHANES, 1999-2014).
Unsafe drinking water is also a national problem that needs the attention of the
scientific community and policy-makers at large. More than 18 million Americans
got their drinking water from systems with lead contamination violations in 2015,
according to the recent Natural Resources Defense Council report, including in
Flint, Michigan, and others, often affecting vulnerable lower-income communities
of color. The toxic effects of lead can impact every system in the body, particularly the developing brains of young children. Even low levels of lead in the blood
have been shown to affect IQ, ability to pay attention, and academic achievement.
In healthy adults, lead exposure is known to cause adverse cardiovascular and
kidney effects, cognitive dysfunction, and elevated blood pressure. Additionally, it
can cause miscarriage, stillbirths, and infertility. Electronic waste (e-waste) is also
one of the fastest growing pollution problems in the world, with an estimated over
53 million metric tons produced globally in 2019. E-waste is mostly exported from
developed countries to low-income Asian and African countries where there are no,
or only minimum, e-waste management policies as well as lax enforcement of their
safe disposal. E-waste is recycled to recover, mostly by poor women and children,
raw materials and resalable parts that can be sold to create income. The purpose
of this session is to highlight these important topics of public health concern and
identify research needs to address disparities of chemical exposure in disproportionately affected populations.

1161

Inequality in Exposure to Air Pollutants

J. Vandenberg. Duke University, Durham, NC. Sponsor: N. Tassew
Is it equitable, or fair, that some communities and populations are exposed to
environmental pollution to a much greater extent than other groups? Are there
patterns of exposure that demonstrate inequities that society must address? What
is the scientific basis for actions to assure environmental justice? This presentation will summarize key scientific studies that demonstrate the disproportionate
exposure of African Americans and other minority populations to air pollutants that
are known or likely to cause adverse health effects including premature death, heart
and lung disease, neurological effects, and other outcomes. The extensive ambient
air monitoring programs operated by state, local, and federal government programs,
coupled with health monitoring programs, provide a strong (yet limited) basis for
evaluating disproportionate health risks. For example, a recent study by the US EPA
examined air emissions from coal-burning facilities and the racial and economic
profiles of surrounding communities. It was found that African Americans were
exposed to significantly more fine particulate matter (PM2.5), which US EPA has
concluded causes premature death and cardiovascular disease. Further, a study by
the National Association for the Advancement of Colored People and the Clean Air
Task Force found low-income Black Americans are disproportionately exposed to
toxic air pollution from the fossil fuel industry with elevated levels of asthma, heart

disease, and respiratory disease. This presentation will describe these and other
studies to illustrate the state of the science and the scientific basis for environmental justice activities and programs.

1162

Lead Exposure in Drinking Water and Health Risks in
Susceptible Populations

B. Fowler. Emory University, Atlanta, GA.
The harmful properties of lead have been known of several thousand years, but
its inter-individual variation in susceptibility to toxicity and hence risk to sensitive
subpopulations have only been more fully recognized in the last century. Lead in
drinking water is one of the major routes of exposure as result of lead solders in
plumbing lines and fixtures. The use of lead in plumbing has been greatly reduced
in recent decades but thousands of miles of lead containing pipes exist and are
still in use in the in large metropolitan US cities with older water systems serving
low-income and minority populations. More than 61 million people are served by
drinking water systems that detected lead levels that exceeded the limit of 5 ppb
set by the US FDA for bottled water, and seven million people are served by systems
that exceeded the US EPA’s Lead Action Level of 15 ppb. It is well recognized
that children are a particularly sensitive subpopulation due to lead effects on
the developing nervous system, and senior citizens are also at special risk. Lead
exposure also affects a few other vital organ systems such as the hematopoietic,
kidneys, and cardiovascular systems. Genetic inheritance and nutritional factors
appear to play significant roles in mediating lead risks of toxicity to susceptible
individuals in the population. Statistically, the increased risk of lead poisoning is
associated with African American and other minorities persists even when you
correct for all other confounding factors. In conclusion, all of us are exposed to
lead through environmental media to some degree, however the disproportionate
exposure and risk of adverse health outcomes is much higher in minority populations, especially to infants and children. Increasing scientific evidence have shown
that no amount of lead is safe.

1163

The Toxicological Impact on Minorities of the Hazardous
Chemicals in Electronic Waste

A. Kadry. University of Maryland, College Park, MD.
E-waste is also one of the emerging and fastest growing pollution problems in the
world, with an estimated over 53 million metric tons produced globally in 2019
and the value of raw materials to be worth of approximately $57 billion. E-waste is
mostly exported from western countries to low-income Asian and African countries
where there are no, or only minimum, e-waste management policies, and also lack
enforcement of their safe disposal. The hazardous substances can be released
into the environment and may cause adverse human health effects during the
recycling activities. E-waste, toxic metals including copper, mercury, lead, cadmium,
chromium, and nickel, have been released into the environment. Persistent organic
compounds including brominated flame retardants, polychlorinated biphenyls,
polycyclic aromatic hydrocarbons, polychlorinated-p-dioxins/dibenzo-furans, and
dioxin-like polychlorinated biphenyls are released during the incineration process.
Several metals and persistent organic pollutants at high levels have been detected
in recycling facilities and in the surrounding environment, posing significant risk of
toxic exposure for the recyclers and local communities. Skin contact, inhalation,
ingestion, dietary intake, and take-home exposure are the main paths for exposure,
Children, infants, and pregnant women are particularly vulnerable. E-waste could
have negative health consequences for people who are already marginalized. Most
workers in e-waste recycling in the developing countries suffer from insufficient
housing, poor nutrition, and inadequate access to healthcare, poverty compounds
the risk of exposure and impending health effects. Therefore, e-waste unnecessarily and overwhelmingly affects women’s mortality, morbidity, and fertility, as well as
their children’s growth.

1164

Application of Next-Generation Risk Assessment Principles for
Decision-Making

A. Schepky. Beiersdorf, Hamburg, Germany.
Next-generation risk assessment (NGRA) aims to ensure protection of human
health. Risk assessment procedures traditionally include a numerical comparison
of consumer chemical exposures to points of departure (PoD) at which biological
effects start to be triggered. In addition, toxicity predictions have now turned to
new approach methodologies (NAMs), relying on an array of in vitro and in silico
approaches. For systemic toxicity, the level of information required to evaluate
consumer safety requires (1) an estimation of the amount of chemical that reaches
the systemic compartment after relevant consumer exposure, and (2) determination of the bioactivity of the chemical, with dose-response considerations. The
first requirement can be met using physiologically based kinetic modeling, while
the second depends on the availability of in vitro data generated in biologically
competent human cell lines to generate mechanistic data and provide internal
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PoD values for biological activity. The combination of information derived from
these two areas enables the determination of the likelihood that consumer-relevant exposures lead to a systemic exposure that triggers modes of action and
activating pathways at the cellular level. This comparison is known as a “bioactivity
exposure ratio” (BER). Using these approaches to make safety decisions requires
a sufficient level of confidence in both the exposure and bioactivity predictions.
This session will start with an introduction that will describe the paradigm shift
from traditional in vivo-based chemical safety assessments to the NGRA approach.
The application of this approach is especially relevant for the cosmetics industry,
which is banned from using in vivo data for safety assessment. Therefore, case
studies will be presented in which NAMs have been used to evaluate the safety of
cosmetic chemicals (e.g., UV filters) with regard to systemic toxicity. An important
aspect of this work is the combination of exposure predictions with NAM-derived
PoDs to provide a strong basis for making safety decisions. NAMs also have
been used in higher-throughput assessments, bringing in screening data from the
ToxCast/Tox21 program, to derive a BER for potential risk so that chemicals can
be prioritized for further testing. The final presentation will provide feedback from
the EU-ToxRisk project, in which read-across case studies were used to develop
a concept for the integration of NAM data into human hazard assessment. The
EU-ToxRisk RAx approach will be compared with Genra. This presentation will offer
insight and learnings from the project, as well as an outlook on follow-up studies in
the RISKHUNT3R project. In all presentations, assessments of uncertainty of the
NAMs used will be discussed, as well as the level of protection of NGRA.

1165

Integration of Kinetics and Dynamics Data for Risk Assessment
Purposes

M. Dent. Unilever Safety and Environmental Assurance Centre, Colworth,
United Kingdom.
Although NAMs have been used for a long time to inform the safety assessment
of cosmetic ingredients, their application to integrate kinetics and dynamics for
decision making is relatively new. Progress has, however, increased significantly
due to bans on animal testing of cosmetic ingredients and a consumer desire for
products and ingredients that have not been tested on animals. Cosmetics Europe
has therefore performed several case studies on cosmetic-relevant ingredients
to assess the feasibility of using only nonanimal approaches for one of the most
challenging areas of safety assessment, namely systemic toxicity. These case
studies, which are centered around the International Cooperation on Cosmetics
Regulation’s principles underpinning the use of new methodologies in safety assessment and the SEURAT-1 ab initio chemical safety assessment workflow based
on exposure considerations and nonanimal methods, have helped the cosmetic
industry to understand the strengths and limitations of current approaches. The
case studies integrate exposure predictions generated by a mixture of in silico and
in vitro approaches, and dynamic information derived from in vitro high throughput
transcriptomics, pharmacological profiling, and data on perturbation of cell stress
pathways. An overview of the data obtained from these case studies, which include
UV filters such as octocrylene, benzophenone-4 and octyl-methoxycinnamate,
preservatives such as climbazole and phenoxyethanol, and anti-oxidants such as
BHT, will be given so we can explore how confident we can be in safety assessments that rely on the integration of NAM-based kinetics and dynamics data.

1166

Utility of Newly Updated NAMs for Risk-Based Prioritization

C. Ring, K. Isaacs, and J. Wambaugh. US EPA, Research Triangle Park, NC.
Chemical risk is a function of both hazard and exposure. However, thousands of
environmental chemicals have limited or no data regarding hazard or exposure.
New approach methodologies (NAMs) for hazard and exposure can be used for
rapid risk-based chemical prioritization, narrowing down which chemicals should
be the first priorities for gathering additional information. Here, we present a
case study of combining NAMs for hazard, exposure, and toxicokinetics for rapid
risk-based prioritization, highlighting the latest updates to each NAM. In vitro
high-throughput screening data from the ToxCast/Tox21 program provide in vitro
concentrations associated with in vitro bioactivity. These in vitro bioactive concentrations are converted to equivalent external exposure rates (NAM-based points
of departure, or NAM-PODs) using high-throughput toxicokinetic modeling with
the publicly-available “httk” software package, which has been newly updated to
include the most recent population physiology based on the Centers for Disease
Control National Health and Nutrition Examination Survey (CDC NHANES).
Meanwhile, human exposures for a variety of chemicals are inferred from population biomonitoring data from CDC NHANES; these inferences have been newly
updated with the most recent NHANES data. These inferred exposures are then
used to calibrate a high-throughput consensus model of human exposure (SEEM3),
which integrates available exposure data, existing in silico exposure models, and
information about pathways of exposure to predict potential median population
exposure rates and quantify uncertainty in those predictions. The in vitro bioactivity
equivalent exposure rates can then be compared to the inferred or predicted human
exposures, forming a “bioactivity-exposure ratio” or BER, a metric of potential risk.
The BER can be used to rapidly prioritize chemicals according to potential risk. This
NAM-based approach has been evaluated by comparing it to the results of more

traditional approaches, including Threshold of Toxicological Concern (TTC) values
and PODs derived from in vivo data; NAM-PODS and the BER provide rapid and
reasonably conservative risk-based chemical prioritization. The views expressed
are those of the authors and do not necessarily reflect the views or policies of the
US EPA.

1167

Next-Generation Human Risk Assessment toward Regulatory
Acceptance Using Read-Across Case Studies

S. Escher. Fraunhofer Institute for Toxicology and Experimental Medicine, Hannover,
Germany. Sponsor: A. Schepky
Human risk assessment is presently shifting towards more mechanistic evaluations
integrating new approach methods (NAMs), comprising human in vitro and in silico
methods. Regulatory agencies, such as EFSA, have expressed their vision to base
regulatory decisions increasingly on NAMs. The plethora of biological mechanisms
and toxicological endpoints calls for new approaches to validate NAMs in a
fit-for-purpose manner. In the EUTOXRISK project, read-across case studies were
developed in close cooperation between research and regulatory scientists. Using
the read-across approach, traditional in vivo data could directly be compared to the
outcomes of NAM based approaches, an ideal scenario in which to characterize
their regulatory relevance, predictivity, and uncertainties. Case studies like this are
promising tools for a fit-for-purpose validation. The EUTOXRISK project developed
a tiered testing and assessment strategy to evaluate the hazard of compounds in
a read-across context. Guided by a read-across hypothesis, transcriptome data
from relevant test systems were used to refine an initial list of structurally similar
source compounds. Knowledge on AOPs/AOP networks informed the design of
a NAM testing battery covering relevant MIEs and KEs. In vitro ADME data were
generated and integrated into IVIVE-PBK models to assess differences within the
grouped compounds in the bioavailable plasma and tissue concentrations. Here
the EUTOXRISK-RAx concept is compared to Generalized Read-Across (Genra)
approach, and the potential combination of both is discussed. Are there limitations? Specific challenges include quantification and assessment of metabolic (de)
activation, definition of the testing scope, and development of quantitative AOPs.
These issues are the focus of a second round of case studies within EUTOXRISK
and initial case studies within the RISKHUNT3R led by Bob van de Water.

1168

Safety Challenges and Development Strategies Unique to
Biotechnology-Derived Products across Industries

T. Harper. Amgen Inc., South San Francisco, CA.
Biotechnology, defined as the utilization of cellular and biomolecular processes
to develop new products, is a broad field with applications in many essential
industries such as agriculture and health care. Recent advances in science and
technology have enabled a new era of biotechnology, creating many exciting novel
applications and products. Some notable applications of biotechnology with beneficial societal impact include the development of life-saving therapeutics, generation of disease-resistant crops, and reduction of greenhouse emissions through
use of biofuels. Each new biotechnology application or product requires a human
or environmental toxicological risk assessment to support marketing of these
products. However, due to the rapid creation of these diverse products, regulatory guidance may be limited, nonexistent, or not fully up to date to adequately
frame assessment of the safety of these products. Therefore, creative fit-for-purpose assessment strategies are often necessary. This session aims to illustrate
challenges and strategies unique to biotechnology-derived products by bringing
together experts across several different industries. The speakers will address
issues common to biotechnology and highlight unique challenges within their
specific industries. The first speaker will introduce the field of biotechnology and
provide an overview of unique applications and the societal impact that biotechnology has had on the global population. The second speaker, representing the
crop agriculture industry, will describe the robust risk assessment process associated with the development and approval of genetically modified (GM) crops utilizing different technologies. The third speaker, representing the “cultivated foods”
industry, will provide an overview of cell-cultured meat and seafood and the safety
assessment needed to market these biotechnology-derived foods compared
with traditional animal-based food. Potential food safety risks presented by this
new application of cell culture technology to food, proposed safety assessment
frameworks, and US FDA/USDA regulatory pathways will be discussed. The
final speaker, representing the biopharmaceutical industry, will aim to highlight
challenges associated with the safety assessment and development of biotechnology-derived therapeutics. Questions, such as what happens when there is no
pharmacologically relevant species or when immunogenicity in animals greatly
reduces drug exposure, will be discussed. Additionally, a comparison between the
ICH S6(R1) Guideline for biotechnology-derived drugs and the ICH M3(R2) Guideline
for pharmaceuticals will be reviewed. After the presentations, the panel will discuss
opportunities for cross-industry learnings and strategies to address these unique
challenges in the future.
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Risk Assessment of Genetically Modified Crops

M. Basu. CropLife America, Washington, DC. Sponsor: T. Harper
Crop improvement through plant breeding has been used by farmers and researchers around the world throughout the human civilization starting with the selection
of wheat with uniform maturity. With the advances in molecular plant breeding and
genetic manipulation (GM) 1990 onward, and now genome editing (GE) technologies, we will see rapid democratization of biotechnology for crop improvement. In
addition, genomic sequence data and our understanding of plant genomes have
increased exponentially in the past few years, which will further accelerate new
product development through GM and GE soon. These technologies have already
demonstrated why they are essential for sustainably producing food and feed with
fewer resources. Currently all food and feed derived from GMs undergo a mandatory
safety evaluation before these products can enter the supply chains. In this presentation, we will review the stages of biotechnology driven product development
focusing on safety assessments required for approval of GM products and discuss
molecular plant breeding and GE crops.

1170

Regulatory and Safety Challenges with Cell-Cultured Meat and
Seafood Commercialization

N. Hobayan. BlueNalu, San Diego, CA. Sponsor: T. Harper
The world population will reach an estimated 9.8 billion by 2050, resulting in a
70% greater demand for food. As this need increases, extreme weather due to
climate change threatens the ability to produce food reliably, and greenhouse gases
produced by agricultural food production methods, particularly raising livestock
for meat, contribute to climate change. Intensive methods such as cell-cultured
meat production aim to produce a stable supply of safe, high-quality food while
occupying less land, having a smaller carbon footprint than conventional agricultural food production. As such, these products present a potential solution to feed
a growing population that benefits the environment, animal welfare, and human
health. Existing regulatory frameworks for approval, manufacturing, and labeling
of food products must be assessed and enhanced to ensure the safety of food
produced using this novel technology. This presentation will examine the regulatory
and safety challenges associated with cell-cultured meat and seafood commercialization from both a USDA/US FDA and industry perspective and propose potential
solutions.

1171

Nonclinical Safety Challenges and Considerations for
Development of Biotechnology-Derived Drugs

T. Harper. Amgen Inc., South San Francisco, CA.
Biotechnology-derived pharmaceuticals have evolved and diversified over the past
decades, from generation of penicillin by bacteria for antibiotherapy, to engineering
of cells or viruses for cancer treatment. Given the rapid innovation associated with
biopharmaceuticals, designing and implementing a nonclinical safety assessment
may present unique challenges for this pharmaceutical sector. The International
Council for Harmonisation Safety Guideline on Preclinical Safety Evaluation of
Biotechnology-Derived Pharmaceuticals, ICH S6(R1), was last updated over 10
years ago. In that context, it is not surprising that for certain innovative biotechnology-derived products new strategies are needed. Many biopharmaceuticals are also recognized as “foreign” during nonclinical safety assessments in
animals, resulting in the development of anti-drug antibodies (ADAs). These ADAs
can result in increased clearance or even toxicities that are not associated with
on-target activity of the drug and may not be relevant to humans, complicating
data analysis. Additionally, many biotechnology-derived drugs are only capable of
recognizing human targets, or the target is not expressed in nonclinical species,
creating challenges in developing in vivo assessments. This presentation will
highlight challenges such as those described above which are unique to developing
a risk assessment of biotechnology-derived drugs and discuss tools and assays
developed to enable appropriate evaluation.

1172

Translating Lead Toxicology: Engaging Stakeholders and
Communities

J. Zelikoff. New York University Grossman School of Medicine, New York, NY.
As evidenced by the recent collaboration between the Society of Toxicology and
the Alan Alda Institute for Communicating Science, a critical challenge for toxicological science to meet its potential impact and promise to protect public health is
the clear communication and translation of toxicological knowledge to interested
communities and stakeholders. This session uses lead (Pb) as a critical case
study to explore the science behind our understanding of its toxicology, including
how the science informs the basis of modeling and exposure mapping tools, and
what constitutes effective stakeholder engagement. The first speaker will set the
stage with a review of the current knowledge base on Pb toxicology in the 21st
century. The second speaker will provide a presentation on the Pb problem from the

perspective of the impacted public. The third speaker will describe the development
and application of a biokinetic model to aid management decisions at a regional
Superfund based on children’s soil/dust ingestion rates and blood Pb biomonitoring. The final speaker will discuss ongoing concerns for Pb exposures through an
environmental justice lens and describe national efforts to screen for Pb exposure
“hot spots” using advanced geospatial statistical methods in conjunction with
mapping/visualization. Together these presentations provide not only a current
update of the toxicology of Pb, but the perfect case study to illustrate effective
translation of toxicological knowledge and the benefit of lessons learned using
case analyses to better address the problem.

1173

Lead Contamination and Toxicology in the 21st Century

M. Costa. NYU Grossman School of Medicine, New York, NY.
Metal exposure is pervasive and not limited to sporadic poisoning events or toxic
waste sites. Hundreds of millions of people around the globe are affected by
chronic metal exposure, which is associated with serious health concerns, including neurological cognitive defects and lowering of IQ, renal damage and anemia
following disruption of heme synthesis, as demonstrated in a variety of studies
at the molecular, systemic, and epidemiologic levels. While we may have thought
that “lead poisoning” is a thing of the past, it is clear since 2014 in Flint, Michigan,
and more recently in Newark, New Jersey, that lead (Pb) is the “gift that keeps on
giving.” Even today we continue to make Pb crystal for decanters and glasses to
hold wine, resulting in the leaching of the Pb from the container into wine that is
ingested. Using the ratio of the stable isotopes of Pb in many cases we are able to
pinpoint the source of Pb contamination. Its use in arms ammunition for hunting
has resulted in the contamination of ponds, lakes, and other recreational environments. Young children continue to be the most sensitive targets for Pb toxicity. This
introductory presentation will set the stage for this session and provide information
on lead toxicity, problems and solutions in 2021 and beyond.

1174

The Lead Legacy Continues

M. Mays. Water You Fighting For, Flint, MI. Sponsor: J. Zelikoff
As Erin Brockovich stated, “Using community drinking water as a pharmacy is
morally bankrupt.” Flint, Michigan, is a story of environmental injustice and bad
decision-making. The Pb water crisis in Flint began in 2014 when the city switched
its drinking water supply from Detroit’s system to the Flint River in a cost-saving
move. Inadequate treatment and testing of the water resulted in a series of major
water quality and health issues for Flint residents—issues that were chronically
ignored, overlooked, and discounted by government officials even as complaints
mounted that the foul-smelling, discolored, and off-tasting water piped into Flint
homes for 18 months was causing skin rashes, hair loss, and itchy skin; more
recently, studies revealed that the contaminated water was also contributing to
a doubling—and in some cases, tripling—of the incidence of elevated blood Pb
levels in the city’s children. In 2016, Community Action Groups, including Melissa
Mays and Water You Fighting For, and the ACLU of Michigan filed a lawsuit to
address the Pb contamination crisis and secure safe drinking water for the Flint
community; up until 2016 acquisition of safe water was up to the residents. The
court determined the government was responsible for providing Flint homes with
bottled water delivery on a regular basis. Despite this ruling against Flint, the city
and state refused to comply. In 2017, the community groups entered into a settlement agreement that is now enforceable by a federal court. While there is some
evidence that the situation in Flint is improving, with Pb levels remaining below
the federal action level for the past four-six-month monitoring periods, thousands
of Flint residents are still getting their water from Pb-contaminated pipes. The US
EPA and other health authorities agree that there is no safe level of Pb in water, so
the continuing use of lead pipes by thousands of Flint residents remains a concern,
particularly in light of their cumulative Pb exposures over many years. This presentation will provide a well-known case study of a yet to be fully resolved Pb disaster
in the 21st century and will set the stage for discussions on informing US EPA
policy.

1175

Estimating Children’s Soil/Dust Ingestion Rates with Blood Lead
(Pb) Biomonitoring to Update the Integrated Exposure Uptake
Biokinetic Model for Pb (IEUBK)

M. Stifelman. US EPA, Seattle, WA.
Several community monitoring efforts have served to improve the prediction of
blood lead levels (BLL) by biokinetic models used to evaluate exposures for various
risk management decisions. The Panhandle Health District provides public health
programs, including Pb exposure studies, education, and interventions. The Health
District maintains a comprehensive GIS database of Pb concentrations in the blood
of resident children, their homes, and in the soil of the community centered around
Kellogg, Idaho. The development and application of a biokinetic modeling based on
soil/dust ingestion and Pb blood monitoring to aid risk management decisions is
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described. The Bunker Hill Superfund Site (BHSS) has a long history of informing US
EPA Policy, beginning with the 1986 National Ambient Air Quality standard for Pb.
BLL have been monitored in the community intermittently since 1974, in response
to operating the Bunker Hill Smelter at full production, while bypassing its pollution
controls system. In 2021, BHSS data was used to revise age-specific soil and dust
ingestion rates to update the integrated exposure uptake biokinetic model for the
Pb model (IEUBK Pb Model V2). An expanded and updated version of the BHSS
dataset was used to evaluate performance of the updated model with excellent
agreement between predicted and observed BLL in a population with most children
below a BLL of 5 µg/dL, a widely used point of comparison. Predicted site-wide
population geometric mean (GM) BLLs (GM: 3.4 µg/dL, 95% confidence interval [CI]:
3.3, 3.5) were within 0.26 µg/dL of the observed GM (3.6 µg/dL, 95% CI: 3.5, 3.8).
The model predicted the observed age trend in GM BLLs explained approximately
90% of the variance in the observed age-stratified GM BLLs. Peak BLLs collected
from systematic monitoring of over half of resident children were matched with
Pb levels collected from their homes, yards, and communities to estimate soil and
dust ingestion rates. EPA in vitro methods were applied to archived BHSS soil and
dust samples to estimate bioavailablity to improve the accuracy of lead uptake
estimates and resulting soil and dust ingestion rates. Our findings reinforce the
need to address exposures at the community level. Pb exposure is a shared experience where both children and Pb contaminated soil and dust move throughout
communities and across property lines.

1176

Identifying High Lead (Pb) Exposure Locations in the US with an
Environmental Justice Focus

A. Geller. US EPA/ORD, Research Triangle Park, NC.
Despite great progress over time in reducing environmental lead (Pb) levels in the
United States, many people are still being exposed and there is no known level to
be without risks. The Federal Lead Action Plan includes an action to “generate data,
maps and mapping tools to identify high exposure communities or locations and
disparities for prioritization efforts to reduce children’s blood lead levels.” US EPA
and other agencies are working to identify disproportionately impacted locations
to inform risk mitigation efforts with an environmental justice focus. EPA defines
environmental justice (EJ) as the “fair treatment and meaningful involvement of
all people regardless of race, color, national origin, or income with respect to the
development, implementation and enforcement of environmental laws, regulations
and policies,” and supports research to identify, characterize, and support solutions
to environmental exposure and health disparities at the national and local level. We
present a screening approach to inform Pb targeting efforts in the US, using publicly
available Pb indices based on old housing and sociodemographics data at the
census-tract scale (including EPA’s EJSCREEN Pb EJ index). Our approach applies
advanced geospatial statistical methods in conjunction with mapping/visualization to identify statistical hotspots (i.e. clusters of census tracts with elevated Pb
index values). The presenter will describe inter-agency collaborations on Us Pb/
EJ hotspots mapping to inform targeted risk reduction actions, and assessment
of results of this surrogate screening approach through state case studies and
available blood lead data. This research supports the development of a national
database and GIS map, in line with national environmental justice goals.

1178

Session Introduction: Advances and Technical Considerations in
Single Cell Profiling for Use in Mechanistic Toxicology

D. Gallegos. US EPA, Research Triangle Park, NC.
This presentation will deliver an overview and exposition of modern methods for
transcriptomically and epigenetically profiling single cells alongside advances in
computational methods to analyze the data generated by these techniques. This
session highlights the advancements in single cell profiling methods that have
brought the technology to a point allowing for the probing of mechanisms critical to
a thorough understanding of the complex effects of toxicant exposure on biological
function. These novel insights will ultimately contribute greatly to our understanding and populating of Adverse Outcome Pathways and overcome the unique gaps
that were present in our ability to probe complex tissues and cell types in historical
mechanistic assessments.
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Single Cell Analysis of the Gene Expression Effects of
Developmental Lead (Pb) Exposure on the Mouse Hippocampus

K. Bakulski. University of Michigan, Ann Arbor, MI.
Lead (Pb) exposure is ubiquitous with permanent neurodevelopmental effects. Cell
types in the hippocampus may have differential responses to Pb treatment. We
sought to test perinatal Pb treatment effects on adult mouse hippocampus gene
expression at the level of individual cells. In mice perinatally exposed to control
water or a human physiologically relevant level (32 ppm in maternal drinking water)
of Pb, two weeks prior to mating through weaning, we tested for hippocampus
gene expression and cellular differences at five months of age. We sequenced RNA
from 5,258 hippocampal cells to 1) test for treatment gene expression differences
averaged across all cells; 2) compare cell cluster composition by treatment; and 3)
test for treatment gene expression and pathway differences within cell clusters.
Gene expression patterns revealed 12 hippocampus cell clusters, mapping to major
expected cell types (e.g. microglia, astrocytes, neurons, oligodendrocytes). Perinatal
Pb treatment was associated with 12.4% more oligodendrocytes (P=4.4x10-21)
in adult mice. Pb treatment also upregulated oligodendrocyte marker genes in
neural progenitor cell culture. Across all mice hippocampal cells, Pb treatment was
associated with expression of cell cluster marker genes. Within cell clusters, Pb
treatment (q<0.05) caused differential gene expression in endothelial, microglial,
pericyte, and astrocyte cells. Pb treatment upregulated protein folding pathways in
microglia (P=3.4x10-9) and stress response in oligodendrocytes (P=3.2x10-5). Bulk
tissue gene expression analysis may be influenced by changes in cell type composition, obscuring effects within vulnerable cell types. This study serves as a biological
reference for future single cell toxicant studies, to ultimately characterize molecular
effects on cognition and behavior.

1180

Single Cell RNA-Seq Reveals Long-Term, Cell Type–Specific
Effects of Early-Life Arsenic Exposure on Immune
Gene Expression

B. Goodale. Geisel School of Medicine at Dartmouth College, Lebanon, NH.
1177

Applications of Single Cell Profiling Methods to Enhance
Mechanistic Understanding of Toxicological Responses

D. Gallegos. US EPA, Research Triangle Park, NC.
Recent advances in high-throughput sequencing technologies and analysis
methods have yielded unprecedented increases in our ability to resolve transcriptomic, genetic, and epigenetic underpinnings of complex biological phenomena.
Still, even recently, many of these methods have historically relied on bulk cell
homogenates from heterogeneous organ regions to profile changes occurring in
response to toxicant exposure in the greatest proportion of cells. These techniques,
while useful, are forced to ignore the reality of cell-subtype, state, and response
heterogeneity that represent critical considerations in advancing our mechanistic understandings of how toxicants and environmental interactions influence
biological processes. Recent developments and advancements in single cell
profiling technologies, such as single cell/nucleus RNA-seq, ATAC-seq, and Spatial
Sequencing, have revolutionized our ability to overcome these limitations and
resolve cell-type and response heterogeneity in toxicological contexts. This session
will exhibit recent uses of these technologies in the field that have contributed
critical mechanistic understandings of complex toxicological phenomena across
multiple organ systems.

Arsenic exposure via drinking water is a serious environmental health concern.
Epidemiological studies suggest a strong association between prenatal arsenic
exposure and subsequent childhood infections, as well as morbidity from neoplastic, autoimmune and infectious diseases in adulthood, long after systemic
clearance of arsenic. While studies have demonstrated arsenic effects on the
immune system, the mechanism(s) underlying lifelong effects are not yet well
understood. We investigated the impact of exclusive prenatal arsenic exposure on
immune cell transcriptional responses, the inflammatory immune response, and
respiratory health after an adult influenza A (IAV) lung infection. C57BL/6J mice
were exposed to 100 ppb sodium arsenite in utero, and subsequently infected with
IAV (H1N1) after maturation to adulthood. Assessment of lung tissue and bronchoalveolar lavage fluid (BALF) at various time points post-IAV infection reveals greater
lung damage and inflammation in arsenic exposed mice versus control mice.
Single-cell RNA sequencing analysis of immune cells harvested from IAV-infected
lungs suggests that the enhanced inflammatory response is mediated by dysregulation of innate immune function of monocyte derived macrophages, neutrophils,
NK cells, and alveolar macrophages. Our results suggest that prenatal arsenic
exposure results in lasting effects on the adult host innate immune response to
IAV infection, long after exposure to arsenic, leading to greater immunopathology.
In ongoing work, we are now leveraging the zebrafish model to further investigate
effects of developmental arsenic exposure on the transcriptome and epigenome
of single immune cells. Together these studies demonstrate the power of single
cell sequencing to provide cell type specific mechanistic insight into toxicological
effects of chemical exposures within an in vivo context.
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Applications of Single Cell Transcriptomics in Dose-Response
Assessments of the Effects of Dioxin

R. Nault. Michigan State University, East Lansing, MI.
Dose-response is the cornerstone of toxicological investigations to determine risk.
Innovations in transcriptomic technologies has recently led to the ability to profile
gene expression at the single cell level, enabling comprehensive assessment of
toxicological responses at unprecedented resolution. To demonstrate its application of dose-dependent study designs, we performed single nuclei sequencing of
livers from male C57BL/6 mice treated with the persistent environmental contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) at multiple dose levels (0.01 - 30
µg/kg). A total of 131,613 nuclei were sequenced across nine dose levels including
control representing 11 distinct cell (sub)types. Our findings reveal dose-dependent changes in relative levels of distinct cell (sub)types such as hepatocytes and
macrophages, including the emergence of NASH-associated macrophages (NAMs)
characterized by elevated Gpnmb expression. Spatially resolved hepatocytes could
also be characterized demonstrating initial induction of aryl hydrocarbon receptor
(AhR) target genes such as Cyp1a1 in the central region of the liver lobule, while
central and portal induction is observed at higher doses. Notably, we show that
zero-inflation inherent to single cell technologies pose challenges for differential
expression analysis and dose- response modeling, and present innovative solutions
to tackle these challenges. Collectively, our results demonstrate how single cell
technology can be used to further elucidate mechanisms associated within specific-cell (sub)types and interactions between different cell (sub)types and support
the risk assessment paradigm.
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Single Cell RNA Sequencing of Human Embryonic Stem Cell
Differentiation Delineates Adverse Effects of Toxicants on
Embryonic Development

J. Wu. Stanford University, Stanford, CA.
Nicotine, the main chemical constituent of tobacco, is highly detrimental to the
developing fetus by increasing the risk of gestational complications and organ
disorders. In addition to a generalized increase in the risk of birth defects, maternal
smoking is closely associated with adverse neurobehavioral, cardiovascular,
respiratory, endocrine, and metabolic outcomes in progeny manifesting across
multiple organ systems, and can persist into adulthood. However, the effects
of nicotine on human embryonic development and related cellular mechanisms
remain poorly understood. In this study, we performed microdroplet-based single
cell RNA sequencing (scRNA-seq) of human embryonic stem cell (hESC)-derived
embryoid body (EB) in the presence or absence of nicotine. These EBs consist
of multiple distinct lineage-specific progenitor cells that will go on to give rise to
the brain, heart, liver, muscles, blood vessels, and various other organs, making
them an excellent model for high resolution analysis of toxicological effects on
early embryonic development. Our results reveal nicotine-induced, lineage-specific
transcriptional responses and dysregulated cell-to-cell communication in EBs,
shedding important mechanistic light on the adverse effects of prenatal nicotine
toxicity on human embryonic development across derived cell populations. In
addition, nicotine reduced cell viability, increased reactive oxygen species (ROS)
abundance, and altered cell cycling in EBs. Abnormal Ca2+ signaling was found
in muscle cells upon nicotine exposure, as verified in hESC-derived cardiomyocytes. Consequently, our scRNA-seq data suggest direct adverse effects of nicotine
on hESC differentiation at the single cell level and offer a novel and reproducible method for evaluating drug and environmental toxicity on human embryonic
development in utero.
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Cadmium and the Developmental Origins of Disease: The
Implication of Early-Life Exposures on Health Later in Life

C. Yang. Case Western Reserve University, Cleveland, OH.
Cadmium is a ubiquitous non-essential metal that has been recognized as an
occupational and environmental risk factor for decades. Ranking number 7 on the
Agency for Toxic Substances and Disease Registry list of environmental chemical
hazards, cadmium is one of the most common and detrimental metals present
in our environment. Over the last century, exposure to cadmium has dramatically
increased due to its use in the production of batteries, pigments, and plastics.
According to the US Environmental Protection Agency (US EPA), cadmium has been
found in 1,014 of the 1,669 current or former sites on the National Priorities List of
hazardous waste sites. Although these sites are destined for long-term cleanup,
they pose a dangerous source of cadmium exposure. Cadmium exposure is associated with adverse health outcomes including cancer, cardiovascular disease, type
2 diabetes (T2D), and liver disease. Cadmium’s direct effect on these diseases
and the mechanisms by which it influences the initiation, progression, and exacerbation of these diseases is not well understood. In addition, the implications for
early-life exposures to cadmium, leading to increased risk of developing diseases
in adulthood, remains understudied. This session will first discuss recent epidemiologic studies that address how prenatal exposures to metals are independently
or jointly associated with metabolic syndrome and T2D risk in offspring and role

of essential metal dyshomeostasis in disease etiology. Next, novel research using
human embryonic stem cells (SCs) and adult SCs showing that cadmium exposure
induces transformation of normal SCs to cancer-like cells will be discussed. These
results suggest embryonic exposures to cadmium may result in cancer development later in life. Next, the session will discuss the effect of cadmium on embryonic
heart development, focusing on the epigenetic regulation of an important cardiogenic transcription factor, Gata4. Then, translational work connecting cadmium
exposure with preeclampsia, focusing on cadmium-induced modification of placental trophoblast function through epigenetic reprogramming of the TGF-ß pathway,
will be highlighted. The final presentation will discuss the development of a novel
in vivo model to study the effect of whole-life (in utero through adulthood) low-dose
cadmium exposure on the development of diet-induced liver disease. Overall, the
topics and diverse group of individuals (ranging from an outstanding trainee and
rising star to well-established senior scientists) are timely and of great interest
to the field of toxicology. The incidence of chronic adult diseases, such as T2D,
cardiovascular diseases, and cancer, is on the rise; thus, investigation of the impact
of early-life environmental exposures on disease development has become of great
importance.

1184

Comprehensive Review of the Current Understanding of the
Relationship between Metal Exposures and T2D Risk

T. Zheng. Brown University, Providence, RI. Sponsor: C. Yang
Type 2 diabetes (T2D) is an epidemic of our time afflicting more than 400 million
people globally. Established risk factors do not fully account for the rapid increase
of T2D; therefore, identification of novel preventable risk factors is urgent. The
etiologic role of heavy metals such as cadmium in T2D risk has gained considerable attention worldwide. In the US, the National Toxicological Program (NTP)
recently recommended further research on this topic following a comprehensive
review of the relationship between environmental factors and T2D. Recent data
linking heavy metals to the development of T2D, while tantalizing, come mainly
from cross-sectional studies susceptible to reverse causation. Moreover, few
studies have investigated the role of exposures to multiple metals on T2D risk,
such that there is little evidence of the independent and joint effects of multiple
metals. Separately, essential metals are recommended as beneficial supplements
to mitigate the diabetic effects of toxic metals, but the optimal levels of essential
metals required to counteract the effects of toxic metals are not well understood.
This presentation will highlight 1) results from our own epidemiologic studies as
well as other well-designed studies to demonstrate how metals are independently
or jointly associated with T2D risk; 2) how imbalanced baseline levels (deficiency
or overexposure) of essential metals are independently or jointly associated with
T2D risk; and 3) how baseline risk factors may mitigate or moderate the association
between heavy metal exposures and the risk of developing T2D. In addition, we
will discuss results from our prenatal cohort study demonstrating that cadmium is
associated with an increased risk of gestational diabetes mellitus.
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Cadmium and Cancer: Mechanisms and Stem Cell-Associated
Modes of Action

E. Tokar. NIEHS/NTP, Research Triangle Park, NC.
Cadmium is a widespread pollutant with strong carcinogenic potential in both
humans and rodents. Human exposure to cadmium in the general population
occurs primarily through consumption of contaminated food, although an additional
source can be cigarette smoke. Cadmium exposure is clearly associated with lung
cancer and may also be associated with cancers of the liver, prostate, breast, and
pancreas. However, carcinogenic mechanisms of cadmium are not fully known.
This presentation will begin with a discussion of the carcinogenic mechanisms
of cadmium (i.e. DNA methylation, non-coding RNAs) and end by describing the
stem cell (SC)-associated modes of action of cadmium during the carcinogenic
process. Cadmium induces global methylation (e.g. hypo/hypermethylation;
histone methylation), methylation of large chromosomal regions, and the methylation of specific cancer-associated genes during the transformation of several cell
models. Cadmium also uses SC-related modes of action during carcinogenesis.
Cadmium aberrantly alters the expression of several cancer-associated miRNAs
in mature epithelial cells to facilitate their transformation and help “recruit” nearby
normal SCs into a cancer SC phenotype. These cancer SCs show a dysregulated
expression of SC self-renewal and maintenance genes and an epithelial-mesenchymal transition. Emerging research shows that developmental exposure to cadmium
can result in later-life disease, possibly including cancer. Our studies using human
embryonic SCs show that cadmium exposure appears to target several SC- and
cancer-associated genes, suggesting that early-life (i.e. embryonic) exposures to
this metal may result in cancer later in life.
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Prenatal Exposure to Cadmium Induces Hypertrabeculation in
Embryonic Heart

K. Zhang. Texas A&M Health Science Center, Houston, TX. Sponsor: C. Yang
Congenital heart defects are the most common birth defects and are the leading
cause of morbidity and mortality in infants and children. Of these, left ventricular hypertrabeculation is a heart defect that is presumably the result of myocardium hyperplasia and/or an incomplete compaction process. Interestingly, only
about 13-40% of cases can be attributed to familial genetics, leaving a large gap
in understanding other underlying factors, such as environment or living styles,
in the pathogenesis of this anomaly. Cadmium, a natural heavy metal and an
environmental contaminant concentrated by industry activity, has been found to
induce genotoxicity, ROS production, and apoptosis, leading to carcinogenesis,
renal dysfunction, and cardiovascular disease. Prenatal cadmium exposure in our
mouse model was found to induce ventricular hypertrabeculation in the developing embryo, which was accompanied by significant hyperplasia in myocardium.
Consistently, upregulation of mRNA and protein levels were observed in the genes
known to impact cardiomyocyte proliferation, differentiation, and trabeculae
patterning, such as p-AKT/AKT, PTEN, and GATA4. A GATA4 germline knockdown
model, exposed to gestational cadmium treatment, demonstrated a phenotypic
rescue of hypertrabeculation. Thus, these results suggest the important role of
GATA4-PI3K axis in cadmium induced left ventricular hypertrabeculation. Female
mice exposed to a chronic, low dose of cadmium displayed indications of heart
failure at 12 months of age, as evidenced by left ventricular hypertrophy, decreased
cardiac output, and poor ejection fraction. In summary, this study generates an
excellent mouse model for studying ventricular development and myocardial
maturation and provides compelling evidence for a genetic-environmental interaction underlying the pathogenesis of hypertrabeculation.

1187

Cadmium: An Epigenetic Placental Toxicant Tied to
Preeclampsia

R. Fry. University of North Carolina at Chapel Hill, Chapel Hill, NC.
Preeclampsia (PE), a condition during pregnancy that involves high blood pressure
and proteinuria, is potentially fatal to both mother and child. PE currently has
no known etiology or cure but has been tied to poor placental trophoblast cell
migration. Increased levels of the toxic metal cadmium have been associated
with increased risk of developing PE. Our research has highlighted the association between cadmium and PE as well as demonstrated mechanistic association
between epigenetic regulation of key pathways such as the transforming growth
factor beta (TGF-ß) pathway. Signal reprogramming of the TGF-ß pathway via
epigenetic mechanisms is hypothesized to modify placental trophoblast function.
In this talk we will highlight the role of increased and decreased signaling of the
TGF-ß pathway in relation to cadmium-induced reduction in cellular migration in
JEG3 trophoblast cells. Furthermore, the role of a miRNAs as molecular mediator
of placental trophoblast migration is discussed. These findings have relevance for
mechanistic understanding of the underpinnings of poor placentation associated
with PE.

results from this study will provide insight into the mechanisms by which whole-life,
low dose cadmium exposure exacerbate HFD-induced NAFLD as well as discern a
potential therapeutic role for zinc.

1189

Computational Toxicology Workflows for Prioritization and
Safety Assessment of Environmentally Relevant Chemicals

K. Paul Friedman. US EPA, Research Triangle Park, NC.
The landscape of applied in silico and in vitro models referred to as “new approach
methods,” or NAMs, which provide rapid alternatives for the triage and characterization of hundreds to thousands of chemicals as well as improved mechanistic
data for hazard assessment, continues to expand. As the complexity and number of
fit-for-purpose tools increase, data practitioners are creating computational toxicology workflows that provide needed examples of context and application, along with
the information necessary to extend these works to new sets of chemicals, many
of which have limited data. In this session, computational approaches focused
on advancing data interpretation and integration to enhance the utility of NAMs
in regulatory decision-making contexts will be explained, including workflows for
rapid screening for a broad spectrum of assessment needs to more specific hazard
identification requirements such as genotoxicity and skin sensitization. Speakers
will present workflows for (1) data-driven points of departure for genotoxicity; (2)
skin sensitization, which is a component of the latest developments of the OECD
QSAR Toolbox and the first prediction workflow within an OECD guideline; (3) rapid
integration of data and models for hazard prediction and point-of-departure estimation; (4) target tissue-related points of departure, based on in vitro high-throughput phenotypic profiling for toxicity prediction in cell models of liver, lung, and
kidney; and (5) efficient data-poor chemical triage using a hazard:exposure ratio
for thousands of substances with publicly available traditional hazard data and
NAMs for near- and far-field models of exposure. Importantly, as science advances,
these workflows are designed such that they may continue to evolve to respond
to emerging needs. Presenters from five different countries and organizations—
including the Agency for Science, Technology and Research (A*STAR) in Singapore,
Danmarks Tekniske Universitet (DTU, or the Technical University of Denmark),
the European Chemicals Agency, the US EPA, and Health Canada—will provide a
diverse perspective on the progress of uptake of computational toxicology tools for
regulatory toxicology questions. This session critically communicates the ongoing
international and collaborative efforts to increase confidence and reproducibility
in the interpretation of NAMs, as well as facilitate practitioner understanding of
how the lines of evidence can be integrated to support various risk assessment
activities from screening and priority setting, to hazard identification, to addressing
data gaps in a tiered or target testing strategy. Attendees of this dynamic session
will gain greater understanding of the current and future roles for computational
workflows that apply NAMs in safety assessment.

1190

Advancing In Vitro Genetic Toxicity Testing through the
Application of Computational Workflows Using New Approach
Methodologies and In Vitro to In Vivo Extrapolation

M. Beal. Health Canada, Ottawa, ON, Canada. Sponsor: K. Paul Friedman
1188

Whole-Life Exposure to Cadmium Exacerbates Diet-Induced
Liver Disease

J. Young. University of Louisville, Louisville, KY.
Nonalcoholic fatty liver disease (NAFLD) is the number one cause of liver related
deaths world-wide, affecting more than 25% of the population and accounting for
20 lives lost every day. Although obesity is a major risk factor for NAFLD, it does
not account for all cases, suggesting the contribution of other risk factors such as
environmental exposures. Studies link environmental exposure to cadmium with
the development of NAFLD, however, these studies do not take into account that
environmental exposures are often life-long and multigenerational or that the risk
of developing adulthood diseases is correlated with adverse stimuli in utero. This
presentation will begin by describing the development of an in vivo two-hit model
to study the effect of whole-life (in utero through adulthood), low dose cadmium
exposure on high fat diet (HFD)-induced NAFLD, and highlight key results showing
such exposures result in an exacerbated phenotype. Specifically, six months of HFD
resulted in increased body weight, decreased glucose clearance, and induction of
liver injury [increased liver-to-tibia ratios and plasma transaminase activity] and lipid
deposition [liver triglycerides and staining with hematoxylin and eosin (H&E) and Oil
Red O], which was exacerbated by 5 ppm Cd exposure. Further, HFD blunted the
response of metallothionein in mice exposed to 5 ppm Cd suggesting a possible
mechanism for Cd alteration of HFD-induced NAFLD. In addition, we will discuss
our research investigated the impact of dietary zinc supplementation in the context
of the aforementioned model as both cadmium exposure and obesity disrupt zinc
homeostasis and zinc deficiency is common in NAFLD patients. Zinc supplementation rescued the adverse effects caused by HFD and 5 ppm Cd exposure with
significant decreases in liver size, plasma transaminases, and steatosis. Overall,

Genetic toxicity evaluation is an important component of chemical risk assessment activities. However, many of the testing strategies used for assessing genetic
toxicity (i.e., mutagenicity, clastogenicity, aneugenicity) use in vitro tests that are
outdated in comparison to more recent higher-throughput and mechanistic-based
assays. Moreover, genetic toxicity assessment, based on in vitro data, has traditionally been restricted to dichotomous hazard identification as opposed to quantitative dose-response point-of-departure (POD) determination. Modernized in vitro
tests, or new approach methodologies (NAMs), coupled with in vitro to in vivo
extrapolation (IVIVE) models, provide an opportunity to derive robust PODs that are
protective of human health. Such an approach could be used as an early screen to
identify chemicals that have the highest potential of concern based on their human
genotoxicity equivalent dose and exposure levels (i.e., bioactivity exposure ratio).
To build confidence in the approach, the Genetic Toxicology Technical Committee
is applying IVIVE to NAM data for approximately 30 reference chemicals and
comparing the NAM-derived PODs to traditional PODs based on in vivo animal
studies. Specifically, benchmark concentrations have been derived from the in vitro
transgenic rodent gene mutation assay (mutagenicity assay), the MicroFlow assay
(clastogenicity), and the ToxTracker and MultiFlow DNA damage reporter assays
(both clastogenicity and aneugenicity). High-throughput toxicokinetics modeling
was used to perform reverse dosimetry on the in vitro genotoxicity data and derive
the NAM-based POD. Preliminary results demonstrate that the NAM PODs are
on average lower than PODs for the same genotoxic endpoint. Future efforts will
examine how this approach, and an accompanying data interpretation interface,
could be used to complement tiered testing strategies (i.e., in silico, in vitro, and in
vivo tiers) and hazard prioritization efforts.
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The OECD QSAR Toolbox as an Integrated Platform for Chemical
Screening and Regulatory Risk Assessment

1194

Exposure- and Risk-Based Prioritization of Chemical Life Cycle
Emissions and Chemicals in Consumer Products

A. Gissi. European Chemicals Agency, Helsinki, Finland. Sponsor: K. Paul Friedman

P. Fantke. Danmarks Tekniske Universitet, Lyngby, Denmark. Sponsor: K. Paul Friedman

The OECD QSAR Toolbox is a free software application developed by ECHA and
OECD with over 25,000 users. In recent years, the Toolbox functionalities have
been extended beyond QSARs to all aspects of chemical hazard assessment, from
advanced chemical searches to handling of data and reporting. After developing
a satisfactory set of functionalities, the focus is now on simplifying the use of
Toolbox with a new interface and on the connection with other software to create
an integrated platform that reads relevant data, operates on them, and then links
back to the data source or produce new results. With this vision in mind, a cornerstone is the development of a comprehensive plug-in to link Toolbox with IUCLID
databases, which represent the standard among regulatory agencies and industry
for data on chemical substances in the format of the OECD Harmonised Template.
A Toolbox repository has also been launched. Here, third parties can upload and
share with other users their own extensions and connect their tools to Toolbox, as
has already happened for the QSAR platforms VEGA and KATE. A workflow editor
has been introduced to allow users to program their own automated workflows in
Toolbox for batch execution of tasks. At the same time, the work on functionalities
for hazard assessment has not stopped: the newly developed automated workflow
for skin sensitization defined approaches in the QSAR Toolbox has become the
first in silico tool part of an OECD Guideline. The Toolbox is the result of over
a decade of commitment from ECHA and OECD to promote the correct use of
alternative methods. With these new connection possibilities, now third parties can
more easily contribute to Toolbox developments, e.g. towards their specific hazard
assessment needs.

The presence of thousands of marketed chemicals in a wide range of daily
consumer goods requires approaches that go beyond traditional methods that
focus mostly on well-studied chemicals. We propose an approach for quantitatively
screening human and ecological exposure to indicate potential risk from chemicals
emitted along product life cycles and chemicals used in consumer products. In
this high-throughput approach, we combine stochastic chemical-product use
information, mass-balanced near-field/far-field exposure models, and probabilistic
dose-response methods, coupled with decision trees for deriving reliable dose- or
concentration-response factors for human toxicity and ecotoxicity effect modeling.
Applying our approach, we estimate multi-pathway near- and far-field exposures
for several thousand chemical-product combinations by calculating chemical
intake fractions per mass unit emitted or in products ranging from 0.001 to ~1,
and related exposure doses that vary over more than nine orders of magnitude.
Based on curated experimental animal data available from the US EPA’s ToxValDB,
Points of Departure (PODs) were derived for >9000 chemicals based on the 5th
percentile of a fitted log-normal distribution, showing good correlation with 746
chemicals that have available regulatory PODs. Combining predicted exposures
with chemical-specific dose-responses and reference doses demonstrates that
risks can be substantial for multiple home maintenance products, such as paints or
paint strippers, for some home-applied pesticides, leave-on personal care products,
and cleaning products. Ecotoxicological impacts were found the highest for specific
chemicals in floor cleaning liquids, laundry detergents, bath oils, surface cleaners,
and outdoor spray insecticides. Our results reveal large variations of up to 10
orders of magnitude in impacts across both chemicals and product combinations,
demonstrating that prioritization based on hazard only is not acceptable, since it
would neglect orders of magnitude variations in both product usage and exposure
that need to be quantified. Our framework is applicable for evaluating chemical
emissions and product-related exposure in life cycle assessment, chemical alternatives assessment and chemical substitution, consumer exposure and risk screening, and high-throughput chemical prioritization.

1192

Integration of New Approach Methodologies for Prospective
Selection of Chemicals for Additional Study

K. Paul Friedman. US EPA, Research Triangle Park, NC.
Use of new approach methodologies (NAMs), including high-throughput, in vitro
bioactivity data, in setting a point-of-departure (POD), has the potential to accelerate the pace of human health risk assessments. Combining hazard and exposure
predictions as a bioactivity:exposure ratio (BER) for use in risk-based prioritization
of substances that may not have a complete data profile represents a prospective
approach to employing new approach methodologies (NAMs). Further, NAMs may
provide some support for derivation of bioactivity flags, i.e. potential hazards that
are of concern for further mechanism-based screening and/or hazard prediction. In
this work, we describe the first phase of an effort conducted via the Accelerating the
Pace of Chemical Risk Assessment initiative, a consortium of international toxicologists and regulatory scientists. This prospective case study involves generation of
NAM data for 200 chemicals, with the primary objective of developing reusable and
adaptable approach for prioritization of chemicals for additional short-term studies
in rats using a combination of the BER and bioactivity-based flags for indication of
putative endocrine, developmental, neurological, and immune suppressive effects.
Multiple hazard data streams, including targeted biochemical and cell-based
assays, high-throughput transcriptomics, and high-throughput phenotypic profiling data, will be used to inform hazard and risk indications, along with generic
high-throughput toxicokinetic models parameterized with chemical-specific data.
The goal of this case study is to enable regulatory scientists from different international contexts to develop efficient approaches for chemical management, while
possibly reducing the need for animal studies by identifying key areas for hazard
characterization. This work demonstrates the feasibility, and continuing challenges,
of using toxicodynamic and toxicokinetic NAMs in screening level safety assessment. This abstract does not necessarily reflect US EPA, Health Canada, EFSA, ECHA,
A*STAR, or JRC policy.

1193

Chemical Hazard Assessment Based on In Vitro Phenotypic
Profiling and Mechanistic Reasoning

L. Loo. Agency for Science, Technology and Research (A*STAR), Singapore, Singapore.
Current chemical safety assessments are mostly based on phenotypic endpoints
derived from animal models. New approach methods based on predictive in
vitro molecular and phenotypic endpoints have the potential to enable assessments based on mechanistic reasoning that are more efficient and relevant to
human health. This presentation will provide an update on the development of
“High-Throughput in Vitro Phenotypic Profiling for Toxicity Prediction” (HIPPTox),
which uses high-throughput cellular imaging and machine learning to automatically identify cell models and phenotypic endpoints predictive of chemical-induced toxicity. We have used HIPPTox to develop highly predictive in vitro toxicity
models based on human proximal tubular cells, bronchial epithelial cells, and
hepatocytes. In collaboration with the Accelerating the Pace of Chemical Risk
Assessment (APCRA) initiative, we have also developed a HIPPTox-based analysis
method to rapidly and efficiently estimate the Points of Departure (POD) in cellular
responses. These models and methods can be used to accelerate the prioritization
of chemicals with little or no human safety data.

1195

Assay Gaps in the Developmental Neurotoxicity (DNT) New
Approach Methodologies (NAMs) Battery for Human Health Risk
Assessment

H. Hogberg. Johns Hopkins University Bloomberg School of Public Health,
Baltimore, MD.
The developing brain is more vulnerable to environmental perturbations than the
mature brain, partly due to the complex events of neurodevelopment (such as
proliferation, migration, and differentiation). Interference with these key processes
by chemical exposure can contribute to neurodevelopmental disorders in children.
The current in vivo developmental neurotoxicity (DNT) guidelines have several
challenges and limitations, and consequently regulatory bodies have focused
on new approach methodologies (NAMs). Over the years, alternative tests and
their readiness for regulatory purposes to understand the mechanisms and key
processes of DNT have been identified. With support from the European Food
Safety Authority (EFSA) and US Environmental Protection Agency (US EPA), a
testing battery of in vitro and nonmammalian assays was selected and challenged
with ~100 chemicals. At the same time, an Organisation for Economic Co-operation
and Development (OECD) guidance document is in preparation to inform on the
testing battery, its usage, and its interpretation. It was recently discussed in a public
virtual peer-review meeting organized by the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA), US EPA. Although the overall impression by the scientific
advisory panel of applying NAMs to DNT was positive, one concern was the limited
or missed coverage of some critical processes of brain development. These
processes include glial cells differentiation, maturation, and function; endocrine
disruption; and more mechanistic assays such as ontogeny of neurotransmitter
function (e.g., receptors and neurotransmitter ratio). This session will go beyond
the assays in use that have been presented previously and focus on key processes
currently missing in the NAMs battery for DNT assessment. The introduction will
give a short overview of the current EFSA/OECD/US EPA in vitro testing battery
and the identified gaps. The presenters have been selected to present novel
assays using, for example, more complex 3D cell cultures, chip platforms, and
computational approaches that potentially can be incorporated into the battery
to enhance the coverage of DNT. The final presentation also will discuss integration of other data streams and consideration of critical stages of development
when using toxicokinetics to evaluate in vitro positive results. All presenters have
been encouraged to describe the rationale for the new assays, the benefits, and the
limitations. Presentations will be followed by an interactive panel discussion about
these new assays’ readiness for inclusion in the testing battery, with perspectives
from academia, government, and industry. Moreover, the presenters will review how
the battery described in the OECD guidance document can be further improved,
additional gaps to consider, and how the approach translates to DNT in vivo, preferably in humans. Furthermore, the panel will discuss the challenges and best ways to
combine and apply the battery of in vitro tests to risk assessment.
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Glia and Endocrine-Related Endpoints Contribute to Hazard
Assessment of the Current OECD-European Food Safety
Authority Developmental Neurotoxicity (DNT)-In Vitro Battery

E. Fritsche. IUF—Leibniz Research Institute for Environmental Medicine,
Düsseldorf, Germany.
Neurodevelopmental disorders are globally on the rise and exposure to exogenous
chemicals is thought to contribute to their incidences. However, the current
knowledge on compound hazard is not sufficient to understand the contribution of
chemicals to developmental neurotoxicity (DNT). Therefore, a DNT-in vitro battery
(IVB) has been assembled under the control of the European Food Safety Authority
(EFSA), supported by the Organisation for Economic Co-operation and Development
(OECD). The current DNT-IVB is a starting point with already identified gaps that
include glia and endocrine-related endpoints. Therefore, we have established radial
glia and astrocyte differentiation and function assays from human primary neural
progenitor (hNPC) or human induced pluripotent stem cells (hiPSCs) that are based
on fibroblast growth factor (FGF)-2- and bone morphogenic protein (BMP) signaling, respectively. Neurospheres based on hNPC are used for relating hormone
effects to key neurodevelopmental processes including proliferation, neuronal and
oligodendrocyte differentiation and maturation. Primary hNPC differentiate into
mainly radial glia during their first 24-48 hours of migration. They display typical
radial glia-like morphology with long protrusions and express nestin and GFAP.
Upon treatment with FGF-2, their proliferation is accelerated, a feature typical for
radial glia, which belong to the group of NPC in the developing brain. Likewise,
treatment of developing hNPC with BMP-2 or -7 induces loss of oligodendrocytes
and acceleration of astrocyte development, both of which are observed also in
vivo. These features are set up as test methods for studying effects of compounds
on glia development and function. For hormone-related effects, we set up test
methods for estrogen, thyroid, glucocorticoid, aryl hydrocarbon, liver X, PPARa,
ß/d and γ, progesterone, prostaglandin E2, retinoic acid and retinoic x receptors
guiding diverse neurodevelopmental endpoints in their ‘natural’ environment using
primary hNPC. Glia- and hormone-related endpoints are valuable and necessary
additions to the current OECD/EFSA DNT-IVB. Upon testing of compounds across
these ‘novel’ assays in addition to the DNT-IVB statistics will help determination
of a minimum-requirement DNT-IVB taking not only ‘hit’ versus ‘non-hit’, but also
quantitative aspects of effects into consideration.

1197

Consideration of Microglia as a Target Neural Cell for Assessing
Developmental Neurotoxic Potential

G. Harry. NIEHS/NTP, Research Triangle Park, NC.
Efforts to develop an alternative framework for assessing neurotoxicity have
goals of identifying potential neurotoxicants at an earlier stage of the assessment
process, of identifying common modes of action, and to translate findings to an
adverse event in vivo. This presentation will provide a rationale and experimental
evidence to support the inclusion of microglia as an important central nervous
system (CNS) cell into this framework. While representing only 10-15% of neural
cells, microglia serve critical regulatory roles that influence brain development,
function, and disease or injury progression across the lifespan. As a primary CNS
immune cell, microglia serve as a biosensor and a bioeffector and, as such, function
in a neuroprotective or neurodegenerative manner. These roles are accomplished
through processes that involve multiple cell signaling and processes that can be
examined in vitro and in vivo, allowing for targeted assessments of the predictive
validity of an assay/effect. Microglia appear early in neurodevelopment, playing a
regulatory role in neurovascularization, neural progenitor cell proliferation, neural
cell differentiation and maturation, circuitry formation, and synaptic remodeling;
thus, affecting each of the key neurodevelopmental processes of interest for
modeling in vitro. Disrupted brain development has been demonstrated in genetic,
inflammation, and toxicant models that alter the precise timing of microglia
development. Microglia have been associated not only with neurodevelopmental
but also with various neuropsychiatric and neurodegenerative diseases. Thus, the
inclusion of microglia into the assessment of neurotoxicity provides information
relevant to not only neurodevelopment but also to susceptibility across the lifespan.

1198

Ontogeny of Neurotransmitter Function as an Endpoint for
Developmental Neurotoxicity Assessment

H. Hogberg. Johns Hopkins University Bloomberg School of Public Health,
Baltimore, MD.
The time frame in which the developing brain is most susceptible to injury
corresponds to the critical period of rapid synaptogenesis. This process is coordinated through glutamatergic signaling, the N-methyl-D-aspartate receptor (NMDA-R),
and the properties conferred through its subunit composition. The early expression
of the NR2B subunit promotes synaptogenesis, whereas following peak growth,
NR2A predominates to encourage synaptic pruning. This “developmental switch”
is thought to enforce proper maturation of the brain, with failure associated with
excitotoxicity and apoptosis. Moreover, the inhibition of the NMDA receptor during
brain development is one molecular-initiating event that can lead to decreased

synaptogenesis, decreased neuronal network formation, and ultimately impairment
of learning and memory. However, other neurotransmitters, e.g., GABA, are also
important during brain development and are implicated in proliferation of neural
progenitor cells, migration, differentiation, neurite outgrowth, and synaptogenesis.
Reduction of GABAergic neurons is another key event identified in adverse outcome
pathways (AOPs) for developmental neurotoxicity (DNT). In addition, the ratio of
glutamate/GABA has shown to be disturbed in autistic children. This indicates
that the ontogeny of neurotransmitter function is an important endpoint to cover
in a NAMs battery for DNT assessment. Our group has developed an approach
measuring several neurotransmitters and their derivates by mass spectrometry
in combination with expression of neurotransmitter receptor subunits in rat 3D
primary organotypic brain model. Exposure to chemicals with suspected DNT
potential such as lead, cadmium, chlorpyrifos, valproic acid, and organophosphorus
flame retardants significantly altered the levels of several neurotransmitters, including glutamate, GABA, a-ketoglutaric acid, and dopamine. In addition, the expression of subunits of the NMDA-R and GABA-R were perturbed. The same approach
is currently applied in a 3D human-induced pluripotent stem cell (iPSC)-derived
brain model where the “developmental switch” of NMDA-R subunit NR2B to NR2A
has been identified around six weeks of differentiation. This endpoint captures
mechanisms that are not currently evaluated in the European Food Safety Authority
(EFSA) NAMs battery nor in the traditional DNT in vivo guideline studies.

1199

The Development and Qualification of 3D Neurological
Platforms toward Complex Assays for Myelin Development and
Toxicity

L. Curley. AxoSim, New Orleans, LA. Sponsor: H. Hogberg
Besides neurons, glial cells represent major targets of neurotoxicants. However,
complex multicellular platforms to assess glial toxicity are lagging in testing
batteries, particularly with oligodendrocytes and Schwann cells. Their role is to
form the myelin sheet around axons, which underlies cognitive, sensory, and motor
function and damage results in debilitating diseases, often manifesting in early
development. Unfortunately, due to limitations in throughput with traditional animal
testing, complex neurotoxicity studies are often overlooked. We utilize two distinct
platforms to study neurotoxicity in the peripheral and central nervous systems
(CNS and PNS). For studies in the PNS, we designed a biomimetic rat nerve-ona-chip (RNoaC) construct that promotes axon growth analogous to mature nerve
anatomy and is the first 3D in vitro nerve model to demonstrate Schwann cell
myelination with electrophysiological and histomorphological metrics. Myelinated
RNoaC have been used to screen known chemotherapeutics by assessing nerve
conduction velocity (NCV) and peak amplitude (AMP), as well as immunofluorescence (IHC) and electron microscopy (EM). All chemotherapeutics decreased NCV
and AMP in a concentration-dependent manner, and histopathological analysis
revealed decreases in myelinated fiber density and increases in the percentage of degenerated fibers. We also employ 3D neural models of the CNS using
human-induced pluripotent stem cells. This model has shown to be relevant for
key cellular processes involved in neurodevelopment, including proliferation, differentiation, apoptosis, synaptogenesis, intracellular signaling, and network function.
In particular, the models have uniquely shown de novo differentiation and maturation of oligodendrocyte precursor cells (OPC), including myelination. The models
show increase in myelination over the time assessed with quantitative RT-PCR
and biochemical analysis for OPC and oligodendrocyte maturation markers. 3D
reconstruction of IHC and EM also confirm myelin wrapping. Taken together,
these PNS and CNS assays unlock the ability to multiplex immunohistochemistry,
biochemistry, cell viability, histology, and electrophysiology metrics, enabling the
in vitro distinction of the primary mechanisms of (developmental) neurotoxicity,
including myelination, previously unavailable outside of in vivo studies.

1200

Using an Integrated Approach to Testing and Assessment
to Provide Context for In Vitro Bioactivity in the OECD
Developmental Neurotoxicity Screening Battery

S. Marty. Dow Chemical Company, Midland, MI.
Work is underway at the Organisation for Economic Co-operation and Development
(OECD) to develop an in vitro battery to screen chemicals for developmental
neurotoxicity (DNT) potential. This battery is comprised of in vitro assays that
assess critical processes related to neurodevelopment, such as neuronal migration,
neuronal differentiation, and myelination. This presentation will focus on using
additional data streams to complement the in vitro battery when assessing the
potential for DNT. An integrated approach to testing and assessment (IATA) will
be described that integrates multiple data streams to provide additional context
for in vitro positive results. Special attention will be given to cheminformatic
modeling, which examines the potential of test compounds to interact with both
neural and non-neural targets. In addition, toxicokinetic modeling will be discussed,
with important points to consider when adapting in vitro-to-in vivo extrapolation
(IVIVE) to corresponding developmental stages. This presentation will provide an
overview of some of the opportunities and challenges for initial interpretation of in
vitro positive DNT results. In addition, suggestions for improving the OECD in vitro
DNT battery and guidance will be discussed.
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1201

Communicating Science in an Age of Misinformation and
Mistrust

1204

The Pen Is Mightier: How to Leverage Your Technical Expertise
in SciComm

C. Sulentic. Wright State University, Dayton, OH.

L. Walker. Rutgers, The State University of New Jersey, Piscataway, NJ.

How do we communicate our science and toxicology to an ever-skeptical public,
who seem to put more trust in social media posts than in science? This, combined
with decreased science literacy that is exacerbated by misinformation, makes
taking on the job of communicating science a daunting task. Many of us would
rather avoid this discussion. However, the current pandemic has illustrated the
necessity and challenges of effectively communicating science and risk to the
public. As a major focus of the current Strategic Plan, SOT has recognized this need
and is providing an opportunity for select SOT members to receive training through
the Alan Alda Center for Communicating Science. This is one step in helping
members communicate more effectively. The purpose of this session is to facilitate
these efforts by offering diverse perspectives, including specific tips and strategies
for effective science communication. The session speakers actively communicate
relevant toxicology principles to the public, and each speaker will cover a unique
perspective: how to explain the frustrating gray areas of science; communicating
toxicology to educators and students; tackling social media from two perspectives—one aimed at communicating your science to the general public and the other
at combating misinformation on social media; and environmental justice issues
and the importance of taking into account social context when communicating
risk. This session will close with a panel discussion aimed at involving the audience
and expanding the conversation on how to effectively communicate science and
toxicology to the public.

Over the last three decades, the rise of the internet, smart phones, and social media
demolished the traditional communication barriers that stood between researchers and the communities they serve. While it’s easier than ever to reach out and
connect, researchers are now faced with the new challenge of competing with
misinformation and “infodemics” when it comes to sharing their expertise with their
communities. With a growing percentage of people around their world getting their
news from the internet and/or social media, the ability to construct clear, concise,
and compelling pieces when sharing one’s research is of paramount importance
to the next generation of researchers. There are many ways to engage in science
communication, but the most common method is via short written pieces such as
blogs and op-eds. As such, this talk will cover the essentials of crafting non-technical written pieces including how to leverage your technical expertise (even as a
trainee), opportunities to develop your non-technical writing skills, and how to get
published and where to publish.

1202

Talking about Toxicology: Some Tips for Explaining the
Frustrating Scientific Gray Areas

B. Kaplan. Mississippi State University, Mississippi State, MS.
Perhaps more so than any time in recent history, science has been at the forefront
of everyone’s mind, with topics including viral transmission, antiviral immune
responses, and vaccine efficacy and safety. As toxicologists, we have an opportunity to talk more openly about these and other subjects with the public, including safety pharmacology, vaccine technology, and clinical trials. In fact, science
communication has been a major focus of the current strategic plan within SOT and
there is substantial effort in teaching and using effective science communication
techniques within our membership. Learning about how to best convey scientific
messages to a wide variety of audiences is critical for disseminating important
information about the science of toxicology. A major hurdle in successful communication to a non-scientific audience is the need to convey the concept of uncertainty.
We know it can be difficult to give a clear yes or no answer, and that can be frustrating to hear. For instance, it might be useful to remind your audience about the
scientific method and/or indicate various origins of uncertainty. These and other
tips based on input from toxicologists from various sectors (i.e., academia, industry,
government) will be provided to address uncertainty in scientific outcomes as part
of your effective communication strategy.

1203

Using the SOT-NCABR (North Carolina Association for
Biomedical Research) Partnership to Communicate Toxicology
to Faculty and Undergraduates

A. Baines. North Carolina Central University, Durham, NC.
One of the challenges of many biomedical scientists is being able to effectively
communicate and inform the public of the importance of science, especially as
it relates to world health and safety. To help address this objective, the membership-based nonprofit science education organization North Carolina Association
for Biomedical Research (NCABR) and SOT (including the North Carolina Regional
Chapter of SOT) partnered to form the North Carolina Higher Education Faculty and
Mentor Network. This network is made up of STEM faculty from numerous universities throughout the state who teach primarily undergraduate students. Also, the
network is made up of North Carolina toxicologists who work in academia, government, industry, or as consultants. The main objective of this unique partnership is
to increase the awareness among undergraduates of the value of the interdisciplinary science of toxicology to society and foster a well-trained pool of scientists
capable of meeting needs in environmental and biomedical sciences. During this
session, we will discuss the planning and implementation of this network as well
as its overall success in better communicating toxicology to the public. It is hoped
that this strategy can be implemented more broadly to establish and maintain
communication about toxicology for undergraduates.

1205

Navigating the Risk Landscape: How to Combat Misinformation
with Science

A. Bernstein. Michigan State University, East Lansing, MI.
Errors in risk perception underlie much of public misunderstanding of science. The
media, and in particular social media, exacerbate these errors in risk perception by
inflating certain risks and minimizing others. Social media creates new challenges
and provides opportunities for communicating with the public. These challenges
are especially important when science is evolving and uncertain, as we have seen
during the COVID pandemic. This talk will showcase examples from the speaker’s
own work as well as from other science communicators (e.g. SciMoms, Dear
Pandemic, IMPACT and other nonprofits) to highlight strategies to communicate
risk in meaningful ways to diverse audiences and to empower the public to think
critically about risk.

1206

Understanding Social Context Is Critical for Communicating
about Environmental Justice Issues

C. Lee. US EPA, Washington, DC. Sponsor: C. Sulentic
Understanding the roots of environmental justice issues and the knowledge that
communities bring regarding environmental conditions in their areas are key to
communicating effectively with them around complex and often controversial
science issues. For example, recent studies regarding the relationship between
historical processes, such as redlining and other structural inequities, and current
environmental conditions are proving to be important in providing information that
communities can act upon to bring about significant policy change. This speaks
to why it is important for scientists, public health practitioners, and government
officials to properly research and understand the social context associated with
many environmental and public health issues. The presenter will discuss these
issues and the importance of effective public communication from the perspective
of how the environmental justice movement emerged and matured in the United
States over the past 40 years.

1207

How Can We Break Down the Silos of Epidemiology, Biological
Mode of Action (MOA), and Statistical Modeling in Cancer Risk
Assessment?

A. Li. Exponent Health Science, San Francisco, CA.
The process of chemical risk assessment requires integration of evidence from
multiple data streams, including animal toxicology, human epidemiology, toxicokinetics, and mechanistic and mode of action (MOA) information. In general, each of
these data streams is assessed in isolation by scientists focused on their areas of
expertise. However, the risk assessor must holistically integrate the data streams
to quantitatively derive a risk estimate that is informed by the best available science
and that is biologically plausible. The selection of the final dose-response model for
quantitative risk assessment from animal or epidemiology data is primarily a statistically driven process that relies heavily on use of standardized statistical decision
trees of accepted statistical software without an integrated consideration of the
biological weight of evidence. The purpose of the session is to stimulate discussion
on approaches for intentional interdisciplinary integration of weight of evidence and
MOA early in the risk assessment process. This session brings together toxicologists, epidemiologists, statistical modelers, and risk assessors from academia,
industry, and government. The presenters will provide insight into how each of
the individual data streams for different lines of evidence have been analyzed and
how that data can be iteratively integrated to inform the quantitative non-threshold
cancer risk assessment. As a springboard for a rigorous panel discussion about
approaches for integration across disciplinary silos, several of the speakers will
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include the putative air carcinogen ethylene oxide (EO) as one example. The first
presentation will set the stage with a general discussion of current challenges in
utilizing adverse outcome pathway (AOP) analysis, which integrates MOA information into a framework for use in risk assessment, to facilitate early transdisciplinary
collaboration in risk assessment. The second presentation will discuss how new
quantitative and qualitative dose-response analysis of genotoxicity data can provide
an AOP/MOA-based approach to informing selection of dose-response modeling.
The third speaker will present how statistical methods applied to epidemiology
data can be improved to inform quantitative cancer risk assessment. The fourth
presentation will use EO as a case study to address the importance of study quality
evaluation for integrating evidence into a risk assessment based on guiding principles from the US EPA OPP framework for incorporating human epidemiologic data
into pesticide risk assessments. The final speaker will discuss how the Texas
Commission on Environmental Quality integrated the evidence and used methods
of ground-truthing to produce a biologically meaningful cancer risk estimate for EO.
A panel discussion will be led by the session Chair, along with an invited discussant
and additional panelist from the US EPA, to address the broader question of how
integration of epidemiology, biological MOA, and statistical modeling into dose-response assessment can be realized.

1208

Contribution of Mechanistic Frameworks to More Integrative
Quantitation in Cancer Hazard Characterization and Risk
Assessment

B. Meek. University of Ottawa, Ottawa, ON, Canada.
Mode of Action (MOA) and Adverse Outcome Pathways (AOP) facilitate both
qualitative and quantitative integration of data from a broad range of sources,
including structure activity analysis, high and lower throughput in vitro assays,
toxicity tests in animals, and observational or clinical studies in humans, to inform
hazard characterization and risk assessment. An international Knowledge Base of
AOPs documented in prescribed format supports regulatory application of these
integrating constructs. Early transdisciplinary consultation in the development of
these descriptions of mechanistic pathways at different levels of biological organization facilitate early integration of experimental and observational research. This
is critical to increasing efficiency in assessment planning, to focus early effort on
aspects that inform integration, versus more labor-intensive bottom up constructs
such as systematic review (SR), which address individual lines and pieces of
evidence, many of which will impact minimally on outcome. A recent international
initiative to consider the relevance of SR methods in the development of AOPs has
provided insight in this area. Critical to this integrative context are defined weight
of evidence considerations to assess the extent of the supporting evidence across
different levels of biological organization. These considerations build on extensive
previous regulatory experience in assessing data in integrative formalized international frameworks developed through broad collaboration of the regulatory and
research communities. One of the considerations, namely empirical support,
frames the nature of expected patterns of exposure-response concordance across
different levels of biological organization (e.g., in vitro, in vivo, and epidemiological),
if the integrative construct (AOP or MOA) is supported. The implications of collective recent international experience in formally addressing these considerations
include not only appropriate focus to facilitate predictive quantitative modelling of
response-response relationships in an integrated biologically and observationally
informed context, but also the design and analysis of studies in individual lines of
evidence to optimally inform integration.

1209

New Frontiers in Dose-Response Modeling of Genotoxicity Data
for Risk Assessment

B. Gollapudi. Environmental and Molecular Mutagenesis, Midland, MI.
Genotoxicity is an important component of chemical safety assessment. Several
short-term in vitro and in vivo tests are employed to assess genotoxic potential of a
chemical and data from these studies have been traditionally used to arrive at the
binary decision of whether a chemical is genotoxic or not to inform model selection
for cancer risk assessment. In recent years, however, the emphasis has shifted
towards considering genotoxicity mode of action (MOA) and its dose-response for
identifying a point of departure (POD) to derive permitted daily exposures (PDE).
Furthermore, when mutagenicity is the presumed MOA for carcinogenicity, the
dose-response pattern in well-designed genotoxicity studies can inform selection
of a dose response model for cancer data from epidemiology or animal studies.
PDE values derived from the quantitative analysis of genotoxicity dose-response
data are expected to offer acceptable levels of protection against all adverse health
outcomes resulting from mutagenicity, including cancer. In an analysis of data from
48 chemicals, a clear correlation was found between benchmark doses (BMD) for
in vivo genotoxicity (BMD05) and cancer (BMD10). Similarly, PDE values derived
by the BMD modeling of in vivo mutagenicity data for N-nitrosodimethylamine
and N-nitrosodiethylamine were shown to offer an adequate degree of protection
against their corresponding cancer PDE values. Analysis of 40 ethylene oxide (EO)
in vivo genotoxicity datasets demonstrated that the lowest genotoxicity PDE value
for EO (238 ppt) was remarkably similar to its 1-in-10E6 extra cancer risk value
of 240 ppt derived by the Texas Commission on Environmental Quality (TCEQ).

Importantly, the dose response patterns of the EO genotoxicity data indicated that
EO is a relatively weak mutagen, with a single linear slope at low doses providing
a mechanistic basis for model selection for the risk assessment based on in vivo
animal or human carcinogenicity data. To fully realize an integrated MOA approach
to cancer risk assessment, genotoxicity studies should evolve from a qualitative
“screen and bin” approach to generating quality dose-response and mechanistic
information.

1210

Demystifying Statistical Modeling of Epidemiology Data for the
Toxicologist

C. Valdez-Flores. Texas A&M University, College Station, TX. Sponsor: A. Li
Most researchers working in dose-response modeling and quantitative risk
assessment are aware of the development of models based on controlled animal
experiments and how they are applied to risk assessment. In contrast, scientists
have much less experience with the practical application of statistical tools used
to model epidemiological data. It takes some understanding of the results from
computer software used to fit epidemiological data, and differences from animal
data, to correctly apply the models for risk assessment purposes. Ethylene oxide
(EO) and 1,3-butadiene (BD) are two chemicals that illustrate new opportunities for
deriving inhalation unit risk (IUR) factors in a statistically sound manner consistent
with epidemiological evidence. In the case of EO, the IURs derived by regulatory
agencies differ by 2-3 orders of magnitude due primarily to the model selected.
From a statistical perspective, greater consistency in applying basic principles are
needed to lay a scientifically sound foundation upon which risk assessors can validly
compare different dose-response models. This includes an understanding of differences between modeling individual data versus categorical (grouped) data, as well
as transparent accounting of all parameters modeled in determining the degrees of
freedom and goodness of fit. The standard cox proportional hazards (CPH) model
is a commonly used approach in epidemiology research investigating the association between the survival time controlling for multiple risk factors. Comparison of
different CPH models requires correct understanding of what risk measure (e.g.
hazard ratio) is being fit by the different models, so that graphical display of relative
measures of risk (e.g. rate ratio), based on different implicit estimates of baseline
risks, are not misinterpreted. In the case of BD, biological considerations of peak
exposures versus cumulative exposures impact results. For example, statistically
significant slopes for dose-response models with cumulative exposure as the dose
metric rendered nonsignificant slopes after the model adjusted for the number of
tasks with high-intensity exposures to BD. This presentation will demystify epidemiological dose-response modeling for the toxicologist/risk assessor in order to lay
a firm statistical foundation for dose-response modeling of epidemiology data for
cancer risk assessment.

1211

Applying the US EPA OPP Framework for Epidemiologic Data to
Meta-Analysis of EO Epidemiology Literature

K. Keeton1, and G. Marsh2. 1Cardno ChemRisk, Chicago, IL; and 2Cardno ChemRisk,
Pittsburgh, PA. Sponsor: A. Li
When conducting risk assessments, considerations of mode of action (MOA)
and statistical modeling are important for determining the appropriate dose-response assessment. Equally, an evaluation of study quality and the overall weight
of evidence within a particular evidence stream can inform and help to integrate
the evidence for the risk assessment. Herein we describe an updated systematic review and meta-analysis that was conducted to determine whether the
weight of the epidemiological evidence supports a causal association between
ethylene oxide (EO) and human cancer risk. This study was conducted using the
Meta-Analysis of Observational Studies in Epidemiology guidelines. Two systematic literature searches were conducted to identify published articles available from
1946 to 2018. A total of 30 studies were qualitatively reviewed and 13 studies were
included in meta-analyses. Pooled risk estimates were calculated using random
effects models, stratifying by occupational group, cancer type, and decade of
publication. The overall meta-relative risks (meta-RRs) for lymphohematopoietic
cancer (LHC) and breast cancer, respectively, were 1.48 (95% CI 1.07-2.05) and
0.97 (95% CI 0.80-1.18). We observed higher risks of LHC in the earlier published
studies, compared to the later studies, and the meta-RR’s for the 1980s, 1990s,
2000s, and the 2010s, respectively, were 3.87 (95% CI 1.87-8.01), 1.38 (95% CI
0.85-2.25), 1.05 (95% CI 0.84-1.31), and 1.19 (95% CI 0.80-1.77). We conducted
a post hoc evaluation to determine whether the current meta-analysis adhered
to the US EPA Office of Pesticide Programs (OPP) Framework for Incorporating
Human Epidemiologic and Incident Data in Risk Assessments for Pesticides. This
presentation will demonstrate that when study quality (e.g., exposure and outcome
assessment, confounder control, statistical analysis, and risk of other biases) was
considered, the most robust and informative epidemiology studies, which were
published in the 2000s and 2010s, do not support the conclusion that exposure
to EO is associated with an increased risk of LHC or breast cancer. Our results
emphasize the importance of basing risk assessments on dose-response models
derived from high quality studies to ensure valid and useful findings.
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Overcoming Disciplinary Silos to Ground-Truth Dose-Response
Modeling for Cancer Risk Assessments: Lessons Learned
from EO

S. Lange. Texas Commission on Environmental Quality, Austin, TX.
Ethylene oxide (EO) is a putative carcinogen that is produced by many industries
and is used to sterilize half of all sterile medical equipment. To ensure that EO air
concentrations in Texas remain protective of public health, the Texas Commission
on Environmental Quality (TCEQ) undertook a hazard and dose-response assessment to derive a toxicity factor for use in the Texas air permitting program. The
hazard characterization was informed by three types of information: human
epidemiology occupational cohort studies; animal carcinogenicity studies; and
mode of action (MoA) data. Based on these evidence streams, the TCEQ concluded
that EO is a likely genotoxic human carcinogen for lymphohematopoietic cancer,
with insufficient information for breast cancer. Epidemiology data were chosen as
the most appropriate for dose-response modeling, and multiple statistical models
for that data were considered for the derivation of a cancer unit risk factor (URF)
for EO. Numerous statistical models were available to model the EO occupational
cohort and several had been published and used for other agency’s EO assessments. The TCEQ statistically evaluated these models in several ways: by assessing goodness-of-fit and model significance, and then by verifying that the model
could accurately predict the number of cancer deaths in the occupational cohort
that the model was based on, as well as in another validation cohort. Further,
the TCEQ routinely uses MOA information to inform model choice, and that data
demonstrated that EO is a direct-acting toxicant, which supported a no-morethan-linear dose-response relationship. Finally, the resulting risk estimates were
assessed to determine if they were biologically meaningful in the context of endogenous EO production. After integration of all these evidence streams, the standard
Cox proportional hazards model was selected as the dose-response model of the
key cancer endpoint (lymphoid cancer mortality) for derivation of a final URF of
4.1E-06 per ppb or 2.3E-06 per µg/m3. In this presentation, the derivation of an EO
URF will be used as an example of how evidence from several disciplines can be
integrated to create a risk estimate that is biologically meaningful and based on the
best available science.

1213

Are Animal Studies Still the “Gold Standard” for Validating New
Approach Methods?

S. Fitzpatrick. US FDA, College Park, MD.
Over the last decade, there has been an explosion in the development of new
approach methods (NAMs) that could serve as meaningful alternatives to many
types of animal testing. The first (and most critical) step is to determine how to
assess the relevance of NAMs data to humans. Experimental data from animal
studies are currently thought to be needed to validate the physiological relevance
of in vitro results; however, recent advances in new technologies can mimic human
physiology and responses with equivalent or better accuracy than some animal
models. The following questions need to be addressed for any NAM to be used
for regulatory assessment: (1) What endpoints are being measured? (2) Are they
predictive of in vivo effects? (3) Are they translatable and relevant to humans? This
session will debate if animal studies should continue to be considered the “gold
standard” for addressing these questions. Dr. Bailey will argue that the answer is
yes, that animal data are essential to show concordance to any new NAMs data,
and that without animal data, it is impossible to rely on NAMs data for a credible risk
assessment. Drs. Casey and Baran, on the other hand, will suggest that for some
NAMs data, animal studies may no longer be needed to demonstrate their relevance
to humans. For example, organoids and organs-on-a-chip have demonstrated their
ability to recapitulate human physiology and disease states. Thus, from both a
scientific and an ethical viewpoint, animal studies should no longer be considered
the gold standard, and animal data should no longer have any role in 21st-century
validation and risk assessment. Because no single NAM has been developed to
replace in vivo animal observations, the debate will hinge on whether animals will
remain or can be replaced as the standard, a critical issue that continues to prevent
the adoption of NAMs for regulatory use. Regulatory scientists need to clarify what
types of data could replace animal data and if side-by-side comparisons are needed
to resolve these issues. The panel, consisting of the moderator (Dr. Hayes), the
speakers, and additional research and regulatory scientists, will hopefully identify
a pathway forward.

1214

Challenges with the TSCA Risk Evaluation Assessments of
Occupational Exposures, Worker Health and Safety, and Risk

N. Erraguntla. American Chemistry Council, Washington, DC.
With the passage of the Lautenberg Act (Toxic Substances Control Act [TSCA]) in
June 2016, US EPA was mandated to prioritize all chemicals as either high-priority
chemicals (HPC) or low-priority chemicals and to conduct risk evaluations (RE) only
for the HPC. For the first 10 HPC, US EPA concluded that there are unreasonable
risks (e.g., margin of exposure below the target level) existing in the manufacture
and utilization of chemicals for some conditions of use (CoU) as estimated by

applying the assumptions and methods in the published RE methodology and utilizing the information received in response to published data calls. For these CoU,
resolution of risks will be further addressed in risk management. Lessons learned
from the first HPC will help strengthen subsequent RE. Clarification of US EPA
approach to scoping the RE of HPC will improve stakeholders’ understanding of
how US EPA will identify the conditions of use (scenarios and activities) that will
drive the initiation of high-priority candidates by US EPA and its screening review of
them. An opportunity exists to harmonize methodologies to ensure consistency and
clarity in application of occupational risk principles between the TSCA Section 6 RE
process and other approaches. For example, the chemical manufacturing industry
has made great strides in the areas of worker health and safety in the United States
and internationally as part of occupational stewardship initiatives and processes
for international chemical registration. All these risk assessments share a common
structure that includes hazard identification, exposure assessment, comparison of
exposure to health-based occupational exposure limit benchmarks, and implementation of exposure controls. Information available in published epidemiological data
for workers with potential occupational exposure to chemicals demonstrates a
commitment to achieving significant reductions in exposures compared with those
reported in the past. New unreasonable risk determinations for CoU evaluated by
US EPA, versus worker safety measures that are already implemented in current
industrial hygiene best practices and safety assessment, create uncertainty as to
what constitutes the necessary risk management steps. Harmonization efforts aim
to ensure transparency and clarity of understanding on the basis of similarities and
differences among risk assessments presented considering the intent of the risk
assessment process.

1215

Safer Chemical Tools and Practices: Successes in Advancing
Safer Chemical Selection on a Global Scale

M. Whittaker. ToxServices LLC, Washington, DC.
Human health protection is no longer the sole focus of toxicology. Over the past
century, toxicology has broadened as a discipline. It has transitioned from one
focused on studying poisonings in human populations to a discipline dedicated to
evaluating and preventing adverse effects of chemical, physical, or biological agents
on living organisms and the ecosystem, including the prevention and amelioration
of adverse effects. One way this is accomplished is through the design of safer
products. Increasingly, guidance pertaining to safer chemical selection and identification, such as the OECD Guidance on Key Considerations for the Identification and
Selection of Safer Chemical Alternatives published in 2021, challenges toxicologists
to actively participate in informed substitution activities and adhere to a consistent understanding of the minimum requirements to determine whether a chemical
alternative is safe. When developing a product or a process, it is critical to know
the identity of all intentionally added chemicals and residuals within a formulation and to understand the hazard profiles of those chemicals, including chemicals
potentially formed upon release to the environment. Given that as toxicologists we
are responsible for acquiring expertise in methods for hazard identification and
classification, as well as exposure assessment, toxicologists can support formulators by ensuring the following critical actions are undertaken throughout all phases
of product formulation and manufacturing: (1) eliminate use of chemicals with high
hazards; (2) avoid regrettable substitutions (i.e., substituting a chemical of concern
with a chemical that has a similar, or even more undesirable, hazard profile); (3)
design safer products; and (4) enable a safe and circular economy. This session
will begin with an overview of the concept of safer chemical selection and how
it varies from the standard risk assessment approach in which toxicologists are
historically trained. An overview of tools and frameworks that provide the foundation for safer chemical selection will be provided, including those developed by
the National Academies, the US EPA, nongovernmental organizations, and private
sector companies. Speakers will then dive deeply into specific tools and resources
that toxicologists can use to support those actions: ChemFORWARD’s safer
chemical selection database and Johnson & Johnson’s Global Aquatic Ingredient
Assessment Protocol (GAIA) environmental toxicity assessment framework. Lastly,
a case study presented by the international apparel company Bolt Threads will
demonstrate ways in which these tools and frameworks are applied to design and
develop products. This session will provide attendees with an understanding of the
tools and practices that are increasingly being used by toxicologists to minimize
regrettable substitution and promote the selection of safer chemicals, ingredients,
and materials.

1216

Competitive Displacement of Physiologic Metals as a
Mechanism of Toxicity

M. El Muayed. Northwestern University Feinberg School of Medicine, Chicago, IL.
Metals play both a toxic role in disease development and an essential role in
human physiology. Competition between toxic and essential metals is increasingly
recognized as a key mechanism for understanding metal toxicity. Here, interference
of toxic metals with transport pathways and roles of essential metals is an important mechanism for their toxicity. This occurs more often between metals of similar
chemical and biochemical characteristics. Recently, new techniques facilitated
the discovery of several new mechanisms of such interactions. This session will
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illustrate several recent advances in our understanding of the complex interactions
between essential and non-essential metals using the example of interference of
non-essential metals with zinc (Zn)- and calcium (Ca)-dependent processes. These
two metals were chosen as examples given their wide roles in cellular processes,
including numerous enzymes (Zn and Ca), zinc finger proteins (Zn), cell adhesion
(Ca), tubule formation (Ca), cell signaling (Ca), and antioxidant processes (Zn), as
well as others. Displacement of Zn or Ca from their respective native binding sites
by non-essential metals—often with similar ionic radii—has been shown to result in
impaired Zn++ or Ca++ dependent cellular processes. The intent of the session is to
illustrate the basic principles and examples for such interactions by leaders in this
field using the examples of recent studies on the topic. In addition to presenting
mechanisms for essential/non-essential metal interactions, the presentations will
provide insights into techniques used in the underlying studies. This will facilitate
the dissemination of these techniques and promote further studies and collaborations aimed at examining this important topic. Although the presentations will
discuss the theme of essential/non-essential metal interference in the context of
specific disease processes and/or organs, these processes also will be relevant in
other contexts. The session is therefore anticipated to facilitate collaborations and
discussions among investigators focused on a diverse range of organs or disease
processes where similar interactions are likely to be relevant. Finally, the identified
modes of action of toxic metal compounds will have a significant impact on the risk
assessment of these metals and the potential to propose health-based exposure
limits, both at the workplace and for the general population.

1217

Selective Interaction of Arsenic with Zinc Finger Proteins:
Implications and Health Effects

J. Liu. University of New Mexico, Albuquerque, NM.
Environmental or occupational exposures to arsenic may result in both acute and
chronic toxic effects in humans. Recent research has established that environmental relevant concentrations of arsenic can disrupt the function of certain zinc
finger proteins, which represents an important underlying molecular mechanism
for arsenic health effects. In this presentation, we will demonstrate that trivalent
arsenite selectively interacts with zinc finger motif of proteins with = 3 cysteine
residues, using as examples three specific zinc finger proteins that play critical
role in human health and therapeutic intervention: 1) arsenite interacts with key
DNA repair proteins XPA and PARP-1, resulting in modification of protein structure
and function, leading to accumulation of UV-induced DNA damage and enhanced
mutation, thus highlighting how arsenic acts as a potent carcinogen and co-carcinogen to other environmental factors; 2) arsenic selectively inhibits erythropoiesis through the disruption of zinc finger motifs of the transcription factor GATA-1,
resulting in anemia and an imbalance of hematopoietic differentiation; and 3)
arsenic inhibits tumor cell migration and invasion by interacting with cytoplasmic linker protein 170, a zinc finger protein controlling microtubule dynamics,
demonstrating microtubules as a promising anti-metastasis strategy by arsenic
against tumor spread and recurrence. Together, these findings highlight the
molecular understanding of how low, non-cytotoxic concentrations of arsenic can
selectively interact with certain zinc finger proteins, impacting human health.

1218

Impact of Toxic Metals on Genomic Stability: Role of
Interference with Zinc-Dependent DNA Damage Response
Pathways and Consequences for Risk Assessment

A. Hartwig. Karlsruhe Institute of Technology, Karlsruhe, Germany.
Compounds of nickel, arsenic, antimony, lead, and cadmium are well established
carcinogens in humans and/or experimental animal models. While direct DNA
damage appears to be of minor importance, metal ion-induced alterations of
DNA damage signaling, DNA repair processes, and tumor suppressor functions
have been demonstrated at low concentrations that are relevant in the context
of occupational and/or environmental exposure in the general population. For
example, toxic metals like arsenite have been shown to inhibit poly(ADP-ribosyl)
ation, a central reaction involved in DNA damage recognition, cell cycle control, and
apoptosis, at extremely low, nanomolar and thus environmentally relevant concentrations. Recent studies of our group identified the unusual zinc binding properties, with zinc finger 1 being unoccupied by zinc under basal cellular conditions,
as potential reason for the high susceptibility of PARP-1 for toxic metal ions. We
also investigated the impact of several metal compounds on DNA double-strand
break repair, which are induced directly by ionizing radiation, but also indirectly by
stalled replication forks on damaged DNA templates. In case of arsenite, but also
antimony and manganese, we observed an inhibition of homologous recombination (HR) as opposed to non-homologous end-joining (NHEJ). As a consequence,
genomic stability may be compromised by a shift from largely error-free HR to
more error-prone NHEJ. Altogether, these interactions may not only explain the
carcinogenicity of the metals themselves, but also their pronounced co-mutagenic and co-carcinogenic effects in low-level exposure conditions. However,
since interactions with proteins appear to be most relevant as opposed to direct
DNA damage, these findings will also impact the risk assessment of carcinogenic

metal compounds, including the potential to propose health-based exposure limits.
This will be discussed for arsenite, as well as for lead, which has been focused on
recently in several re-evaluations.

1219

Exposure to the Environmental Contaminant Cadmium Causes
Pancreatic Islet Dysfunction and Altered ß-catenin Expression

J. Edwards. Midwestern University, Downers Grove, IL.
Epidemiological and experimental studies show that exposure to the metal
cadmium (Cd) is associated with pre-diabetes mellitus (DM), DM, and altered
plasma insulin. It is unknown how Cd disrupts pancreatic islet function and
glucose-stimulated insulin secretion (GSIS). However, Cd does interact with calcium
(Ca)-dependent cell-cell adhesion molecules such as E-cadherin in tissues such as
the kidney. The objective of the current study was to characterize the ß-cell function
in isolated islets following in vivo dosing of Cd and to examine if functional changes
where linked to changes in mediators of Ca-dependent islet cell-cell adhesion (i.e.
E-cadherin and ß-catenin). We administered Cd in the form of CdCl2 (0.6 mg/kg/
day 5 days per week for up to 12 weeks) in male and female Sprague-Dawley rats.
Pancreatic islets were isolated from 6-, 9- and 12-week treated animals. The next
day, some islets where incubated in either high (4.5 mg/ml) or low (0.5 mg/ml)
glucose-containing buffer for six hours to measure GSIS or basal insulin release,
respectively. Other islets underwent quantitative RT-PCR to determine changes in
gene expression. After 12 weeks of treatment, islets isolated from Cd-treated males
had significantly greater percent basal insulin release (2.9 ± 1.6% and 8.6 ± 4% for
control and Cd-treated, respectively) compared to female animals (1.1 ± 0.3% and
0.6 ± 0.3% control and Cd-treated, respectively). For both males and females, there
was a significant decrease in GSIS as detected by 2-way ANOVA when the data
were grouped from all three time periods. There were no significant differences
in terms of E-cadherin expression. After nine weeks of exposure, expression of
ß-catenin was significantly greater for islets from both Cd-treated males (4.2 ± 2
fold change) and females (6.5 ± 3 fold change). Surprisingly, the trend was reversed
after 12 weeks of Cd exposure for males (0.46 ± 0.2 fold change) and females
(0.46 ± 0.2 fold change). These preliminary studies show that Cd produced gender
specific effects on pancreatic islet function and changes in ß-catenin gene expression but no changes in the Ca binding cell-cell adhesion protein, E-cadherin.

1220

Cadmium-Induced Toxicity in Insulin-Producing Pancreatic
ß-Cells through Interference with Zn-Dependent Insulin
Processing in the Context of Type 2 Diabetes Mellitus

M. El Muayed. Northwestern University Feinberg School of Medicine, Chicago, IL.
Failure of insulin-producing beta cells in pancreatic islets of Langerhans in the
setting of insulin resistance is the underlying cause for type 2 diabetes mellitus
(T2DM). Experimental and epidemiologic evidence implicates cadmium (Cd) as
one of several contributors to beta cell dysfunction in T2DM. Herein, we report
mechanistic data pointing towards Cd interference with zinc (Zn)-dependent insulin
processing, leading to the accumulation of misprocessed insulin with resultant
functional impairment of beta cell secretion of insulin. Our current results indicate
that inhibition by Cd of the activity of carboxypeptidase E (CPE)-a Zn dependent
enzyme responsible for a terminal step in insulin processing-contributes to Cd
mediated attenuated insulin processing. Specifically, C57Bl/6N mice were exposed
to CdCl2 or vehicle in drinking water. Obesity and insulin resistance was achieved
by placing the animals on high fat diet (42% calories from fat). We established that
an oral CdCl2 exposure protocol over a period of 120-day followed by a 90-day
washout period, yielded blood and islet Cd concentrations within the range found
in human islets previously reported by us, thereby representing a relevant islet Cd
concentration. In this model, we found significant impairment of insulin secretion
in standard in vivo hyperglycemic clamp. In studies examining components of
the insulin processing machinery, displacement of Zn by Cd resulted in marked
inhibition of the Zn-dependent enzyme carboxypeptidase-E. Carboxypeptidase-E is
the enzyme critical for proper maturation of insulin by facilitating cleavage of two
c-terminal arginine residues from the B chain of insulin. These results suggest that
one of the ways that Cd impairs processing of insulin precursors into mature insulin
involves Cd displacement of Zn from carboxypeptidase-E.
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Both Zn and Cd Induce Cardiac Metallothionein, but Zn Protects,
while Cd Damages the Heart in Metabolic Syndrome or Diabetes

L. Cai. University of Louisville, Louisville, KY.
Cardiomyopathy is a leading cause for the mortality of patients with metabolic
syndrome and diabetes. Although several mechanisms responsible for diabetic
cardiomyopathy (DCM) have been identified, environmental toxins are widely
considered as one of the understudied contributors towards the pathogenesis
of this disease. Herein, we will discuss how Cd interferes with Zn homeostasis
and detrimentally affects the cardiovascular system of individuals with metabolic
syndrome and diabetes. Metallothioneins (MT) are cysteine-rich metal-bind-
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ing proteins with several biological roles including antioxidant property. We
demonstrated that both T1DM and T2DM induce DCM, shown by cardiac structural
remodeling and dysfunction, in wild-type mice, but not in cardiomyocyte-specific
overexpressing MT (MT-TG) mice. In contrast, mice with global MT gene deletion
were more susceptible to the development of DCM. When we treated mice with
either diabetes models (T1DM or T2DM) or high-fat diet (HFD)-induced obesity with
Zn, cardiac pathogeneses and dysfunction were significantly prevented with significant increase in cardiac MT expression. Several possible mechanisms responsible for the cardioprotective effect of MT in the setting of diabetes were revealed,
including roles in Zn homeostasis, antioxidant action, and insulin sensitization. For
instance, treatment of diabetic mice with Zn significantly preserved phosphorylation levels of insulin-mediated glucose metabolism-related Akt2 and GSK-3ß and
even rescued cardiac pathogenesis induced by global deletion of Akt2 gene in a
MT dependent manner. However, since MT serves as an important intracellular
Zn storage site, we will discuss the effect of displacing MT-bound Zn by non-essential metals. We show that dietary supplementation of low-dose Cd to HFD-fed
mice for six months increased cardiac Cd and MT expression, but this did not
protect the heart from, and even synergistically increased, cardiac damage with
HFD, suggesting possible interference of Cd for availability of Zn for Zn-dependent
cellular processes.
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Role and Mechanisms of Persistent Epigenetic Alterations in
Toxicological Responses

P. Allard. University of California Los Angeles, Los Angeles, CA.
One of the most intriguing aspects of the field of toxicology is the ability of toxicants
to elicit a delayed biological response in which pathophysiological alterations, and
in some instances even gene expression changes, remain undetectable until much
later in life or until generations later. The dysregulation of the epigenome has been
proposed as a mechanism underlying such delayed toxicological responses. This
represents an increasing area of concern since environmental exposures early
in life may establish a lifelong disease trajectory. However, it is also an area of
opportunity for the identification of epigenetic biomarkers of future pathologies
as well as for the development of intervention methods. This session will examine
the role of persistent epigenetic alterations caused by environmental exposures
in the etiology of developmental and reproductive toxicity (DART) and non-DART
endpoints across the life course and across generations. The first half of the
session will examine how multi-’omics, including toxicoepigenomics, platforms can
predict tumorigenesis processes later in life in response to early-life dichloroacetic acid exposure. These epigenomics tools will be further explored in the applied
context of delineating exact point of departure in the context of DART studies. The
second half of the session will extend the examination to reproductive and developmental defects elicited by environmental endocrine disruptors over several generations in the mouse and in zebrafish. By including speakers from different sectors,
using different model organisms and state-of-the-art epigenomics platforms
and single cell approaches, it is expected that the session will be of interest to
audiences interested in the discovery and translational implications of persistent
epigenomic alterations.
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Introduction: Persistent Epigenetic Alterations in Toxicology

P. Allard. University of California Los Angeles, Los Angeles, CA.
In this short introductory presentation, we will first frame the field of toxicoepigenomics and its evolution. We will highlight the major discoveries that have
shaped the field but also the knowledge gaps that the present session will address.
Specifically, following a brief introduction of the epigenome, we will mention several
seminal studies that have helped draw a complex but tantalizing picture of the role
of persistent epigenetic alterations in long-term toxicological responses.
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Genetic and Epigenetic Alterations Associated with Latent Liver
Carcinogenesis Due to Early-Life Dichloroacetic Acid Exposure
in Mice

B. Chorley. US EPA, Research Triangle Park, NC.
Early-life environmental factors can influence later-life susceptibility to cancer.
Previously, we reported that exposure to dichloroacetic acid (DCA), a byproduct
of water chlorination, increased liver cancer incidence in mice 84 weeks after
prior exposure. However, we did not observe classical cytotoxic, mitogenic, and
genotoxic modes of action for carcinogenesis. We hypothesized that the latent
carcinogenic activity of prior DCA exposure is mediated by persistent effects, which
may be indicated by epigenetic footprints. Gene expression were measured by
S1500+ gene set (TempO-seq) in mouse liver samples collected from a stop-promotion study in which DCA at 3.5g/l in drinking water continuously (direct group)
or shorter periods followed by water only (stop groups) up to 78 weeks of age.
Genome-scaled DNA methylation was assessed at 78 weeks in the control, direct,
and stop groups. Our results indicated that many significantly altered genes are

reduced as a function of time since exposure occurs. However, gene pathway-level
analyses revealed that certain pathways persisted, were more enriched, or even
directionally flipped from direct group exposures. This latter group of pathways,
which include GP6 signaling, stellate cell activation, and fibrotic processes, may
indicate unique biological effects in the stop groups compared to constant DCA
exposure, thereby distinguishing the differential tumorigenic processes caused by
latent and persistent exposure. Additionally, DNA methylation patterns measured at
78-weeks were linked to genes of these pathways and may serve as biomarkers of
pathway perturbation involved in DCA mode of action. This study highlights the use
of a multi-’omic approach to identify the mechanisms of early-life environmental
chemical exposure on later life adverse outcomes. This abstract does not represent
US EPA policy.
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Epigenomic Point-of-Departure Modeling for Developmental
Toxicity Safety Assessment

K. Johnson. Corteva Agriscience, Indianapolis, IN.
Novel methodologies based upon comprehensive analysis of molecular change
are poised to revolutionize regulatory toxicology practices. Current human developmental toxicity potential and risk assessment of agrochemicals relies upon
animal-based models using gross morphological assessment. This presentation
will outline methodologies to use epigenomic and transcriptomic endpoints to
identify a bioactivity point of departure. It will describe the novel application of this
approach to fetal and maternal compartments to assess developmental toxicity
potential of teratogens using the ketoconazole rat exposure model as a test case.
Data obtained support the hypothesis that epigenomic (miRNA) and transcriptomic
(mRNA) data can be used to estimate developmental toxicity point of departure.
The utility of this novel approach for transforming developmental and reproductive
toxicity practices in the agrochemical space will be discussed.
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The Transgenerational Effects of Phthalates on Female
Reproduction

J. Flaws. University of Illinois at Urbana-Champaign, Urbana, IL.
Female mammals, including women, are exposed to endocrine-disrupting chemicals (EDCs) on a daily basis. This is of concern because many EDCs
inhibit ovarian follicle growth and steroidogenesis, processes that are critical for
maintaining female fertility. This presentation will focus on the effects of EDCs
known as phthalates on ovarian follicle growth, steroidogenesis, and female fertility. Phthalates are of interest because they are ubiquitous synthetic chemicals
used as plasticizers and stabilizers in a myriad of consumer products, including
everything from shower curtains to children’s toys to cosmetics and personal care
products such as perfumes, nail polish, deodorants, and lotions. Phthalates are
also used in pesticides, wood finishes, adhesives, solvents, lubricants, defoaming agents, and in medical devices including tubing, blood bags, surgical gloves,
and dialysis equipment. Our data indicate that phthalates adversely affect ovarian
follicle growth, steroidogenesis, and female fertility. Further, our results indicate
that some of the effects of phthalates on female reproduction may be transgenerational in nature. Specifically, our data indicate that in the F1 generation, prenatal
phthalate exposure decreased testosterone and inhibin B levels, but increased
follicle-stimulating hormone and luteinizing hormone levels compared to control.
In the F2 generation, prenatal phthalate exposure decreased the percent of antral
follicles and testosterone hormone levels compared to control. In the F3 generation, prenatal exposure phthalates increased ovarian weight, increased the time in
metestrus/diestrus, altered follicle numbers, and decreased the levels of luteinizing hormone compared to control. Collectively, these data suggest that prenatal
exposure to phthalates may accelerate several biomarkers of reproductive aging
in a multi- and transgenerational manner in female mice. These findings have
increased our understanding of the mechanisms by which EDCs cause female
reproductive toxicity. This information eventually may lead to the development of
novel targets for the prevention or treatment of infertility induced by EDCs.

1227

Zebrafish as a Model for Induction of Transgenerational
Inheritance of Male Infertility Due to Environmental
Contaminants

T. Baker. University of Florida, Gainesville, FL.
We have shown that zebrafish (Danio rerio) are an ideal model for evaluating
transgenerational effects of certain toxicants and their role in the fetal basis of
adult disease. While the acute developmental effects of some toxicant exposures
have been studied extensively, the ability of early sublethal exposures to produce
adverse health outcomes in adulthood or subsequent generations is poorly
understood. We utilized the zebrafish model to identify transgenerational effects
of a known endocrine-disrupting chemical (EDC), dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin; TCDD). Exposure to TCDD early in development produces reproductive
abnormalities in adulthood and decreased reproductive capacity that persists for
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multiple, unexposed generations, and appears to be mediated through the male
germline. Thus, testicular tissue from each generation was analyzed for histologic,
transcriptomic, and epigenetic changes. We identified significant decreases in
number of spermatozoa with concurrent increase in spermatogonia, indicating
delayed spermiation in TCDD-exposed males and their offspring. Gene expression analysis revealed TCDD-altered spermatogenesis, steroidogenesis, lipid
metabolism, and xenobiotic metabolism pathway responses in all generations.
Recent single-cell RNA-seq analysis of the exposed generation has confirmed
our histological and pathway findings. Whole-genome bisulfite sequencing identified gene-specific methylation changes associated with significantly altered gene
expression in all generations. In response to TCDD exposure, multiple genes were
differentially methylated; many of which are involved in reproductive processes or
epigenetic modifications, suggesting a role of DNA methylation in later-life health
outcomes. Additionally, several differentially methylated genes corresponded with
gene expression changes identified in TCDD exposed zebrafish testes, indicating
a potential link between DNA methylation and gene expression. Using molecular tools in the zebrafish model, our research aims to uncover critical genes and
changes in epigenetic regulation required for adverse transgenerational reproductive endpoints of EDC exposure.
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Current Status and Future Outlook of Developmental
Immunotoxicity Testing

F. Sillé. Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD.
Developmental immunotoxicity (DIT) occurs when exposure to pharmaceutical and environmental risk factors before adulthood, including chemical, biological, physical, or physiological factors, alters immune system development. DIT
may elicit suppression, exaggeration, or dysregulation of immune responses and
therefore may present clinically as altered resistance to pathogens, allergic and
hypersensitivity reactions, autoimmune disorders, chronic inflammatory diseases,
and cancer later in life. When evaluating DIT in animal models, specific endpoints
are assessed, which can reveal the risk potential for altering immune system
development. However, linking DIT assessment in animal models with clinical
manifestations in human populations requires that DIT testing evaluate critical
windows in immune system development. In addition, pathways leading to DIT
may not be apparent without the stressors that induce aberrant and detectable
responses. This session will provide an overview of the current status of and
future outlook on developmental immunotoxicity (DIT) testing. It will bring both
developmental immunology and (immuno)toxicology experts together to discuss
the historic perspective as well as current and future challenges and innovations
in the field of DIT. To truly gain an understanding of the initiating events and key
perturbations responsible for DIT, the field must look to alternative approaches
designed to probe these early events in the developmental timeline of the immune
system. To achieve this goal, development of informative and predictive in vitro
technologies will be critical. The field of DIT will be informed by the most novel
advances and paradigms in developmental immunology in humans and research
models. A comprehensive understanding of immune system development in
nonclinical species will improve study design and human translatability of in vivo
studies through identification of key biological and molecular events and sensitive
windows during immune development. Understanding how this developmental
timeline meshes with what is currently known in the field of DIT will further aid in
fine-tuning potential key events. All of this will be critical for targeted and timely
development of alternative strategies to probe the key events leading to DIT. How
can we leverage existing knowledge in DIT to chart the course for development of
alternative strategies (in silico, in vitro, nonmammalian species, etc.)? Do we have
enough in vivo DIT information to serve as training sets for alternative approaches?
What are the regulatory status and future needs for DIT, and how can alternatives
fit into human health risk assessment for DIT? This session is unique from previous
DIT sessions at SOT as it will initiate a challenge for the future of the field of DIT
to look beyond the current approaches and standard nonclinical species toward
development of precise, predictive, and translatable alternative tools for addressing
DIT concerns.
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The Layered Immune System: A Developmental Necessity

E. Ghosn. Emory University, Atlanta, GA. Sponsor: V. Johnson
The mammalian immune system develops progressively in multiple layers. In
prenatal life, the first tissue to generate immune/blood cells is the extra-embryonic yolk sac. The yolk sac gives rise to both red blood cells and macrophages
before the onset of blood circulation. After blood circulation, the development of
immune cells takes place intra-embryonically, in an anatomic region known as
the aorta-gonad-mesonephros (AGM). The AGM region gives rise to the first de
novo blood stem cell (a.k.a., hematopoietic stem cell; HSC), which then migrates to
human fetal liver where they expand and differentiate into mature immune lineages,
including lymphocytes, myeloid cells, granulocytes, erythrocytes, and megakaryocytes. Before birth, the blood stem cells (HSCs) migrate from the liver to the bone
marrow, where they take residence throughout adulthood, perpetually generating
immune cells to repopulate the peripheral tissues. In this presentation, we will
discuss these various windows/layers of immune development and attempt to link

key differences in cell development to relevant differences in cell function. These
differences in development provide further support to the new paradigm on the
development of the immune system, in which prenatal immune cells develop prior
to, and independently of, the blood stem cell (hematopoietic stem cells; HSCs).
These HSC-independent lineages give rise to tissue-resident immune cells that
can persist throughout adulthood in many organs, including brain, liver, skin, and
lungs. Most importantly, these tissue-resident immune lineages are maintained
in situ independently from the adult bone marrow-derived HSCs. Finally, we will
discuss how potential perturbations at each specific window of development could
lead to clinical outcomes later in life, including dysregulation of immune responses
that control autoimmune diseases, cancers, among other immunopathologies. We
expect our workshop to provide a future outlook on developmental immunotoxicology (DIT) studies, engineering of in vitro assays to screen for DIT, and inform new
updated guidelines that will take into account the complexity of the human immune
development, from prenatal life to adulthood.
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Comparison of Immune System Development in Nonclinical
Species and Humans: Closing Information Gaps for Human
Translatability

H. Skaggs. Incyte, Wilmington, DE.
The developing immune system is uniquely sensitive to xenobiotic influence. In vivo
animal studies are important tools to understand immune system development.
There is an incomplete understanding of immune system development in nonclinical species. Addressing this gap will improve study design and human translatability of in vivo studies. The data presented in this presentation demonstrate that
although the overall development of the immune system is, in general, similar
amongst the six standard nonclinical species, depending on the cells, tissue,
and function being evaluated, consideration of the timing of the development is
paramount to translational study design and interpretation. In totality, considering the present work it can reasonably be concluded that any of the six standard
nonclinical species (mouse, rat, rabbit, minipig, dog, and non-human primates) can
adequately be used as translationally relevant models to evaluate immune development, depending on the specific question that needs to be answered and how this
question is addressed in the study design. This effort provides investigators with
more in-depth and species-specific information that should be considered when
selecting the most appropriate study design, while also providing an understanding of the limitations of the various models. In addition to development windows,
additional factors which should be considered in study design are any immune
system processes observed in adult animals. Facilitating an understanding of the
specific aspects of the immune system or functionality in the species being tested,
will ultimately increase the likelihood of a scientifically and translationally relevant
outcome.
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Developmental Immunotoxicity Evaluation: What’s Past Is
Prologue

L. Burns Naas. Magnolia Toxicology Consulting LLC, Traverse City, MI.
Over the past two decades, the interest in DIT has grown significantly as a result
of the need to more fully understand age-related susceptibility to a variety of
potentially toxic compounds. Early research efforts to understand DIT focused on
the specifics of “critical windows” of development, protocol design, and interpretation to determine whether the developing immune system was uniquely more (or
less) sensitive to toxic insult when compared to the adult. Although agreement was
reached on the best methods to assess DIT in the regulatory setting, few regulatory
bodies required (then or now) the assessment of DIT in situations other an “for
cause.” As our understanding of the immune system continued to swell, including
a more sophisticated understanding of comparative immunology that challenged
past assumptions, so did the subdiscipline of developmental immunotoxicity.
However, the advancement to alternatives to in vivo testing and the potential to
develop AOPs for DIT has been slow for a variety of reasons. This presentation will
provide a historical perspective on the development of DIT, including key concepts
in DIT and major outcomes from workshops that drove early testing strategies. It
will also touch on the trajectory that testing has taken and the current status of
ex vivo and in vitro evaluation. Key knowledge gaps in our understanding will be
introduced. This presentation sets the stage for the final speakers who will address
the push to develop alternative methods to add to our arsenal in order to more
rapidly and deeply understand the potential impact xenobiotic exposures may have
on the development immune system.
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Regulatory Considerations for Developmental Immunotoxicity
Testing

L. Rossi. European Chemicals Agency, Helsinki, Finland. Sponsor: V. Johnson
There is an increasing trend in the prevalence of immune-based diseases among
children in the last decades, which is likely due to increased xenobiotic exposures.
When it comes to exposure hazards, there is increased awareness that children are
not small adults, as their immune system is still developing. Studies in developing animals suggest that the immature immune system is more susceptible to
xenobiotics than the fully mature system, and sequelae of developmental immunotoxicant exposure may be persistent well into adulthood. Consideration of including functional developmental immunotoxicity (DIT) parameters in current hazard
and risk identification guidelines and wider application of relevant study protocols
is therefore warranted. Yet, DIT testing is nowadays not or minimally included in
regulatory toxicology requirements. Current international test guidelines rely on the
extended one-generation reproductive toxicity study (EOGRTS, OECD TG 443), which
can be used to evaluate the putative effects of chemicals on fertility and development, including the developing immune system. This presentation will provide
an overview when and why DIT testing can be required under different regulatory
regimes: e.g., is it always a requirement or required only in case of concern obtained
from other studies? What are the challenges for regulators when assessing such
data? For example: the lack of clear classification criteria under the United Nations
Globally Harmonized System of Classification and Labelling of Chemicals; lack of
harmonized protocols; and the risk that immunotoxicity studies typically conducted
in adult animals would miss causes for concern that might trigger the need for
DIT testing. Existing validated adult immunotoxicity assays have not been specifically validated for use in juvenile animals, and traditional developmental toxicity
protocols assess few parameters related to immunotoxicity and no parameters
directly measuring functional immunocompetence. The limitations of current
recommended DIT tests (e.g., T cell antibody-dependent response assay), including
the lack of validation of existing tests and international adoption by bodies such
as OECD, will be discussed from a regulatory perspective. Finally, this presentation
will open the discussion on the benefits and challenges of considering non-animal
alternatives to DIT for regulatory purposes.
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Current Overview and Challenges in the Identification of
Developmental Immunotoxicity Chemicals

V. Johnson. Burleson Research Technologies, Morrisville, NC.
The prevalence of immune and inflammatory diseases in children has been increasing steadily in recent decades. Recent epidemiological studies have demonstrated
an association between in utero chemical exposures, including arsenic and metal
mixtures, with elevated risk of childhood respiratory infections and modulation of
vaccine antibody responses-strong indications of Developmental Immunotoxicity
(DIT) in humans. However, the role of xenobiotics and their interaction with the
developing immune system is poorly understood and certainly understudied. Even
more elusive is the connection between disturbances in immune development and
the onset of adult disease. The developing immune system is thought to be more
sensitive than the adult counterpart to many insults. DIT testing is charged with
defining this sensitivity and generating safety data sufficient to protect the sensitive
developing immune system. This presentation will provide the state of the art for
DIT as illustrated using data from several known and suspected DIT chemicals
using models targeting several windows of susceptibility of immune development.
As with adult immunotoxicity, DIT also shows greater sensitivity of functional
(challenged) immune responses over structural immune changes indicating the
importance of challenging the immune system. This is likely owing to the complexity of immune functions and their direct relationship to disease pathogenesis. The
data presented will then be used to illustrate the need for DIT testing in regulatory
risk assessment by comparing sensitivity of DIT endpoints with those collected
in adult toxicity studies. Determining what chemicals to test for DIT presents an
immense challenge burdened by the extremely high time, resource, and financial
costs of in vivo DIT testing. Traditionally, these decisions are made following a
weight of evidence and cause for concern approach, more often based on information demonstrating immune system effects in addition to unintentional (environmental chemicals) or intentional (pharmaceuticals) exposure to the developing
immune system. In order to progress the field of DIT, exploration of in silico prediction models and the development and utilization of key in vitro approaches will be
needed for screening and prioritization of chemicals suspected of impacting the
developing immune system.
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A Path Forward: Current and Future Perspectives on
Alternatives to Developmental Immunotoxicity Testing.

F. Sillé. Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD.
The development of non-animal New Approach Methods (NAMs) has been widely
acknowledged as a critical need for toxicity testing. Although critical windows of
developmental immunotoxicity (DIT) have been defined by the field, DIT testing at
the moment is intimately linked to the use of whole animal studies with inherent

limitations in translatability to humans. Sensitive in vitro assays are hampered by
the complex nature of the effects and the partially missing information on interrelationships in the human system, especially during the developmental period.
Clinical information on the effects of drugs and other exposures on the developing immune system in utero are scarcely available. Unfortunately, the status of
in vitro and other alternative assays available for DIT screening is unclear as few
alternative approaches have been developed and adapted by the greater toxicology community. Through expert workshops the “International Working Group on
Alternatives to Developmental Immunotoxicity Testing” is identifying and addressing critical knowledge gaps in the field of alternative DIT, which will be highlighted
in this presentation. First, the need for alternative DIT testing strategies will be
discussed from applied and regulatory end-user perspectives. Second, an updated
and refined network of key molecular and biological events in developmental
immunology that are important to assess during DIT testing will be presented.
Current efforts to translate scientific advances into adverse outcome pathways
(AOP) that can inform regulatory hazard or risk assessment will be discussed.
Examples of existing alternative strategies that are useful and appropriate for DIT
testing will be provided. In addition, areas in need of development of alternative DIT
models and tests will be highlighted through the introduction of a novel framework
to encourage the refinement and development of new alternative test methods
suitable for screening of (large numbers of) DIT compounds. Finally, a future
outlook on how ground-breaking innovations and state-of-the art technologies can
benefit the switch to alternatives to DIT will be presented. The ultimate goal is to
develop a methodology for alternative DIT screening and develop test guidelines
that can be incorporated in OECD guidance documents.
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Educating 21st-Century Toxicologists: Making In Vitro and In
Silico Approaches Part of the Curriculum

N. Greene. AstraZeneca, Waltham, MA.
Most regulatory agencies have committed, either in whole or in part, to transforming regulatory toxicology away from animal tests and toward more pathway-based
approaches that make use of in vitro and in silico tools. However, many graduate
programs have incorporated in vitro and in silico approaches only in a very limited
way. To ensure that the next generation of toxicologists is prepared to adopt and
further guide this transition, it is vital that graduate programs provide a thorough
grounding in alternative methods, sometimes referred to as NAMs (new approach
methodologies). These methods can include IVIVE (in vitro to in vivo extrapolation)
models, the use of AOPs (adverse outcome pathways), incorporation of toxicogenomic data, chemistry and chemoinformatics, and the statistical knowledge
necessary to scrutinize in silico approaches. This session will discuss ways that the
toxicology curriculum can be grounded in traditional toxicology approaches while
also preparing students for hazard assessment in the 21st century. The session will
open with a regulatory perspective on how pressure to adopt alternatives to animal
tests is creating a demand for toxicologists with the knowledge of using these new
approaches to assess chemical hazards; this will be followed by an industry view
on the adoption of new in vitro and in silico methods as an alternative in risk assessments and the need for better training in these approaches. The third presentation will discuss how approaches adopted in the environmental safety community
could be further applied in the biomedical arena through increased education in
alternative methodologies. The final two presentations will focus on the academic
viewpoint on how to incorporate these new methods and approaches for toxicology
into the modern curriculum.
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Educating 21st-Century Toxicologists and Risk Assessors:
A Regulatory Perspective

L. Scarano. US EPA, Washington, DC.
Toxicity testing in animals has been used to evaluate chemical safety for about
a century. Regulatory agencies around the world have used this information
for decades to evaluate the potential harm of pesticides, drugs, and industrial
chemicals to human health and the environment. Over the past 20 years, there have
been many scientific advancements in the fields of molecular biology, chemistry,
toxicology, and computer programing. These advancements have resulted in the
generation of new and exciting methods to evaluate hazard and are alternatives
to conventional animal toxicity testing. The recently passed Frank R. Lautenberg
Chemical Safety for the 21st Century Act (2016, amended the Toxic Substances
Control Act, or TSCA) legally requires the US EPA to reduce the testing of
vertebrates (Section 4[h]) for chemicals regulated under TSCA. The combination
of scientific advancements in nonanimal test methods and the legal requirement
to move away from vertebrate animal testing means that regulatory agencies such
as the US EPA need scientists now and in the future who are properly trained to be
able to use alternatives to animal toxicity testing methods (NAMs). This presentation will identify undergraduate and graduate level training regulatory agencies
are looking for in the next generation of toxicologists and risk assessors, including
computational toxicology, mathematics, and chemistry/biochemistry.
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Development of New Approach Methods (NAMs) Outpacing the
Education and Training of Next-Generation Toxicologists: A Call
to Action

P. Spencer. ANGUS Chemical Company, Buffalo Grove, IL.
The field of toxicology, once largely dependent on time intensive, costly animal test
models, is experiencing a rapid growth in computational and in vitro test systems
that promise to deliver more human relevant, faster, and less costly strategies to
establish the safety of existing and new chemicals. Considerable efforts are now
aimed at establishing confidence in NAMs to replace traditional safety assessment approaches and how to validate such tests for use in an increasingly complex
and dynamic environment. However, we are approaching a perfect storm where
education and training of contemporary toxicologists are not keeping pace with the
technology development of the field. For example, many companies, as part of their
sustainability goals, have publicly committed to replace hazardous chemistries with
more sustainable, environmentally friendlier options. NAMs have an important role
in new product development, helping to guide the decisions of safer options early
in the stage gate process. Companies increasingly need toxicologists trained in the
use and interpretation of in silico and in vitro screening methods who can advise
on the selection of safer chemistries while integrating testing approaches that can
ensure successful product registrations globally. This presentation will highlight
opportunities for toxicology programs to modernize their curriculum to match
industrial, regulatory, and cultural drivers that are pushing the broader application
of NAMs. Potential pitfalls of the growing training gaps will be discussed as related
to emerging sustainability challenges, and opportunities to accelerate NAM training
programs, through practical application and partnerships within the industrial and
regulatory settings, will be highlighted.
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The Future of Chemical Safety Education: Bridging Toxicology,
Biomedical Science, and Academic Research

D. Macmillan. Humane Society International, Washington, DC. Sponsor: N. Greene
Chemical safety has traditionally been assessed using in vivo animal models,
although due to public pressure, legislative changes, and scientific advances, the
focus is now on non-animal NAMs. NAMs predict chemical safety based on an
understanding of the underlying biological pathways and this has been relatively
successful in toxicology where several significant milestones have been achieved
in a short period of time. However, this success is yet to be replicated in the
biomedical field, and as several aspects of biomedical research have parallels with
toxicology, the application of a biological pathway-based NAM approach developed
for toxicology is directly transferable. In this field, the main issue with lack of
implementation is thought to be a lack of familiarity with the new approaches, an
issue also observed within academic research, where more exploratory questions
are investigated. For all areas of toxicology and research, there is the additional
hurdle of tradition; what is needed to move away from animal testing is a fundamental change in how we teach science. Not only do students need education and
training in NAMs, but they need to reconsider how to approach hypothesis-driven
research, using a broader palate of solutions that are more suited to the specific
question at hand. As a result, training courses that promote the most advanced and
state-of-the-art methodologies are of primary importance. Several case studies,
taken from cutting-edge training courses, will be presented, encompassing toxicology, biomedical research, and academic research. Each case study will describe the
current use and acceptance of NAMS, if there are NAMs that require development,
and if there are scientific gaps.
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Training Toxicologists toward Sustainability: Green Toxicology
for a Green New Deal

A. Maertens. Johns Hopkins University, Baltimore, MD. Sponsor: N. Greene
As many countries aim to shift their economies towards greater sustainability,
toxicologists need to play their part, and this can only be done by modernizing
toxicology. This includes not just training academic toxicologists to be more attuned
to the needs of regulatory toxicology, but to think about the kind of rigor necessary
to produce data that is useful when chemists and policymakers are evaluating
hazards; not only the type and quality of data required for making decisions with a
high economic impact, but also understanding the importance of robust statistical
methods, proper randomization and blinding for in vitro and in vivo studies, and full
data availability. Graduate schools often focus on training students in methodologies for in vivo mechanistic studies aimed at publication rather than the criteria
required for regulatory submission, which often also includes in vitro and in silico
data as well as more robust statistical methods. However, toxicology (like many
fields in science) needs to place renewed emphasis on rigor and reproducibility in
order to adequately inform policy, and this will be especially crucial to the incorporation of NAMs, as well as more analytically challenging methodologies such as
exposomics, high-dimensional in vitro data, and machine-learning approaches. An
additional requirement is to improve the ability of chemists and toxicologists to
work together. Chemists are trained to think of chemical performance but rarely
toxicity. At the same time, toxicologists are trained to look for hazard, but not

the trade-offs implicit in any decision to regulate or ban a chemical, which has
in the past led to “regrettable substitutions”; for example, as has happened with
Bisphenol A and several pesticides. In order to avoid that, we need to improve
the systems level training for both toxicologists and chemists, including a new
emphasis on interdisciplinary approaches, integration of disparate qualitative and
quantitative data, and methods for analyzing cumulative and interactive effects in
different populations. Preparing students to solve the environmental challenges of
the future will likely not involve simplistic solutions, but instead a careful weighing
of trade-offs that requires an understanding of complicated, connected systems
and incorporating multiple data streams.
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Bridging Computational Chemistry and Predictive Toxicology in
Graduate Curriculum

J. Kostal. George Washington University, Washington, DC. Sponsor: N. Greene
Traditional testing in toxicology is unsustainable due to both high economic and
ethical costs. It is largely assumed that NAMs will increasingly replace animal
tests, particularly for bulk chemicals, where animal testing has poor cost-to-benefit
ratio. In silico tools are particularly appealing due to their low cost, high speed,
and their ability to address key MIE (molecular initiating events) in AOPs. To take
up the proverbial mantle, however, computational methods need to be accurate
and robust. To that end, in silico tools must be mechanistically relevant, i.e., be
able to accurately describe molecular interactions between xenobiotics and biological targets and accurately represent the behavior of xenobiotics in biologically
relevant media. As toxicology has made strides toward mechanistic understanding of toxicity pathways over the past two decades, computational chemistry has
developed the capacity to model the relevant toxicological events in reasonable
timeframes. Here, we showcase a curriculum that was developed in collaboration
with Beyond Benign, a non-profit in Green Chemistry education, and capitalizes
on the aforementioned nexus between computational chemistry and mechanistic toxicology. In particular, we demonstrate how open-source, web-based (i.e.,
easily-accessible) computational software can be leveraged in the classroom to
calculate powerful descriptors of molecular interactions in vivo, and subsequently
apply these metrics in simple linear models and or design guidelines to inform
hazard of commercial chemicals.
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Tools for Modernizing Ecological Risk Assessment

K. Mansouri. NIEHS, Research Triangle Park, NC.
Regulatory agencies conduct ecological risk assessments to evaluate the potential
effects/impact from chemical exposure(s). To evaluate these potential risks,
regulatory agencies require toxicity testing on aquatic, terrestrial, and other nontarget species to fulfill requirements of conventional active ingredient pesticides.
These ecological toxicity testing requirements have been in place for decades;
thus, opportunities to modernize may exist. To update ecological risk assessment,
agencies are investigating what information is currently used to support regulatory decision-making and what tools are available to assess ecological risk. The
first presentation will highlight an ongoing survey conducted by the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
ecological workgroup to identify cross-agency data needs for ecological toxicity
assessment. The next presentation will provide insight into multi-stakeholder
collaborations to analyze decades of risk assessment information in order to
investigate utility of avian and fish toxicity endpoints in regulatory decision-making
and the number of fish needed to establish a bioconcentration factor to support
regulatory decision-making. The following presentation will demonstrate the
utility of machine learning for quantitative prediction of pesticide fish acute and
chronic toxicity. Additionally, the next speaker will present on the EcoToxChip (and
EcoToxXplorer.ca) as next-generation toxicogenomics tools for chemical prioritization and environmental management, with specific examples on how these tools are
used to derive transcriptomic points of departure, perform chemical read-across,
and assess contaminated sites. The last presentation will showcase application of
an online tool for cross-species toxicity extrapolation called Sequence Alignment
to Predict Across Species Susceptibility (SeqAPASS) to support risk assessment.
This session will include international perspectives from government, industry,
academia, and nongovernmental organizations to highlight comprehensive collaborations to review and ultimately refine approaches to ecological risk assessment
while upholding safety and environmental protection.
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Cross-Agency Survey of Ecological Toxicity Data Needs

N. Garcia-Reyero Vinas. US Army Engineer Research and Development Center,
Vicksburg, MS.
US regulatory and research agencies utilize ecotoxicity test data to assess the
hazards associated with substances that are released into the environment, including consumer products, industrial chemicals, metals and metalloids, nanomaterials,
and pesticides. These data are evaluated to ensure that such substances will not

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 49

cause unreasonable adverse effects to invertebrates, fish, birds, or other wildlife
species. The ecotoxicity workgroup (EcoWG) of the Interagency Coordinating
Committee on the Validation of Alternative Methods (ICCVAM) includes members
of several federal agencies (i.e., US Department of Defense, the US Department
of the Interior, the US EPA, the US FDA, the National Institute for Standards and
Technology, and the US Department of Agriculture) and seeks to explore opportunities for the use of nonanimal replacements to satisfy testing needs and requirements. This presentation will highlight the EcoWG efforts to identify the standards,
test guidelines, or guidance documents that are applicable to satisfy each of these
agency’s needs, common test species, and endpoints with regard to ecotoxicity
testing. It will also discuss challenges presented by current use of cross-taxa
extrapolation and outline points for consideration in the development of alternative
methods.

of partners, and thus the focus of this presentation (Activity 4). Under Activities
5-7, knowledge from Phase 1 is being translated to 3 native species (i.e., fish:
rainbow trout; bird: double-crested cormorant; amphibian: Northern leopard frog).
EcoToxXplorer.ca provides intuitive bioinformatics support, and includes features
to derive transcriptomic points of departure and view EcoToxModules. To position
the team advantageously with regard to the commercialization and institutionalization of the deliverables, our GE3LS team is producing and leveraging social
science knowledge about the phenomenon of “institutional entrepreneurship.” The
anticipated socioeconomic benefits associated with the adoption of our deliverables include, focused animal testing, improved regulatory decision-making, and
cost-efficiencies.
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US EPA Perspectives on Applying the 3Rs to Ecological Risk
Assessment in Support of the Registration of Pesticides

M. Lowit. US EPA, Washington, DC. Sponsor: K. Mansouri
The US EPA is applying the 3Rs (reduction, replacement, refinement) to the ecological risk assessment process in working toward the EPA goal of reducing animal
testing. As part of that effort, the Office of Pesticide Programs (OPP) is conducting
retrospective analyses of existing data to critically evaluate which In Vivo Agency
guideline studies form the basis of regulatory decisions and if reductions can be
made to the number of animals used without a reduction in the quality of the ecological risk assessment. This presentation will highlight two recently completed efforts
that led to policies supporting the reduction of animals used in avian acute toxicity
and fish bioconcentration testing. Active efforts will also be discussed including the
results from a retrospective analysis of fish acute toxicity testing exploring patterns
in interspecies sensitivity of the three species required for conventional pesticide
registration and progress on recently started retrospectives on avian reproduction
studies and fish early-life-stage studies. The results from these active retrospective
analyses will inform whether there is a basis for reducing the number of fish and
birds used for in vivo testing to support pesticide registration.
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Machine Learning for Quantitative Prediction of Pesticide Fish
Acute and Chronic Toxicity

N. Geitner. Syngenta Crop Protection LLC, Durham, NC. Sponsor: K. Mansouri
The testing of toxicity to fish due to potential pesticide exposure is both an important regulatory requirement for product development and a costly investment. There
is also a global push to minimize vertebrate toxicity testing. To address these
issues, we have developed in silico methods to predict acute and chronic fish
toxicity, using less resource-intensive data as inputs to the models. Specifically,
we make use of daphnia toxicity measurements together with physical chemical
characterization and a small set of QSAR predictions to build a set of machine
learning, multi-regression models. Models were trained on 200 compounds across
a broad range of indications and modes of action, and subsequently tested against
25 randomly selected pesticides. QSAR predictions were calculated using a
combination of internal models for physical chemistry, and the OPERA package for
biodegradation predictions. Multi-regression model predictions for test compounds
were sufficiently accurate to help reduce adult fish toxicity testing and optimize
product development.
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EcoToxChip: A Toxicogenomics Tool for Chemical Prioritization
and Environmental Management

N. Basu. McGill University, Sainte-Anne-de-Bellevue, QC, Canada. Sponsor: K. Mansouri
Here we provide an overview of our Large-Scale Applied Research Program
(LSARP) grant from Genome Canada that aims to develop, test, validate, and
commercialize quantitative PCR arrays (EcoToxChips) and a data evaluation tool
(EcoToxXplorer.ca) for the characterization, prioritization, and management of
environmental chemicals and complex mixtures of regulatory concern. In Project
Phase 1, EcoToxChips were developed for common laboratory model species
representing the most important vertebrate groups in ecological risk assessment
(fish—fathead minnow; bird—Japanese quail; amphibian—Xenopus laevis). Model
species (adult and early-life stage-ELS) were exposed via standardized tests to 8
environmental chemicals representative of natural resource/environment sectors
of Canadian concern (EE2, chlorpyrifos, benzo(a)pyrene, lead, fluoxetine, selenomethionine, trenbolone, HBCD) (Activity 1). An integrative systems approach based on
functional ‘omics (combined global transcriptomic and proteomic profiling, targeted
metabolome) and physiological analyses across levels of biological organization
was applied to characterize relevant toxicity pathways including adverse outcome
pathways, AOPs (Activity 2); from this, and other resources, species-specific
EcoToxChips consisting of 384 environmentally responsive genes of regulatory
concern were built, tested, and optimized (Activity 3). EcoToxChip performance is
being validated (and further optimized) through diverse case studies with a range

Advances in Bioinformatics to Improve Cross-Species
Extrapolation of Toxicity Information for Chemical Safety
Evaluations

C. LaLone. US EPA, Duluth, MN.
Modernization of chemical safety evaluations with more efficient and rapid, yet
scientifically sound, approaches to protect human and ecological health are
necessary to keep pace with the development of new chemicals. Historically,
and with the advent of high-throughput approaches such as cell-based screening bioassays and transcriptomics, select model organisms are used to provide
necessary chemical toxicity data. Model organisms are traditionally selected due to
ease of maintenance and well-characterized genomes, which does not necessarily
imply they are the best surrogates for extrapolation of toxicity data to all species
needing protection. As the field of bioinformatics advances, primarily due to the
use of such computational methods in biomedical fields for drug development,
opportunities exist to innovate these approaches to address challenges in the field
of toxicology relative to cross species extrapolation for chemical safety evaluations. The US EPA Sequence Alignment to Predict Across Species Susceptibility
(SeqAPASS) tool was created to take the initial steps to extrapolate knowledge
from a known chemical interaction in one species to hundreds of species by
comparing protein sequence information. By comparing protein sequences of
known sensitive species to others, the tool predicts target site conservation which
can be used to understand the likelihood for chemical susceptibility. The intent of
the SeqAPASS tool is to continue to advance species comparisons at the molecular level, moving from protein sequence to structure to function as bioinformatics
approaches evolve to better understand and predict chemical-protein interactions.
This presentation will describe the SeqAPASS tool, advances being incorporated,
and case examples describing its applications for predicting chemical susceptibility across species. The contents of this abstract neither constitute nor reflect official
US EPA policy.
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Use of Computational Methods for Addressing Occupational
Safety: Opportunities to Support the 3Rs

C. Hasselgren. Genentech Inc., South San Francisco, CA.
In the process of manufacturing chemicals such as pharmaceuticals, agrochemicals, and cosmetics, the occupational safety of intermediates and/or the final
product is assessed for occupational health hazards. This assessment includes
multiple toxicity endpoints such as acute toxicity, respiratory and dermal sensitization, eye and dermal irritation, and reproductive and developmental toxicity. Given
the volume of chemicals involved, there is a need to understand the occupational
health hazards that chemicals pose while still supporting the 3Rs (replace, reduce,
refine) for animal testing. The strong push toward the 3Rs, as well as factors like
speed and cost, has driven an increase in use of alternative in vitro methods as
replacements. Additionally, the use of computational methods is increasing
in this space, with several practical use cases having been published recently.
Computational methods have the advantage of utilizing the body of historical data
already generated in a variety of ways to assess the hazards of novel chemicals
and pharmaceuticals. The first presentation will focus on applying read-across for
the assessment of chemical registration and labeling in a regulatory context. The
second presentation will provide some background and introduce the 3Rs as well
as the implementation of in silico models for the endpoint of acute toxicity. The
presentations will introduce state-of-the-art use cases where industry is applying
computational tools for common occupational illnesses and concerns. These
presentations will highlight several cross-industry consortia efforts to identify
data gaps and targeted data-generation efforts to support model building for
specific endpoints and/or chemical classes of concern. All the talks present areas
where computational toxicology tools are being utilized in the context of ensuring
human-relevant safety practices. The presentations will be followed by a panel
discussion to discuss future opportunities, including how to further the usage and
acceptance of computational methods. In silico technologies can have a broad
impact in occupational toxicology both to understand the health hazards chemicals
pose as well as to further support the implementation of the 3Rs.
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Grouping and Read-Across Approaches in the Context of REACH

A. Richarz. European Chemicals Agency, Helsinki, Finland. Sponsor: C. Hasselgren
Read-across is the most prominently used adaptation of the standard testing
regime in dossier submissions under the Regulation on the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH), as shown in the European
Chemicals Agency (ECHA)’s 2020 report on The Use of Alternatives to Testing
on Animals for the REACH Regulation. A plethora of guidance on how to perform
read-across is available, as well as information on the use of related computational
tools and general considerations on chemical grouping and similarity in the public
literature. However, in the regulatory context not all read-across justifications are
accepted because of scientific limitations or technical shortcomings and insufficient documentation. A lack of understanding of the regulatory and legal needs
might also play a role. ECHA’s Read-Across Assessment Framework (RAAF) was
developed to give a systematic overview of the assessment criteria for characterizing the confidence in a read-across prediction in the context of REACH dossier
submissions. The OECD QSAR Toolbox provides an additional valuable tool to
support developing and consolidating the read-across approach. The presentation will give an overview of the state and practice of the use of read-across and
grouping approaches in the context of REACH. It will emphasize important issues to
be considered for building the read-across argumentation, including considerations
on the use of the OECD QSAR Toolbox.
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Assessment of Whether Acute Toxicity In Silico Models Are Fit
for Purpose for Classification and Labeling

G. Myatt. Instem, Columbus, OH. Sponsor: C. Hasselgren
The Globally Harmonized System (GHS) classification of toxicity is extensively used
for communicating hazard information on labels and safety data sheets. The acute
toxicity in vivo test is often used to support such assessments. An in silico animalfree alternative method that has been shown to be fit-for-purpose would support
the 3Rs (reduction, refinement, and replacement of animal studies). This presentation will describe a recent study whose objectives was to determine whether
in silico models are fit-for-purpose for classification and labeling and how such
computational toxicity models could be incorporated within the classification and
labelling workflow. To answer these questions, a series of industrial collaborators were given access to the acute toxicity in silico models which they used to
generate predictions for proprietary chemicals with known experimental results.
The experimental and predicted results were collected, pooled, and analyzed from
all collaborators. In addition, an expert review was performed by the collaborators
on a subset of the results. Approximately 95% of chemicals (from this blind study of
over 2,000 chemicals) were either correctly predicted or were predicted with a more
conservative category, with an expert review demonstrated to improve the reliability
of the results. The results of this study were used to establish a defined workflow
to generate acute toxicity GHS classification that include in silico results. This study
concluded that the use of qualified and transparent (Q)SAR models, within the
defined workflow, provides a scientifically rational, reasonable, and conservative
approach to hazard identification.
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Utilization of In Silico Models to Predict Dermal Sensitization
Potential in an Occupational Setting

J. Hillegass. Bristol-Myers Squibb Company, New Brunswick, NJ.
Dermal sensitization leading to allergic contact dermatitis is one of the most
common health issues encountered in the workplace. For hazard identification
purposes, there exists a need for tools capable of providing rapid and accurate
assessments of both dermal sensitization potential and potency. Historically, in
vivo assays such as the guinea pig maximization assay (GPMT) or mouse Local
Lymph Node Assay (LLNA) have been utilized to determine the dermal sensitization potential and potency of compounds. In consideration of potency specifically,
these data are often utilized to define occupational exposure limits (OELs) and
related handling practices in the workplace. Given the desire to comply with the 3R
principle (reduce, refine, replace), industry has started moving toward alternative
tools which rely on in vitro or in silico methods rather than in vivo animal testing.
In that context, two commonly used in silico models for predicting dermal sensitization potential and potency will be discussed (Derek Nexus and Computer Aided
Discovery and REdesign [CADRE-SS™]), focusing both on their performance within
a defined dataset consisting of pharmaceutical intermediates and active pharmaceutical ingredients, and how these predictions are subsequently used to drive
decisions regarding compound handling in an occupational setting. Additionally,
practical examples will be provided demonstrating how utilization of such in silico
models has led to a substantial reduction in the number of animals needed to
identify potential dermal sensitizers.
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Peptide Couplers: Occupational Health Hazards and
Improvements to In Silico Models for This Compound Class

J. Graham1, and A. Trejo-Martin2. 1Genentech Inc., South San Francisco, CA; and 2Gilead
Sciences Inc., Foster City, CA.
Peptide couplers are broadly used throughout the pharmaceutical industry and
are relatively unstudied with regards to their occupational health hazard potential.
Peptide coupling agents all perform the same function of facilitating amide bond
formation and therefore can all covalently modify human proteins. If a chemical
can modify human proteins, it is a prime candidate to elicit sensitization responses.
Several publications have highlighted adverse effects in workers consisting of
sensitization reactions and as a result have raised concerns in the occupational
health and safety field among companies where these compounds are highly
utilized and relied upon. In an effort to elucidate the health hazards associated with
occupational exposures to peptide couplers, a cross-industry Peptide Coupler Task
Force was formed to formally evaluate and assess the potential of peptide couplers
to cause dermal sensitization reactions. Thirty peptide couplers were deemed
high priority as employees handle them often and they are present in numerous
pharmaceutical synthetic processes. The potential of each peptide coupler to
cause dermal sensitization was evaluated via the conduct of in silico screening
tools and in vivo studies. With regards to dermal sensitization potential, ~80% of
the peptide couplers tested were incorrectly and/or under-predicted by one or both
of the in silico programs utilized, meaning either the peptide coupler was predicted
not to be a sensitizer and was in vivo, or it was a more potent sensitizer in vivo
than indicated by in silico software. Indeed this evaluation showed that there was
room for improvement in in silico models for this class of compounds. Therefore,
efforts were undertaken to improve the models to recognize the key features of
these compounds deemed responsible for the sensitization reactions. The results
of this project elucidate the occupational health hazards associated with peptide
couplers and convey the improvements made to in silico models to accommodate
this compound class. This presentation highlights the benefit of cross-industry
collaboration with modeling experts to improve both occupational health and safety
practices as well as model performance. This project is also expected to enable
industry to identify/select and substitute the least hazardous peptide couplers
where possible.
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Determining Occupational Hazard Control Categories for
Biocatalytic Enzymes

A. Maier1, and E. Fung2. 1Cardno ChemRisk, Cincinnati, OH; and 2Cardno ChemRisk,
Aliso Viejo, CA.
The use of biocatalytic enzymes, which are potential inhalation sensitization
hazards, in the pharmaceutical industry is increasing. Occupational controls
of these enzymes are often based on exposure thresholds for Subtilisin, while
enzyme-specific thresholds are typically not available. A framework for assigning
biocatalytic enzymes to occupational hazard control categories was developed
based on review of literature and benchmarking with biopharmaceutical sector
practices. Possible outcomes, which are based on the weight-of-evidence for each
enzyme, include: 1) deriving an enzyme-specific occupational safety limit; and 2)
assigning to predefined occupational hazard categories. First, if enzyme-specific
data are available, an enzyme-specific safety limit may be derived. In the absence
of such data, a moderate potency category is assigned if the enzyme contains
human peptide sequences. Next, screening classification with a relevant in silico
prediction tool is conducted to determine whether the enzyme degrades structural
macromolecules and/or is identified as an allergen. If either outcome is “yes,” the
enzyme is assigned to the high potency category; if both outcomes are “no,” the
enzyme is assigned to the moderate potency category. This category assignment
may be amended as new enzyme-specific data, including human use experience
with quantitative exposure data and empirical data from in vitro and in vivo studies,
become available. In applying the framework, we found that most biocatalytic
enzymes lack specific data, and while available non-clinical assays provide some
evidence, further refinement and validation of such assays is needed. Nonetheless,
the framework provides a pragmatic tool for relative categorization of biocatalytic
enzymes.
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Making Your Data FAIR for Your Future Self and Others

G. Woodall. US EPA/ORD, Research Triangle Park, NC.
The adoption of FAIR (findable, accessible, interoperable, and reusable) data
practices has begun to pervade all scientific disciplines. Besides being essential to
good scientific practice and facilitating a data generator’s ability to recall what was
done to generate previous research, FAIR data also enable others (whether primary
researchers, computational researchers, or risk assessors/regulators) to better
understand how the data were generated and reuse them to advance scientific
knowledge and support toxicological assessments or other translational science
applications. The Scientific Liaison Coalition (SLC), a partnership among health
science organizations of which SOT is a primary member, has been considering the
benefits of applying FAIR data principles for toxicological data through a series of
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webinars; these events were seminal to the creation of this session. The session
will start with international and society efforts underway to advance FAIR principles that accelerate scientific discovery by promoting research transparency and
encouraging collaboration. The latter half of the session will highlight successful
efforts in making toxicological data FAIR and how doing so can advance toxicological research from basic investigations to systematic reviews supporting health risk
assessments and regulatory actions. This session will facilitate a broad discussion
among toxicologists of the advantages and challenges to applying FAIR data principles in toxicology, specific benefits to the internal research group, and how use
of these principles in toxicology will facilitate assessing human health risks from
chemical exposures. After the speaker presentations, this session will conclude
with a moderated discussion to more fully investigate the role of scientific societies
in encouraging FAIR data principles. Questions to be probed include: (1) Should
professional societies take an active role in ensuring their scientific fields remain
at the leading edge of trends in communicating research results? (2) What can
professional societies do to support FAIR data principles? (3) What are the barriers
to making toxicological data FAIR, and what can be done to surmount them (e.g.,
lack of a repository for toxicological data; lack of tools and standard file formats for
working with toxicological data)?
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Hypertensive Disorders of Pregnancy: Environmental Influences,
Biomarkers, and Models

S. Snow. ICF International Inc., Durham, NC.
Hypertensive disorders of pregnancy (HDP) refer to a spectrum of syndromes
that may include gestational hypertension, preeclampsia, eclampsia, and chronic
hypertension with superimposed preeclampsia. Collectively, HDP affect approximately 10% of pregnancies worldwide and are leading causes of maternal and
fetal morbidity and mortality, especially among women of color. Hypertension
during pregnancy can have long-term adverse effects on both mother and child.
Mothers who experience HDP are at a greater risk for developing cardiovascular disease, type 2 diabetes, and stroke later in life. HDP also are associated with
greater risks of preterm delivery, small for gestational age, and a range of related
neonatal diseases. Furthermore, infants born to mothers with HDP also experience higher rates of latent endocrine, nutritional, and metabolic diseases later in
life. Associations between environmental chemical exposures and risk for HDP
have been reported in women. However, environmental factors causing HDP in
animal models and their link to human-relevant biomarkers of disease are not well
understood. This session will explore (1) some of the contributing risk factors for
HDP in women, who is most affected, and potential disparities that need further
research; (2) the evidence that is needed to understand patient-specific underlying influences affecting risk for HDP, such as environmental and built-environment stressors, and how contemporary tools may be used to predict HDP; and (3)
state-of-the-science evidence from the literature on environmental contributors to
HDP risk, biomarkers that are being used to identify women at risk for HDP, and
how those biomarkers may be applied to toxicology studies. The second half of the
session will emphasize studies in which links are being made between chemical
contributors to disease and mechanisms of action: (4) perfluoroalkyl substances
(PFAS) appear to affect preeclampsia risk in women in a way that is specific to
preeclampsia subtype and independent of angiogenic pathways; (5) the PFAS
known as PFBS perturbs placenta function in women, so PFBS and a contemporary
water mixture of PFAS are being explored for mechanisms of placental dysfunction in a rabbit model; and (6) Doppler ultrasound, often used to evaluate fetal
heartbeat, also can detect potential adverse blood flow patterns in the uterine and
spiral arteries of rats and mice and has been associated with adverse pregnancy
outcomes in studies evaluating the effects of cadmium and ozone. Translational
approaches that converge knowledge of biomarkers in women and environmental
risk factors in toxicologic models, and establish scientific confidence in predictive biomarkers, are needed to better prevent HDP from affecting both mother and
newborn.
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Maternal Morbidity and Mortality: Physiologic Risk Factors and
Disparities Contributing to Hypertensive Disorders of Pregnancy
(HDP)

California Communities Environmental Health Screening Tool (CalEnviroScreen),
birth records from vital statistics, and hospital discharge records (2007-2012)
were used to examine the relationship between drinking water contaminants and
HDP. Increased risk of HDP was modestly associated with exposure to cadmium,
lead, and hexavalent chromium in drinking water after adjusting for covariates, in
single pollutant as well as multipollutant models, with odds ratios ranging from
1.08 to 1.15 in the single pollutant and 1.08 to 1.16 in the multipollutant models, for
exposure in the highest quartile versus lower three quartiles for each contaminant.
Risks were somewhat higher among people living in low-poverty versus high-poverty neighborhoods. Further research is needed to understand risks associated with
these studied contaminants and how they interact with other aspects of the living
environment.
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Hypertensive Disorders of Pregnancy in High-Risk Pregnancies:
Emerging Techniques to Evaluate Environmental Exposures

T. Manuck. University of North Carolina at Chapel Hill, Chapel Hill, NC.
The identification and prediction of adverse pregnancy outcomes including
hypertensive disorders of pregnancy (HDP) remains challenging. Recent changes
in how HDP are defined clinically have resulted in challenges in the conduction
of epidemiologic and translational studies and accurately assessing outcomes.
Appropriate study designs to capture individual- and neighborhood-level environmental exposures and accurately ascertaining outcomes will be reviewed. Novel
techniques that provide the ability to capture environmental exposures in high-risk
pregnancy cohorts, including both untargeted analyses and specific targeted
molecular assessments, have the potential to further advance the field and advance
care for women at highest risk for HDP. Further, advances in the use of noninvasive biomarkers (which include evaluation from blood and urine during pregnancy)
and integration of patient-level (e.g., individual medical or obstetric history) and
novel neighborhood-level (e.g., factors present in one’s home environment, ranging
from community social vulnerabilities to air pollutants to the presence of green
space-collectively termed the “built environment”) risk factors, have enhanced
predictive capabilities. Finally, this presentation will review how these environmental
factors contribute to the underlying pathophysiology of HDP, and discuss potential
therapeutic strategies based on each of these possible underlying etiologies.
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Identification of Emerging Biomarkers of Hypertensive
Disorders of Pregnancy in Women for Use in Environmental
Health Animal Studies Using Interactive Evidence Mapping

B. Beverly. NIEHS, Research Triangle Park, NC.
A systematic evidence map is an analysis that uses systematic review methods to
compile, summarize, and visualize available evidence. Hypertensive disorders of
pregnancy (HDP) are a leading cause of maternal and fetal morbidity and mortality that disproportionally affect Black and Indigenous women. Risk factors only
account for a small percentage of cases, suggesting that other factors, such as
environmental exposures, could be contributing to HDP. The use of biomarkers for
the prediction of HDP is integral to disease stratification and targeted therapy, but
the utility, availability, and human relevance of biomarkers and mechanisms studied
in animal models remains variable. The goal of the systematic evidence map was
to characterize the key biomarkers of HDP in women and animal models and any
environmental exposures that were evaluated in those studies. Over 23,000 human
and 4,500 animal studies were identified in a comprehensive literature search and
screened for relevance. Key mechanisms or pathways contributing to HDP (e.g.,
angiogenic factors, renal dysfunction) informed the categories for the evidence
map, and studies were grouped into categories based on the biomarkers associated with those mechanisms. Demographic information including race and ethnicity were captured as well as any environmental exposures (e.g., metals, air pollution,
pesticides) evaluated. This presentation will describe the results of the evidence
mapping effort and will identify human-relevant biomarkers that can be used to
evaluate the impact of environmental exposures on HDP in animal studies, data
gaps to inform future studies, and pockets of information that might be suitable for
full systematic review.

S. Carmichael. Stanford Medicine, Stanford, CA. Sponsor: S. Snow
This presentation will review the global impact of HDP: the contribution of HDP to
subsequent maternal health, including severe maternal morbidity and mortality, and
lifelong health outcomes such as cardiovascular disease; and the impact of HDP on
infant health. There are numerous potential risk factors for HDP, including pre-existing maternal conditions, maternal weight and diet, and environmental contaminants. Racial-ethnic disparities in HDP have been reported; a range of factors may
contribute, from structural-social determinants to more proximal clinical factors.
Integration of all of this information with what is known about underlying physiologic
mechanisms that likely contribute to the development of HDP has been critical for
understanding environmental influences. Examples will be provided from research
in California using novel data resources that provide information on environmental exposures, social determinants, and clinical conditions which can be used to
understand the combined contribution of these factors to HDP. In one study, the
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Maternal Levels of Perfluoroalkyl Substances (PFAS) in Women
during Early Pregnancy in Relation to Preeclampsia Subtypes
and Biomarkers of Preeclampsia Risk

P. Bommarito. NIEHS, Durham, NC.
Prenatal exposure to perfluoroalkyl substances (PFAS) has been previously associated with preeclampsia, although findings are mixed with respect to the direction
and magnitude of effect. No studies have examined associations between PFAS
and preeclampsia subtypes (i.e., early- and late-onset), which may have distinct
etiologies. In addition, the association between PFAS and maternal angiogenic
biomarkers, which provide an estimate of pro- and anti-angiogenic activity within
the placenta, was estimated. This case-control study (n = 75 cases, n = 75 controls)
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was sampled from the LIFECODES birth cohort. Nine legacy PFAS were quantified
in maternal plasma from early pregnancy and soluble fms-like tyrosine kinase-1
(sFLT-1) and placental growth factor (PlGF) were quantified in maternal plasma
from four study visits. We estimated associations between PFAS, preeclampsia
subtypes, and angiogenic biomarkers using both single-pollutant and multi-pollutant approaches. In our single pollutant approach, both perfluorodecanoic acid
(odds ratio [OR]: 1.76, 95% confidence interval [CI]: 1.07, 2.91) and perfluorooctanesulfonic acid (OR: 2.29, 95% CI: 1.21, 4.35) were associated with higher odds of
late-onset preeclampsia, though associations were null for early-onset preeclampsia. Using quantile g-computation as a multi-pollutant approach, a simultaneous
one-quartile increase in PFAS was associated with higher odds of late-onset
preeclampsia (OR: 2.28, 95% CI: 1.12, 4.64). Few associations were noted with
PFAS and angiogenic biomarkers. These findings suggest that PFAS may be more
strongly associated with late-onset preeclampsia. Moreover, they highlight the need
to account for disease heterogeneity in the study of preeclampsia as populations
may have different distributions of disease subtypes.
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Placenta: The Link between Perfluorobutanesulfonic Acid or
a North Carolina PFAS Mixture and Hypertensive Disorders of
Pregnancy in Humans and Rabbits

L. Feng. Duke University, Durham, NC. Sponsor: S. Snow
We investigated the effects of per- and polyfluoroalkyl substances (PFAS) on
the risk and biomarkers of preeclampsia. PFAS are a class of chemicals that are
generally persistent and ubiquitous in the environment, but certain communities
face disproportionate exposure risk. For instance, sum PFAS concentrations up to
1,076 ng/L and 270 ng/L were measured at drinking water intakes and in finished
household drinking water, respectively, in Pittsboro, North Carolina. These numbers
are >30 times higher than those in the neighboring city of Durham and are strikingly
higher than surrounding cities. Blood levels of PFAS are between 2-4 times higher
in Pittsboro residents than the general US population. To understand the health
impact of PFAS exposure in Pittsboro, relevant pregnancy endpoints were evaluated
in female New Zealand White rabbits supplied control or PFAS-contaminated
drinking water, which was formulated with PFAS to resemble levels measured in tap
water collected from Pittsboro (10 PFAS compounds; total PFAS load = 758 ng/L).
Maternal PFAS exposure led to increased body weight, corrected for gravid uterus
weight, and liver weight and decreased gravid uterus weight and fetus number. Five
PFAS-exposed dams were observed to have small soft lesions across the uterus,
and two dams had late fetal resorptions, all of which was not observed in controls.
Absolute placenta weight from exposed dams trended heavier than control placentas. There was no change in fetal body weight, crown rump length, and brain weight.
Maternal blood pressure, taken via indirect doppler arterial measurements at
baseline and gestation day 25, showed PFAS-exposed dams with increased mean
arterial blood pressure as compared to control dams. On-going work is investigating physiology and function of target organs through pathology, serum biomarker
assays (e.g., angiogenesis, lipid profile, oxidative stress, inflammatory responses),
hormone measurements, and related gene and protein expression. Among the
commonly detected 10 PFAS compounds in the PFAS mixture, an alternative to
a toxic legacy compound PFBS is associated with higher risk of HDP in our birth
cohort study. Further studies demonstrate one of the possible mechanisms of this
association is that PFBS exposure disrupts placental trophoblast functions including cell proliferation, migration, invasion, and endocrine production.
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The Use of Doppler Ultrasonography in Quantifying
Pre-eclamptic Risk in Rodents: Insights from Maternal
Exposures to Ozone and Cadmium

C. Miller. US EPA, Research Triangle Park, NC.
Ultrasonography is a robust imaging platform used to diagnose various cardiovascular conditions and identify structural alterations non-invasively. In addition
to its use in monitoring fetal development, Doppler ultrasound is often employed
to detect potential adverse blood flow patterns within the maternal-fetal compartment. While ultrasonography is standard care of practice in obstetrics, its use in
preclinical models of maternal and fetal toxicity is still in its infancy. Nonetheless,
as seen in humans, impaired blood flow in the uterine and spiral arteries is associated with adverse pregnancy outcomes including gestational hypertension, growth
restriction, and fetal loss in rats and mice. In our work, we have begun to incorporate
this noninvasive and translatable imaging platform to characterize the effects of
maternal exposure to pollutants of interest. This presentation will review the basics
of uterine vascular remodeling and how alterations in this process can contribute
to both maternal and fetal demise. Furthermore, we will discuss the use of Doppler
ultrasonography to investigate the impacts of pollutants on vascular remodeling
in preclinical models utilizing our work with ozone, noise stress, and cadmium
as notable examples. Uterine artery Doppler ultrasound waveform patterns from
pregnant Long-Evans rats will be presented. We will review how differences in
these patterns have led to our mechanistic understanding of how early pregnancy
ozone exposure may impair fetal growth, namely by altering arterial impedance in
mid-gestation and preventing the typical reduction in resistance seen in control
pregnancies. This abstract does not reflect US EPA policy.
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In Vitro Considerations for Predicting Retinal Toxicities

V. Bantseev. Genentech Inc., Redwood City, CA.
The advent of intravitreal (ITV) ocular biotherapeutics has revolutionized the
treatment of retinal diseases and brought immense medical benefits to patients.
While substantial experience was gained on the nonclinical safety toxicology study
design, dose selection, endpoint evaluation, and data interpretation to enable
clinical development, novel modalities or formulation excipients are evaluated via in
vivo ITV studies. Currently, availability of complex in vitro, in silico, and ex vivo tools
for predicting in vivo ITV retinal toxicities are in the early stages of considerations.
The goal of this session is to share the current knowledge and strategies for in
vitro consideration for predicting toxicities and promote further innovative research
in this novel area. The industry and academia experts will share experience, case
examples, and data from recent years as well as provide thought-provoking strategies as the initial steps, with an ultimate goal to identify complex in vitro systems
that will predict retinal toxicities in the near future. The first speaker will discuss
considerations for in vitro evaluation of retinal toxicities, share challenges, and
review strategies. Ocular toxicity and drug disposition are currently evaluated in
vivo only. The second speaker will bring a concept of organotypic ocular perfusion
system as an application, discussing advantages and limitations of the system.
Novel and highly human-specific therapeutic modalities for retinal diseases present
a challenge that limits the pharmacologically relevant cross-reactive animal species
available for nonclinical assessment. The third speaker will highlight examples of
recent developments in complex in vitro retinal models for the advancement of
drug discovery and opportunities for the application as predictive in vitro models
for retinal drug safety testing. Currently available in vitro models for use in retinal
research lack the complexities of retinal structure. The fourth speaker will discuss
the development of human-induced pluripotent stem cell (hiPSC)-derived retinal
organoids and their potential application for in vitro evaluation of retinal toxicities.
Limitations and opportunities of this complex in vitro system will be discussed. In
vitro to in vivo translatability of retinal toxicity is often unknown. The final speaker
will share a case study for the in vitro (primary human retinal pigment epithelial cells) to in vivo (rabbits and cynomolgus monkeys) correlation of two novel
sustained delivery formulations for ITV administration. At the end, a Q&A session
will engage the audience on the presented topics for further discussion. Attendees
of this session will have a better understanding of the current approaches and
strategies for the in vitro considerations for predicting retinal toxicities.
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Considerations for Utilizing Complex In Vitro Tools and In Silico
Systems to Predict Retinal Toxicity following ITV Administration

N. Tassew. Genentech Inc., South San Francisco, CA.
From the toxicological perspectives, the intravitreal (ITV) route of administration
is relatively new and there is much unknown about formulations that can be safety
administered in the eye. Often times, toxicological data may exist for the systemic
route of administration of an excipient. However, safety data cannot be directly
extrapolated if it is novel for intravitreal application. Novel ITV excipients and
formulation are commonly assessed in animal studies due to the lack of physiologically relevant in vitro models to predict retinal toxicities. Thus, there is a need for
implementing complex in vitro systems that will allow rapid formulation screens in
the discovery phase of ocular drug development, thereby reducing the need for in
vivo studies and speeding up decision making. Computational tools can also aid by
providing structural data to exclude formulation components that may have safety
liabilities. This presentation will review safety assessment strategies encountered
in adopting complex in silico and in vitro tools to predict retinal toxicity.
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Application of Organotypic Ocular Perfusion to Assess
Intravitreal Drug Toxicity and Disposition

J. Sivak. University of Toronto, Toronto, ON, Canada. Sponsor: V. Bantseev
The impact of intraocular fluid dynamics on intravitreal (ITV) drug toxicity and distribution has remained very challenging to study. For example, a prominent issue
observed with preclinical ITV formulations has been the anterior movement of
particles from the vitreal compartment to the anterior chamber, which can result
in serious adverse events. Due to key anatomical differences between animal
model tissues and fluid dynamics, and the inability to obtain equivalent human data,
investigating or predicting these issues has been very difficult. To address this
critical problem, we developed an organotypic perfusion strategy using methods
to re-establish the anterior flow of simulated aqueous humor and homeostatic
intraocular pressure. We performed a series of optimizations and validations in
porcine, non-human primate, and human eyes, to study ITV particle movements.
Both live and perfused animal models, as well as perfused human donor eyes, were
compared favorably using ITV injections of test particles, small molecule suspensions, and antibody formulations. Remarkably, even though only anterior perfusion
was applied, retinal viability, cytoarchitecture, and particle distribution were also
strongly preserved with this approach. These studies reveal the critical impact of
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physiological fluid flow and pressure on retinal tissue and suggest expanded use of
this model to study retinal toxicity and distribution of preclinical formulations in an
organotypic setting.
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Retinal In Vitro Models for Drug Safety Testing: Challenges and
Opportunities

S. Kustermann. F. Hoffmann-La Roche Ltd., Basel, Switzerland.
Novel, highly human-specific therapeutic modality candidates for retinal diseases,
such as RNA therapeutics, bi-specific antibodies, or gene therapy, present both
advantages and challenges. While such novel therapeutic modalities promise to
address the unmet medical need or reduce intravitreal (ITV) injection frequency,
developing such therapeutic candidates present additional challenges due to their
inherent specificity that limits the pharmacologically relevant cross-reactive animal
species available for nonclinical safety assessment. Such a challenge drives a need
for human relevant in vitro models. Recent progress in retina in vitro models, such
as retinal organoids, offers a promise to fill this gap and supports early safety
testing of drug candidates. This presentation will highlight examples of recent
developments in human complex in vitro retinal models for the advancement of
drug discovery and opportunities for the application as predictive in vitro models
for retinal drug safety testing. We explored a long-term human retinal explant model
to investigate mechanisms of chloroquine-induced retinopathy where we recapitulated features of in vivo pathomechanisms, such as lysosomal accumulation and
photoreceptor degeneration, while the inner parts of the retina remained preserved.
Combining retinal organoids with a microfluidic chip device, we were able to model
two major routes of drug administration to the eye: Systemic and ITV administration. By adding the vascular component to the model, we recreated features
of a monkey or human choroid, which we have applied as an exploratory model
for pre-clinical safety testing. The blood retina barrier (BRB) is another critical
component of the regulation of the retinal microenvironment. We have developed
an inner BRB model on a chip, which enables the analysis of barrier properties for
safety testing or as a disease model.

1265

Application of Human-Induced Pluripotent Stem Cells (hiPSC)Derived Retinal Organoids for In Vitro Drug Development:
Limitations and Opportunities

V. Chichagova. NewCells Biotech Limited, Newcastle Upon Tyne, United Kingdom.
Sponsor: V. Bantseev
Current in vitro models available for the use in retinal research and drug development are limited by poor recapitulation of human retinal physiology as seen in
various animal models and cell models lacking the complexity of retinal structure
and function. Induced pluripotent stem cell-(iPSC) derived retinal organoids mimic
early retinogenesis, resulting in a laminated retinal structure containing major retinal
cell types, and demonstrate functional features including the ability to respond to
light. Here we describe the development of robust production approaches to allow
routine supply of retinal organoids and their application in early drug development.
The generation of human retinal organoids using a self-organizing differentiation
approach typically takes 150+ days. Understanding the key parameters that effect
variability and defining quality measurements are key steps in providing a retinal
organoid platform that can provide predictive data. We show two examples where
retinal organoids can be applied in early drug discovery: The ability to predict
retinal toxicity; and assessing the effectiveness of AAV vectors for delivering gene
therapy. While retinal organoid technology has advanced significantly over the last
ten years, there are still areas that need development. We assess the landscape of
development opportunities being pursued and describe our own work to address
the lack of immune competent cells in retinal organoids. Further development and
characterization of the retinal organoid model will provide the missing link between
compound screening and clinical trials and serve as a model for testing the efficacy
and safety of drugs.
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In Vitro to In Vivo Correlation of Retinal Toxicity Utilizing Primary
Human RPE Cells: ITV of Acetyl Triethyl Citrate and Benzyl
Benzoate in Monkeys and Rabbits as an Example

R. Andaya. Genentech Inc., South San Francisco, CA. Sponsor: V. Bantseev
The challenge for nonclinical considerations for evaluating novel intravitreal
(ITV)-administered excipient and therapeutics is related to the limited in vivo data,
and often requires preclinical in vivo ITV assessments for empirical identification
of potential ITV toxicities. Adding to this challenge, in vitro to in vivo prediction for
ITV toxicity remains an unmet need. A case study, where we evaluated the in vivo
(rabbits and cynomolgus monkeys) and in vitro (primary human retinal pigment
epithelial cells) safety correlation of two solvents, acetyl triethyl citrate (ATEC) and
benzyl benzoate (BB), as novel sustained delivery formulations for ITV administration, will be presented, and challenges and opportunities for in vitro assessment will
be discussed.
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Lung Lipids in Xenobiotic-Induced Tissue Injury and Disease
Pathogenesis

J. Shannahan. Purdue University, West Lafayette, IN.
Accumulating evidence suggests that disruption in lung lipids is a key factor
contributing to the toxicity of diverse pulmonary toxicants. Lipids are readily oxidizable targets that can facilitate inflammation, injury, and physiological dysfunction.
The lung is a lipid-rich organ that is persistently challenged by a variety of inhaled
insults, including particulate matter, reactive gases, and chemical agents, as well as
pathogens that can induce pulmonary inflammation and injury leading to diminished
lung function and chronic disease. Recently, investigations have begun to highlight
the importance of lipid dysregulation in the lung inflammation and injury induced
following xenobiotic exposures. This session aims to provide an overview of our
current knowledge concerning the toxicological and pathological consequences
associated with xenobiotic-induced disruption of pulmonary lipid homeostasis.
Specifically, the session will critically examine signaling via pulmonary lipids and
their bioactive metabolites following inhaled exposures. This session will examine
a variety of xenobiotics as well as toxicological mechanisms by which lipid dysregulation contributes to pulmonary inflammation and injury. Specifically, presentations on ozone, nanoparticles, mustard gas, and aerosols generated from electronic
nicotine delivery systems will be included. Further, it will specifically address biological variables, such as sex and the presence of underlying chronic disease, that
can differentially impact lipid homeostasis, resulting in variable adverse pulmonary
health effects. Toxicity mechanisms related to pulmonary lipid dysregulation
include xenobiotic-induced alterations in lipid metabolism, inflammation signaling (initiation and resolution), biocorona formation, macrophage polarization, and
modified susceptibility to pathogen challenges. Overall, participants attending this
session will gain knowledge regarding the field’s current understanding of lipid-mediated pulmonary toxicity following xenobiotic exposures.
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Introduction to Lipids in Pulmonary Toxicology

I. Jaspers. University of North Carolina at Chapel Hill, Chapel Hill, NC.
Lipids in the lung perform essential functions, such as surfactants in the lower
respiratory tract. More emerging observations on pro-resolving lipid mediators and
enzymatically generated oxysterols, such as 25-hydroxycholesterol and 27-hydroxycholesterol, highlight the important immune regulatory functions of lipids. Inhalation
of lipids can cause lipid pneumonia, a pathology that was initially associated with
e-cigarette and vaping-product associated lung injury (EVALI). In addition, inhaled
toxicants and oxidants can react with lung lipids, particularly unsaturated bonds
found in phosphatidylcholines and cholesterol, to form lipid oxidation products
(LOPs), which are capable of forming protein adducts and altering normal cellular
function. Hence, lipids in the lung, either endogenously present, inhaled, or modified
through inhaled toxicants, present a class of mediators with very diverse functions
in the context of inhalation toxicology mediating disease outcomes.
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Emerging Roles for Sterols in Pulmonary Innate Immunity and
Resilience

M. Fessler. NIEHS, Research Triangle Park, NC. Sponsor: J. Shannahan
The lungs have not traditionally been considered as a participant in transport
and metabolism of cholesterol. However, work from our lab and others has
shown that the lungs have substantial steady state cholesterol flux that is gated
by ATP-Binding Cassette (ABC)G1 and other lipid transporters, and that cholesterol flux is coupled to innate and adaptive immune responses in the lung. Plasma
membrane (lipid raft) cholesterol in resident alveolar macrophages and epithelial
cells coordinately regulates pro-inflammatory signal transduction and neutrophilic
influx to initiate innate immune responses to environmental irritants. For example,
whereas in alveolar macrophages, ABCG1 controls pro-inflammatory cytokine
induction in response to inhaled lipopolysaccharide and pathogens through limiting
lipid raft cholesterol and raft-dependent Toll-like Receptor signaling, in alveolar
epithelial type 1 cells, the cholesterol-binding protein Epithelial Membrane Protein
2 ensures proper organization of lipid rafts required for cognate interactions with
neutrophils in transit to the infected alveolus. In addition to its membrane-structural
roles, cholesterol in the lung also serves as a dynamic metabolic substate, undergoing enzymatic conversion into soluble bioactive oxysterols that exert paracellular
regulatory action during inflammation. Thus, cholesterol-25-hydroxylase (CH25H),
an enzyme highly expressed in the lung, protects against conversion of alveolar
macrophages to lipid-laden “foam cells” during inflammation and promotes Liver
X Receptor-dependent resolution of neutrophilia through generation of 25-hydroxycholesterol. Cholestenoic acid, a CYP27A1-derived oxysterol, is also robustly
generated by alveolar macrophages and serves as an informative biomarker during
clinical acute lung injury. Of interest, increased alveolar macrophage foam cells are
observed after a wide range of inhaled exposures and in virtually every category
of chronic lung disease. Cholesterol dysregulation may thus lie on and perhaps
contribute causally to a final common pathway in pulmonary pathophysiology.
Interventions to restore pulmonary cholesterol homeostasis carry promise as a
novel avenue for lung disease therapy.
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Sex and the Pulmonary Lipidome in Xenobiotic-Induced
Inflammation

K. Gowdy. Ohio State University, Columbus, OH.
There are sex differences in lipids and lipid metabolism that influence inflammation,
however, how these dimorphic responses contribute to the pulmonary response
to inhaled toxicants/xenobiotics has largely been understudied. It has been well
described that exposure to criteria air pollutants alter pulmonary production of lipid
mediators, both proinflammatory and proresolving, but if this has sex-dependent
differences is unknown. Recent work from our lab has utilized a murine ozone (O3)
inhalation exposure model to assess sex-dependent differences in pulmonary lipids
and lipid mediator production. Our data show significant increases in several pro-inflammatory lipid mediators including 12S-HETE, PGF2a, and PGE2 following O3
exposure in females, when compared to males, following O3 exposure; specialized
pro-resolving mediators (SPMs) 14(S)-HDHA, 17(S)-HDHA, PDX, and RvD5 were
also significantly increased in lung tissue from females when compared to males.
Precursor fatty acids arachidonic acid (AA) and DHA were also increased in female
lung tissue at baseline and following O3 exposure. Furthermore, pulmonary expression of enzymes important in synthesizing polyunsaturated fatty acids, such as
elongation of very long chain fatty acids-2 (ELOVL-2), were upregulated in females
following exposure. Interestingly, these findings were independent of ovary producing hormones, as evidenced by examining ovariectomized female mice. Taken
together, these data indicate that inhaled toxicants/xenobiotic, including O3, cause
sex-dependent differences in the pulmonary lipids and lipid metabolism that can
influence the pulmonary and immune response to these exposures likely contributing to pathology.
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Lipid-Mediated Mechanisms of Exacerbated NanoparticleInduced Pulmonary Toxicity in Metabolic Syndrome

J. Shannahan. Purdue University, West Lafayette, IN.
Individuals suffering from chronic diseases are sensitive to environmental inhalation exposures demonstrating exacerbated pulmonary toxicity and inflammation.
Lipid dysregulation is associated with numerous chronic diseases and likely contributes to enhanced toxicity observed in these susceptible populations. Nanosized
particulate matter represents a significant portion of inhaled air pollutants, while
engineered nanomaterials are an emerging exposure due to their increased utilization across a variety of fields and applications. Following inhalation, nanoparticles
associate biomolecules (lipids, proteins, etc.) on their surface, forming a biocorona.
The formation of this biocorona is dependent upon nanoparticle characteristics,
time, and the physiological environment which is modified in disease conditions.
The biocorona alters cell interactions and signaling, resulting in modified toxicity.
Additionally, lipids are intricately involved in the inflammatory process, facilitating
initiation and resolution signaling. Dysregulation of these lipid mediators due to
underlying disease may result in exacerbated and sustained inflammation predisposing individuals to toxicity and disease progression. Using a variety of models
as well as molecular, ‘omic, and interventional approaches, we have elucidated
mechanisms of exacerbated pulmonary toxicity in metabolic syndrome following nanoparticle exposure. Our data indicate the formation of distinct nanoparticle-biocoronas in metabolic syndrome compared to healthy. The addition of this
metabolic syndrome biocorona enhances nanoparticle-induced inflammatory
response compared to the biocorona that forms in healthy conditions. Further, our
data demonstrate that pulmonary lipid mediators of resolution and their receptors
are modified following nanoparticle exposures with exacerbated effects occurring
due to underlying metabolic syndrome. These alterations result in enhanced and
sustained pulmonary inflammation which can be attenuated through interventions that modulate lipid homeostasis, including statins and supplementation with
lipid mediator precursors. Together, these studies demonstrate alterations in lipid
homeostasis associated with prevalent chronic diseases contribute to increased
susceptibility and may represent mechanistic targets for intervention.
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Role of Lung Lipids in Macrophage Foam Cell Formation and
Pulmonary Fibrosis

D. Laskin. Rutgers, The State University of New Jersey, Piscataway, NJ.
Macrophages play a key role in lung lipid handling. Disruption in this activity following exposure to fibrogenic pulmonary toxicants is linked to formation of foam cells,
an M2-like macrophage expressing high levels of scavenger receptors (e.g. CD36),
lipid transporters (e.g. ABCA1), and lipid chaperones (e.g. ApoE). Using a rodent
model of pulmonary fibrosis induced by the cytotoxic vesicant, nitrogen mustard
(NM), we are investigating mechanisms regulating foam cell formation. After NM
exposure, a time-related increase in enlarged vacuolated macrophages is observed
in the lungs. By 28 days postexposure, coordinate with fibrosis, lung macrophages
stain positively for Oil Red O, a marker of neutral lipids. This correlates with lung
macrophage accumulation of oxidized phospholipids and increases in lung
phospholipids and cholesterol and alterations in surfactant proteins. Treatment
of naïve lung macrophages with phospholipid and cholesterol-enriched large
aggregate fractions of lung lavage fluid prepared three days after NM exposure

results in upregulation of Nos2 and Ptgs2, markers of proinflammatory M1 activation, whereas large aggregate fractions prepared 28 days post NM upregulate the
anti-inflammatory M2 markers, Il10, Cd163, and Cx3cr1, and induce formation of
lipid-laden foamy macrophages. RNA-sequencing of isolated macrophages and
immunostaining of lung sections revealed lipid handling pathways under the
control of the transcription factors liver-X receptor (LXR), farnesoid-X receptor
(FXR), and peroxisome proliferator-activated receptor (PPAR)g, are downregulated
following NM exposure. To explore FXR in regulating macrophage phenotypic
activation and foam cell formation, we utilized knockout mice. Loss of FXR results
in protracted activation of the transcription factor NFkB, persistent M1 macrophage
activation, and chronic inflammation; this is associated with decreases in NR4A1
activation, a driver of M1 macrophage reprogramming and the development of
M2 repair macrophages. FXR agonist treatment blunts the effects of NM on NFkB
and M1 macrophage activity; this is correlated with suppression of dyslipidemia
and a reduction in macrophage foam cell formation and fibrosis. Taken together,
data demonstrate the importance of xenobiotic-induced dyslipidemia in foam
cell formation and fibrogenesis and identify potential approaches for mitigating
disease.
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Chronic Exposure to Electronic Cigarettes Disrupts Lipid
Homeostasis in the Lungs

F. Kheradmand. Baylor College of Medicine, Houston, TX. Sponsor: J. Shannahan
Electronic cigarettes (e-cigs) are gaining popularity among never, former, and
active smokers who are persuaded by intense ad campaigns branding them as
a safer alternative to conventional cigarettes. However, preclinical models and
human case reports have shown that heated and aerosolized contents in electronic
nicotine delivery systems (ENDS) such as propylene glycol (PG) and vegetable
glycerol (VG) are not a safe alternative to smoking. Mouse models have provided
several novel pathophysiological discoveries related to the toxic effects of e-cig
exposure. Compared with smoke exposure, mice receiving chronic ENDS vapor
failed to develop a similar pattern of lung inflammation or emphysema. However,
ENDS exposure, independent of nicotine, altered lipid homeostasis in alveolar
macrophages and lung epithelial cells. Comprehensive lipidomic and structural
analyses of the lungs revealed aberrant phospholipids in alveolar macrophages
and increased surfactant-associated phospholipids in the airway. In addition to
ENDS-induced lipid deposition, chronic ENDS vapor exposure downregulated innate
immunity against viral pathogens in resident macrophages. Moreover, independent
of nicotine, ENDS-exposed mice infected with influenza demonstrated enhanced
lung inflammation and tissue damage. Chronic e-cigarette vapor aberrantly alters
the physiology of lung epithelial cells and resident immune cells and promotes
poor response to viral infections. These findings reveal the potential harm of
ENDS-associated products indicating the need for new guidelines regarding their
safety.
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Optimizing the Design of Repeated-Dose Animal Studies to
Inform Human Health Risk Assessment by Integrating Exposure,
In Vitro, and In Silico Data

Q. Zhang. Emory University, Atlanta, GA.
Next-generation risk assessment increasingly adopts animal alternative
approaches; however, the need for certain fit-for-purpose animal testing is expected
to remain in the foreseeable future. Such testing provides unique information that is
unmatched by the alternatives, including systemic exposure, cross-scale endpoint
responses, dose-response relationships, and insight into the role of toxicokinetics and potential mechanisms of toxic action. It is crucial to optimize the study
design of long-term, repeated-dose testing by leveraging complementary data with
a mindset of minimizing animal use. Many data generated from in vitro, in silico,
and exposure assessment methods can be integrated to help optimize several
aspects of animal study design, including dose selection, and identification and
monitoring of biomarkers predictive of apical adverse outcomes. The initial step
is dose selection via understanding human exposure scenarios and how they
drive systemic exposure. Through several case studies, the first presentation
will highlight that many rigorously scrutinized and peer-reviewed exposure data
resources and approaches can be utilized to estimate exposures. The second
presentation will introduce a range of resources, including in vitro and in silico
approaches, databases, and computational models, that can be compiled into
toolboxes to estimate systemic exposure. OECD principles and other guidelines
for validating in silico methods will be highlighted to encourage the generation
of reproducible and reliable kinetic data. The third presentation will illustrate the
utilization of physiologically based pharmacokinetic models to optimize animal
toxicity studies with several examples, including calculating dose metrics relevant
to toxicity and predicting the impact of nonlinear kinetics on the relationship
between administered doses and systemic exposure. The fourth presentation will
focus on how to extract mechanistic mode-of-action/adverse outcome pathway
(MOA/AOP) information from biochemical, molecular, and ’omic assays to
identify sensitive biomarkers/bioindicators for monitoring progression of adverse
outcomes in longer-term in vivo studies. These mechanism-based biomarkers can
be used in lieu of traditional satellite in vivo studies to inform study design. The
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last presentation will summarize an integrated weight of evidence approach that
collectively leverages existing and new science and a combination of in vitro and in
silico techniques to replace or reduce the use of animals. Optimal study design will
be presented illustrating how exposure, in vitro studies, short-term in vivo studies
with integrated endpoints, MOA/AOP hypothesis, and computational modeling can
be used to design long-term studies that are more interpretable and relevant to
human risk assessment.

1275

Consideration of Exposure in the Design of Repeat-Dose Toxicity
Studies

M. Embry. HESI, Washington, DC.
Exposure estimation is essential for chemical risk assessment. Estimates of
human exposure can be used in a fit-for-purpose manner to inform appropriate
dose selection when used in concert with other available information (e.g., in silico,
in vitro, and in vivo). Understanding exposure patterns, levels, and the associated
uncertainty and variability is critical when designing toxicity studies so that the
results are relevant to actual human exposures. There are many exposure data
resources and approaches available that are applicable to various exposure
contexts and tiers. Generally, these approaches have received public scrutiny
and peer review to ensure their rigor. Several case studies will be presented that
illustrate how human exposures to a wide range of industrial and environmental chemicals relate to the dose levels used in repeat-dose studies, and how the
exposure estimates can be used in concert with other lines of evidence to improve
study design.

1276

An In Vitro/In Silico Toolbox for Estimating Chemical-Specific
Kinetic Processes

A. Paini. esqLABS GmbH, Saterland, Germany.
Chemical-specific absorption, distribution, metabolism, excretion (ADME) determine
how exposure/administered dose can be delivered to tissues eliciting biological/
toxicological responses. ADME parameters (such as maximal metabolic rate,
dermal absorption rate, and plasma protein binding) can be obtained from a range
of resources, including in vitro and in silico approaches, and literature/databases.
This presentation will give a taste of these various resources by compiling a toolbox
of methods that allow for estimating ADME parameters to investigate interspecies
differences in dose-response, evaluate intra-species variability, or parameterize
physiologically based kinetic (PBK) models to understand the relationship between
exposure/administered dose and systemic exposure. To gain confidence in using
in vitro and in silico methodologies to estimate ADME parameters, several guidance
documents are available for evaluating the quality of these methods. For example,
the OECD has defined five principles for validating Quantitative Structure-Activity
Relationship (QSAR) models, and these principles are applicable to QSARs used to
predict ADME parameters such as intestinal absorption, hepatic enzyme affinities,
or plasma protein binding. In cases where ADME parameters are measured in vitro,
several documents are available to provide guidance on how to generate reproducible and reliable in vitro data. In the absence of standardized in vitro methods,
in vitro ADME data should be generated in accordance with the OECD guidance
document on “Good In Vitro Method Practices.” These guidance documents encourage conducting high quality studies by reporting how in silico and in vitro data can
be measured or calculated in a transparent way, also, to support the development
of PBK models, as reported in the recently published OECD PBK modeling guidance.
To illustrate how to gain trust in estimation of in vitro/in silico kinetic process, case
studies using caffeine and estragole will be presented.
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Applying Physiologically Based Pharmacokinetic (PBPK)
Modeling to Design and Optimize Animal Toxicity Studies

C. Tan. US EPA, Research Triangle Park, NC.
In chemical safety assessment, PBPK modeling has primarily been applied to
conduct extrapolations, such as from animals to humans or route-to-route. For
these applications, PBPK model predictions must demonstrate concordance with in
vivo time-concentration or dose-response data. As more in vitro and in silico tools
are available to predict enzyme and transporter functions in tissues, PBPK models
can be constructed with less in vivo data to organize available data/knowledge and
test hypothesis during the early stage of a safety testing program. For example,
PBPK models can be used to calculate alternative measures of internal dose to
find the one that best correlates with toxic effects. PBPK models can also be used
to characterize relationships between potential toxic moiety/dose metrics (such
as peak concentration, rate of metabolism) and early biochemical responses to
determine whether these relationships are consistent with mode of action hypothesis. These models can also integrate short-term in vivo data and in vitro/in silico-estimated ADME parameters to explore how one or more nonlinearities in kinetic
processes influence the relationship between exposure/administered dose and
internal dose. Several simulation case studies, i.e., caffeine, will be presented to

demonstrate how PBPK modeling can be used to integrate in vitro, in silico, and in
vivo data to better support dose selection and placement in animal toxicity studies,
so that these studies are informative and human relevant.

1278

Using Adverse Outcome Pathways (AOPs) to Support TieredTesting Strategies for Toxicity Assessment

S. Edwards. RTI International, Durham, NC.
This presentation will focus on the aspect of using mechanistically based response
data for repeated-dose study optimization, as recommended by OECD. The AOP
framework was designed to organize and integrate toxicity information from
different data streams, which include new approach methodologies (NAMs) and
biomarkers for early-stage endpoints from shorter-term in vivo studies. Just as
exposure estimates from kinetic data/modeling inform doses for in vitro toxicity
testing, the AOP can assist in the selection of in vitro assays, short-term in vivo
studies, and molecular epidemiology studies in humans to complement traditional
animal studies. Recent work has expanded the use of ontologies describing AOPs
with a particular focus on explicitly connecting toxicity measurements/biomarkers
to the corresponding key events within the AOP. These advances allow AOPs to
better inform study design for long-term, repeated-dose animal studies by highlighting the early-stage endpoints most relevant for a given chemical based on its in
silico and in vitro toxicity profile, rather than the traditional use of satellite animals.
AOP information on taxonomic and life stage applicability, coupled with direct
information regarding molecular biomarker alterations from observational studies
in humans, help inform the human relevance evaluation. Another advantage of the
ontology expansion is support for predictive models that can borrow information
from existing chemicals that act through a common AOP when making quantitative
dose-response predictions, which can help with dose selection. A case study will
demonstrate the use of Bayesian networks with informed priors guided by the key
event relationships of an AOP to optimize the selection of doses, integrate information from non-animal sources, and better leverage existing data when examining
and interpreting apical endpoints in laboratory animals.
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Integrated Weight of Evidence (WoE) Approach to Optimize
Animal Toxicity Studies

J. Domoradzki. Corteva Agriscience, Indianapolis, IN.
An integrated WoE approach to optimize study design leveraging complementary
data with a goal of reducing animal use and utilizing existing and newly available
science, in vitro and in silico techniques as well as all toxicology information
available on a molecule is in contrast to a traditional in vivo only testing approach.
A clear understanding of measured and predicted human exposures validates the
relevance of this approach for deriving POD from these animal studies for human
health risk assessments. Key factors that contribute to dose selection include
what is known about the chemical class or chemical through QSAR, preliminary in
vitro and short-term in vivo studies, and in silico predictive models early in product
development. Of prime importance is understanding how systemic exposure
relates to external dose and the mode of action for toxic effects. In vitro studies and
in silico predictive models increase understanding of a chemical and at the same
time reduce animal use. Case studies will be presented, i.e., sulfoxaflor. Optimal
study design will be presented illustrating how in vitro studies, short-term in vivo
studies with integrated endpoints, MOA/AOP hypothesis, and PK modeling can be
used to design long term studies that are more interpretable and relevant to human
risk assessment.
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PFAS Sum versus Some? The Science and Policy of Mixtures

T. Webster. Boston University School of Public Health, Boston, MA.
Human exposure to per- and polyfluoroalkyl substances (PFAS) is ubiquitous,
with mixtures of PFAS detected in drinking water, food, household dust, and other
exposure sources as well as human serum. A current major effort for regulatory
agencies is setting limitations for PFAS mixture concentrations in drinking water,
typically focusing on a small number of compounds (PFAS limits in food and other
media also are proposed). The connection between concentrations in water and
human serum is important for cross-species extrapolation, the use of epidemiologic
data, and risk communication. Toxicologists also are working on understanding the
ways in which PFAS may work together additively or interact (e.g., synergistically),
contrasting experimental results with models such as relative potency factors, dose
addition, and generalizations of the latter. They also are applying new approach
methodologies to less well-studied PFAS that are not yet covered by regulations.
This session will compare efforts in the scientific and regulatory communities on
this important problem. A goal of the session is to identify gaps between what the
science tells us and the needs of regulators and risk assessors. The speakers will
be briefly introduced by the Chair, providing an overview of scientific and policy
aspects of PFAS exposure and mixtures and outlining the structure of the session.
The first speaker will describe the basis for the Massachusetts drinking water
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standard using the sum of the concentrations of five PFAS. The second speaker will
discuss pharmacokinetic models linking exposure (including water) to four PFAS
to human serum levels. The third and fourth speakers will discuss toxicological
experiments examining effects of PFAS mixtures: in vitro testing of PFAS mixtures
using a PPARalpha reporter system, comparing results with various mixtures
prediction models, and cellular expression changes in human primary hepatocytes
with complex interactions observed. Given the very large number of PFAS—with
lack of much data on most—the final speaker will discuss options being considered
in the EU for alternative regulatory mechanisms such as class approaches that
require less data than traditional risk assessment. The speakers will be followed by
a panel discussion session, with the goal of identifying gaps, research needs, and
policy questions. This session is designed for laboratory scientists, modelers, risk
assessors, and regulators. Attendees will learn about current laboratory methods
being used to examine effects of PFAS mixtures, the real-world practices and
needs of regulators, and research questions that can be explored to help fill the gap
between these communities.
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MassDEP’s Subgroup Approach to Regulating PFAS Mixtures in
Drinking Water

M. Smith, and S. Baird. Massachusetts Department of Environmental Protection,
Boston, MA.
The toxicological database for the thousands of per- and polyfluorinated substances
(PFAS) varies, ranging from extensive to non-existent. Multiple PFAS are included
in standard test methods for drinking water (DW). Subgrouping approaches based
on surrogates and structural similarities provide an avenue to address PFAS. As no
federal DW standards have been adopted for any PFAS, Massachusetts (MA) and
several other states have promulgated DW standards or guidelines. To address
PFAS in drinking water, MA has regulated a subgroup of six longer-chain PFAS that
are +/- two carbons in chain length vs. perfluorooctanonic acid (PFOA) and perfluorooctane sulfonic acid (PFOS). Termed PFAS6, these include PFOA, PFOS, perfluorohexane sulfonic acid (PFHxS), perfluorononanoic acid (PFNA), perfluoroheptanoic acid (PFHpA), and perfluorodecanoic acid (PFDA). This regulatory approach
is based on close structural similarity and, where data exits, similarity in toxicity
profiles and comparative potencies across the subgroup. Comparative potencies
were evaluated using data from the National Toxicology Program (NTP) 28-day
rat toxicity studies. These experiments addressed seven PFAS chemicals, PFOA,
PFOS, PFHxS, PFNA, perfluorobutane sulfonic acid (PFBS), perfluorohexanoic acid
(PFHxA), and PFDA and provide a unique data set allowing for potency evaluations
across a set of effects in the same test system. Our evaluation focused on five of
the six longer-chain PFAS falling within +/- two carbons of PFOA and PFOS. All of
these are included in standard US EPA DW test methods and have been detected
in MA DW. The sixth PFAS in this group included in the NTP assessment, PFHxA,
exhibits considerably lower applied dose toxicity compared to the others and was
not included. Our comparative potency assessment focused on liver and thyroid
effects observed in the NTP study using a Bayesian benchmark dose approach and
considered dose-response metrics and extrapolation to human equivalent doses.
Relative potencies compared to PFOA, using internal dose metrics and human
equivalent doses for each endpoint, ranged from one to a maximum of five, with
a majority falling within a factor of two. The relative consistency in the potency
estimates for these sensitive responses across this subgroup of PFAS supports an
additive, equipotent, and regulatory approach when mixtures of these PFAS occur
in DW supplies.
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Data Needs for PFAS Pharmacokinetic Models

M. Lynch1, W. Chiu2, C. Lay1, and R. Rogers3. 1Abt Associates Inc., Cambridge, MA;
2Texas A&M University, College Station, TX; and 3CDC/ATSDR, Atlanta, GA.
Pharmacokinetic models are useful tools to predict serum levels of PFAS given
exposure through drinking water or other pathways. We developed probabilistic
one-compartment pharmacokinetic models to estimate serum PFAS (PFOA, PFOS,
PFHxS, and PFNA) level for individuals drinking water contaminated with these
PFAS. Currently, our models estimate one PFAS at a time, and also incorporate
“background” exposure to PFAS from non-drinking water sources. Our serum
estimation models will be available in a user-friendly web tool so that individuals
exposed through to known drinking water contamination can estimate their serum
levels. Additionally, these models will be useful to inform epidemiological studies
and risk-based standards. In addition to water PFAS concentration, body weight,
and tap water intake, these pharmacokinetic models rely on half-life and volume
of distribution (Vd). Because the half-lives and Vd of the 4 PFAS species studies
showed a wide range of values in the literature, we calibrated these two parameters. Using communities with both known PFAS water contamination and serum
PFAS levels at either the community or individual level, we undertook and extensive
calibration and validation of these two parameters by Bayesian analysis for use in
future models. There were challenges associated with obtaining sufficient data to
calibrate and validate the models over all ages, and little information was acceptable to account for site-specific PFAS levels from non-drinking water sources. We
briefly present the validation results, and discuss the limitation of available data,

and implications for understanding the impact this will have on future estimates
of PFAS serum levels given exposures from multiple routes and to multiple PFAS
at once.
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Predicting the Effects of Per- and Polyfluoroalkyl Substance
Mixtures on Peroxisome Proliferator-Activated Receptor Alpha
Activity In Vitro

G. Nielsen, J. Schlezinger, W. Heiger-Bernays, and T. Webster. Boston University School
of Public Health, Boston, MA.
Per- and Polyfluoroalkyl Substances (PFAS) occur as mixtures in water, food,
air, and other exposure media. Animal toxicity studies and human epidemiology
indicate that PFAS may operate through shared mechanisms including activation
of peroxisome proliferator activated receptor a (PPARa). Accurately predicting
the effects of PFAS mixtures on key molecular initiating events such as PPARa
activation can further our understanding of downstream health consequences
of exposure to PFAS mixtures. We therefore tested the ability of three modeling
approaches to predict the effect of diverse PPARa ligands and PFAS on receptor
activity using Cos7 cells transiently transfected with a full length human PPARa
expression construct and a peroxisome proliferator response element-driven
luciferase reporter. The three modeling approaches we tested include relative
potency factor (RPF), effect summation (ES), and generalized concentration
addition (GCA). Validation experiments showed that RPF and GCA predicted experimental activity with mixtures of full human PPARa agonists while ES over-predicted
activity especially at high concentrations. We then characterized the effect of
multiple PFAS with diverse structures on human PPARa activity. Three perfluorinated carboxylic acids (PFCA), including perfluorooctanoic acid, perfluorononanoic acid, and hexafluoropropylene oxide dimer acid, acted as full human PPARa
agonists, while three perfluorinated sulfonic acids (PFSA), including perfluorooctane sulfonic acid, Nafion byproduct-2, and perfluorohexane sulfonic acid acted as
partial agonists that varied in efficacy between 28-67% of positive control levels.
GCA and RPF performed equally well at predicting the effects of mixtures with
three PFCAs that had similar efficacy but differed in potency. However, only GCA
predicted experimental activity with mixtures of PFSAs and mixtures of PFSAs
and PFCAs that differed in both potency and efficacy. Effect summation again
performed poorly at predicting mixture activity, especially at high concentrations.

1284

Understanding PFAS-PFAS Interactions in Hepatocyte and
Mouse Models of Steatosis

A. Slitt. University of Rhode Island, Kingston, RI.
Perfluoroalkyl substances (PFAS) exposure in humans is ubiquitous and their long
elimination half-life is concerning for human health effects. Although some PFAS
have been removed from the commercial market, numerous PFAS remain, with
some being detected in human serum and liver samples. PFAS, such as perfluorooctanoic acid (PFOA), perfluorooctanesulfonic acid (PFOS), perfluorohexane
sulfonate (PFHxS), and perfluorobutanesulfonic acid (PFBS), have been detected in
drinking water, are detected in human sera samples, and present in human breast
milk. Yet few studies address interactions and treatment paradigms of these PFAS
together. We tested the hypothesis that low, exposure relevant PFAS mixtures act
synergistically to induce cellular expression changes, whereas higher PFAS mixture
concentrations result in a null effect or result in PFAS-PFAS interactions. Human
primary hepatocytes were treated with PFBS, PFHxS, PFOS, or PFOA (35 pm - 35
uM) alone or in combination. Targeted gene expression was evaluated 48 hours
later. It was observed that for some combinations, a single PFAS at 35 pm did not
alter gene expression, but in combination was effective inducing gene expression.
At PFAS higher concentrations, some of the observed interactions disappeared,
suggesting that the PFAS might compete with each other for entry into the hepatocyte. In a mouse model of developmental exposure, we observed that PFAS in a
mixture had altered the serum and liver concentrations compared to the individual
PFAS. Overall, our data suggest that PFAS-PFAS interactions are complex and likely
to be concentration or dose dependent.
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Preventing Harm from PFAS: How Much Knowledge of
Toxicology Is Needed?

X. Trier. European Environment Agency, Copenhagen, Denmark. Sponsor: T. Webster
Preventing harm of the 9000+ known PFAS presents a daunting challenge for
scientists and policy makers. Risk management relies on inputs from hazard
characterizations and exposure assessments. However, with the continuous
innovation and emission of new chemicals, risk assessments struggle to keep
up, as data are costly, take time to produce, and mechanisms are not in all cases
in place to generate the data for single substances, let alone for mixtures. A key
question is therefore how much data on hazards and exposure is needed before
regulations can be put in place? The dilemma is illustrated in the tolerable weekly
intake (TWI) set for four PFAS (PFOA, PFNA, PFHxS, PFOS) by the European Food
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Safety Authority (EFSA). Here simple concentration addition is used, though
perfluorinated carboxylic and sulfonic alkyl acids might have different modes of
actions for the lead toxicological endpoints. Likewise, an environmental quality
standard for 24 PFAS in water is currently being discussed and relative potency
factors have been proposed; the 24 PFAS have different molecular structures and
different modes of action. Meanwhile, the ability to generate hazard as well as
exposure data is challenged by the lack of access to commercially available pure
chemical standards, as recently illustrated in the Solvay-Wellington C6O4 PFAS
case. Recognizing these aspects of delay, difficulty, and costs in getting data, and
the challenge to obtain full scientific rigor for chemicals that do not have a full
hazard characterization, the EU chemicals strategy for sustainability has called
for additional risk governance tools to manage and prevent chemical pollution.
Examples include a mixture allocation factor (MAF) to address risks from combined
sources of chemical mixtures, to regulate PFAS as a class, to avoid non-essential uses of substances of concern, and to make safe and sustainable by design
chemicals and materials. The question remains of how to prevent future regrettable
substitution, both from PFAS as well as other chemical groups, when we still do not
fully understand which intrinsic PFAS properties cause the perturbation of systems
they are inserted to. From this European perspective, the stage will be set for a
broader discussion on the role of toxicology for regulatory purposes.

1286

State-of-the-Science on Thyroid Hormone Regulation and
Disruption during Neurodevelopment

B. Hannas. Corteva Agriscience, Newark, DE.
Thyroid hormone signaling controls normal metabolism, growth, reproduction, and
neurodevelopment. Recently, thyroid hormone endpoints have been incorporated
into numerous regulatory guideline studies used for safety testing of chemicals,
given that thyroid hormones play integral roles in brain development. There
has been considerable discussion regarding the interpretation of serum thyroid
hormone data and whether these testing strategies in rodents are a suitable model
for humans. Furthermore, there is uncertainty with regard to the impact of thyroid
hormone changes on neurodevelopment endpoints depending on the molecular initiating event. For example, do compounds that impact circulating levels of
thyroid hormones through indirect mechanisms (i.e., liver enzyme induction) have
the potential to impact neurodevelopment-like compounds acting directly on the
thyroid gland? This session will focus on the current state-of-the-science regarding
the evaluation of thyroid-disrupting chemicals, including data gaps in quantitative
adverse outcome pathways (AOPs), implications of species differences in thyroid
hormone regulation for extrapolating between toxicity models and humans, and
current and future research directions to fill these gaps. The first presenter will
focus on the output of the ECETOC Thyroid Task Force, convened to compile and
enhance current knowledge of maternal thyroid hormone imbalance and neurodevelopmental effects in the progeny in the context of new European Union regulatory
requirements. The next presentation will provide clinical perspectives on thyroid
hormone imbalance in pregnant women and relevance of neurodevelopmental
parameters evaluated in toxicity studies. The following presenter will describe how
to expand our understanding of the mechanisms by which normal thyroid function
is perturbed by external stressors by introducing a machine-learning approach to
compiling data for organizing thyroid AOPs and how this could be leveraged as
a decision-making tool. Finally, the last two presentations will describe primary
research focused on model compounds for either indirect- or direct-acting thyroid
hormone effects. These presentations will profile the impact of different MIEs on
downstream key events potentially leading to developmental neurotoxicity adverse
outcomes. This session will provide a timely showcase of research and data gap
filling that will be valuable in thyroid regulatory decision-making.

1287

ECETOC Thyroid Task Force Outcome: Toward a ScienceBased Testing Strategy to Identify Maternal Thyroid Hormone
Imbalance and Neurodevelopmental Effects in the Progeny

S. Melching-Kollmuss. BASF SE, Ludwigshafen, Germany. Sponsor: B. Hannas
There is a paucity of data to describe the extent to which species differences in
thyroid hormone metabolism and transport impact the transferability of observations seen in in vivo rodent studies to human safety. To address uncertainty associated with testing strategies described in the EFSA/ECHA Guidance on Endocrine
Disruptors, the ECETOC Thyroid Task Force (TF) performed an extensive literature
review of published relevant human and animal studies and held a meeting with
external regulatory and academic experts to identify which experimental data are
key to determine whether a substance-induced increase in liver enzymes and TH
clearance does (or does not) result in impaired neurodevelopment. Rodent toxicity
studies showed that substances affecting the thyroid system often do so through
induction of liver enzymes (mainly uridine diphosphate glucuronosyltransferases-UGTs, but possibly also sulfotransferases), that lead, via increased thyroid
hormone (TH) conjugation, to increased TH clearance, decreased circulating TH,
and consequent alterations in the thyroid gland itself. By contrast, the available
human evidence is insufficient to establish such a causal link, as UGT or liver
enzyme measurements in humans are not collected in the clinic, thus unavailable for comparison with the extensive laboratory rodent data. One of the major

scientific and regulatory uncertainties is to establish whether such substance-mediated maternal UGT-induced TH clearance may ultimately lead to neurodevelopmental impairment. This presentation will set the stage for the current toxicology
data regulatory requirements for thyroid and describe the results of TF review and
expert meeting, which includes how MIE/KE evaluations can support identification
of potential thyroid modes-of-action and add relevant information to a weight of
evidence assessment. This work also highlights the key data gaps, where focused
research efforts could provide critical information, which is needed for a more
refined regulatory decision making. Ongoing research in some of these areas will
be described in the subsequent talks in the session.

1288

Human Evidence on the Association of Maternal Thyroid
Hormone Availability and Fetal Neurodevelopment

A. Derakhshan. Erasmus University Medical Center, Rotterdam, Netherlands.
Sponsor: B. Hannas
While there are very clear results from in vitro and animal studies that show that
thyroid hormone is an important regulator of various mechanisms involved in fetal
brain development, translation to human data is complicated. First, human-specific
physiological mechanisms differ from those in animals as is reflected by recent
studies that provided more insights on the timing and magnitude of the effects
of low thyroid function on fetal brain development. Second, although various
outcomes can be ascertained to quantify the effects such as IQ, ADHD, autism,
or brain morphology using imaging, these all likely reflect different aspects and
cannot be interpreted in a similar manner. Finally, in many studies that are currently
available, important methodological decisions have been made that directly impact
the interpretation of the results of these studies, particularly randomized trials. This
presentation will focus on these three points to provide a helicopter overview of
what we know about the association of maternal thyroid function in early pregnancy
with fetal brain development in humans, but also what we do not know and how
experimental studies could help to move this field forward. The potential role of
thyroid disruptors as a determinant of altered fetal brain development via inducing
low maternal thyroid hormone availability will also be discussed.

1289

Efficiently Mining the Published Literature for Inventorying and
Organizing Thyroid AOP Information

K. Markey. US EPA, Research Triangle Park, NC. Sponsor: B. Hannas
The complex regulation of thyroid hormones together with unexplored biology
presents challenges when designing processes to support the performance-based
evaluation of the low- and high-throughput approaches to assess thyroid relevant
endpoints. We describe a stepwise and systematic inventory and review of the
literature to characterize, refine, and expand our understanding of the mechanisms
by which normal thyroid function is perturbed by external stressors. With over a
million abstracts to inventory, we developed an efficient workflow leveraging
machine learning and use of lexical resources such as ontologies to minimize the
manual effort required. These efforts inform multiple goals, including characterizing AOPs and AOP networks, identification of reference chemicals, and identification of test methods, which will collectively inform the development and evaluations of a HT screening battery to assess substances for the potential to perturb
thyroid function. The first step involves utilizing natural language processing to
generate and annotate a literature corpus that can be queried and narrowed to
support targeted manual review. The manual review 1) links the existing literature
to the potential key events in putative or established AOPs; 2) identifies potential
key events not included in these networks; and 3) trains adaptive machine learning
models. This included collecting information by event categories (e.g., MIE and
KE) as well as by event component construction (e.g., object, process, context) to
enable binning of the literature and interrogation of evidence by pathway, key event
(such as molecular initiating event), lifestage, species, or other anchoring domain
of interest. The event component construct incorporates ontologies to standardize
terminology and the semantics of the AOP description. The tool includes an active
learning and adaptive component to adjust predictions in real time as more training
data becomes available as the manual review proceeds. The resulting project
demonstrates the utility of applying evidence-based approaches in a stepwise
manner, as well as highlights opportunities for computational assistance to reduce
manual resources. The views expressed in this presentation are those of the authors
and do not necessarily reflect the views or policies of the US EPA.

1290

Characterization of Maternal Liver Enzyme Induction Effects on
Thyroid-Related Endpoints in Offspring

R. Ghaffari. Corteva Agriscience, Newark, DE.
Adequate supply of thyroid hormone is essential for brain development. Since
maternal thyroid hormone compromises a significant portion of the fetal thyroid
hormone supply, the fetal brain is potentially susceptible to chemical exposures
that impair the mother’s thyroid resources. Nevertheless, the complex interplay
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between effects on maternal serum thyroid hormone levels and fetal homeostatic
compensatory mechanisms for maintaining the appropriate concentration of
bioactive thyroid hormone (triiodothyronine; T3) in the developing CNS can be
influenced by toxicodynamic and toxicokinetic factors. Indeed, recent studies
with chemicals causing direct-acting or indirect-acting thyroid hormone changes
in dams during critical periods for offspring neurodevelopment demonstrate
different outcomes for endpoints such as histopathological lesions in the brain.
Therefore, the studies described in this presentation focused on characterizing the
dose-response for thyroid-related endpoints in the serum, thyroid gland, brain, and
liver in Sprague-Dawley rat dams and fetuses following gestational exposure to a
classical liver enzyme inducer model compound, phenobarbital. Dams displayed a
dose responsive reduction in serum T4 and T3 levels, with reductions compared to
control at the highest treatment group (1200 ppm, equivalent to intake of approximately 80 mg/kg/day) on GD 17 of 39% and 24% respectively; and on GD 21 of
39% and 21%, respectively. Moreover, fetuses from dams at the highest treatment
group displayed reduction in both T4 and T3 levels (30% and 29%, respectively) at
the end of gestation on GD 21. There were no changes in TSH level observed in both
dams and fetuses in any treatment groups. These results will be put into context
with thyroid homeostatic endpoints including thyroid histopathology, liver enzyme
induction, gene expression and histopathology, and fetal brain thyroid hormone
levels and expression of associated genes. This work will provide information
on the sensitivity of offspring to thyroid hormone disruption and downstream
key events following maternal gestation exposure to a prototypical liver enzyme
inducer. This data is important for contextualizing serum thyroid hormone data
collected across guideline toxicity studies for similarly acting chemicals.

1291

Biomarkers of Neurodevelopmental Effect Are Crucial to
Interpret Chemical Action In Vivo

K. O’Shaughnessy. US EPA, Research Triangle Park, NC.
One of the primary concerns of thyroid-disrupting chemicals is their potential
impact on neurodevelopment, as thyroid hormones control normal brain patterning
and function. As such, some standardized developmental and reproductive toxicity
studies suggest or require serum T4 measures in rats. However, the developing
brain is not often examined in parallel, so it is unclear when/if a serum T4 deficit
is adverse. To address this data gap, we have been characterizing mechanisms
of thyroid-dependent neurotoxicity in rats and have identified several potential
biomarkers of abnormal brain development. This basic science work will be
discussed, and then presented in the context of a perfluoroalkyl substance, perfluorohexanesulfonate (PFHxS). PFHxS is hypothesized to reduce serum T4 by multiple
mechanisms in vivo, although its neurotoxic potential is unclear. We show that
a maternal exposure to PFHxS reduces serum T4 in both the exposed dam and
pups as compared to controls. Surprisingly, brain T4 and T3 in PFHxS-exposed
neonates was largely unaffected, and our immunochemical markers of neonatal
thyroid dysfunction in the neonatal brain appeared normal. This includes a typical
appearance of neural progenitors that mediate cell migration and no evidence of
one thyroid dependent phenotype. However, RNA-Sequencing (RNA-Seq) of the
developing liver and brain suggests that PFHxS has multiple mechanisms of action
in vivo, and the brain may still be affected by a thyroid dysregulation during later
development. This work shows that environmental contaminants have complex
biological effects and demonstrates how molecular biomarkers including transcriptomics may improve chemical assessment. This work does not necessarily reflect
US EPA policy.
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The Use of Alternative Methods to Assess Chemical Toxicity
and Risk in Military and Aerospace Exposure Scenarios

E. Reinke. US Army Public Health Center, Aberdeen Proving Ground, MD.
A comprehensive understanding of the toxicity of chemical compounds is an innate
requirement of the US Department of Defense (DOD) and the National Aeronautics
and Space Administration (NASA) in support of military material development
and in understanding the unique land, air, and space environments where occupational exposures occur. Rapid progress in the field of toxicology highlights the use
of alternative methods that can inform and improve chemical assessments to
meet these unique needs. The use of alternative methods presents a challenge
for DOD/NASA toxicologists due to the complicated chemistries of the materials
that are under assessment, which can include low solubility, high toxicity, and
a lack of feasible comparators to use across the range of in vitro and in silico
methods currently available or under development. DOD/NASA toxicologists and
risk assessors also must consider the varied environments in which potential
exposures may occur. Urban, remote, wet, dry, subterranean, submarine, high
g-force, and zero-g orbital environments can alter the exposure outcomes of materials of concern and must be accounted for in the development and use of alternative
methods. Although this session will focus on the unique concerns of military and
space exposure scenarios, the in vitro and in silico approaches discussed have
wide applicability across the field of toxicology, enabling complex mixtures and
other exposure contexts to be assessed. The goal of this session is to examine
a range of alternative methods, including the strengths and limitations of these
methods. To achieve this, several experts representing industry, academia, DOD,

and NASA will discuss the development of these technologies and their current use
in studies covering advanced human cell culture models, in silico models that can
be used to ascertain health hazard, and the policies that drive the implementation
of these methods across DOD and NASA. The session will address questions such
as: What are the unique toxicological needs/challenges of your organization/collaborations with DOD/NASA that are being addressed with your model? How does your
model differ from the legacy in vitro and animal models? What specific chemical
assessment case study demonstrates both successes and disappointments of
your model? What challenges need to be overcome to further implement nonmammalian alternatives? Attendees of this session will gain an understanding of the
unique challenges that the DOD/NASA must overcome to provide comprehensive
toxicity assessments utilizing nonmammalian alternatives and how scientists are
surmounting these limitations. The discussion to follow will allow for speakers to
further confer about areas of concern, ideas for future development, and areas that
are ripe for innovation in addressing both the specific needs of DOD/NASA and the
field of toxicology at large associated with this topic.
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Advancing Alternative Methods for Assessing Chemical Toxicity
in the Department of Defense

P. Underwood. Under Secretary of Defense for Acquisition and Sustainment, Alexandria,
VA. Sponsor: E. Reinke
The US Department of Defense (DOD) Office of Environment and Energy Resilience
recognizes the importance of incorporating sustainable chemical choices into
new weapon system development as well as in the maintenance and operation of
existing weapon systems. Although DOD acquisition policies require that safety
considerations related to toxic or hazardous substances be addressed throughout
the lifecycle of a weapon system, better frameworks are needed to ensure that more
sustainable chemical choices are adopted. Ideally, decisions regarding chemical
use would strive to balance mission-critical performance criteria with selection
of chemicals having the lowest toxicities. Realistically, lengthy and costly toxicity
studies needed to gain insights on new or data-poor chemicals hinder the ability
to inform such trade-offs. Advancing alternative methods for assessing chemical
toxicity provides a much needed capability to integrate sustainable chemical
choices into weapon system development by offering shortened time lines and
reduced costs. To support overarching DOD sustainable chemistry policies, there
is an immediate need to mature the most promising alternatives methods such as
organ-on-a-chip and in silico testing through validation so that they may emerge
as standardized tests methods. This presentation will discuss how the DOD is
writing policy to enable more widespread use of alternative methods to ensure
more sustainable chemistry choices and provide some specific examples of where
alternative methods have decreased the time and cost of toxicity assessment.
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A New Approach Method Using a Brain Organoid-Based Testing
Strategy for Neurotoxicity and Research on Countermeasures

L. Smirnova. Johns Hopkins University, Baltimore, MD.
The main goal of our research is to develop a testing strategy based on our human
3D iPSC-derived brain model for fast and robust neurotoxicological assessment of
chemicals and chemical mixtures. So far we have been testing pesticides (rotenone,
chlorpyrifos), heavy metal mixtures (lead, arsenic, cadmium, chromium), flame
retardants, PAHs, and the antidepressant paroxetine in this model for (developmental) neurotoxicity. Specifically to flame retardants, we are comparing legacy and
new chemicals introduced as potential safer replacement. However, little is known
about those chemicals. Thus, we are addressing the safety or those replacement
flame retardants with our model. Our iPSC-derived BrainSphere model covers many
key features of brain homeostasis, which allows multiplexing of assays. Currently,
we are developing an assay using CRISPR/Cas9 knock-in fluorescent tags for
neural markers (6-in-1 BrainSphere assay). This should increase neurotoxicity
testing throughput. In collaboration with DOD, we have two ongoing projects on (1)
developing a 3D MEA Mini-brain seizurogenic model, where immune components
(microglia) are incorporated and effects of toxicants with potential seizurogenic
activity are measured with multi-electrode arrays (MEAs). To optimize the electrical
recording, in collaboration with bioengineers, 3D MEAs have been developed. We
use this platform to record electrical activity of brain organoids in 3D, organoid
electroencephalogram (EEG). This dramatically increases signal-to-noise ratio and
is more physiological than 2D MEAs. (2) In collaboration with the Air Force, hypoxia
effects on myelination in high performance fighter jet flight is addressed. We also
address the myelination and demyelination process as well as oligodendrogenesis in general with the goal of establishing a medium to high-throughput (de)
myelinating platform screening based on oligodendrocyte reporter assay and high
content imaging. Taken together, although 3D systems present some challenges
in regard to readout optimization and complexity, they represent more physiologically relevant models to study human-specific molecular and cellular responses
to environmental stress. iPSC-derived BrainSpheres represent a versatile tool not
only for mechanistic understanding of diseases, but also screening chemicals and
provide additional models to expand countermeasure research.
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1295

Applying Organ-on-Chip Technology to Inform Risk

J. Sliz. Emulate Inc., Boston, MA. Sponsor: E. Reinke
Organ-Chips (OC) are considered a breakthrough technology due to their ability to
recreate the natural physiology and mechanical forces cells experience within the
human body. These features enable the OCs to better predict human response to
drugs and chemicals and overcome limitations of legacy in vitro and animal models.
Emulate has collaborated with Army and Air Force researchers to explore how OCs
can help the DOD fill data gaps and demonstrate their use to inform exposure
guidelines to militarily relevant materials, environmental hazards, and man-made
and natural chemicals. In one example, Emulate’s OC instrumentation was modified
so that specific gas environments could be created around the cells within a chip.
This enabled Air Force researchers to study how different oxygen treatments, which
are sometimes utilized by jet pilots, impacted the human Brain-Chip. A different
application of this gas control allowed researchers to culture synthetic microbiome in a human Gut-Chip and quantify their ability to improve various functional
outcomes. In a different example, Emulate worked with Air Force researchers to
test new chip designs that are intended to support more complicated exposure
routes like aerosol delivery to the Lung-Chip or topical ointments to a Skin-Chip.
Here we will discuss these use cases and the new OC features that were required to
enable these DOD applications.

1296

Rapid Identification of Health Outcomes and Risk Estimations
Using In Silico Tools

L. Burgoon. US Army Engineer Research and Development Center, Vicksburg, MS.
As part of our national security posture, the US Department of Defense (DOD)
performs exercises and simulations to study the impacts of military materials on
human health and the environment. Recently, we have developed rapid computational methods to help risk assessors and risk managers understand the impacts
of military operations on the environment and human activities, including impacts
on agriculture and potential developmental toxicity. In this presentation, we will
discuss how virtual livestock models were used to understand impacts on food
safety and security following a virtual nuclear weapon detonation. Given the nature
of this work, including nuclear test bans, alternative toxicology models were the
only feasible approach. Our virtual livestock models combined existing information about nuclear weapon physical effects (fires, overpressure, temperature) with
information about survivability, and used physiologically based pharmacodynamic
models developed for veterinary studies and combined them with radioisotope
data from livestock fed nuclear fallout. Using our models and nuclear weapon blast
information, we have been able to determine nuclear weapon and blast characteristics that will cause safe/unsafe levels of radioisotopes to be present in livestock
muscle. We will also discuss our artificial intelligence computer vision developmental toxicity screening technology that classifies zebrafish embryo toxicity
endpoints. This new technology has been used to screen toxicity effects of several
per- and polyfluoroalkyl substances (PFAS) in a very rapid way. This will help the
US Army rapidly screen PFAS and facilitate the DOD’s search for safer alternative
substances and materials.

1297

The Next Giant Leap for Toxicology in Space?

V. Ryder. NASA Johnson Space Center, Houston, TX.
Spaceflight toxicologists face unique exposure conditions and physiological
changes in microgravity. NASA has generally been successful in applying conservative safety factors to ground-based data to protect spaceflight crews, but there
are some examples of unexpected sensitivity, including a correlation between CO2
levels and headache at levels much lower than expected based on ground studies,
as well as unique materials, such as lunar dust, that are limited in availability. As
such, it is highly desirable to perform comparative toxicity studies in flight; however,
these are limited by mass, hardware design for operation in microgravity, and crew
time. These restrictions limit the use of traditional animal testing. A recent collaboration between the Center for the Advancement of Science in Space (CASIS) and
the National Center for Advancing Translational Sciences (NCATS) has opened
the door to organ-on-a-chip platforms in space. The hardware challenges associated with microfluidics in a microgravity environment present unique challenges
that can be overcome through collaboration with engineering colleagues. However,
these platforms will provide an opportunity for establishing spaceflight-relevant
limits for future space travelers.

1298

a judgment of reliability based on whether the study design followed guidelines
(e.g., OECD or US EPA) or similar standards. The increased uptake of systematic
review has prompted an evolution of such approaches, bringing about both newer
criteria and more consistent, structured processes. Under systematic review,
individual study quality and relevance are typically evaluated using risk-of-bias
tools and inclusion/exclusion criteria, respectively. The evolution of study assessment methods presents challenges and opportunities for toxicologists and safety
assessors. First and foremost is the recognition and understanding of terminology
and criteria. Risk of bias, for example, relates to internal validity and is impacted
by study design features that may introduce systematic error, or deviation from
the truth, in results or inferences. Potential biases vary in magnitude and direction
(i.e., toward or away from null). More confidence is placed in studies with a lower
potential risk of bias. Methodological attributes in study design and conduct are
assessed, either qualitatively or quantitatively, according to domains (e.g., selection
bias) adopted from evidence-based medicine. Though these domains overlap
with reliability attributes traditionally used in toxicology, several aspects are new.
There is also an increased recognition of the impact of reporting quality, where
some study attributes are not reported, despite being planned and conducted. This
session will provide an overview and individual presenters will provide international perspectives on individual study assessment and illustrate both the range
of methods and key shared features. Presenters will demonstrate fit-for-purpose
assessment methods for different types of data or study designs, including particular challenges (e.g., mechanistic data or in vitro studies). The session will show
the continued evolution of best practices for study quality evaluation and introduce
the importance of quality assessment and tools to improve the effectiveness of
peer review in scientific publishing. Presenters will illustrate how traditional reliability and relevance are addressed in current approaches built around risk of bias
and ongoing efforts to refine study quality approaches. Practical experience has
repeatedly demonstrated that improved understanding of study quality expectations is beneficial to both primary researchers and hazard/risk assessors. Thus,
there is a major opportunity in this session to connect with students, postdoctoral
fellows, and researchers at any level to provide information that will translate into
improved conduct and reporting of original science that will enable greater utility of
that science for the assessment communities.

2000

Evaluating Performance of In Silico Models in Predicting Dermal
Sensitization and Irritation

E. Q. Ednacot1,2, C. Hasselgren2, L. T. Anger2, J. Graham2, W. Muster3, and C. Moudgal2.
1California Polytechnic State Institute San Luis Obispo, San Luis Obispo, CA; 2Genentech
Inc., South San Francisco, CA; and 3F. Hoffmann-La Roche Ltd, Basel, Switzerland.
Progressive regulations and guidelines support a turn towards alternative toxicology test methods such as in silico platforms. The EU cosmetic industry regulations
prohibit in vivo toxicological testing; and guidelines such as ICH M7 and OECD
497 provide guidance on the application of in silico models to predict mutagenicity and skin sensitization end points, respectively. In the pharmaceutical industry,
in silico methods are especially useful where relevant data to identify toxicological hazards such as dermal sensitization and irritation are generally unavailable
for novel compounds. Occupational skin disease is included amongst the seven
most common occupational illnesses. With this in mind, three in silico models
were evaluated to determine their ability to predict dermal sensitization and dermal
irritation health hazards in the Roche pharmaceutical chemical space. Compounds
with in vivo experimental data for comparison were selected and included 21
which had sensitization data and 21 which had irritation data. Model outputs were
compared to in vivo results using binary classification and were evaluated for
sensitivity and accuracy. Expert review was also utilized to interpret the results.
While all compounds were within the applicability domain for two of the queried
models, 12/21 were within the domain for one of the models. With regards to
dermal sensitization predictions, our results showed that all three models had high
levels of sensitivity (100%, 71%, and 71%), respectively. With regards to dermal
irritation predictions the models evaluated demonstrated 0% sensitivity for known
irritants showing that there is room for improvement in dermal irritation models.
Additionally, 10/12 of the compounds evaluated for dermal irritation, were outside
of the applicability domain of one of the models. This work highlights the favorable
performance of dermal sensitization models in the pharmaceutical chemical
space, as well as the need to enhance models for the dermal irritation endpoint.
Through collaborations with model developers, companies have the ability to assist
in improving model performance and in turn increasing the models’ applications
within pharmaceutical safety.

How Does Your Study Measure Up? The Evolution of Study
Quality Evaluations in Toxicology and Risk Assessment

A. Rooney. NIEHS/NTP, Research Triangle Park, NC.
Study quality assessment is a fundamental step in toxicological evaluations and
risk assessments. Approaches for critically assessing research vary by organization and have evolved considerably over time. Historically, study “quality” was
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2001

Modification of the Skin Allergy Risk Assessment (SARA) Model
for GHS Classification and Its Application to Isothiazolinone
Case Studies

G. Reynolds1, J. Reynolds1, N. Gilmour1, J. Strickland2, D. Germolec3, J. Traux2, D. Allen2,
G. Maxwell1, and N. Kleinstreuer3. 1Unilever, Sharnbrook, Bedfordshire, United Kingdom;
2Integrated Laboratory Systems Inc., Research Triangle Park, NC; and 3NIEHS/NICEATM,
Research Triangle Park, NC.
The Skin Allergy Risk Assessment (SARA) Model is a defined approach designed
to provide a weight of evidence prediction for use within a skin sensitisation risk
assessment. It is based upon Bayesian statistics and predicts a human relevant
point of departure termed ED01 (i.e., the dose with a 1% chance of inducing sensitisation following a human repeat insult patch test (HRIPT) exposure). The PoD can
currently be inferred using any combination of HRIPT, in vivo local lymph node
assay (LLNA), and non-animal method (NAM [in chemico direct peptide reactivity
assay (DPRA), and in vitro KeratinoSens, h-CLAT or U-SENS]) data. A collaboration between Unilever and NICEATM (NTP Interagency Center for the Evaluation
of Alternative Toxicological Methods) seeks to develop the model by expanding
the core dataset beyond cosmetic ingredients and adding functionality to predict
GHS classifications. To achieve this, the probability of a chemical being a sensitiser
was introduced into the model and GHS classifications assigned to the database
chemicals where available. For a chemical of interest, the model returns the
probability of each GHS classification conditional on the distribution of the ED01.
The adapted model was evaluated as follows: for each database chemical, the
GHS classification and all data (except NAM data) were discarded. The model was
fit and probabilities for each GHS classification were obtained via two methods.
Method 1 chose the class with the highest probability; Method 2 ordered classes
(1A, 1B, NC) and then chose the most potent class with probability >0.25. Method
1 resulted in a higher percentage of correct predictions, whereas Method 2 was
more conservative with all predictions either the same class or higher. The SARA
Model was then applied to a group of isothiazolinone substances. Available historical in vivo data (HRIPT, LLNA) and NAM data were collected, and GHS classification predictions were inferred for each material using in vivo data or NAM data.
Using the NAM data, all the isothiazolinones were inferred to be sensitisers. Both
classification methods return class 1A. Comparisons to the expected ED01 for
each material were made based upon NAM data versus historical in vivo data. This
project was partially funded with federal funds from the NIEHS, NIH under Contract
No. HHSN273201500010C.

2002

Computational Modeling of (Sub)cellular Key Events in
Quantitative Adverse Outcome Pathways toward ModelInformed Human Health Risk Assessment

S. Schaller1, and H. Yang2. 1esqLABS GmbH, Saterland, Germany; and 2esqLABS GmbH,
Voorhout, Netherlands. Sponsor: N. Kramer
Cellular stress responses play a critical role in chemical-induced cellular injuries
and are often treated as key events (KEs) in many adverse outcome pathways
(AOPs) according to AOPwiki. Advanced quantitative understanding of these KEs
and key event relationship (KERs) could increase confidence of AOPs, resulting
in better support in risk assessments. To gain such quantitative understanding,
we present a generic computational modelling pipeline to quantify (sub)cellular
processes, i.e. earlier KEs and KERs. To facilitate regulatory usage, we developed
minimal computational models for cellular stress response pathways including
antioxidant-, unfolded protein response-, and DNA damage-pathways. The models
are represented as a set of ordinary differential equations, which incorporate
essential homeostasis feedbacks, biologically plausible crosstalk, and in vitro
biokinetics like EC50. To perturb (sub)cellular processes, we considered a set of
over 100 FDA-labelled drugs with defined drug-induced liver injury (DILI) classification. Our model fit well to temporal concentration-response relationships in three
pathways of HepG2 reporter cell lines treated by FDA-DILI compounds (publicly
available at BioStudies, under accession number S-BSST117). The estimated model
parameters can mechanistically characterize KEs (i.e. cellular stress response) by
informing compound-specific impact on the biochemical reactions kinetics. Some
parameters also quantify in vitro biokinetics, i.e., correctly identify EC50 values.
Furthermore, molecular descriptors for these FDA-DILI compounds were extracted
to train a regression model to predict EC50 for each stress pathway. Feature
selection was then performed to filter the most relevant descriptors to predict
EC50. As a final step, the refined regression model was validated using more than 4
thousand compounds from the tox21 program (publicly available at PubChem, with
bioassay AID 743202). The model predictions qualitatively matched the patterns of
EC50 values from active and inactive compounds in the tox21 dataset. To conclude,
our modelling work provides quantitative insights into (sub)cellular KEs and KERs
and is able to integrate physiologically based kinetics (like PKsim) and possible
other/later key events like cellular/organ injuries. We are refining our modelling
pipeline and foresee an integrated and generic modelling framework for quantitative in vitro in vivo-extrapolation (QIVIVE) to support chemical risk assessment for
various case studies (Vinken et al. 2021, PMID: 34216698). This work was supported
by the EU Horizon 2020 Grant Agreement No 963845.

2003

Next-Generation Risk Assessment Approach for Inhalation
Exposure

M. T. Baltazar1, I. Muller1, S. Cable1, A. Middleton1, A. Bowden1, H. Barlow1, and S.
Constant2. 1Unilever, Bedford, United Kingdom; and 2Epithelix, Geneva, Switzerland.
Sponsor: P. Carmichael
We are currently evaluating a next generation risk assessment (NGRA) approach
for inhalation exposures using hypothetical case studies of film-forming polymers
in personal and homecare products. Here we present one example of including
Polyhexamethyleneguanidine phosphate (PHMG) in hypothetical disinfectant
products. Cells were treated daily for up to 12 consecutive days with nebulised
PHMG at a single concentration in the MucilAir™-HF assays and at 4 concentrations in the EpiAlveolar™ system using a cloud chamber from Vitrocell®. For this
study the upper limit of the PHMG human exposure was estimated based on
published airborne concentration of 0.95 mg/m3 derived from consumer habits and
practises. To estimate the equivalent deposited mass per surface area in the lung,
the Multiple Path Particle Dosimetry Model (MPPD) was used to predict the daily,
weekly and monthly human lung exposure (µg/cm2) in the tracheobronchial and
pulmonary region. To mimic in vivo clearance of particles in the lung, MucilAir™-HF
cells were washed after 6h of treatment while EpiAlveolar™ cells were left until next
treatment 24h later. In the MucilAir™-HF experiments, TEER was measured daily,
and the following biomarkers were measured at day 1, 7 and 11: LDH, cilia beating
frequency, mucin secretion, and cytokines. In the EpiAlveolar™ system, cytokines
and oxidative stress biomarkers were measured at the same timepoints. Time and
concentration-dependent effects were modelled using a nonlinear state space
model which uses a Bayesian approach that allows for quantification of uncertainties in the model predictions. Exposure to PHMG led to a time and dose dependent
toxicity response in both cell models. Daily exposure to 2.4 µg/cm2 led to mild
inflammatory response in MucilAir™-HF cell model with no overall effect on tissue
integrity. Daily exposure of 0.1-0.2 µg/cm2 led to loss of TEER in the EpiAlveolar™
cell system accompanied by increased release of cytokine markers at early
timepoints. At a later timepoints, there was significant cytotoxicity in the alveolar
cells associated with PoDs lower than the predicted exposure. These results might
reflect the in vivo situation in humans where PHMG led to acute interstitial pneumonia with diffuse alveolar damage after these exposures.

2004

Identification and Evaluation of Candidate Analogues for
Inorganic Compounds in Read-Across Assessments

J. P. Kaiser1, K. L. Salinas2, J. Zhao1, L. Lizarraga1, H. Carlson-Lynch2, M. Kawa2, L.
Morlacci2, and M. Odin2. 1US EPA, Cincinnati, OH; and 2SRC Inc., North Syracuse, NY.
Toxicity values are unavailable for many compounds. The read-across approach
proposed by Wang et al. (2012) to address this data gap includes identification of
appropriate analogues with toxicity values and use of a weight-of-evidence (WOE)
approach to evaluate similarity between the analogues and the target based on
chemical structure, physicochemical properties, metabolism and toxicokinetics, and
toxicity and mode of action. Analogues can be grouped into three broad categories:
structural, metabolic, and toxicity-like. Although this method is routinely applied
to screening-level assessments for US EPA Peer-Reviewed Provisional Toxicity
Values (PPRTVs), it has mainly been used for organic chemicals. Application of
the approach to inorganic compounds is associated with specific challenges,
including: 1) candidate structural analogues for inorganic compounds are typically
limited to moieties present in the target (rarely, an alternate moiety toxicologically
similar to the target is considered); 2) there are no metabolic analogues; and 3)
tools used to identify analogues for organic compounds (e.g., GenRA, Comparative
Toxicogenomics Database) are not designed for inorganic compounds. Applying
the read-across approach to aluminum phosphates, metabolic and toxicity-like
analogues were not identified; structural analogues were limited to compounds
containing its two inorganic functional groups (the aluminum cation and the
inorganic phosphate anion). Candidate analogues for the aluminum moiety
(aluminum from aluminum salts) and the phosphate moiety (phosphate from
sodium/potassium or calcium phosphate salts) were identified; oral toxicity values
for these analogues are available. The WOE evaluation of the candidate analogues
relied primarily on physicochemical properties, specifically water solubility, as this
property is predictive of absorption from the gastrointestinal tract and bioavailability within the body. All candidate analogues were considered suitable because each
of the analogues is at least as soluble as aluminum phosphates (therefore, each
analogue is better absorbed and more bioavailable). Other considerations in the
WOE included evidence on accumulation of aluminum in bone and comparisons
of toxicity data for the target and analogues. The views expressed are those of the
authors and do not necessarily reflect the views and policies of the US EPA.
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2005

Comparative Analysis of Benchmark Dose Modeling between
Frequentist and Bayesian Approaches in Human Health Risk
Assessment of Pesticides

Q. Dong1, M. Geier1, K. M. Truong1, B. Brown1, B. Darsie1, C. Zhang1, K. Shao2, W.
A. Chiu3, S. Koshlukova1, P. Lohstroh1, and S. DuTeaux1. 1California Environmental
Protection Agency, Sacramento, CA; 2Indiana University School of Public Health,
Bloomington, IN; and 3Texas A&M University College of Veterinary Medicine &
Biomedical Sciences, College Station, TX.
In human health risk assessments, the Department of Pesticide Regulation (DPR)
uses a benchmark dose (BMD) approach to derive points of departure for all
data amenable to modeling. Currently, the US Environmental Protection Agency
(US EPA) utilizes the BMD Software (BMDS, versions 2.6 and 2.7) which employs
a frequentist-based statistical approach (maximum likelihood estimation) for
dose-response model fitting to estimate BMDs. More recently, a Bayesian statistics-based BMD (BBMD) methodology with a Markov chain Monte Carlo algorithm
was developed to generate distributional BMD estimates (https://benchmarkdose.
org). Previous analyses using the US EPA Integrated Risk Information System
database demonstrated that BBMD may outperform BMDS, as reflected by fewer
failed BMD calculations and inadequate BMDL estimates. Unlike BMDS, the BBMD
approach is able to quantitatively account for model uncertainty intrinsic to dose
response assessments. In this study, we compare BBMD- and BMDS-derived
BMDs from DPR’s risk assessments. We utilized datasets from pesticide toxicity
studies including those that share the same endpoint but differ in sample size
and exposure duration. For datasets that exhibit a clear dose-response relationship and have a relatively large sample size (n = 30 to 50), our results show that
these two modeling approaches generated similar BMDs although those derived
from BMDS were generally more conservative. For datasets with a dose-response
profile that plateaued over several dose intervals or those with relatively small
sample sizes (n = 3 to 10), BMDs differed significantly between the two approaches,
with BBMD-derived BMDs being more consistent with values observed with larger
sample sizes for the same endpoint. Together with the previously demonstrated
advantages, we conclude that BBMD is a powerful and reliable tool for dose-response modeling that can provide more refined probabilistic estimates for regulatory human health risk assessment.

2007

The Application of Toxicogenomics and Physiologically Based
Pharmacokinetic (PBPK) Modeling to the Human Health Risk
Assessment of Perfluorooctane Sulfonate (PFOS)

Q. Chen, W. Chou, and Z. Lin. University of Florida, Gainesville, FL.
The traditional approach for reference dose (RfD) derivation is to first quantify the
relationship between the dose and a single critical health effect, and then extrapolate the biologically/statistically significant dose (i.e., point of departure [POD])
to a RfD with uncertainty factors. Based on different critical effect selections, the
derived RfDs can be different and difficult for comparison. Moreover, the traditional
method for dosimetry extrapolation is empirical but not physiologically based. To
address these limitations, we developed a probabilistic human health risk assessment approach by integrating toxicogenomic dose-response data and physiologically based pharmacokinetic (PBPK) modeling using perfluorooctane sulfonate
(PFOS) as a case study. Based on the available human in vitro and mouse in
vivo toxicogenomic data, we identified the differential expressed genes (DEGs)
at each exposure paradigm/duration. KEGG and disease ontology enrichment
analyses were conducted on the DEGs to identify significantly enriched pathways
and diseases. The dose-response data of DEGs were analyzed using the Bayesian
benchmark dose (BMD) method. Using the PBPK model, the gene BMDs were
converted to human equivalent doses (HEDs), which were summarized to pathway
and disease HEDs and then extrapolated to RfDs. The results suggested that the
median RfDs at different exposure paradigms were similar to the latest US EPA’s
recommended RfD, while the RfDs for the most sensitive pathways and diseases
were closer to recent EFSA’s guidance values. In conclusion, genomic dose-response data and PBPK modeling can be integrated to become a useful alternative
approach in risk assessment of environmental chemicals. This approach considers
multiple endpoints, provides toxicity mechanistic insights, and does not rely on
apical toxicity endpoints.

2008

Impacts of Gestational Ozone Exposure on Fetal-Maternal
Cardiac Function and Placental Development

R. Hunter, D. Scieszka, J. Begay, M. Garcia, R. Salazar, B. Bleske, S. Lucas, G. Herbert, J.
Padilla, K. Brayer, and M. Campen. University of New Mexico, Albuquerque, NM.
Pregnancy induces a wide range of physiological changes in the body, and can
serve as a particularly vulnerable period to both the developing fetus and the
mother. Remodeling of the uterine circulation during the implantation period of
pregnancy results in hemodynamic and cardiovascular alterations as the nutrient
needs of the fetus expand. Improper vascular reorganization during placentation can result in placental insufficiency and subsequent pathological responses
to the maternal cardiac system. Gestational hypertension and preeclamp-

sia are prevalent vascular disorders that significantly increase the risk for both
premature birth as well as postnatal maternal cardiac sequelae. Air pollution is
a known inducer of vascular damage and cardiac disease, and recent research
has shown that gestational exposure to air pollution is correlated with increased
incidence of gestational hypertension and preeclampsia. The overall hypothesis of this study is that gestational exposure to ozone produces toxic systemic
effects on both the maternal cardiovascular system as well as fetal-placental
development. This study used C57BL/6 as well as Tie2GFP/FVBN mice to model
and examine how ozone exposure at early stages of gestation lead to systemic,
pathological changes in maternal vascular remodeling. An exposure paradigm of
4h x 1.0ppm ozone delivered at gestational day 10.5 was utilized to induce lung
damage, then the placentation process then proceeded normally until gestational
day 18.5, where animals were evaluated for cardiac function via echocardiographic
measurement, and tissue was harvested for analysis. Single cell RNA-sequencing
analysis of placental tissue identified altered immune activity, lipid handling, and
senescence pathways from maternally ozone exposed tissue when compared to
filtered air. Echocardiographic analysis of the GD18.5 animals revealed increased
systolic volume, which translated to a significant reduction in ejection fraction for
both maternal and fetal hearts from animals receiving ozone when compared to
filtered air controls. These persistent outcomes highlight the potential dangers
of air pollution during pregnancy, and this model serves as a starting point for
intervention studies to potentially ameliorate the effects of ozone inhalation during
gestation.

2009

Toxicity Assessments of Selected Trichloroethylene and
Perchloroethylene Metabolites in Three In Vitro Human
Placental Models

E. R. Elkin1, A. L. Su1, B. Kilburn2, K. M. Bakulski1, D. R. Armant2, and R. Loch-Caruso1.
1University of Michigan, Ann Arbor, MI; and 2Wayne State University, Detroit, MI.
Residential and occupational exposures to the industrial solvents perchloroethylene (PERC) and trichloroethylene (TCE) present public health concerns. In
humans, maternal PERC and TCE exposures can be associated with adverse birth
outcomes. Because PERC and TCE are biotransformed to toxic metabolites and
placental dysfunction can contribute to adverse birth outcomes, the present study
compared the toxicity of key PERC and TCE metabolites in three in vitro human
placenta models. We measured cell viability and caspase 3+7 activity in the HTR-8/
SVneo and BeWo cell lines, and caspase 3+7 activity in first trimester villous explant
cultures. Cultures were exposed for 24 h to 5-100 µM S-(1,2-dichlorovinyl)-Lcysteine (DCVC) and S-(1,2,2-trichlorovinyl)-L-cysteine (TCVC), or 5-200 µM trichloroacetate (TCA) and dichloroacetate (DCA). DCVC significantly reduced cell viability
and increased caspase 3+7 activity in HTR-8/SVneo cells at a lower concentration
(20 µM) compared with concentrations toxic to BeWo cells and villous explants.
Similarly, TCVC reduced cell viability and increased caspase 3+7 activity in HTR-8/
SVneo cells but not in BeWo cells. TCA and DCA had only negligible effects on
HTR-8/SVneo or BeWo cells. This study advances understanding of potential risks
of PERC and TCE exposure during pregnancy by identifying metabolites toxic in
placental cells and tissues.

2010

Varied Effects of Doxorubicin (DOX) on the Corpus Luteum of
C57BL/6 Mice during Early Pregnancy

H. Byun1, C. L. Andersen1, Y. Li1, S. Xiao2, D. M. Miller1, Z. Wang1, S. Viswanathan1, J. M.
Hancock1, J. Bromfield1, and X. Ye1. 1University of Georgia, Athens, GA; and 2Rutgers,
The State University of New Jersey, Piscataway, NJ.
For many premenopausal female cancer patients, a concern is fertility impairment
from cancer treatments, such as chemotherapy. Doxorubicin (DOX) is a common
chemotherapeutic agent and its toxicity in the ovarian follicles is well-established.
Corpus luteum (CL) is a temporary endocrine gland normally developed in an
ovulated follicle. It produces progesterone (P4) to support key early pregnancy
events. However, any potential toxicity of DOX on the CL is unknown. We hypothesized that chemotherapy could disrupt CL functions and tested this hypothesis
in C57BL/6J mice with DOX as a representative chemotherapeutic drug. On 0.5
days post coitum (D0.5), females received an intraperitoneal injection of 100 µl
1xPBS (vehicle control, N=6) or DOX (10 mg/kg, N=5) and were dissected on D3.5
for serum and tissue collection. In the DOX-treated group, 60% of mice had P4
levels below the range of control mice. There was no significant difference in the
numbers of CLs between the control and DOX-treated groups. The CLs from mice
with low P4 had less defined luteal cords and disrupted collagen IV expression
pattern, indicating disrupted capillary, accompanied with less differentiated luteal
cells that had smaller cytoplasm and reduced StAR expression. Independent on
P4 levels, DOX-treated ovaries had increased granulosa cell death in the growing
follicles, reduced PCNA-positive endothelial cells in the CLs, enlarged lipid droplets
and disrupted F-actin in the luteal cells. These novel data suggest that the proliferating endothelial cells in the developing CL may be the primary target of DOX
to impair the vascular support for luteal cell differentiation and subsequently P4
steroidogenesis. This study fills in the knowledge gap about the toxic effects of
chemotherapy on the CL and provides critical information for risk assessment of
chemotherapy in premenopausal patients.
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2011

Real-Time Imaging of Extravillous Trophoblast Migration: Novel
In Vitro Approach to Screen Human Placental Toxicants

C. J. Meakin, and L. M. Aleksunes. Rutgers, The State University of New Jersey,
Piscataway, NJ.
Migration and invasion of extravillous trophoblasts (EVTs) essential for anchoring the placenta to the uterus and ensuring maternal delivery of nutrients to the
fetus. Over-invasion of EVTs can lead to placenta acccreta, whereas impaired EVT
motility contributes to preeclampsia and fetal growth restriction. Current methods
to quantify EVT migration have several drawbacks and are not capable of screening xenobiotics as potential placental toxicants across a range of concentrations.
We sought to develop a novel, high-throughput screening assay that quantifies
changes in EVT migration in response to environmental chemicals and dietary
contaminants. Using the Oris™ cell migration platform, the ability of xenobiotics
to stimulate or reduce migration of human EVT HTR8/SvNeo cells was quantified by imaging of cells every 6 hours for up to 48 hours. Classes of compounds
screened at 0.1-10 µM included heavy metals, bisphenols, organophosphate
flame retardants, and estrogens/mycoestrogens. Chemicals known to decrease
(pertussis toxin) and increase (epidermal growth factor, EGF) were included as
controls. Evaluation of assay performance yielded a Z’ score of 0.6, which is considered excellent reliability. As anticipated from prior studies, cadmium (0.1-10 µM)
diminished EVT motility by 15%. Notably, the repressive effects of cadmium on
EVT migration were completely rescued by addition of EGF. Among the endocrine
disruptors tested, bisphenol S increased migration (15%) whereas zearalenone and
its metabolites, α and β-zearalenone, decreased migration up to 17%. 17β-estradiol
also decreased migration by 38%. Ongoing studies are elucidating the expression
of signaling proteins that regulate EVT motility in cells treated with chemicals that
were ‘hits’ in the migration screening assay. Taken together, this real-time imaging
screen is a reliable assay to evaluate EVT migration in the presence of environmental and dietary chemicals associated with pregnancy complications. Supported by
T32ES007148, R01ES029275, P30ES005022.

2012

Characterizing the Effects of Early Postnatal Acetaminophen
and Ibuprofen Administration on Immediate and Long-Term
Male Reproductive Development

A. Tran, A. Khan, C. Sottas, and M. Culty. University of Southern California, Los
Angeles, CA.
Acetaminophen and ibuprofen are widely administered to babies due to their
presumed safety as over-the-counter drugs. However, studies have suggested
that treating infants with cyclooxygenase (Cox) inhibitors could jeopardize their
long-term reproductive functions. The objective of this project is to examine
the short and long-term effects of acetaminophen (ace) and ibuprofen (ibu) in
spermatogonial development. Infancy is a critical period for spermatogonial stem
cell (SSC) formation and disrupting SSCs or their precursors may be associated
with infertility and testicular germ cell tumor formation. Previous unpublished data
showed that the mouse C18-4 SSC cell line highly express Cox1 and Cox2 and
produce prostaglandins. Cox1 silencing induced the expression of spermatogonial differentiation genes Kit and Stra8 in C18-4 cells. Moreover, ace, but not ibu,
dose-dependently decreased retinoic acid-induced expression of Stra8, while the
Cox-2 selective inhibitor NS398 decreased the expression of Kit. Together, these
data suggest that Cox2 positively regulates and Cox1 negatively regulates SSC
differentiation. To explore the in vivo effects of ibu and ace on male reproduction, we treated Sprague Dawley rats from postnatal day (PND)1-7 with ace at 0.7
and 1.4 mg/day (low/high dose), ibu at 0.4 and 0.7 mg/day (low/high dose) or
vehicle. Single cell RNA sequencing (scRNAseq) analysis on PND8 testes identified
distinct cell populations, with spermatogonia expressing characteristic markers
Id4, Dazl, Sohlh1, and Ddx4. 7-day treatment of high dose ace and ibu induced differential expression of 137 and 431 genes, respectively. These genes are involved in
signaling pathways related to cell migration and survival, amino acid degradation,
and DNA repair. 77 upregulated and 11 downregulated genes are shared between
the two drugs, such as genes involved in GPCR activity, Jun/Fos signaling, and
fatty acid metabolism. Long-term effects were observed in PND90 rats, including vacuolation in seminiferous tubules and increases in testosterone levels by
high dose ace, and the presence of degenerated tubules with high dose ibu. Future
studies will attempt to decipher underlying mechanisms correlating in vitro effects
of pharmacological Cox inhibitors on cell differentiation to various pathways identified using scRNAseq in vivo.

2013

Perfluorooctanoic Acid (PFOA) Alters Hippo Pathway
Components and Downstream Targets in Primary Human
Granulosa Cells

K. L. Clark1,2, and J. S. Davis1,2. 1University of Nebraska Medical Center, Omaha, NE; and
2Veterans Affairs Nebraska-Western Iowa Health Care System, Omaha, NE.
Perfluorooctanoic acid (PFOA) is a compound in a group of synthetic chemicals that
are very resistant to biodegradation and are environmentally persistent. Although
use has been phased out in the United States and European Union, it continues

to be ubiquitously detected in human and animal fluids. PFOA exposure has been
shown to delay menarche, disrupt menstrual cyclicity, cause early menopause via
primary ovarian insufficiency (POI), and alter steroid hormone levels in human and
animal models. We previously determined that PFOA exposure promotes proliferation and migration in the HGrC1 human granulosa cell line. Additionally, we and
others have demonstrated that the Hippo pathway plays a critical role in granulosa
cell proliferation, differentiation, and survival. We hypothesized that PFOA exposure
would promote primary human granulosa cell (hGC) growth through alterations
in the Hippo pathway. Primary hGCs were harvested from follicular aspirates of
reproductive-age women (29-38 yr old) who were undergoing oocyte retrieval for in
vitro fertilization (n=3). The impact of PFOA exposure on hGC cell proliferation was
evaluated. Cells were cultured with vehicle (DMSO <0.01% final concentration) or
PFOA (1 μM or 10 μM) for 72h. Increased cell proliferation (1.2-fold) was observed
at 10 μM PFOA (P < 0.05). Transcripts for the cell proliferation marker MKI67 were
induced 3.3-fold by 1 μM PFOA and 2.3-fold by 10 μM PFOA. PFOA treatment did
not alter transcripts for cell survival/apoptotic markers BCL2 and BAX. Exposure
to 1 μM PFOA upregulated transcripts of Hippo pathway core components MST1,
LATS1, LATS2, YAP1, and WWTR1 by 4.5, 2.4, 2.5, 2.5, and 2.1-fold, respectively.
Similarly, treatment with 10 μM PFOA upregulated MST1, LATS1, YAP1, and WWTR1
transcripts by 3.5, 3, 4.2, and 2.8-fold, respectively. Downstream Hippo signature
genes ANKRD1, CYR61, and CTGF were also significantly (P < 0.05) elevated in
response to 1 μM and 10 μM PFOA (4 to 23-fold increases). Taken together, these
findings suggest that PFOA and likely other PFAS compounds have the potential to
activate YAP1 and stimulate human granulosa cell proliferation. Future studies are
needed to determine the impact of PFAS compounds on Hippo signaling on early
follicular development and possible long-term consequences on reproductive and
overall health.

2014

E-cigarette Vaping Liquids and the Flavoring Chemical
Cinnamaldehyde Perturb Bone, Cartilage, and Vascular
Development in Zebrafish Embryos

B. Bhattacharya, V. Narain, and M. Bondesson. Indiana University Bloomington,
Bloomington, IN.
As electronic cigarettes (e-cigarettes) become increasingly popular smoking
devices, there is an increased risk for unintended exposure to e-cigarette liquids
through improper disposal resulting in leaching into the environment, third hand
vapor exposure through air, or embryonic exposure through maternal vaping. Thus,
the safety of e-cigarettes for wildlife and developing embryos need to be thoroughly
investigated. We examined perturbations in zebrafish embryonic development after
exposures to two cinnamon flavored vaping liquids (with 12 mg/ml nicotine and
without nicotine) for e-cigarettes from two different vendors, as well as the flavoring chemical cinnamaldehyde. We focused on the effects of the vaping liquids on
hatching success and bone, cartilage and blood vessel development in 3-4 days old
transgenic zebrafish larvae. We found that exposures to both of the vaping liquids
affected the development of the cleithrum and craniofacial cartilage. Exposure
to the liquids further caused non-overlapping and partially or completely missing
intersegmental vessels. Hatching success was also reduced. Exposure to pure
cinnamaldehyde replicated the effects of the vaping liquids with an 50% effect
concentration (EC50) of 34-41 µM. Quantification of the amount of cinnamaldehyde
in the vaping liquids by mass spectrometry revealed EC50s around 10-40 times
lower than for the pure cinnamaldehyde, suggesting that additional compounds or
metabolites present in the vaping liquids mediate toxicity. Presence of nicotine in
one of the vaping liquids decreased its EC50s about two fold compared to the liquid
without nicotine. There was no impact on the vascular, cartilage or bone development in zebrafish embryos by exposure to the humectants propylene glycol and
vegetable glycerin. In conclusion, our study shows that exposure to cinnamaldehyde containing vaping liquids causes severe tissue-specific defects in developing
embryos.

2015

Phenotypically Anchored mRNA and miRNA Expression Profiling
in Zebrafish Reveals Flame Retardant Chemical Toxicity
Networks

S. Dasgupta, C. L. Dunham, L. Truong, M. T. Simonich, C. M. Sullivan, and R. L. Tanguay.
Oregon State University, Corvallis, OR.
The ubiquitous use of flame retardant chemicals (FRCs) in the manufacture of
many consumer products leads to inevitable environmental releases and human
exposures. Studying toxic effects of FRCs as a group is challenging since they
widely differ in physicochemical properties. To understand toxicological profiles, we
used zebrafish embryos as a model to 1) screen 61 representative FRCs for teratogenic and behavioral bioactivity profiles; 2) perform paired mRNA and micro-RNA
(miR) sequencing on 10 selected FRCs. Our initial screen revealed several FRCs that
were bioactive. Based on this data, the 10 FRCs for further transcriptomic analysis
included FRCs from diverse physicochemical classes, including brominated ethers
(BEs), brominated/chlorinated phosphates (BPs/CPs), aryl/alkyl phosphates
(APs), brominated phenols (BPh) and phthalates. We found widespread disruption of mRNA and miR expression across 9 FRCs. Neurodevelopment was a key
disrupted biological process for both mRNA and miRs across 7 FRCs and was
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corroborated by behavioral phenotypes and disruption of neurodevelopmental,
and neurotransmitter-regulating genes (eg: neurod2, gabrr3a, dnmt3aa). Data
also showed that several mRNAs (nr6a1a, rims3, il11b) and miRs (miR-125b-5p,
miR-146b) were dysregulated across at least 7 FRCs, suggesting common regulatory mechanisms regardless of FRC chemical class. Co-expression network
analysis based on computational prediction showed extensive mRNA-miR co-regulatory networks common to multiple FRCs. For example, miR-125b-5p, dysregulated
across 7 FRCs, regulates FRC-targeted mRNAs (bcl2a, tnfaip3, vdrb) that modulate
diverse functions such as apoptosis, inflammation and transcription. Our data also
enabled us to compare expression profiles for several related FRCs. For example,
TBBPA-DBPE (an ether derivative of TBBPA, a BP), unlike TBBPA, was neuroactive,
both based on phenotype and gene expression. We also found that newer generation FRCs (eg: APs) produced distinct gene expression changes compared to the
legacy FRC BDE-47 (a BE), the latter being more neuroactive. Overall, our study
is the first to establish a mRNA-miR regulatory network for structurally diverse
FRCs. Future studies are aimed at functionally understanding roles of common and
unique FRC molecular targets in driving FRC-mediated toxicity.

2016

Does Developmental Exposure to Trichloroethylene (TCE) Cause
Later-Life Effects in Zebrafish?

T. E. Abernathy Yenrick, and K. A. Horzmann. Auburn University, Auburn, AL.
Trichloroethylene (TCE) is a volatile organic compound that has been used as a
metal degreaser and as an industrial solvent. It is a significant legacy environmental toxicant and has been found at over half of the sites on the US EPA’s National
Priorities List. TCE is a known carcinogen and has been linked to congenital defects,
reproductive dysfunction, central nervous system abnormalities, and Parkinson’s
disease. This study uses the zebrafish model (Danio rerio) to test the hypothesis
that developmental exposure to ecologically relevant levels of TCE causes delayed
reproductive and neural toxicity in adult life. Zebrafish embryos were exposed to 0,
5, 50, or 500 parts per billion (ppb; µg/L) TCE from 1 to 120 hours post fertilization
(hpf). Following the static exposure, larval zebrafish were rinsed and reared under
normal conditions until 6 months post fertilization (mpf). At 6 mpf, adult zebrafish
were bred in matched dose breeding pairs to evaluate reproductive performance.
No significant differences were observed in the number of embryos produced
per dosed matched pair or embryonic survival. Adult behavior was evaluated at 7
mpf via a novel tank test and an open field test to test for changes in locomotion
and behavior. In both behavior assessments, zebrafish were evaluated individually for a total of 10 minutes per testing arena. The novel tank test did not find
significant differences between dose groups in locomotion or anxiety-related
behavioral endpoints in either sex. In the open field test, no differences in locomotor
endpoints was observed in either sex and no changes in anxiety-related behavior
was observed in female zebrafish; however, male zebrafish with developmental
exposure to 50 ppb TCE demonstrated increased transitions between the inner and
outer zone of the field (p=0.005). The results suggest that developmental exposure
to TCE does not cause later-life reproductive toxicity but may be associated with
sex-specific changes in later-life behavior.

2017

Influence of Extremely Low-Frequency Magnetic Fields on the
Development of Childhood Leukemia: An Experimental Study in
a Susceptible Mouse Model

D. Sachno1, S. Carstensen1, F. Dahlmann1, R. Kellner1, M. Müller1, K. Sewald1, T.
Tillmann1, A. Bahr2, M. Wleklinski2, C. Dasenbrock1, and A. Bitsch1. 1Fraunhofer Institute
for Toxicology and Experimental Medicine, Hannover, Germany; and 2IMST GmbH, KampLintfort, Germany.
Precursor B-cell acute lymphoblastic leukemia (pB-ALL) in children is associated
with an exposure to extremely low frequency magnetic fields (ELF-MF), which
were classified as “possibly carcinogenic to humans” by IARC in 2001. Former
experiments in two different mouse strains (CD1 and Sca1-ETV6-RUNX1) showed a
reduced number of CD8+ T-lymphocytes in juvenile animals after ELF-MF exposure.
This may result in the suppression of the organism’s ability to eliminate malignant
clones of hematopoietic precursor cells. In the frame of this process, the preleukemic clone could escape immunological surveillance and lead to the development of
a full-blown precursor B cell acute lymphocytic leukemia. The current study aims
to evaluate the potential effects of pre- and postnatal ELF-MF exposure on the
developing immune system of juvenile Sca1-ETV6-RUNX1 mice and to point out
a possible role of ELF-MF on pB-ALL development. Pregnant Sca1-ETV6-RUNX1
mice were exposed from first day post conception to a continuous linear polarized
sine-shaped 50 Hz magnetic field, following a blinded, sham-exposure controlled
experimental setup. The field strength, 0.01 mT and 1 mT, was chosen in a way
that the current densities in the animal bodies resembled those induced in humans
exposed to magnetic flux densities of 1 and 100 μT. Two additional groups were
either sham exposed or cage controls. Animals were born and fostered in the
exposure systems. An in depth immunophenotyping of lymphocytes from peripheral blood, thymus, spleen, and bone marrow has been performed by flow cytometry
on postnatal day (PND) 7, 14 and 28 (n=20). A first statistical evaluation of B cell
development in the bone marrow, which was stained for B220, CD19, CD43, IgM,
CD127 and viability, revealed indications for a possible effect on the IL-7R signaling

in B cell development, potentially linked to an ELF-MF exposure at European basic
restriction levels. Although, no alterations have been found in the composition of
developing B cell subpopulations, a significant elevation (p<0.05) in IL-7Rα expression of Pre-B cells of male PND14 mice has been observed in the high dose group
compared to controls. The IL-7Rα fulfills a crucial role in the development of the
B lymphocyte arm of the immune system. As an aberrant expression of IL-7Rα is
suggested to contribute to B cell oncogenesis, a potential relevance of ELF-MF as
environmental trigger during B cell maturation should be further elucidated.

2018

Modulation of Pulmonary Toxicity in Metabolic Syndrome Due to
Variations in Nanoparticle-Biocorona Composition

L. Xia, S. Alqahtani, and J. Shannahan. Purdue University, West Lafayette, IN.
Following introduction into a biological environment nanoparticles (NPs) interact
with biomolecules forming a biocorona (BC) which alters cell interactions and
toxicity. Metabolic syndrome (MetS) is a prevalent condition and enhances susceptibility to inhaled exposures. We hypothesize distinct NP-biomolecular interactions occur in the lungs due to MetS forming unique NP-BCs mediating enhanced
toxicity. Bronchoalveolar lavage fluid (BALF) was collected from C57BL/6J mice
receiving either a healthy diet or a high-fat western diet for 16 weeks. BCs were
formed by incubating 20 nm iron oxide (Fe3O4) NPs in collected BALF for 8h at
4 °C. Fe3O4 NPs without or with BCs were characterized for hydrodynamic size
and zeta potential. Protein and lipid components of the BCs were evaluated via
a proteomic/lipidomic approach. This assessment demonstrated the association of unique biomolecules and differential abundance of shared components.
Specifically, 35 common proteins bound to Fe3O4 NPs in healthy and MetS
BALF. There were 11 and 93 unique proteins associated with the healthy-BC and
MetS-BC, respectively. Proteins including serine protease inhibitor A3N, vitronectin,
clusterin, complement C3, gelsolin, apolipoprotein A, and others were increased in
the MetS-BC compared to the healthy BC. Increased abundance of lipids such as
PC(32:1), DG16:0_16:1, PG(32:1), DG 16:1_16:0, and others was also determined
in the MetS BC. A mouse macrophage cell line was utilized to examine differential
toxicity due to BCs. Exposures to 6.25, 12.5, 25, and 50 μg/mL of Fe3O4 NPs with
BCs for 1 or 24h did not demonstrate overt cytotoxicity. Darkfield microscopy and
X-ray fluorescence (XRF) analyzer determined enhanced Fe3O4 NP internalization
due to the MetS BC compared to healthy. Additionally, 1h or 24h exposure to Fe3O4
NPs with a MetS-BC at a concentration of 25 μg/mL enhanced gene expression of
inflammatory markers: CCL2, IL6, and IL-1β compared to Fe3O4 NPs with a healthy
BC. Inflammatory pathways were examined by western blots to determine activation of specific proteins within the MAP kinase, Jak/Stat, and NF- κB signaling
pathways. Jak/Stat pathway was determined to be the most upregulated inflammatory pathway due to the MetS-BC. In conclusion, our assessment suggests that the
formation of distinct NP-BCs occurs following inhalation of particles in MetS, which
contributes to exacerbated inflammatory effects and susceptibility.

2019

Cellular Impacts Induced by Modulating Surfactant
Concentration and Biocorona Formation on Reduced
Graphene Oxide

R. Coreas1, C. Castillo1, Z. Gao1, J. Chen1, D. Bitounis2, D. Parviz3, M. S. Strano3, P.
Demokritou2, and W. Zhong1. 1University of California Riverside, Riverside, CA; 2Harvard
University, Boston, MA; and 3Massachusetts Institute of Technology, Cambridge, MA.
Reduced graphene oxide (rGO) is an emerging type of engineered nanomaterial
pertinent to the field of nanomedicine; its application in drug delivery, cancer
therapy, and imaging is attributable to its unique physiochemical properties.
Although several facets of these properties can readily be manipulated and
modified to optimize the efficiency of the nanomaterial functionality, there is a
fundamental need to understand the biological impacts that arise from these
modifications in order to develop sustainable and safe nanomedicines. Here, we
assess the nanotoxicological impacts of rGO stabilized with varying concentrations of surfactants and matrix proteins. Our results show that reducing the level
of dispersant of suspended rGO increased protein adsorption on the nanomaterial surface. Furthermore, the rGO suspension with fewer dispersant molecules
(referred to as c-rGO in this work), and ergo coated with a thicker biocorona, was
more cytotoxic compared to its non-biocorona coated counterpart. Specifically,
c-rGO with the biocorona decreased cellular viability by > 50% and generated 4 x
more reactive oxygen species compared to its pristine equal. Moreover, c-rGO was
able to stimulate lipid membrane peroxidation, collapse mitochondria membrane
potentials, and alter mitoATP production. Lastly, to better understand the contribution of the biocorona on the cellular impacts measured, LC-MS2 was utilized
to identify the biocorona proteins and bridge possible protein-protein interactions
moderated on the surface of c-rGO. Our findings expose several redox mediating proteins were strongly adsorbed on c-rGO, but not to the pristine rGO with the
originally higher surfactant concentration. These findings suggest that the c-rGO
biocorona proteins involved in redox homeostasis may be contributing to the
biological impacts observed by losing their functionality after adsorption onto the
nanomaterial surface. Future studies will assay these proteins’ binding kinetics,
affinities, and functionalities to confirm their interactions and stabilities on the
c-rGO surfaces. Our work is indicative of the prospects of transforming the toxicity
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of nanomaterials through modifications of their surface coating and highlights the
potential malignancy associated with corona formation, which has typically been
denoted as a beneficial factor in biomedical applications of nanomaterials.

2020

Disruption of Pulmonary Resolution Mediators Contribute to
Exacerbated Silver Nanoparticle-Induced Acute Inflammation in
a Metabolic Syndrome Mouse Model

S. Alqahtani, L. Xia, and J. Shannahan. Purdue University, West Lafayette, IN.
Pre-existing conditions modulate sensitivity to numerous xenobiotic exposures
such as air pollution. Specifically, individuals suffering from metabolic syndrome
(MetS) demonstrate enhanced acute inflammatory responses following particulate matter inhalation. The mechanisms associated with these exacerbated
inflammatory responses are unknown, impairing interventional strategies and our
understanding of susceptible populations. We hypothesize MetS-associated lipid
dysregulation influences mediators of inflammatory resolution signaling contributing to increased acute pulmonary toxicity. To evaluate this hypothesis, healthy
and MetS mouse models were treated with either 18-hydroxy eicosapentaenoic
acid (18-HEPE), 14-hydroxy docosahexaenoic acid (14-HDHA), 17-hydroxy docosahexaenoic acid (17-HDHA), or saline (control) via intraperitoneal injection prior to
oropharyngeal aspiration of silver nanoparticles (AgNP). In mice receiving saline
treatment, AgNP exposure resulted in an acute pulmonary inflammatory response
that was exacerbated in MetS mice. This included increased neutrophilic influx,
elevated inflammatory cytokines/chemokines, and alterations in lung levels of
specialized pro-resolving lipid mediators (SPMs). A targeted lipid assessment
demonstrated 18-HEPE, 14-HDHA, and 17-HDHA treatments altered lung levels of
SPMs. 14-HDHA and 17-HDHA treatments more efficiently reduced the exacerbated acute inflammatory response in AgNP exposed MetS mice as compared
to 18-HEPE. This included decreased neutrophilic influx, diminished induction
of inflammatory cytokines/chemokines, and reduced alterations in SPMs.
Examination of SPM receptors determined baseline reductions in MetS mice
compared to healthy as well as decreases due to AgNP exposure. Overall, these
results demonstrate AgNP exposure disrupts inflammatory resolution, specifically
14-HDHA and 17-HDHA derived SPMs, in MetS contributing to exacerbated acute
inflammatory responses. Our findings identify a potential mechanism responsible
for enhanced susceptibility in MetS that can be targeted for interventional therapeutic approaches.

2021

Tracking Micro- and Nanoplastics Noninvasively in Mice with
PET Imaging

O. Keinaenen1,2,3, E. Dayts1, C. Rodriguez4,5, S. M. Sarrett1,5, J. M. Brennan1,
M. Sarparanta2, and B. M. Zeglis1,3,5,6. 1Hunter College, New York, NY; 2University of
Helsinki, Helsinki, Finland; 3Memorial Sloan Kettering Cancer Center, New York, NY;
4Hunter College of CUNY, New York, NY; 5University of New York, New York, NY; and
6Weill Cornell Medical College, New York, NY. Sponsor: P. Stapleton
The plastic pollution in the environment increases at an alarming rate. Humans
are exposed to and consume micro- and nanoplastics via ingestion and inhalation
continuously. To accurately evaluate the health effects of these pollutants determination of their pharmacokinetic behavior in vivo in a mammalian model is required.
Herein, we report the first use of molecular imaging to track polystyrene (PS) microand nanoplastic particles in mice. Amine-bearing PS particles with four different
diameters - 20 nm, 220 nm, 1 μm, 6 μm - were modified to contain a chelator desferrioxamine (DFO). These DFO-bearing PS particles were subsequently radiolabeled
with the positron-emitting radiometal zirconium-89 (89Zr). The in vivo fate of radiolabeled micro- and nanoplastics (radioplastics) was followed with positron emission
tomography (PET) in C57BL/6J mice at 6, 12, 24, and 48 h after oral administration
via a gavage needle (0.1 mg of plastics in 0.1 mL of PBS). The imaging data was
accompanied with ex vivo biodistribution studies. The 20 nm particles travelled
through the gastrointestinal tract most rapidly. Six hours after administration, the
contents of the stomach contained only 7.0 ± 3.1% of the administered dose (%AD)
of the 20 nm particles compared to higher amounts of the larger radioplastics:
34.6 ± 9.7%AD (220 nm), 40.3 ± 18.9%AD (1 μm), and 31.1 ± 9.7%AD (6 μm). The
opposite trend was observed farther along the GI tract, where the contents of large
intestines contained 32.5 ± 9.5%AD (20 nm) compared to 10.1 ± 4.5%AD (220 nm),
8.6 ± 4.0%AD (1 μm), and 5.6 ± 1.3%AD (6 μm) at six hours after ingestion. Even the
smallest PS particles (20 nm) did not cross the intestinal epithelial membrane in
considerable quantities (empty stomach: 0.003%AD, empty SI: 0.001%AD, empty
LI: 0.001%AD, and other organs: < 0.001%AD at 48 h after administration). The
low activity concentrations of PS particles in all organs outside of the GI tract
demonstrate the inability of the radioplastics to leave the gastrointestinal tract and
reach systemic circulation in any substantial quantities. However, in this study the
animals received one-time small dose of PS particles. Further studies on chronic
exposure and inhalation route are required to confirm the bioaccumulation behavior
of plastics. To conclude, this work suggests that PET imaging can be a sensitive
and effective tool to study the in vivo behavior of plastic pollutants non-invasively
in mammals.

2022

Mice Exposed to Food-Grade TiO2 from In Utero Life to
Adulthood Show Sex-Specific Gut Microbiota and Metabolic
Disorders

L. Evariste1, E. Gaultier1, C. Cartier1, J. Noireaux2, B. Chassaing3, E. Houdeau1, and
B. Lamas1. 1Toxalim (Research Centre in Food Toxicology), Team Enterisk, INRAE,
Toulouse, France; 2LNE, Paris, France; and 3Université de Paris, Paris, France.
Sponsor: D. Zalko
The use of titanium dioxide (TiO2) particles as a food additive (E171 in EU) in
ultra-processed foods raises public health issues. Our previous study showed
transplacental passage of TiO2 nanoparticles in the human placenta, and presence
of TiO2 particles in meconium, demonstrating foetal exposure. Due to biocidal
properties of TiO2, whether E171 exposure starting early during pregnancy may
alter the establishment of gut microbiota homeostasis with potential deleterious
effects at adulthood has not been explored. The current study in mice aimed to
assess the perinatal fate of E171 given to dams and the consequences on gut
microbiota and metabolic functions of the offspring. Female mice were exposed to
a control or E171-enriched diet at a human relevant level (10 mg/kg bw/day) during
pregnancy and lactation until weaning of pups, then the descendants were fed with
the same diet as their mother until postnatal day (PND) 150. Oral glucose tolerance
and fasting insulin were assessed at PND143. At PND150, all mice were sacrificed
and gut microbiota composition as well as intestinal pro- and anti-inflammatory
cytokine production were measured by 16S gene sequencing and ELISA, respectively. Biodistribution of TiO2 particles was also studied by ICP-MS in fetus at day
18 of pregnancy, and in the liver at PND150. In E171-exposed mice, higher Ti level
was first detected in fetus, and Ti accumulation was reported in liver at PND150
compared to controls regardless of the sex. Changes in gut microbiota composition occurred in E171-exposed male only, showing increased β-diversity and of
the Firmicutes/Bacteroidetes ratio. Increased production of the pro-inflammatory
cytokine IL1β in the colon as well as glucose intolerance and higher fasting insulin
levels were also reported in E171-exposed male relative to controls. In contrast,
decreased secretion of pro- (IL1β, TNFα, IFNγ, IL17) and anti- (IL10) inflammatory
cytokines occurred in the colon of E171-exposed females, without other changes.
These results showed that long term exposure to E171 from in utero life alters
intestinal and metabolic homeostasis in a sex-dependent manner, characterized by
altered glucose metabolism and gut dysbiosis in male mice only.

2023

pH Sensitive Reactions to Limit Cancer Cell Proliferation

A. E. Soto, M. Narvaez, O. Rodriguez, E. Suarez, C. M. Castro, D. Malave, and M. E. Castro.
University of Puerto Rico at Mayaguez, Mayaguez, PR. Sponsor: J. Centeno
The pH values of cancer cells are known to be acidic as compared to the corresponding benign cells. We hypothesize that if a pH selective reaction is used to produce
apoptotic agents, then it we will be reflected in a selective limitation of the proliferation of cancer cells.We report on the effect of naked CaS nanostructures on
the proliferation and survival rate of breast and skin cancer and the corresponding benign cells in vitro. The CaS nanostructures are prepared via the microwave
mediated decomposition of dimethyl sulfoxide (DMSO) in the presence of calcium
acetate Ca(CH3CO2)2. Light scattering measurements revealed that dispersions
contain CaS nanostructures in the size range of a few Å to about 2 nanometers
are formed when DMSO is decomposed in the presence of Ca(CH3CO2)2. We found
that a single dose of CaS nanoclusters does not affect the survival and growth rate
of normal cells but inhibits the proliferation rate of breast and skin cancer cells in
vitro. The CaS nanoclusters have little effect in the normal fibroblasts cell cycle.
Breast human carcinoma cells treated with CaS nanocluster dispersion exhibited
a decreased ability to properly enter the cell cycle marked by a decrease in cell
concentration in G0/G1 phase in the first 24 hours and an increase in cells held
in the SubG1 and G0/G1 phases up to 72-hours post treatment. Apoptosis and
necrotic channels were found to play significant roles in the death of human cancer
cells exposed to the CaS nanoclusters. In contrast, any effect on normal fibroblasts
appeared to be short lived and non-detrimental. Thermodynamic considerations
and theoretical computations and direct experimental measurements, on the other
hand, are consistent with the dissociation of CaS into Ca2+ ions and H2S in acidic
media, both of which are known to cause apoptosis or cell death. The difference
in the extracellular pH values of the cancer cells studied and the corresponding
benign cells is proposed to drive the observed selectivity. The results encourage
further research with other cell lines in vitro as well as in vivo to translate this
nanotechnology into clinical use.

2024

Application of the High-Throughput In Vitro CometChip
Assay for the Analysis of Metal Oxide Nanoparticle-Induced
Genotoxicity

A. Boyadzhiev, M. Avramescu, S. A. Solorio-Rodriguez, P. White, P. Rasmussen, and S.
Halappanavar. Health Canada, Ottawa, ON, Canada. Sponsor: A. Nong
Metal oxide nanoparticles (MONPs) are among the most highly used nanomaterials
worldwide. Their biological effects, and potential human health hazards, depend on
their physical and chemical properties. Some MONPs can induce DNA damage, an
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effect that is traditionally assessed using animal-based methods and low throughput cell culture methods. High-throughput, non-animal assays are critically needed
in order to advance our understanding of MONP toxicity while minimizing the
overall use of animals, in line with the principle of 3 Rs in toxicology. The 96-well
CometChip® assay is a relatively new, high-throughput, cell-based assay for in vitro
measurement of DNA damage. The purpose of this study was to assess its utility
for nanomaterial genotoxicity screening. To test its utility with respect to nanomaterials, the CometChip® assay was utilized, alongside benchmark concentration
modelling, to assess the DNA damage-inducing potential of pristine copper oxide
(CuO), zinc oxide (ZnO), and titanium dioxide (TiO2) MONPs in mouse lung cells.
These MONPs show varying solubility, which is due to their chemical composition
and size. To test the contribution of the dissolved species on DNA damage, as
well as particle size induced differences, microparticle (MPs) analogues of each
MONP, as well as soluble Zn (II) and Cu (II) salts, were also examined. The most
potent inducers of DNA damage were CuO MONPs, ZnO MONPs, and ZnO MPs,
which induced both dose and time-dependant increases in DNA damage, without
significantly decreasing cell viability. Benchmark modelling was used to derive the
following DNA damage potency ranking: CuO MONPs > ZnO MONPs > ZnO MPs >
ZnCl2 >> TiO2 MONPs, TiO2 MPs, CuO MPs, CuCl2. Results from the DNA damage
screening align with previously reported toxicity profiles of these compounds, and
provide support for the use of the CometChip® assay for high-throughput screening
of nanomaterials. This is one of the first studies to use the CometChip® assay for
potency ranking of nanoparticle genotoxicity.

2025

Toxicity of Fluorinated and Fluorine-Free Foams: Potential
Implications on Firefighter Renal Health

and FtSaB. Since standards were not available for FtSiAoS and FtTAoS, they were
quantitated using FTS calibration curves. Standards were prepared by fortifying
100 μL plasma with FTS/FTNO/FtSaB and internal standard (FTS-13C,d4). Samples
were extracted with 300 μL methanol, frozen at -80°C to separate phospholipids,
and analyzed by UPLC-MS/MS in positive ion mode for the first 6 min (FTNO and
FtSaB), then switched to negative ion mode for the remaining 12 min (FTS, FtSiAoS,
and FtTAoS). The method was linear over the range 0.25-100 ng/mL, accurate
(mean RE≤±12.0%), and precise (RSD≤8.0%). Mean recoveries were ≥81%; the limits
of detection were 0.0507, 0.0354, and 0.118 ng/mL for FTS, FTNO, and FtSaB,
respectively. Since standards of FtSiAoS and FtTAoS were not available, matrix
QC standards prepared using AFFF formulation containing all five components
were used to assess precision. Intra- and inter-day RSD values were ≤13.2% for
all components, except inter-day precision for FtTAoS, which showed day-to-day
variation in chromatography. The method was evaluated in male Hsd:Sprague
Dawley®SD® rat plasma, urine, and liver homogenate (mean %RE≤±18.7 and
%RSD≤7.2 for FTS, FTNO, and FtSaB). Stability of FTS, FTNO, and FtSaB in extracted
samples was demonstrated for 5 d at ambient and refrigerated temperatures, as
well as in plasma, urine, and liver homogenate stored at -80°C for 63 d (86.5-116%
of day 0 concentrations), except for FTNO in liver homogenate (59.8-62.6% of day
0). These data demonstrate that this simple method is suitable for determination of
PFAS in rat matrices following exposure of rats to AFFF, but the method could be
improved with use of standards for FtSiAoS and FtTAoS.

2027

Untargeted Mass Spectrometric Analysis of Per- and
Polyfluoroalkyl Substances (PFAS) in Rat Matrices following
Exposure to Aqueous Film-Forming Foams (AFFFs)

T. Stueckle1, M. Calkins2, J. Coyle1, A. Slitt3, B. Ruyle4, E. Sunderland4, S. Beitel5, J. Burgess5, and
L. Rojanasakul1. 1NIOSH, Morgantown, WV; 2NIOSH, Cincinnati, OH; 3University of Rhode Island,
South Kingstown, RI; 4Harvard University, Boston, MA; and 5University of Arizona, Tucson, AZ.

R. Snyder1, S. O’Neal1, R. Fernando1, S. Waidyanatha2, S. Ferguson2, G. Roberts2, and
T. Fennell1. 1RTI International, Research Triangle Park, NC; and 2NIEHS/NTP, Research
Triangle Park, NC.

Military Specification aqueous film forming foams (AFFF)—typically comprised of
complex mixtures of per- and polyfluorinated alkyl substances (PFAS), solvents,
stabilizers, and wetting agents—are used to extinguish liquid fuel fires. Health
concerns from use of AFFF have emerged because of studies documenting
elevated PFAS serum levels in some firefighter populations, including firefighters
with known exposure to AFFF, compared to the public. PFAS exposure is associated with increased risk for chronic conditions, including decreased kidney function
and cancer. With a scheduled phase out of AFFF containing PFAS in the US by 2024,
synthetic fluorine-free foams (SFFF) are an attractive replacement; however, little
is known about their potential occupational health risks. This project’s objective
was to conduct rapid high-throughput screening of cultured human kidney cells
to identify potential adverse outcome pathways associated with renal injury.
Commercial AFFF and SFFF were analyzed for total fluorine using combustion ion
chromatography. Human renal proximal tubule epithelial cells with over-expressed
organic anion transporter 1 (RPTEC-OAT1) were exposed to serial dilutions of 5
AFFF (A-E), 5 SFFF (F-J), and 7 frequently detected PFAS in cell culture media for
6 - 24 hours. High-throughput screening for cytotoxicity, mitochondrial polarization, and intracellular reactive oxygen species (ROS) levels of exposed cells was
performed by multiplex fluorescence and image analysis using a high content
imaging platform. All tested AFFF resulted in acute cytotoxicity (IC50) at concentrations ranging from 109-262 ppm (v:v) while SFFF F exhibited the greatest
toxicity at IC50 = 3.3 ppm (v:v). Toxicity in SFFF G - J ranged from 33 to 278 ppm.
Perfluorooctane sulfonate (PFOS) and perfluorooctanoate acid displayed IC50 at 74
and 200 ppm (m:v), respectively, while all C4 to C6 PFAS were not acutely cytotoxic.
A majority of AFFF, perfluorohexanesulfonic acid (PHFxS), and PFOS caused
decreases in mitochondrial depolarization at sub-toxic doses. SFFF F enhanced
intracellular ROS dose-dependently 6 and 24 hours post-exposure while the other
treatments did not differ from unexposed controls. In summary, AFFF showed
similar kidney cell cytotoxicity to C8 PFAS-exposed cells suggesting PFAS within
AFFF contributes to kidney cell cytotoxicity. Effects of SFFF varied substantially,
signifying additional need for future hazard characterization.

AFFFs contain proprietary mixes of surfactants and numerous PFAS. PFAS are
released into ground water and drinking water supplies and hence are ubiquitous contaminants. To investigate which PFAS bioaccumulate in rats following
exposure to AFFF formulations, untargeted analysis was conducted using high
resolution mass spectrometry following liquid chromatographic separation. Male
Hsd: Sprague Dawley SD rats were administered a daily dose of 1% dilution of
5 MIL-SPEC-qualified AFFF formulations for 1 or 14 days. Plasma and liver were
collected 24 h after the last dose, and urine was collected at 24 h after the first and
seventh dose. A pilot assessment was done using a limited number of liver and
plasma samples followed by a definitive assessment using liver from 5 animals
per exposure duration (i.e. control, single dose, 14 doses). Samples were extracted
with 300 µL of methanol, frozen at -80°C to separate phospholipids prior to analysis
of the supernatant in both positive and negative ion modes. Data were processed
with Compound Discoverer 3.2 using an untargeted approach against a library
of standards, and against libraries including PFAS compounds from US EPA’s
Chemical Dashboard, from Luo et al. (2020), McDonough et al. (2020) and Ruyle et
al. (2020). Compounds were identified/annotated using exact mass, isotope ratio,
adducts, and comparison of retention time with standards, including 6:2 fluorotelomer sulfonic acid (FTS), N,N-dimethyl-3-((perfluorohexyl)ethylsulfonyl)amino-propanamine N-oxide (FTNO), and 6:2 fluorotelomer sulfonamide betaine, as well as
perfluorocarboxylic acids and sulfonates. A limited number of PFAS were detected
in liver with levels increasing with exposure duration. FTS was readily detected in
all matrices from exposed animals. FTS bioaccumulated in liver from rats administered each AFFF, accumulating 3.6-7.1 fold between 1 and 14 days. FTS was the
major analyte (highest peak area) detected in urine, with all AFFFs investigated.
FTNO was found in urine from one AFFF. FTNO was not detected in liver, but several
possible metabolites were detected. Other compounds detected in liver and plasma
included 6:2 fluorotelomer sulfinyl amido sulfonic acid, 6:2 fluorotelomer thioether
amido sulfonic acid, and 6:2 fluorotelomer thiohydroxyl ammonium. Perfluoropentanoic, -hexanoic, and -heptanoic acids, which may arise from metabolism of
6:2 fluorotelomers, were found in urine samples from all treated rats. FTS was the
major component found to bioaccumulate in liver.

2026

Development and Validation of an Analytical Method for
Quantitation of PFAS Constituents in Rat Plasma, Urine, and
Liver by UPLC-MS/MS

M. A. Silinski1, J. A. Gilliam1, S. L. Blake1, B. L. Fletcher1, J. C. Blake1, R. W. Snyder1, T.
R. Fennell1, R. A. Fernando1, and S. Waidyanatha2. 1RTI International, Research Triangle
Park, NC; and 2NIEHS/NTP, Research Triangle Park, NC.
Aqueous film-forming foams (AFFF) containing per- and polyfluoroalkyl substances
(PFAS) used during firefighting training exercises have been released into the
environment and have contaminated drinking water supplies. In support of studies
investigating bioaccumulation of PFAS following exposure of rats to AFFF formulations, an analytical method was developed and validated to quantitate major PFAS
present in AFFF formulations. The PFAS investigated were 6:2 fluorotelomer
sulfonic acid (FTS), N,N-dimethyl-3-((perfluorohexyl)ethylsulfonyl)amino-propanamine N-oxide (FTNO), 6:2 fluorotelomer sulfonamide betaine (FtSaB), 6:2 fluorotelomer sulfinyl amido sulfonic acid (FtSiAoS), and 6:2 fluorotelomer thioether amido
sulfonic acid (FtTAoS). The method was validated in rat plasma for FTS, FTNO,

2028

Comparative Accumulation and Biological Activity of
Polyfluorinated Chemicals in Rats Varies with Exposure to
Different Aqueous Film-Forming Foams

M. Huang1, H. Toy2, S. Waidyanatha1, G. Roberts1, M. Silinski3, G. Larson4, V. Chappell1,
F. Parham1, M. Cora1, J. Gilliams3, S. Blake3, R. Fernando3, S. Elmore1, B. Sparrow5, and
S. Ferguson1. 1NIEHS/NTP, Research Triangle Park, NC; 2AmplifyBio, West Jefferson,
OH; 3RTI International, Research Triangle Park, NC; 4Social and Scientific Systems Inc.,
Durham, NC; and 5Battelle Memorial Institute, Columbus, OH.
Aqueous film-forming foams (AFFFs) are used to suppress fires that are difficult
to contain. Per- and poly-fluorinated substances (PFAS) in AFFFs have beneficial
chemical properties, essential for some firefighting situations, but are of high
concern for environmental and human health as they can contaminate soil and
water. To investigate possible differences in accumulation or toxicity, we compared
five different PFAS-containing AFFFs (AFFF1-5) that are currently in use. Male
Hsd:Sprague-Dawley®SD® rats were administered 0, 0.03, 0.3, or 1% v/v dilutions
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of AFFF once daily via oral gavage for either 1 or 14 days. Plasma, urine, and liver
were collected to monitor for PFAS accumulation and excretion. Clinical chemistry,
hematology, thyroid hormones, liver histology and gene expression were used to
characterize biological response. Among the five PFAS quantitated, 6,2-fluorotelemer sulfonate was generally the most abundant in all five AFFFs. Analytes had
different patterns of accumulation and excretion and the quantity of analytes varied
by AFFF. AFFF1 tended to have the highest accumulation of analytes. Decreases in
serum triglycerides and total thyroxine and triiodothyronine were observed only in
animals exposed to AFFF3. Microscopic lesions were not observed in the liver after
exposure to any AFFF. Changes in hepatic gene expression of PFAS-associated
receptor pathways were modest (~2-fold) but revealed differential expression
across AFFF and timepoints. AFFF4 produced statistically significant, dose-dependent increases in expression of constitutive androstane receptor target genes on
Day 1 but not on Day 14, suggesting adaptation. In conclusion, PFAS from 14 days
of AFFF exposure accumulated in rat liver and plasma and had different accumulation and excretion profiles across AFFFs. While exposure to AFFF3 and AFFF4
produced more biological changes—many consistent with reported effects of
PFAS, exposure to AFFF1 resulted in the highest accumulation of PFAS. These data
are important for understanding relative biological activity of AFFFs and can guide
regulation of AFFF use in the future.

2030

Firefighter Dermal Exposure Assessment with Silicone Samplers

E. M. Bonner1, G. P. Horn2, D. L. Smith3, S. Kerber2, K. W. Fent4, R. P. Scott1, L. G.
Tidwell1, and K. A. Anderson1. 1Oregon State University, Corvallis, OR; 2Underwriters
Laboratories Fire Safety Research Institute, Columbia, MD; 3Skidmore College,
Saratoga Springs, NY; and 4NIOSH, Washington, DC. Sponsor: E. M Bonner, Society of
Environmental Toxicology and Chemistry
Epidemiology studies have demonstrated elevated cancer rates for structural
firefighters and a high percentage of cardiovascular events during or following
firefighting activity. Polycyclic aromatic hydrocarbons (PAHs) are generated during
combustion and are recognized as carcinogens and are implicated in cardiovascular disease progression and events. In this intervention study, commercially
available firefighter personal protective equipment (PPE) typical of the modern US
fire service was compared to an intervention configuration of PPE with a one-piece
liner to eliminate interfaces at the waist and neck. Mannequins (n=16) dressed in
the PPE ensembles were placed in a Fireground Exposure Simulator for 12 min with
a couch as a fuel to mimic chemical exposures during a residential fire. Silicone
samplers were placed outside of the PPE in the chamber to measure air concentrations. Silicone samplers were also worn by mannequins under the PPE at the neck,
chest, and wrist to passively sample organic chemicals that broke through the PPE
during the burn scenarios. Mannequins wearing the two PPE configurations were
paired by co-location in the chamber; four total burns were conducted, with two
mannequin pairs in each. All silicone samplers were analyzed with gas chromatography, tandem mass spectrometry for 63 different parent and alkylated PAHs.
The list of PAH analytes includes and exceeds the EPA’s current list of 16 priority
PAHs, which is the current standard for evaluating firefighter exposures. 51 of these
analytes were detected in at least one sample in the study, 9 of which have not been
previously reported in fireground exposure studies. Paired t-tests with a BenjaminiHochberg correction were used to compare co-located mannequin samples at the
neck, chest, and wrist, for sum concentrations of low and high molecular weight
PAHs (2-3 or 4-7 rings respectively). There is moderate statistical evidence that low
molecular weight sum concentrations at the neck (p=0.001) and chest (p=0.015)
and high molecular weight sum concentrations at the chest (p=0.020) are higher
under the standard PPE than the intervention PPE after the simulated burns.
Furthermore, exposures at the neck were generally greatest, and exposures at the
wrist were the lowest for both types of PPE. Based on this study, firefighter dermal
protection could be improved with the implementation of a physical barrier at the
interfaces of the PPE, such as the one-piece liner tested.

2031

Excretion of Polybrominated Diphenyl Ethers and AhR Activation
in Firefighter Breastmilk

A. M. Jung1, S. C. Beitel1, S. L. Gutenkunst1, D. Billheimer1, S. A. Jahnke2, C. HoppeJones3, N. Cherrington1, and J. L. Burgess1. 1University of Arizona, Tucson, AZ; 2NDRIUSA, Leawood, KS; and 3American Water, Belleville, IL.
Little is known about the extent and effects of chemical exposure in lactating
firefighters. The aims of this study were to identify if exposures during firefighting could lead to an increased concentration of polybrominated diphenyl ethers
(PBDEs) excreted in breastmilk and breastmilk aryl hydrocarbon receptor (AhR)
activity. Firefighters and non-firefighter controls collected breastmilk samples
prior to any firefighting responses (baseline). Firefighters also collected breastmilk samples at 2, 8, 24, 48, and 72 hours after responding to a structural fire.
Breastmilk extracts were measured for nine PBDEs. Five PBDEs (Di-15, Tri-28,
Tetra-47, Penta-99, and Hexa-153) were above the limit of detection in at least 90%
of samples and were summed for analyses. In vitro bioassays were conducted to
assess the toxicity of breastmilk extracts via an AhR mediated response. Baseline
measurements of PBDEs and AhR were compared between firefighters and non-firefighters using t-tests. Separate linear mixed models were used to assess potential

changes in the sum of 5 PBDEs and AhR response among firefighters over time.
We also considered potential effect modification by role at fire (interior vs exterior).
Baseline measurements did not differ between the 21 firefighter and 10 non-firefighter participants. We did not observe that the sum of 5 PBDEs or AhR response
among firefighters changed significantly over time after fire exposure; we would
have detected a difference between mean response at baseline and mean response
at a post-fire time point if going to a fire caused an increase in mean AhR by a factor
of 1.4 or the mean of the sum 5 PBDEs by a factor of 1.5. We similarly observed no
significant changes over time when we considered potential effect modification
by role at fire. Plots of individual firefighters over time for sum 5 PBDEs and AhR
demonstrated variation between individuals but no consistent pattern over time.
Results from our study demonstrated similar average concentrations of PBDEs
excreted in breastmilk in firefighters and non-firefighter controls and no significant
increase after exposure to a fire. Similarly, average AhR response did not differ in
firefighters and non-firefighter controls and was not significantly affected after fire
exposure.

2032

Evaluating Post-Fire Skin Decontamination as a Method for
Reducing Firefighters’ Exposures to Carcinogens and Mutagens

J. Keir1, T. L. Kirkham2,3, R. Aranda-Rodriguez4, P. A. White4,1, and J. M. Blais1.
1University of Ottawa, Ottawa, ON, Canada; 2Occupational Cancer Research Centre,
Toronto, ON, Canada; 3University of Toronto Dalla Lana School of Public Health, Toronto,
ON, Canada; and 4Health Canada, Ottawa, ON, Canada. Sponsor: J. Keir, Environmental
Mutagenesis and Genomics Society
Firefighters experience elevated risks of cancer. Firefighters’ exposures during fire
suppression to combustion emissions, including polycyclic aromatic hydrocarbons (PAHs), are a concern due to their carcinogenic and mutagenic properties.
To reduce PAH exposures, post-exposure cleaning of firefighters’ skin (i.e., dermal
decontamination) is often conducted. However, dermal decontamination has been
implemented without any scientific evidence of efficacy. To assess the ability of
dermal decontamination to reduce firefighters’ exposures to PAHs, we conducted
an intervention study at a live fire training centre. After participating in a live fire
training exercise, 88 firefighters were randomly assigned and equally divided
to one of three intervention groups (i.e., one of two commercially available skin
cleaning wipes or soap & water) or the control group (i.e., no dermal decontamination). We measured concentrations of PAHs in personal air during the fire and
on firefighters’ skin three times (pre- and post-fire, and after the intervention). We
also measured pre- and post-fire concentrations of urinary PAH metabolites and
mutagenicity. The mean of PAHs in air samples during the fire was 759 µg/m3.
Fire suppression resulted in significant elevation of total PAHs and high molecular
weight PAHs on firefighters’ skin (1.3- and 2.2-fold, respectively, p<0.01). Urinary
PAH metabolites increased significant 1.7 - 2.2-fold (depending on the metabolite, p<0.001). Urinary mutagenicity did not differ significantly. Soap & water was
the only intervention that removed a significant amount of total PAHs from the
skin (0.72 ng/cm2 pre-intervention vs. 0.38 ng/cm2 post-intervention, p<0.01).
However, fold changes in urinary PAH metabolites (i.e., pre- versus post-exposure
levels) were not affected by dermal decontamination. These data suggest that
despite on-site attempts to remove PAHs from firefighters’ skin, the intervention
does not reduce the internal dose of PAHs. Future work should investigate the
effectiveness of post-fire decontamination for other compounds of concern found
in combustion emissions. More research is needed to determine effective ways to
reduce firefighters’ exposures.

2033

Role of Lipid Metabolism in Particulate Matter–Induced Lung
Inflammation and Injury

H. B. Lovins, M. Yaeger, K. Dunigan Russell, G. Hutton, E. Schott, N. Rahman, D. Miller,
M. W. Gorr, L. E. Wold, and K. M. Gowdy. Ohio State University, Columbus, OH.
Particulate matter (PM) is a criteria air pollutant shown to increase morbidity
and mortality from chronic lung diseases. Fine PM (PM2.5) induces lung injury
and inflammation, in part through activation of alveolar macrophages, as well as
the production of pro-inflammatory lipid mediators such as prostaglandins and
leukotrienes. Recent studies have identified a novel class of lipid mediators, termed
specialized pro-resolving mediators (SPMs) that resolve inflammation following
injury. However, it is currently unknown if PM2.5 alters SPM production. From this,
we hypothesize that PM2.5 induced lung inflammation/injury is due to an imbalance
in pro-inflammatory lipid mediators and SPM production.To test our hypothesis,
C57BL/6J male mice were exposed to either filtered air (FA) or concentrated PM2.5
(mean daily PM2.5 exposure = 78.0 ± 11.1 μg/m3) 6 hours/day for 3 weeks. 24
hours post final exposure, mice were euthanized and bronchoalveolar lavage (BAL)
fluid and lung tissue were collected to assess inflammation/injury and lipidomics. Air space macrophages were isolated from BAL for qPCR to determine the
macrophage specific lipid metabolism response.PM2.5 exposure induced lung
injury/inflammation as demonstrated by an increased BAL neutrophilia and total
BAL protein. Lung pathology following PM2.5 exposure revealed an increase in
epithelial hyperplasia and recruited immune cells. Lung tissue lipidomics indicated
no differences in SPM production between PM2.5 and FA, whereas pro-inflammatory lipid mediators 9,10-DiHOME and 12,13-DiHOME were increased following
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PM2.5 exposure. Additionally, airspace macrophages had a significant increase in
expression of the lipid metabolizing enzyme, ALOX5. Taken together, subchronic
PM2.5 exposure induces lung injury/inflammation which does not alter SPM production, but increases 9,10- and 12,13-DiHOME production. Additionally, preliminary
data indicate a macrophage specific change in lipid metabolism following PM2.5
exposure, which will be pursued in future studies.

2034

Developmental Impact of Perinatal Exposure to Environmental
Tobacco Smoke on Infant Rhesus Monkey Lungs

S. Recio1, H. Kaur1, C. Zhong1, Y. Zhou1, and K. E. Pinkerton1,2. 1University of California
Davis, Davis, CA; and 2California National Primate Research Center, Davis, CA.
This study was designed to understand how exposure to environmental tobacco
smoke (ETS) during perinatal development affects the maturation in cellular
components of the lungs in non-human primates in early postnatal life. The
objective was to investigate site-specific alterations of xenobiotic metabolizing
enzymes to include the airways (proximal and distal), vasculature, and alveoli during
pregnancy with direct maternal exposure to ETS, as well as exposure of the infant
following birth. Our rationale was to create an animal model in the non-human
primate with similar phases of lung development as noted in children. Gravid rhesus
monkeys and their offspring were exposed to filtered aged and diluted sidestream
cigarette smoke as a surrogate for ETS. Exposure began at 100 days gestation and
continued through 2.5 months postnatal age with a total suspended particulate
concentration of 1.02 mg/m3 for 6 hours per day, 5 days a week. Measurements
were made of nicotine amniotic fluid and postnatal blood nicotine/cotinine levels,
bronchoalveolar lavage fluid, airway epithelium, and pulmonary cytochrome P450
(CYP) 1A1, 2E1, and glutathione S-transferase (GST) isozymes in site-specific
lung subcompartments and blood vessels. Exposure to ETS resulted in increased
plasma concentrations of nicotine and cotinine in infant monkeys. ETS elicited a
shift of pulmonary immune cells to a more immature form, increased basal cell
volume in more proximal airways, and a trend of increased mucin volume in more
distal airways. Significantly elevated levels of CYP1A1 activity in infants exposed
to ETS were found in the proximal and mid-level airways, respiratory bronchioles,
and lung parenchyma with 199-fold, 81-fold, 89-fold, and 166-fold increases above
control levels, respectively. In conclusion, a striking induction of the monooxygenase CYP1A1 was observed along with alterations in GST activity and expression in
the lungs of infant monkeys perinatally exposed to ETS. Exposure during critical
windows of lung maturation in the neonatal nonhuman primate may compromise
lung development and biological response in later life such as increased asthma
incidence and susceptibility to infection.

2035

Vitamin D Modulates Corticosteroid Sensitivity in Severe
Allergic Airway Inflammation

B. W. Lewis, A. Q. Khan, J. Walum, M. L. Ford, T. Harshmann, M. Guessas, and R. D.
Britt. Nationwide Children’s Hospital, Columbus, OH.
Immune cell infiltration, airway hyperresponsiveness (AHR), inflammation, and
remodeling are hallmark features in severe pediatric asthma that persist even with
corticosteroid treatment. Deficiency in vitamin D levels has been associated with
increased risk of severe asthma and corticosteroid insensitivity in children. In the
present study, we hypothesized that administration of 1,25-dihydroxy vitamin D3
(calcitriol), the bioactive form of Vitamin D3, will increase corticosteroid sensitivity in a mouse model of severe allergic airway inflammation. Newborn mice were
exposed to PBS or mixed allergen (MA; Aspergillus fumigatus, House Dust Mite,
Alternaria alternata, and ovalbumin) in combination with a bacterial second-messenger, c-di-GMP, for 7 weeks. Mice were also administered intranasally vehicle
or 50 ng/g calcitriol, and injected intraperitoneally with vehicle, 1 mg/kg, or 3 mg/
kg fluticasone propionate (FP). Airway hyperresponsiveness (AHR) was assessed
by performing methacholine challenge using the Scireq flexivent and bronchoalveolar lavage (BAL) was harvested for inflammatory cell infiltration analyses. Lungs
were collected for either histopathological analyses or bulk RNA-sequencing. AHR
remained increased in c-di-GMP + MA mice treated with FP. However, treatment
with 50 ng/g calcitriol alone or in combination with 1 mg/kg and 3 mg/kg FP
reduced AHR in c-di-GMP + MA challenged mice. Mice challenged with c-di-GMP
exhibited increased immune cell infiltration, while treatment with 3 mg/kg FP, but
not 1 mg/kg FP, significantly reduced BAL immune cell infiltration. Treatment with
calcitriol in combination with 1 mg/kg FP significantly reduced total BAL immune
cell numbers. This reduction was contributed to by a decrease in total BAL eosinophils. Whole lung RNA-seq analyses revealed that calcitriol in combination with 1
mg/kg FP treatment significantly reduced more than 1100 genes mainly associated
with immune cell infiltration and pro-inflammatory pathways. These data suggest
that a vitamin D receptor agonist, calcitriol, can alleviate severe airway inflammation by improving corticosteroid sensitivity. Enhancement of corticosteroid sensitivity by calcitriol may involve reducing AHR, immune cell infiltration, and pro-inflammatory gene regulation. Activation of vitamin D receptor pathways may provide a
therapeutic approach to improve corticosteroid sensitivity and alleviate asthma
in patients with severe pediatric asthma. These studies are supported by NIH R00
HL131682-05 and R01 HL155095-02.

2036

Vaping-Induced CBD and Δ8-THC Oxidation Products Adduct
Proteins and Impair Proliferation in Human Lung Cells

C. A. Love1, H. H. Kim2, K. A. Tallman2, N. A. Porter2, I. Jaspers1, and P. W. Clapp1.
1University of North Carolina at Chapel Hill, Chapel Hill, NC; and 2Vanderbilt University,
Nashville, TN.
Cannabidiol (CBD) and Δ-8-tetrahydrocannabinol (Δ8-THC) vaping products have
rapidly gained popularity in recent years. The 2018 Farm Bill legalized CBD, a
hemp-derived non-psychoactive cannabinoid, but also opened the door to chemical
conversion of CBD to psychoactive Δ8-THC. Based on their oxidation potentials,
CBD and Δ8-THC are likely to oxidize to reactive electrophilic quinones (CBDq and
Δ8-THCq) when vaped; however, little is known about the pulmonary effects of
these cannabinoids or their oxidation products. Here, we investigate whether vaping
CBD and Δ8-THC produces CBDq and Δ8-THCq and if these oxidation products
adduct proteins and impair key biological processes in the lungs. Vaped condensates were generated from commercial CBD and Δ8-THC cartridges and analyzed
using liquid chromatography mass spectrometry (LC-MS). Protein adduction was
assessed by exposing differentiated primary human bronchial epithelial cells
(hBECs) or 16HBE cells to alkynyl-tagged CBD, CBD vaped aerosol, or CBDq,
followed by “click” cycloaddition, photoelution pull-down, and western blotting.
16HBE cells were also exposed to a range of CBD, CBDq, Δ8-THC, and Δ8-THCq
concentrations (0-150µM) and labeled with Hoechst 33342 nuclear dye 24 hours
post-exposure to assess effects on cell proliferation. We observed that both CBDq
and Δ8-THCq were present in vaped condensate and that quinone concentration
was higher in the vaped condensate than the unvaped liquids. Exposure of hBECs to
vaped CBD aerosols, but not unvaped liquids, generated protein adducts, and model
peptide analysis further identified covalent modification of cysteine residues. CBDq
(8-35µM) also adducted multiple proteins, including TopII, Keap1, and HistH3, in a
dose-dependent manner. A significant reduction in proliferation was observed in
16HBEs exposed to CBDq (IC50=9.2µM) and Δ8-THCq (IC50=65.1µM), but not CBD
and Δ8-THC. At 150µM, vaped commercial CBD aerosol, but not unvaped liquid,
also significantly inhibited 16HBE proliferation (p<0.0001). Adduction of TopII, a
key protein in DNA replication, by CBDq may explain the decreased proliferation
observed at the same dose; however, the mechanism for Δ8-THC is still unknown.
Together these data indicate that cannabinoid vaping produces reactive quinones
which have the potential to adduct endogenous proteins and inhibit normal cell
functions in the lungs.

2037

Glycolysis Inhibition Attenuates Excitation-Contraction Coupling
in Human Airway Smooth Muscle Cells

S. Xu1,2, N. Karmacharya2, G. Cao2, R. A. Panettieri2, and J. Jude2. 1Rutgers, The State
University of New Jersey, New Brunswick, NJ; and 2Rutgers Institute for Translational
Medicine & Science, New Brunswick, NJ.
Asthma is a heterogeneous chronic airway disease with a complex etiology.
Obesity aggravates asthma by enhancing airway hyperresponsiveness (AHR) and
attenuating response to treatment. Dysfunctional metabolism in obesity leads to
several co-morbidities, including asthma. However, the precise mechanisms linking
metabolic dysregulation and asthma remain unknown. Airway smooth muscle
(ASM) cells are the predominant airway structural cells contributing to AHR. In
metabolomic screening, obese donor-derived human ASM (HASM) cells showed a
unique signature of glycolysis and citric acid cycle. Therefore, we hypothesized that
altered metabolic profile in obesity amplifies excitation-contraction (EC) coupling
in HASM cells. Seahorse® assay was used to measure the metabolic activity of
HASM cells. Obese donor-derived HASM cells manifested an elevated glycolysis
rate (fold change (FC): 1.25 ± 0.04 of non-obese group) and glycolytic capacity (FC:
1.23 ± 0.05 of non-obese group). Mitochondrial respiration, palmitate oxidation, and
glutamine oxidation rates were comparable between obese and non-obese groups.
The phosphofructokinase inhibitor PFK15 attenuated glycolysis (FC: 0.34 ± 0.14 of
control, n = 10 donors) and maximal mitochondrial respiration (fold change: 0.45 ±
0.04 of control, n = 10 donors) in HASM cells from obese and non-obese donors.
PFK15 also attenuated carbachol (CCh) or histamine-induced myosin light chain
phosphorylation (FC: CCh: 0.16 ± 0.038 of control, n = 5 donors; histamine: 0.04
± 0.017 of control, n = 6 donors). Meanwhile, agonist-induced phosphorylation of
Akt (FC: 0.17 ± 0.04 of control, n = 6 donors), Myosin Phosphatase Target Subunit
1 (MYPT1) (FC: 0.31 ± 0.091 of control, n = 6 donors), and RhoA activation (FC:
0.43 ± 0.09 of control, n = 5 donors) were also attenuated by PFK15. In addition,
PFK15 pre-treatment attenuated ATP production rates in HASM cells (FC: 0.77 ±
0.25 of control, n = 10 donors). In human Precision-Cut Lung Slices (hPCLS), PFK15
attenuated glycolysis (FC: 0.53 ± 0.13 of control, n = 5 donors) and CCh-induced
bronchoconstriction (AUC FC: 0.39 ± 0.092 of control, n = 6 donors). Taken
together, obesity increases glycolysis in HASM cells, and inhibition of glycolysis
attenuates agonist-induced EC coupling in HASM cells and bronchoconstriction
in human small airways. The findings identify novel therapeutic targets to mitigate
AHR in asthma.
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Circadian Clock Disruption in a Mouse Model of BleomycinInduced Pulmonary Fibrosis

I. K. Sundar, and A. Srinivasan. University of Kansas Medical Center Division of
Pulmonary Critical Care and Sleep Medicine, Kansas City, KS.
Bleomycin (BLM) is the common chemotherapeutic agent used to develop a preclinical mouse model of pulmonary fibrosis. Intratracheal BLM-induced pulmonary
fibrosis mouse model is used to understand the progression of disease (1-7 days
inflammation phase and 14-21 days peak of fibrosis phase) and for the assessment of potential therapies. BLM hydrolase (BLM inactivating enzyme) is lower in
the lung which results in increased ROS release followed by epithelial cell death,
exaggerated lung inflammation that activates fibroblasts resulting in extracellular matrix (ECM) deposition and development of pulmonary fibrosis. We hypothesize that the BLM challenge alters immune-inflammatory response in the lung
associated with circadian disruption and lung fibrosis. C57BL/6 Ncr (WT males,
~2 months; n=5/group) mice were administered with BLM (1.5 units/kg) or PBS
via oropharyngeal route at Zeitgeber time [ZT0: 6 am or ZT12: 6 pm] to induce
lung fibrosis. Body weight and survival data were recorded daily (day 0-14). All
the other parameters such as lung inflammation, Ashcroft’s scoring (Trichrome
staining), mRNA expression of ECM (Col1a1, Ctgf, Mmp3, Mmp12, Timp1), cellular
senescence (p16ink4a, p21), and core clock-controlled genes (CCGs: Clock, Bmal1,
Nr1d1, Nr1d2, Nfil3, Per1-3, Cry1-2, Dbp) in the lungs were measured at day 14. BLM
administration significantly reduced the body weight of WT mice at ZT0 and ZT12
compared to PBS. We found 40% mortality in mice at ZT0 BLM and 20% mortality at ZT12 BLM. BLM-challenged WT mice showed a significant increase in lung
inflammation (H&E) and collagen deposition (Trichrome staining) at ZT0 and ZT12
compared to PBS. mRNA expression of Ctgf showed a time-of-day response to
BLM at ZT12 compared to ZT0. All the other ECM genes (Col1a1, Mmp3, Mmp12)
and cellular senescence gene (p21) were significantly increased at both ZT0 and
ZT12 BLM compared to respective PBS. Timp1 mRNA was significantly increased
at ZT12 BLM and no change in p16ink4a expression was observed at ZT0 and
ZT12 BLM. We found several of the CCGs were significantly altered at ZT12 BLM
(increased: Clock, Nfil3, and Cry1 and decreased: Nr1d1, and Dbp) compared to
PBS. All the core CCGs remain unaltered at ZT0 BLM compared to PBS. Overall,
we found augmented lung inflammation, collagen deposition, and ECM remodeling
at ZT12 BLM that complements altered expression of clock genes in the lungs.
Understanding the circadian clock role in specific cell types during the development
and progression of the disease will enable us to devise novel clock-based chronotherapeutic approaches to treat pulmonary fibrosis.

2039

Estrogen Promotes M2a Phenotype Development in Alveolar
Macrophages following Nanoparticle Exposure

J. Ray, B. Postma, and A. Holian. University of Montana, Missoula, MT.
We previously published that multi-walled carbon nanotubes (MWCNT) exposure
leads to greater eosinophilic inflammation in female mice compared to males.
It is likely that sex steroid hormone signaling influences immune function in the
lungs and contributes to sex-biases in inflammatory outcomes. We hypothesized that estrogen signaling promotes M2a phenotype development in alveolar
macrophages (AM) in female mice, which leads to the female-bias in eosinophilic
inflammation. Using western blot to assess protein expression in AM isolated from
MWCNT-exposed male and female mice, we report that the sex-bias in eosinophil
recruitment was associated with a female-bias in M2a phenotype development in
AM. Additionally, compared to vehicle controls, estrogen receptor (ER) α protein
expression was downregulated in AMs from MWCNT-exposed males, but not
females, and gene expression of the androgen receptor (Ar) was increased following MWCNT exposure in males, but not females. These data suggest that downregulation of ERα and upregulation of Ar in male AMs is protective against type 2
inflammation. To directly test the role of estrogen signaling in vivo, we administered
ER antagonist, Fulvestrant, to female mice prior to MWCNT exposure and assessed
subsequent lung inflammation. Fulvestrant decreased MWCNT-induced airway
eosinophilia, CCL24 production, and activation of (p)STAT6 in AMs, supporting our
hypothesis. We further hypothesized that estrogen signaling promotes development of the M2a phenotype by increasing cholesterol efflux from macrophages,
thereby decreasing plasma membrane lipid raft occurrence, and enhancing the
M2a-associated IL-13/STAT6 signaling pathway. Compared to controls, AMs
isolated from MWCNT-treated males and females had increased gene expression of cholesterol transporter Abca1, but only female AMs increased transporter
Abcg1 expression. Furthermore, in vitro estrogen treatment of male and female
AMs decreased cellular cholesterol content. Taken together, these data support
our hypothesis that the female bias in MWCNT-induced eosinophilic inflammation
is due estrogen-mediated cholesterol efflux and exaggerated M2a development in
AMs. Work supported by R21 ES030978.
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Traffic-Generated Pollutant Exposure Combined with High-Fat
Diet Exacerbates the Expression of Factors Associated with
Alzheimer’s Disease Pathophysiology in Aged C57BL/6 WildType Mice

T. Armstrong, and A. K. Lund. University of North Texas, Denton, TX.
Multiple studies report a correlation between traffic-generated air pollution and
detrimental outcomes in the central nervous system (CNS), including Alzheimer’s
disease (AD). In addition to environmental exposures, obesity has been shown
to play a role in the progression of neuropathologies such as AD. Mice on a
high-fat diet (HFD) have shown increased neuroinflammation, and neurodegeneration, compared to mice on a low-fat diet (LFD). Globally, both AD and obesity
rates are expected to continue to increase, especially in areas where pollutants
exceed regulatory standards. AD pathology is characterized by the accumulation
of amyloid-β (Aβ) plaques, oxidative stress, neuroinflammation, and neurodegeneration, particularly in the hippocampus. Aβ is produced via the proteolytic cleavage
of the amyloid-β protein precursor (AβPP). Cleavage by β-secretase (βACE1) favors
the amyloidogenic pathway, leading to the accumulation of Aβ plaques in the brain.
Excessive angiotensin (Ang) II-AT1 receptor signaling is associated with increased
oxidative stress, cognitive impairment, and Aβ production. There is currently no
cure for AD, so identifying and mitigating health and environmental factors that
contribute to AD is crucial. Therefore, we investigated the effects of mixed gasoline
and diesel engine emissions (MVE), combined with a HFD on the expression of
factors involved in AD progression in the hippocampus (HC) of aged mice. To do
this, aged (18 mo.) male C57BL/6 mice on either a LFD or HFD (21% fat by content;
42% kcal from fat) were exposed to either MVE (300 μg PM/m3) or filtered air
(FA) for 6 hr/d, 7 d/wk, for 50 d. Immunofluorescence and RT-qPCR were used to
quantify: AβPP, oxidative stress (8-OHdG), AT1 receptor, AhR, Aβ, or BACE1. MVE
exposure promoted increased cerebral mRNA transcript levels of AβPP in aged
C57BL/6 mice regardless of diet. Furthermore, MVE-exposure increased oxidative
stress, βACE1, and expression of members of the RAS signaling pathway, and Aβ
expression with MVE-exposure in the HC of aged C57Bl/6 male mice and is further
exacerbated by HF diet. In conclusion, inhalation exposure to MVE, in an aged
mouse model, leads to increased BACE1 and Aβ accumulation in the CA1 region
of the HC. This is associated with increased expression of ACE and AT1 receptors.
A secondary insult of HFD further increases these factors, which are known to
contribute to oxidative stress, altered cerebral microvascular integrity, Aβ accumulation, and progression of CNS pathologies. Funded by NIEHS R15ES026795 to AKL.
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Mechanisms of Nitroalkene Inhibition of Macrophage Activation
and Immunometabolism in Bleomycin-Induced Interstitial Lung
Disease

M. L. Wilkinson1, C. Guo1, E. R. Stevenson1, E. Abramova1, B. A. Freeman2, and A. J.
Gow1. 1Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ; and 2University of
Pittsburgh, Pittsburgh, PA.
Fatty acid nitroalkenes such as nitro-oleic acid (OA-NO2) are endogenously
formed signaling mediators. They have demonstrated anti-inflammatory properties but have not been extensively studied in the lung. To assess their potential
to improve chemotherapeutic induced ILD outcomes, an IP bleomycin model was
employed. C57BL6J mice were injected with bleomycin (IPB) every 3d for 15d with
OA-NO2 administered intratracheally (IT) on d0, 4, 9, and 16. OA-NO2 resulted in
increases in the median bleomycin dose tolerated when compared to IPB alone
(4 vs 6†doses). Histopathologically, IPB increases in cellular invasion (159±6.9
vs 252±6.3*cells/40x field), alveolar wall thickness (1.0±0.0 vs 2.1±0.1*μM), and
lung consolidation (69±1.2 vs 57±2.0% white space), when compared to controls.
OA-NO2 improved these parameters in IPB mice (178±12.4#†cells, 1.5±0.1#†μM,
66±1.3#†% white space). Increased trichrome staining confirmed lung consolidation as fibrosis, which was not observed with OA-NO2 treatment. As OA-NO2
decreased recruitment of immune cells to the lung interstitium, mechanisms of
acute macrophage activation were assessed in vitro. OA-NO2 inhibition of activation
at early timepoints may result in reduced injury and disease. We examined how
OA-NO2 modulates macrophage activation in an alveolar macrophage model, RAW
267.4 cells with a focus on metabolism. LPS activation resulted in increased basal
glycolysis when compared to controls (4±0.3 vs 6±1.1*mpH/min). This LPS induced
glycolytic increase was reduced with OA-NO2 (2±0.3†mpH/min). To further characterize glycolytic changes, fluorescent glucose uptake was assessed. LPS activation
also resulted in reduced basal mitochondrial respiration when compared to controls
(17±1.6 vs 9±1.5*pmol/min). OA-NO2 reduces mitochondrial respiration regardless
of LPS activation (3±0.6*; 1±0.2#†pmol/min). To further characterize the effects of
OA-NO2 on respiration and the TCA cycle, an alkyne-containing OA-NO2 derivative
was used to identify proteins adducted by OA-NO2, such as cytochrome c oxidase
and aconitase. In summary, OA-NO2 modifies the response to chronic bleomycin-induced lung injury, potentially through alterations in immunometabolism.
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Dietary Omega-Fatty Acid Prevents Silica-Triggered
Autoimmune Disease in Adult Lupus-Prone Mice

L. K. Heine, T. Scarlett, J. G. Wagner, R. P. Lewandowski, J. J. Pestka, and J. R.
Harkema. Michigan State University, East Lansing, MI.
Lupus is an autoimmune disease that affects multiple organ systems. Inhalation
exposure to crystalline silica dust (cSiO2) has been epidemiologically linked to
disease manifestation. Previously we have shown that dietary supplementation
with the omega-3 fatty acid, docosahexaenoic acid (DHA), prevents cSiO2-triggered autoimmunity and pathology in the lungs and kidneys of juvenile, 8-week-old,
lupus-prone mice. In the present study, we tested the hypothesis that dietary supplementation with DHA at a human dose equivalent of 5 g/d prevents inhaled cSiO2-triggered autoimmune disease in adult lupus-prone mice that more accurately reflect
the age of cSiO2-exposed workers. Female 14-week-old NZBWF1 mice were started
on either a purified AIN-93G control (CON) or AIN-93G DHA amended diet. Two
weeks later, mice were intranasally instilled with either saline vehicle (VEH) or 1 mg
cSiO2 once per week for 4 consecutive weeks and sacrificed at 1 or 5 weeks after
the last instillation (PI). Lung and kidney tissues were processed for light microscopy, immunohistochemistry, and morphometric analysis. Bronchoalveolar lavage
fluid (BALF) was collected for total and differential inflammatory cell counts. VEH/
CON mice had no pulmonary or renal pathology at either 1- or 5-weeks PI. cSiO2/
CON mice had mild pulmonary ectopic lymphoid tissue (ELT) formation at 1-week
PI, with a marked increase at 5-weeks PI. Correspondingly, lungs of cSiO2/CON
mice had increases in CD3+ T-cell, CD45R+ B-cell, and IgG+ plasma cell densities at
both timepoints compared to VEH/CON mice. Significant cSiO2-induced increases
in macrophages and neutrophils were also found in BALF. Kidneys from cSiO2/CON
mice had conspicuous glomerular IgG deposition that was absent in VEH/CON
mice. Dietary DHA supplementation dramatically attenuated cSiO2-triggered lung
pathology including ELT formation, increases in CD3+T-cell, CD45R+B-cell and IgG+
plasma cell densities, and inflammatory cell counts in BALF at both 1- and 5-weeks
PI. cSiO2/DHA mice also had no IgG deposition in renal glomeruli. These results
demonstrate that dietary DHA markedly prevents cSiO2-triggered lupus pathology in
adult mice, in a manner similar to juvenile mice of the same sex and strain. Funded
by ES027353 and T32ES007255.
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Differential Expression of Long Noncoding RNAs in the
Pathogenesis of Trichloroethylene-Mediated Inflammatory and
Autoimmune Response

N. B. Chakrabarty, H. Wang, S. G. Widen, and F. M. Khan. University of Texas Medical
Branch at Galveston, Galveston, TX.
Trichloroethylene (TCE), an occupational and ubiquitous environmental contaminant is associated with the induction of autoimmune diseases (ADs). Although
oxidative stress plays a major role in TCE-mediated autoimmunity, the underlying molecular mechanisms still need to be delineated. Even though long non-coding RNAs (lncRNAs) are involved in post-transcriptional regulation of genes, their
functions in the pathogenesis of ADs remain unclear. Therefore, the objective
of this study was to explore the contribution of lncRNAs (>200 nucleotides) in
TCE-mediated inflammatory and autoimmune response. To achieve this objective,
total RNA sequencing (NGS) microarray was done and data were analyzed to
identify dysregulated lncRNAs in female MRL+/+ mice treated with TCE (0.5 mg/
ml, a dose relevant to human exposure and known to induce autoimmune response
in experimental animals) for 36 wks. TCE exposure resulted in increased levels of
serum ANA and anti-dsDNA antibodies (markers of systemic lupus erythematosus disease) in TCE-treated mice. We also found significantly increased expression of lncRNAs NEAT1 and MALAT1 (target inflammatory cytokines and MAPKs)
along with several other lncRNAs such as Kcnq1ot1, 4933431G14Rik, Gm48027,
B430010I23Rik, Egfros, Gm42664, Gm15690, Gm52965, Gm48678, Gm31356,
Snhg12 and 9030616G12Rik (potentially involved in inflammation) in TCE-treated
mice. Since we have previously shown that TCE exposure leads to reduction in
Nrf2 expression, increased phos-NF-κB (p65) along with increased phosphorylation
of MAPKs (p38, ERK and JNK), the increased expression of lncRNAs especially of
MALAT1 and NEAT1 observed in this study could potentially target Nrf2 to disrupt
subsequent signaling cascade to contribute to TCE-mediated autoimmunity. Our
findings, not only suggest a potential contributory role of lncRNAs in TCE-mediated
inflammation and autoimmune response, but also indicate their usefulness as
biomarkers of disease development.

2044

Cigarette Smoke and Heat-Not-Burn Tobacco Vapor Exposures
Alter Granulopoiesis and Neutrophil Functions during
Experimental Arthritis

P. Scharf1, C. S. Heluany1, S. Sandri1, A. H. Scheneider2, P. D. Barbim2, R. Fock1, F.
Q. Cunha2, and S. H. Farsky1. 1Universidade de São Paulo, São Paulo, Brazil; and
2Universidade de São Paulo, Ribeirão Preto, Brazil.
Exposure to combustible products of cigarette smoke (CS) aggravates rheumatoid arthritis (RA) symptoms. Hence, non-combustible tobacco products, such as
heat-not-burn tobacco (HNBT), which mainly release nicotine, glycerin and propyl-

ene glycol, could reduce those toxicities caused by CS. Nevertheless, this hypothesis needs to be proved. Bone marrow (BM) granulopoiesis and neutrophil delivery
into blood is a sustained process of homeostasis and host defense. We reported
that CS exposure into mice worsened antigen-induced arthritis (AIA), with higher
neutrophil migration into synovial cavity; conversely HNBT did not cause these
effects. Therefore, we here investigated the impact of CS or HNBT exposures on BM
and circulating leukocytes profile on AIA model. AIA was induced in C57B6 mice by
s.c administration of 500 µg of methylated bovine serum albumin on day 0; boosted
on days 7 and 14 and challenged i.a. on day 21; 24h later samples were collected.
AIA-mice were exposed to airflow, CS or HNBT from day 14 to 20 after first immunization, for 1h/twice a day under the Health Canada Intense (HCI) smoking regime
(55 mL of smoke for 2 s puffing, for every 30 s). Blood neutrophils from naive
mice were exposed to airflow, CS or HNBT (30min, 2 s of smoke/vapor followed
by 58 s of airflow) to evaluate fMLP-induced chemotaxis and NETs formation. AIA
increased BM cellularity in airflow-exposed mice, which was higher in CS-exposed
group, due to the enhanced number of immature, banded and segmented neutrophils; conversely, HNBT exposure did not enhance BM cellularity as CS did, and
reduced the number of immature and blast cells. Elevated number of circulating
leukocytes was detected in airflow and CS exposed mice, which was lower in
HNBT exposed animals. In vitro assays demonstrated that neutrophils exposed
to HNBT or nicotine, but not to CS, showed impaired fMLP-induced chemotaxis
and enhanced NETs formation in comparison to airflow exposure. Associated
data obtained show that CS and HNBT exposures differently affect granulopoiesis
during AIA, and nicotine in either CS or HNBT impairs pivotal neutrophil functions
during the host defense.

2045

Interactions between the Aryl Hydrocarbon Receptor and the
Microbiome Regulate Intestinal Macrophages in Non-obese
Diabetic Mice

K. Malany1, S. Sandoval1, J. Pennington2, N. Kerkvliet2, N. Shulzhenko2, A. Morgun2,
and A. Ehrlich1. 1University of California Davis, Davis, CA; and 2Oregon State University,
Corvallis, OR.
Type 1 diabetes (T1D) is an autoimmune disorder which arises from a complex
interaction between genetic and environmental factors. Multiple environmental
signals predicted to impact T1D development occur at the intestinal surface, as
a result of exposures through ingestion, dietary antigens, and microbial colonization. It is hypothesized that an inappropriate immune response to these
exposures precipitates overt T1D, but a mechanism of action remains elusive. We
propose a novel mechanism by which environmental surveillance interacts with
the immune system: immunosuppressive lamina propria (LP) macrophage regulation via the aryl hydrocarbon receptor (AhR). To determine how AhR influences
the intestinal immune response during T1D development, we generated NOD
AhR knockout mice. Female AhR knockout mice had reduced insulitis at 12
weeks of age, and a decreased incidence and onset of hyperglycemia in comparison to their wild type littermates. In the LP of AhR knockout mice there was an
increase in IL-10R+Foxp3+ Tregs. We also discovered a population of residentlike macrophages (CD11b+CX3CR1+MHCIIhi) in the small intestine LP that were
negatively regulated by AhR (AhR-MFs). These cells have a very strong positive
correlation to LP Tregs, and correlate with protection against insulitis. To identify
the potential source of AhR ligands that regulate these resident-like macrophages,
mice were fed an AhR ligand-deficient diet. These cells were not further regulated
by dietary ligands, suggesting that AhR activation originates from the intestinal
microbiome. Therefore, NOD AhR knockout mice were derived as germ free and
the AhR-MF population was measured. In the absence of the microbiome both AhR
knockout and wild type mice had high levels of AhR-MFs, demonstrating that the
microbiome is required for AhR-mediated regulation of LP macrophages. RNAseq
analysis of sorted AhR-MFs demonstrate that these cells are antigen presenting but
lack an inflammatory gene signature. Current work is aimed at single cell sequencing of CD45+ LP cells from AhR knockout and wild type mice to identify how AhR
alters macrophage differentiation and predict mechanisms of crosstalk with intestinal CD4+ T cell populations.

2046

The Aryl Hydrocarbon Receptor Modulates T Follicular Helper
Cell Responses to Influenza Virus Infection in Mice

C. L. Houser, and P. Lawrence. University of Rochester, Rochester, NY.
The aryl hydrocarbon receptor (AHR) is an environment-sensing transcription factor
that is ubiquitously expressed throughout the immune system. Epidemiological
and animal studies demonstrate that exposure to a range of anthropogenic and
naturally derived small molecules that bind to AHR alter antibody responses to
vaccination and infectious agents. However, the cellular components and governing mechanisms are not fully defined. T follicular helper (Tfh) cells support
antibody responses and are critical for humoral immune defenses to respiratory
viral infections. Yet, how the AHR activation regulates Tfh cells is not known.
Using a mouse model of infection with human influenza A virus (IAV), we show
that AHR activation suppressed CD4+ T cell proliferation and Tfh differentiation
over the course of infection. Moreover, diminution of the Tfh cell response by AHR
activation correlated with reduced frequencies of germinal B cells and plasma
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cells, as well as levels of high-affinity IAV-specific antibodies. Furthermore, these
AHR-driven alterations to Tfh cells during IAV infection required the AHR to have a
functional DNA-binding domain (DBD). Using conditional knockout mice that lack
Ahr in T cells, we report that AHR-mediated suppression of Tfh cell differentiation
required the AHR in T cells. Furthermore, T cell-dependent B cell responses to IAV
infection were no longer reduced by AHR activation when T cells lacked Ahr. Tfh
cells are gatekeepers of humoral immunity and play a crucial in host defenses
against pathogenic viruses. Given that exposure to AHR-binding chemicals impacts
responses to infections and vaccinations in humans, observing that AHR activation
dampened Tfh cell responses has broad reaching consequences for understanding
how environmental factors contribute to variation in immune defenses to respiratory pathogens, such as influenza and SARS-CoV-2.

2047

Cigarette Smoke Exposure and Latent Cytomegalovirus (CMV)
Infection Contribute to Immunosenescence and Premature
Aging of CD8 T Cells

S. N. Martos, M. R. Campbell, A. K. Merder, K. V. Embury, X. Wang, and D. A. Bell.
NIEHS, Research Triangle Park, NC.
Tobacco use is the leading cause of preventable morbidity and mortality in the
United States and cigarette smoke exposure is a risk factor for chronic inflammatory diseases, cancer, and communicable diseases. Immunosenescence, the
functional decline of the immune system associated with age, increases susceptibility to infection and cancer and is characterized by low-grade inflammation.
Overlap between senescence-associated diseases and systemic effects in
smokers suggests that senescence contributes to pathologies associated with
cigarette smoke exposure. Memory inflation (reduction in naïve, antigen-inexperienced, T cells and increase in memory, antigen-experienced T cells) is a hallmark of
immunosenescence. With single-cell RNA sequencing we identified the expansion
of late-stage and reduction of naïve CD8 T cells in smokers. Latent CMV infection
has also been linked to immunosenescence. To show that cigarette smoke
exposure and latent CMV infection contribute to memory inflation, we used DNA
methylation to estimate the frequency of naïve CD8 T cells (N = 122). Using reduced
DNA methylation of AHRR as a biomarker of smoking duration/dose and elevated
DNA methylation of LTBP3 as a proxy for CMV status, we found that both smoking
and higher LTBP3 methylation, indicative of CMV positivity, were associated with
lower naïve frequency (p < 0.01, p < 2.2x10-16). Since memory inflation is consistent
with immune senescence and suggestive of premature aging, we used DNA methylation estimation of telomere length (DNAmTL) to evaluate shortened telomeres (a
biomarker of senescence) and DNA methylation PhenoAge to evaluate age acceleration. Smoking was associated with lower DNAmTL (p < 0.001) and higher age
acceleration (p < 1x10-5). Higher LTBP3 methylation was associated with lower
DNAmTL (p < 2.2x10-16) and with higher age acceleration (p < 2.2x10-16). Taken
together, our data support that both smoking and CMV lead to memory inflation,
shortened telomeres, and accelerated aging. Premature aging of CD8 T cells
provides a potential explanation to the paradox that tobacco smoke is associated
with both reduced immunity and increased risk of inflammatory diseases. Our
study highlights the importance of assessing environmental and viral exposures to
understand immune-mediated susceptibility to disease.

2048

Organophosphate Esters Dysregulate Lipid Homeostasis in
THP-1 Macrophages

B. Giles1, N. Audet1, A. Zengin2, C. Guilbert2, B. Robaire1, and K. Mann1,2. 1McGill
University, Montréal, QC, Canada; and 2Lady Davis Institute, Montréal, QC, Canada.
Organophosphate esters (OPEs) are an emerging class of toxicants comprising a
diverse group of chemicals used as flame retardants. Many aspects of OPE toxicity
remain unknown; however, macrophages demonstrate significant functional
alterations after exposure to OPE mono-treatments. One OPE, triphenyl phosphate
(TPHP), has inhibitory binding activity for the nuclear receptor liver X receptor
alpha (LXRα), which regulates lipid homeostasis, in part through modulation of
cholesterol efflux and autophagy. Inhibition of LXRα increases intracellular lipid
content. However, research thus far has focused on single OPEs. In the environment, OPEs exist as mixtures in which 1) certain OPEs have an increased relative
abundance; and 2) some OPEs have opposing activities. In the present study, we
tested the hypothesis that a Canadian household dust-based OPE mixture will
alter the phenotype of THP-1 macrophages; and propose that this occurs through
disruption of nuclear receptor signaling. THP-1 human monocytes were exposed
to phorbol 12-myristate 13-acetate to induce differentiation before treatment with
diluted concentrations of the Canadian household OPE mixture (1x10-4 to 1x10-6)
from 4 to 48 hours. Utilizing high-content imaging, we assessed lysosomes and
intracellular lipid content. Quantification shows that sustained OPE exposure
induces opposing outcomes in lysosomes dependent on concentration, and results
in significant dose-dependent increases in intracellular lipid content. Under acute
exposure, lysosomes are reduced at all concentrations observed and no changes
in lipid content were detected. Based on previous literature, targets downstream of
LXRα were investigated as a potential mechanism for intracellular lipid accumulation and alterations in lysosomal activity. THP-1 macrophages were exposed to a
2x10-4 diluted OPE concentration alongside the endogenous LXRα/RXRα ligands

22R-hydroxycholesterol and 9-cis-retanoic acid or synthetic LXRα ligand GW3965.
qRT-PCR revealed a trend of reduced expression in genes implicated in lipid efflux
(ABCA1, PPARγ,), lipogenesis (SREBP1c, FASN), and macroautophagy (ATG7,
LC3B). These data may provide a link between phenotypic alterations seen in OPE
exposed macrophages and nuclear receptor activity. Supported by CIHR.
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Summary of Expression of Ten Markers on Polarized RAW 264.7
Macrophages by Flow Cytometry

L. Liu, S. B. Pruett, W. Tan, and J. Stokes. Mississippi State University, Mississippi
State, MS.
The mechanism of action of many toxicants involves inflammatory responses,
which can exacerbate tissue damage. It is clear that deaths from some infectious
diseases, including COVID-19, result from excessively aggressive inflammatory
responses. Thus, toxicants that also exacerbate or inhibit inflammation would be
expected to alter the course of such infections. Macrophages are scavenger cells
and a fundamental part of the innate and adaptive immune responses that participate in the body’s physiological and pathological processes, which can be generally
divided into two groups: M1 (inflammatory) and M2 (wound healing) based on
the expression of surface and intracellular markers. With this in mind, we have
established and optimized an eleven-color flow cytometric assay for macrophage
subtype identification that can be used to assess the effects of toxicants on immune
responses. First, we polarized 3×105of the mouse macrophage cell line RAW 264.7
with 10 ng/mL IFN-γ ± 100 ng/mL LPS for 24 hours to get M1-type macrophages.
During the same time, the M2a and M2c were polarized by 20 ng/mL IL-4 and 20
ng/mL IL-10 for 24 hours, respectively. The TNF-α level of cell supernatants were
tested by ELISA to verify polarization. Then polarized cells were labeled with the
following antibodies and assessed by flow cytometry to identify each marker’s
expression: F4/80, Arginase 1, TLR4, CD86, VEGF, CD14, CD206, MHC Class II, and
TNF-α (surface and internal). We have clearly identified macrophages subtypes
using these markers. We propose this as a useful approach to identify the effects
of infectious pathogens and toxicants on inflammatory responses. In addition, we
are working to develop a mathematical expression of the M1-M2 continuum that
can be used to quantify the degree to which all the markers are consistent with an
M1 phenotype or one of the M2 phenotypes. This lab is supported in part by NIH
P20103646-09.

2050

Activation of Nrf2 by tBHQ Promotes NK Cell Maturation, while
Concurrently Inhibiting Activation and Expression of Effector
Molecules

A. P. Boss, E. M. Gardner, and C. E. Rockwell. Michigan State University, East
Lansing, MI.
The transcription factor nuclear factor erythroid 2-related factor 2 (Nrf2) is
involved in the upregulation of antioxidant, detoxification, and cell stress genes
when activated by oxidative stress or exogenous compounds. tert-butylhydroquinone (tBHQ) is a potent activator of Nrf2 and is a widely used food preservative.
Previously, we have found tBHQ to negatively impact NK cell activation and effector
function and alter NK cell maturation. In the current study, we examined the effects
of Nrf2 activation by tBHQ in NK cells. Splenocytes were isolated from wild-type
(WT) C57Bl/6J mice or Nrf2-deficient mice with a C57Bl/6J background and treated
with varying concentrations of tBHQ (0.1 μM- 5 μM tBHQ). Following treatment,
NK cells were activated for 24 hours with either phorbol 12-myristate 13-acetate
(PMA) and ionomycin or a specific NK cell activator, IL-12/IL-18 cytokines prior to
flow cytometry analysis. There were pronounced genotype and tBHQ effects on
NK cell maturation. Specifically, there was a significant increase in the percentage
immature NK cells (CD27-CD11b-) in activated splenocytes derived Nrf2-knockout
mice. tBHQ treatment caused an increase in the percentage of terminally differentiated NK cells derived from wild-type, but not Nrf2-null, mice. In addition, tBHQ
caused a Nrf2-dependent decrease in expression of the activation markers, CD25
and CD69, in PMA/ionomycin-activated NK cells. Likewise, tBHQ decreased expression of Fas ligand in IL-12/IL-18-activated NK cells in a Nrf2-dependent manner. In
contrast, inhibition of IFNγ induction by tBHQ appeared to be largely independent
of Nrf2. Taken together, the data suggest that activation of Nrf2 by tBHQ promotes
NK cell terminal differentiation, while concurrently inhibiting activation and effector
function, which could negatively impact NK cell-mediated host defense. This study
was supported by NIH R01 ES024966.
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PFAS Exposure Is Associated with Autoimmunity in the
American Alligator

K. D. Rock, T. Guillette, M. Guillette, T. W. Jackson, and S. M. Belcher. North Carolina
State University, Raleigh, NC.
Per- and polyfluoroalkyl substances (PFAS) are a diverse group of persistent
chemical contaminants associated with immune disruption in humans.
Environmental monitoring from the Cape Fear River (CFR) in North Carolina has
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revealed a growing number of novel replacement PFAS and manufacturing byproducts in water downstream from a production facility, raising concerns about their
potential health impacts on local communities and wildlife. As a non-migratory
long-lived apex predator, the American alligator serves as a predictive aquatic
model or “sentinel species” of environmental hazards, including the long-term
adverse effects of persistent toxic pollutants. Here we present a comparative PFAS
exposure and immune health study of alligators from sites in North Carolina that
are deferentially contaminated by PFAS. Using liquid chromatography and high-resolution mass spectrometry we determined the concentrations of 23 different PFAS
present in serum samples from 76 adult and juvenile alligators. The geometric
mean concentration of total PFAS detected in CFR alligator serum (M = 36.96 ± 4.12
ng/ml) was significantly increased compared to alligators sampled at our reference
site, Lake Waccamaw (LW; M = 6.97 ± 2.50 ng/ml). Serum total PFAS concentrations were positively correlated with biomarkers of innate immune response, including increased lysozyme and complement activity. We also observed decreased
clotting, increases in helmet cells, and high expression, in some cases >400-fold
induction, of type 1 interferon responsive genes (Rsad2, Cxcl10, Mx1, Oas1) in CFR
alligators. These findings suggest that PFAS exposure broadly alters immune activities leading to hallmark phenotypes of human autoimmune disease in alligators.

of transcription factors, STAT3 and NF-κB. RAW264.7 murine macrophage-like
cells, BEAS-2B human lung epithelial cells, and THP-1 human monocytic cells were
exposed to LPS with or without GenX. Cytokine levels were analyzed by ELISA.
CBNP exposure increased CXCL-1 protein levels and neutrophils in BALF at 1 and
14 days after exposure. However, GenX/CBNP co-exposure significantly reduced
CBNP-induced CXCL-1 protein levels and neutrophils in BALF. Immunoblot analysis
of whole lung lysate showed that CBNP-induced phosphorylation of the NF-κB
protein while GenX/CBNP co-exposed group displayed decreased phosphorylation
status of NF-κB. Furthermore, groups exposed to either GenX-alone or GenX/CBNP
displayed significantly increased number of BALF macrophages undergoing mitotic
division which was substantiated by immunohistochemical staining for Ki67. This
was correlated with increased phosphorylation of STAT3 protein, which has been
implicated with cell proliferation, in whole lung lysate samples from GenX/CBNP
co-exposed group. In in vitro, LPS-induced IL-6, IL-8, and CXCL-1 were reduced by
GenX. Pulmonary exposure to GenX suppressed the CBNP-induced innate immune
response in the lungs of mice. Furthermore, GenX exposure promoted proliferation
of lung alveolar macrophages and lung epithelial cells.

2054
2052

Binary and Quaternary Mixtures of Perfluoroalkyl Substances
(PFAS) Differentially Affect the Immune Response to
Influenza A Virus

C. M. Post1, C. McDonough2, and P. Lawrence1. 1University of Rochester School of
Medicine and Dentistry, Rochester, NY; and 2Stony Brook University, Stony Brook, NY.
Perfluoroalkyl substances (PFAS) are anthropogenic organic compounds that
consist of fully fluorinated carbon chains with a charged functional group at one
end. Due to the strength of the C-F bond, PFAS persist indefinitely in the environment
and bioaccumulate throughout all trophic levels. As a result, there are detectable
levels of PFAS in humans and animals worldwide. PFAS exposure occurs through
many different routes, with contaminated food and water being primary sources of
human exposure. PFAS exposure has been linked to several adverse health effects
including cancer, thyroid disease, and endocrine dysfunction. Exposure to PFAS
has also been associated with immune suppression, such as reduced antibody
responses to vaccination. In the environment, PFAS occur as mixtures and epidemiological studies typically measure multiple PFAS in human serum; however, experimental studies frequently assess effects of only one or two PFAS. The objective
of this study was to compare the effect of PFAS exposure on the immune system
using two different mixtures of PFAS and a mouse model of infection with influenza
A virus (IAV) infection. Specifically, mice received drinking water containing
a mixture of two PFAS: perfluorooctane sulfonate (PFOS, 1.88 mg/kg BW) and
perfluorooctanoic acid (PFOA, 1.88 mg/kg BW), or a mixture containing four PFAS
[1.88 mg PFOS/kg BW, 1.88 mg PFOA/kg BW, 0.376 mg perfluorohexane sulfonate
(PFHxS, 0.376 mg/kg BW), and perfluorononanoic acid (PFNA, 0.26 mg/kg BW)]. A
separate group of mice received untreated water. Mice were provided PFAS treated
or control water for 3 weeks prior to and during infection with IAV. The expansion
and differentiation of T and B cells were measured using multiparametric analytical
flow cytometry. The analysis revealed that the two mixtures affected different cell
types during infection. The binary mixture affected aspects of the T cell response
while the quaternary mixture affected the B cell response. Using LC-QTOF-MS,
plasma levels of PFOS and PFOA were similar in both exposure groups, suggesting
that internal dose was not affected by mixture complexity. The findings indicate
that the immunomodulatory effects of PFAS mixtures are not simply additive, and
that the sensitivity of immune responses to PFAS varies by cell type. The study
demonstrates the importance of studying the effects of PFAS in mixtures.

2053

Pulmonary Exposure of Mice to Ammonium Perfluoro(2methly-3-oxahexanoate) (GenX) Suppresses the Innate Immune
Response to Carbon Black Nanoparticles and Stimulates
Cellular Proliferation

H. Lee1, D. J. You1,2, A. J. Taylor-Just1, K. Linder1, and J. C. Bonner1. 1North Carolina
State University, Raleigh, NC; and 2University of California Davis, Davis, CA.
Vaporization and atmospheric release of per- and polyfluoroalkyl substances (PFAS)
from industrial sources around the world have prompted the attention of communities in proximity to those industrial sources as well as the need to address our lack
of understanding on consequences of pulmonary exposure to such chemicals. In
this study, we investigated the effects of ammonium perfluoro(2-methly-3-oxahexanoate) (GenX), an emerging PFAS, on the pulmonary innate immune response of
mice to carbon black nanoparticles (CBNP), a surrogate for ultrafine air pollution
particles. Considering that PFAS are documented to be implicated in immune
dysfunction observed in both experimental animals and humans, it was hypothesized that pulmonary exposure to GenX would exert immunomodulatory effects
on the innate immune response to pulmonary exposure to CBNP. Male C57BL/6
mice were exposed to vehicle, 4 mg/kg CBNP, 10 mg/kg GenX, or both CBNP and
GenX by oropharyngeal aspiration. One and 14 days after exposure, bronchoalveolar lavage fluid (BALF) was collected for cytokines and total protein, while
lung tissue was harvested for immunohistopathology and western blot analysis

The Immunoinhibitory Role of PFAS in Hepatic Metabolism: Role
of Class 4 Cytochrome P450s and Cyclooxygenases

S. Kandel, E. Hicks, K. Ball, C. Capper, J. Adgate, J. Lampe, and R. McCullough.
University of Colorado Anschutz Medical Campus, Aurora, CO.
The “forever chemicals” per- and polyfluoroalkyl substances (PFAS) contaminate
industrial manufacturing sites, military airfields, and groundwater supplies. PFAS
are associated with a variety of immune-related toxicities and despite their threat to
human health, little is known regarding how PFAS modulate immune response. As
a key frontline immune tissue, the liver is ideally positioned to respond to immunologic stimuli as it produces numerous factors that control systemic immunity,
including bioactive lipid mediators (oxylipins). Cytochrome P450s (CYP) and cyclooxygenases (COX) are key metabolic enzymes highly expressed in hepatocytes that
coordinate oxylipin production to both initiate and resolve inflammation. Due to
the structural similarities between PFAS and the endogenous lipid substrates of
CYP and COX enzymes, we hypothesized that these molecules inhibit the production of oxylipin metabolites. Serum oxylipins from individuals with low and high
levels of PFAS (PFAS Aware Cohort) were measured. Recombinant CYP4A11 and
CYP4F12 (Supersomes/Abcam/Cayman Chemical) were treated with increasing concentrations of perfluorooctanoate (PFOA) and perfluorooctanesulfonic
acid (PFOS); arachidonic acid was used as the substrate to determine Km and
IC50 values. Pooled (150 donor) primary human hepatocytes (XenoTech, Kansas
City, KS) were treated with 10-100uM PFOA, PFOS, or perfluorohexanesulfonic
acid (PFHxS) for 24hr, then challenged with 10ng/ml LPS for an additional 24hr.
Expression of CYP, COX and IL-8 were determined by RT-qPCR and IL-8 release
was measured by ELISA. Serum levels of arachidonic acid metabolites negatively
correlated with PFOA, PFOS, PFHxS and PGI, PGE2, PGF2α, TXA2, 12-HETE and
15-HETE were negatively impacted by PFAS exposure. CYP-specific oxylipin
metabolites (20-HETE, 5,6-EET, etc) were below the limit of detection. In vitro, PFOA
and PFOS inhibited CYP4A11- and CYP4F12-mediated metabolism of arachidonic
acid, with IC50 values of 65.8uM and 23.5uM, respectively. Making use of primary
human hepatocytes, we found that PFOA and PFOS were potent inducers of CYP4A,
COX1 and COX2 mRNA. In addition, pre-treatment of primary hepatocytes with
PFAS attenuated LPS-induced expression of pro-inflammatory cytokines, including
IL-8. To date, these are the first data to demonstrate PFAS exposure negatively
impacts serum oxylipin levels in humans. While these data suggest PFAS may have
immunosuppressive effects on key metabolic pathways that modulate inflammatory responses, including oxylipins, the biologic implications of these findings need
to be further defined.
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Short-Chain Per- and Polyfluoroalkyl Substances (PFAS) Effects
on Human Phase I Biotransformation Enzymes

M. E. Solan, and R. Lavado. Baylor University, Waco, TX.
Per- and polyfluoroalkyl substances (PFAS) are a class of compounds that have
been of interest to human and ecological risk assessors in recent years because
they are found ubiquitously and there is evidence for adverse health effects in
humans. Newer, short-chain alternatives have been developed to mitigate some
of the toxic effects observed with the long-chain variants. However, there is a
significant lack of toxicity data pertaining to these compounds, and even less is
known about their effects in the context of exposures with other xenobiotics. A
previous study has suggested that two of the legacy PFAS, perfluorooctanoate
(PFOA) and perfluorooctane sulfonate (PFOS), are able to reduce the expression of
important CYP-enzymes in human liver cells following exposure. We evaluated the
activity of two phase I biotransformation pathways (CYP1A1 and CYP3A4) following exposure to short-chain PFAS, including perfluorobutane sulfonic acid (PFBS),
2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)-propanoate (GenX), perfluorohexane
sulfonate (PFHxS), perfluorohexanoic acid (PFHxA), 6:2 fluorotelomer alcohol (6:2
FTOH), using well-established human colorectal (Caco-2) and liver (HepaRG) cell
lines. Following single exposures, each of the compounds of were co-exposed
to known CYP enzyme inducers, Rifampicin and Benzo(a)pyrene, to evaluate the
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inhibition potential of the short-chain PFAS. Our results indicate that the interference of short-chain PFAS with CYP1A1 and CYP3A4 enzymes could potentially lead
to adverse outcomes resulting from the inability of biotransformation pathways to
function as needed.

2056

Impact of Fluorosurfactants on Remyelination

P. Jubin1, C. Guittoneau2, L. Butruille1, M. Aigrot1, E. Martin1, B. Demeneix2, C. Lubetzki1,
B. Stankoff1, J. Fini2, B. Zalc1, and S. Remaud2. 1Sorbonne University, Inserm, CNRS,
AP-HP, ICM, Paris, France; and 2UMR 7221, CNRS/Muséum National d’Histoire Naturelle
(MNHN), Laboratoire Phyma, Paris, France. Sponsor: D. Zalko.
Over the past 30 years an unexplained increased incidence in multiple sclerosis
(MS) is suspected to be exacerbated by environmental factors. We questioned
whether exposure to endocrine-disrupting chemicals (EDC), notably fluorosurfactant (PFAS) such as perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate
(PFOS), could interfere with the process of remyelination using ex vivo and in vivo
approaches to study cellular and behavioral effects of PFAS. First, we analyzed
consequences of PFAS exposure on neural stem cell determination using ex vivo
neurosphere assay derived from adult mice and observed that nanomolar concentration of PFOS significantly reduced the neuron/glia ratio. Second, cerebellar
slices derived from Tg(plp:GFP) transgenic postnatal mice were demyelinated
using lysophosphatidyl choline and exposed to PFOS during remyelination. We
observed that nanomolar exposure to PFOS significantly impaired remyelination.
Third, we analyzed consequences of PFAS exposure on remyelination using the
transgenic Xenopus laevis model Tg(mbp:GFP-NTR) of conditional demyelination.
In this model, introduction of metronidazole (MTZ) induces mature oligodendrocyte cell death and robust demyelination and withdrawal of MTZ leads to spontaneous remyelination. Extend of demyelination and remyelination was assayed by
counting the number of GFP+ oligodendrocytes. We reasoned that demyelination
should translate into loss of sensori-motor functions. To challenge this hypothesis,
we measured the speed and distance traveled before and after demyelination and
during the ongoing spontaneous remyelination. In addition, to test the functional
consequence of demyelination and repair of the optic tract of Tg(mbp:GFP-NTR)
tadpoles we adapted a visual avoidance paradigm, based on a virtual collision
test. We evaluated how all these parameters are perturbated when tadpoles are
exposed to PFAS. Addition of PFOS in the swimming water during the recovery
period strongly inhibited remyelination. The dose-response of PFOS toxicity
to inhibit remyelination showed an inverted bell-shaped curve with a maximum
effect at concentrations in the nanomolar range. Our data illustrate the toxicity of
some PFAS on myelination and myelin regeneration evaluated histologically in two
models of vertebrates and their behavioral consequences. Our finding questions a
possible correlation between the persistence of PFAS in our daily environment, with
the reported increase in the incidence of MS.
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Perfluorooctane Sulfonate (PFOS) Induce Alzheimer’s
Disease–Relevant Neurotoxicity

T. Syeda, S. Min, J. Rochet, and J. R. Cannon. Purdue University, West Lafayette, IN.
Environmental toxicants have been extensively linked to neurodegenerative
disorders including Alzheimer’s disease (AD) and Parkinson’s disease. Major
emphasis is being placed on Identifying and limiting the exposure to the modifiable risk factors that could decrease the risk of disease or slow the disease
course. Per- and polyfluoroalkyl substances (PFAS) are environmental toxicants
with potential neurotoxic effects. PFAS are extensively used synthetic compounds
in many household applications. PFAS are a major public health concern due to
widespread use, long environmental half-lives, bioaccumulation, and a variety of
health effects. Recent work from our lab has shown that perfluorooctane sulfonate
(PFOS) exposure induces dopaminergic neurotoxicity in Caenorhabditis elegans
and developmentally exposed amphibians. Several studies have suggested that
developmental PFOS exposure induces tau hyperphosphorylation, amyloid-beta
aggregation and impairs spatial learning and memory in rodents. This data suggest
that PFOS exposure could be a potential risk factor for neurodegenerative diseases.
Although experimental studies have highlighted that PFOS exposure induces AD
relevant neurotoxicity, the mechanism associated with PFOS induced neurotoxicity
is not clearly known. In the present study, we tested the hypothesis that PFOS
exposure induces Alzheimer’s disease-relevant neurotoxicity through directly
promoting biophysical interactions of AD-relevant proteins (tau, amyloid-beta,
and α-Synuclein). Cell-free assays and primary cortical neurons (10-100 µM PFOS,
doses based on prior publications) were used to identify mechanisms associated
with AD-relevant neurotoxicity induced by PFOS. Preliminary data from thioflavin
T fluorescence assay in cell-free systems indicate that PFOS directly promoted
tau fibrillization (in terms of fibril yield), whereas the effects of PFOS on α-Synuclein fibrillization were more variable. PFOS also induced amyloid and tau pathology in primary neuronal cells. PFOS promoted phosphorylation of tau (p-Tau 231)
through GSK 3-β in primary neurons. Primary neuronal cells treated with PFOS
had increased expression of amyloid precursor protein and beta-secretase 1. Our
study indicates that PFOS promotes aggregation of AD-relevant proteins through
alteration of metabolism, post-translation modifications, and direct biophysical
interaction with the proteins.

2058

PFOS and the Oxylipin, 13-HOTrE Antagonize PPARd and
Perturb C2C12 Skeletal Muscle Energy Utilization

J. A. Eccles, W. A. Evans, and W. S. Baldwin. Clemson University, Clemson, SC.
Several chemicals disrupt energy utilization and some of these cause obesity or
non-alcoholic fatty liver disease (NAFLD). One such chemical is PFOS, which may
also disrupt CYP2B6-mediated polyunsaturated fatty acid (PUFA) metabolism to
oxylipins. CYP2B6 produces several oxylipins with a preference for metabolism
at the 9- and 13-positions (linoleic acid to 9-HODE, 13-HODE and a-linolenic acid
to 9-HOTrE and 13-HOTrE). Oxylipins may serve as signaling molecules for many
processes, such as inflammatory pathways, lipid distribution, and lipid metabolism.
Due to their diversity, oxylipins can act as ligands for a variety of receptors, including the peroxisome proliferator-activated receptors (PPARa/d/g) that play a role
in regulation of lipid metabolism, inflammation, and dyslipidemia. Transactivation
assays (at 6 micromolar) of each oxylipin and PFOS revealed that PFOS was an
antagonist of PPARa and PPARd, 9-HODE and 9-HOTrE are agonists of PPARa,
13-HOTrE is an antagonist of PPARd, and 13-oxoODE is an agonist of PPARg. All
PPARs play a role in lipid metabolism, but their expression varies by tissue. Less
research has focused on PPARd, especially as it relates to obesity and obesogens
probably because it is predominantly expressed in skeletal muscle tissue.
Negatively perturbing PPARd activity may reduce fat use in muscle and increase
accumulation in other tissues by increasing serum availability, which can impact
obesity. To determine the effects of PFOS and 13-HOTre on skeletal muscle, C2C12
myocytes were exposed to 0.6 to 6 micromolar PFOS or 13-HOTrE and a MitoStress
test was performed (SeaHorse, Agilent). PFOS decreased basal metabolism, proton
leak, and ATP-coupled metabolism; 13-HOTrE increased ATP-coupled metabolism
in a concentration-dependent manner. In addition, C2C12 myocytes were exposed
to PFOS and 13-HOTre during differentiation and gene expression quantified by
qPCR. Significant changes in several genes related to metabolism, including an
increase in sterol regulatory-element binding proteins (SREBPs) that are required for
cholesterol and fatty acid biosynthesis were observed for 13-HOTre and PFOS. This
suggests that PFOS and 13-HOTrE play a role in perturbing related, but potentially
different pathways involved in energy metabolism in murine skeletal muscle cells
with changes associated with sarcopenia following PFOS exposure. This work was
funded by NIEHS grant R15ES017321 to WSB and BSPDC-GIAR 2020 to JAE.
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Perfluorooctanoic Acid Exposure Alters the Global Proteome of
Differentiating Primary Human Villous Trophoblasts

H. Chen, M. Kapidzic, A. San, N. Zeighami, S. C. Hall, S. J. Fisher, and J. F. Robinson.
University of California San Francisco, San Francisco, CA.
Perfluorooctanoic acid (PFOA) is a chemical belonging to the perfluroroalkylated
substances (PFAS), a class of widely used industrial surfactants identified as
contaminants of developmental concern due to their environmental persistence.
High maternal PFOA exposure has been linked to adverse pregnancy outcomes in
experimental models, however the specific cellular and molecular mechanisms are
still being elucidated. The human placenta, the interface between the maternal and
fetal compartments, is a known target of various environmental stressors including PFAS. Placental cytotrophoblasts (CTBs) play critical roles in implantation,
uterine infiltration, and vasculature development, and perturbations in CTB function
underlie severe pregnancy complications such as preeclampsia or preterm birth.
In vitro, primary human villous CTBs differentiate towards an invasive phenotype,
representative of their characteristics in vivo. We have previously utilized primary
human CTBs to evaluate the toxicological potential of other persistent pollutants such as brominated and organophosphate flame retardants, on functional
and transcriptomic levels. To evaluate the impact of PFOA exposure on CTBs, we
profiled the global proteome of these cells using sequential window acquisition
of all theoretical mass spectra (SWATH‐MS). We identified 3,241 proteins from
second trimester CTBs (n=3) treated with vehicle (0.1% DMSO) or PFOA (0.1, 1,
10, 25 μM) for 48 hr. Among these proteins, 445 were differentially expressed (DE)
as a function of PFOA treatment. Gene ontology functional analysis revealed that
these DE proteins were enriched for processes associated with immune responses,
supporting previous observations of PFAS’ immunotoxic potential. Concentrationdependent changes were observed in immune-related molecules such as IL-2Rβ
(interleukin-2 receptor subunit beta), IL-6Rβ (interleukin-6 receptor subunit beta),
and FSTL3 (follistatin-related protein 3). Our results suggest PFOA can alter primary
human villous CTBs during their differentiation towards an invasive phenotype, with
a notable impact on molecules associated with immune signaling.

2060

Aloe-Emodin Does Not Induce Genotoxic Damage in Kidney and
Colon In Vivo

G. Melzi, M. Marinovich, and C. L. Galli. Università degli Studi di Milano, Milan, Italy.
Hydroxyanthracenes are contained in several plants used as food supplements,
herbal medicine products, and cosmetics. Aloe-emodin is one of hydroxyanthracene derivatives, able to be absorbed at least in 20-25% in experimental animals
after an oral dosage. Recently it was reported as genotoxic in vivo and attract the
interest of the EFSA-ANS Panel in 2018. The aim of this project is to assess the
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potential toxicity of aloe-emodin (purity 97.12%) in order to deeply investigate the
mechanism of action of this molecule, which seems able to act as genotoxic. To
this purpose, in vivo comet assay as performed following OECD 489 on isolated
cells form colon and kidney of male Hsd:ICR (CD-1) mice after treatment with
aloe-emodin by oral gavage. Animals were treated twice at 0 and 24 hours with
the vehicle alone, or with aloe-emodin at 250, 500, 1000, and 2000 mg/kg/day, or
the positive control (ethyl methanesulfonate, 150 mg/kg/day). Colon and kidneys
were collected after sacrifice at 3-6 hours after the last treatment. Comet assay
was performed both with and without hOGG1 enzyme to identify oxidative lesions.
Animals did not show any clinical sign after treatments. A slight body-weight loss
was observed randomly in individual animals of some treatment groups. Comet
results were analyzed taken into account the parameters of tail moment and tail
intensity. The vehicle group did not show any DNA damage, indicating the correct
cells’ preparation. Also treatments did not cause DNA damage in colon and kidney,
neither in tail moment nor in tail intensity. Moreover, hOOG1 treatment showed a
statistically significant dose-related increases in tail moment starting from 500
mg/kg/day in colon samples suggesting an oxidative damage induction. The same
treatment in kidneys did not show any statistically significant variance. Based on
the overall experimental evidence, aloe-emodin can be considered as having no
genotoxic potential, even though a possible oxidative damage to colon tissue could
not be excluded based on the hOGG1’s comet assay results. Acknowledgment:
Special thanks to the Italian Society of Toxicology (SITOX) for having actively participated in the sponsorship of the experimental protocol.
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Toward Next-Generation Read-Across Approach for Cosmetic
Ingredients: From Transcriptomic Data to Integrated
Understanding of Mechanism of Action

R. Grall, B. Ambroise, G. Ouedraogo, O. Perin, and A. Riu. L’Oréal Research & Innovation,
Aulnay-sous-Bois, France.
The animal testing ban for safety evaluation of cosmetic ingredients proves a
challenge for the development of non-animal approaches, especially for systemic
toxicity, where New Approach Methodologies (NAMs) are widely developed. A
toolbox of in silico and in vitro tools, bringing both mechanistic insight and identification of biological analogs, has been developed to conduct Next generation Read
Across (NGRA). A pipeline of analysis is proposed to take advantage of transcriptomic data to highlight biological pathways involved and confirm observations with
targeted assays. It is illustrated here with two compounds without in vivo Acute Oral
Toxicity alerts: Amiodarone, and a Hair Dye. Both are known to cause in vivo liver
histopathological alterations in rodents after oral repeated dosing in legacy studies.
After conventional analysis of transcriptomic data, including pathways enrichment
analysis, both compounds showed specific deregulation: steroids metabolism and
inflammation for amiodarone, inflammation and oxidative stress for the Hair Dye.
Specific Inflammation, Oxidative Stress and Steatosis transcriptomic signatures,
curated from literature, confirmed the induction of inflammation and oxidative
stress pathways in cells exposed to Hair Dye and steatosis for Amiodarone.
These observations were confirmed using in vitro assays targeting such effects:
mitochondrial alteration, cell stress, and liver specific assays. Amiodarone exhibited
mitochondrial alteration and subsequent metabolic disruptions in the cell stress
assay, such as reticulum endoplasmic stress pathway activation, Mechanisms of
Action (MOAs) leading to steatosis in liver (Patel et al, Clin Liver Dis, 2016). The Hair
Dye showed pro-inflammatory effects, mitochondrial toxicity and strong potential
hepatotoxicity after chronic exposure in the 3D-spheroid model. Such MOAs can
be linked to liver centrilobular necrosis observed in vivo in rat (Jaeschke et al,
Tox Sci, 2002). Finally, identification of biological analogs sharing similar MOAs,
like Ketoconazole for amiodarone and Valproate for Hair Dye will help strengthen
the NGRA. This new approach provided relevant elements contributing to hazard
characterization of tested molecules, from transcriptomics to targeted testing.
However, a larger set of compounds is still needed to better evaluate the value of
this approach for systemic toxicity assessment.
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Achieving the Goal of Eliminating Mammalian Toxicity Studies
by 2035 for Agrochemical Assessment-Human Health Risk
Assessment

N. Ryan1, J. Abbott1, R. A. Currie2, D. Dreier1, T. Ramanarayanan1, O. A. Watkins1, D.
C. Wolf1, and H. Lu1. 1Syngenta Crop Protection LLC, Greensboro, NC; and 2Syngenta,
Bracknell, United Kingdom.
In response to the USEPA directive to reduce reliance on animal testing, and in an
effort to deliver faster, more sustainable agrochemical registrations, Syngenta is
developing an approach to generate the information necessary to meet the regulatory requirements for a new pesticide registration without the use of chemical-specific vertebrate tests. Our first case study is for a new ACCase inhibitor herbicide,
a chemical class with read-across potential. The workflow we established for the
prediction of human safety endpoints resembles a traditional approach to safety
evaluation in that we defined both exposure and hazard and then combined them
for the risk assessment. Exposure was based on proposed uses of the new ACCase
inhibitor, using established tools to estimate residues and dietary intake. Dietary
exposure was calculated with the Dietary Exposure Evaluation Model (DEEM),

incorporating both residues in food and feed as well as drinking water, based on
surrogate residue values from comparable herbicides. Operator exposures were
based on EPA’s Handling Scenario-based Unit Exposure model. For hazard, we
utilized a comparative assessment for 14 registered ACCase herbicides and insecticides, working on the hypothesis that a new ACCase will be no more toxic than
any existing ACCase. Risk assessment endpoints were collected from EPA Human
Health Risk Assessment documents and used to establish the range of possible
endpoints for the 14 chemicals. For chronic dietary risk assessment, the range
of EPA-assigned points of departure was 0.23 to 30 mg/kg/day. The estimated
chronic dietary exposures for all populations of interest ranged from 0.000074
to 0.000283 mg/kg/day for the new ACCase. Therefore, we can conclude that if
the new ACCase has an endpoint as low as the most toxic existing ACCase, a risk
assessment will show nearly 1000-fold difference between hazard and exposure. In
other words, the new ACCase inhibitor would pass the chronic dietary risk assessment (< 100% cPAD) with up to 1000X safety factor added to the hazard endpoint.
Similarly favorable risk assessments were predicted for all other exposure scenarios, thus demonstrating the success of this approach and ability to conduct a
human health-protective risk assessment without performing new mammalian
toxicity studies.

2063

A Predictive 3D Liver Spheroid Model for the Assessment of
Liver Repeated-Dose Toxicity

R. Grall, V. Neiveyans, S. Emery, F. Gautier, G. Ouedraogo, and A. Riu. L’Oréal Research &
Innovation, Aulnay-sous-Bois, France.
Concerns about long-term repeated-dose toxicity assessment have been raised
since the ban on animal testing for cosmetic ingredients. Therefore, the development of new approach methodologies that include in vitro models able to reproduce
the physiological functionality of specific human organs has become essential
and must continue to face the current challenges for risk assessment purposes.
The screening of legacy data showed that liver was the most targeted organ by
cosmetic ingredients in repeated dose toxicity studies in vivo after oral exposure
(Vinken et al. Arch. Toxicol, 2012). Hence, we have developed a 3D-spheroid assay
based on HepG2 cells that we manage to maintain for more than 28 days showing
an increase in liver-specific markers expression and an improvement in metabolic
activities in HepG2 spheroids compared to 2D cell culture. To optimize the length of
exposure of the assay, the exposure protocol has been refined to 4 daily repeated
exposures, monitoring albumin secretion and cell viability. The validation of the
3D-spheroid model was done using 8 well known hepatotoxicants (drugs) and
2 negative controls, then a larger set of 57 compounds was evaluated to better
validate the model and define its applicability domain. Detailed analysis regarding
different mechanisms of hepatotoxicity has been conducted, in order to evaluate
the performance of the predictivity of the model on each of them. Compounds
known to trigger centrilobular necrosis (6 tested compounds), phospholipidosis
(2 compounds) or steatosis (6 compounds) in vivo were well predicted with above
80% accuracy in the 3D-spheroid model. While other compounds known to trigger
cholestasis in vivo (8 compounds) got poor prediction rate with 62% accuracy
in this assay, mainly due to the measured readouts (Albumin secretion and ATP
quantification) or to the lack of transporters involved in cholestatic mechanism
of action in our model. Efforts are made to better predict cholestatic compounds,
quantify expression of specific genes being one of the tracks to follow (Gijbels
et al, Food Chem Tox, 2021). Moreover, a mathematical data processing refinement of albumin secretion and ATP quantification results is under process to better
predict hepatotoxicants using this 3D-spheroid model using generated data but
also by increasing significantly tested compounds. This cost-effective model could
be promising for a further screening of new cosmetic ingredients for long-term
hepatotoxicity effect.

2064

Setting Limits for Data-Poor Leachables in Parenteral Drug
Products: A Case Study of an Irganox 1010 Degradant

E. Dahl1, M. Ruberto2, S. Gadhia1, M. Olson1, and A. Ader3. 1SafeBridge Consultants Inc.,
New York, NY; 2Material Needs Consulting, Montvale, NJ; and 3SafeBridge Consultants
Inc., Mountain View, CA.
7,9-Di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione (CAS No. 82304-66-3) is a
well-known breakdown product of the antioxidant Irganox 1010 that is widely used
in polymers and plastics. It has been identified as a contaminant in everything from
tap water to household dusts and in extracts from pharmaceutical or food packaging, medicinal plants, and artificial turf. Despite its ubiquity, no toxicological studies
for this chemical were identified in the public literature to enable an assessment of
its health hazards. To bridge this data gap, multiple QSAR tools and read-across
approaches were used to develop a permitted daily exposure (PDE) for this
potential leachable in parenteral drug products. QSAR tools included Derek (Lhasa)
and Leadscope (Instem) to assess mutagenic potential, and CADRE SS to assess
sensitization potential. Publicly available tools such as the OECD toolbox and EPA
CompTox Dashboard were used to predict metabolism, identify potential comparators, and to understand physical and chemical properties. Though many of these
tools have yet to reach regulatory approval for conducting hazard assessments for
pharmaceutical products, they were helpful in identifying and evaluating compara-
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tor compounds with more robust public data, including information on metabolism
and different routes of exposure. The mechanism for the stabilization of polymers
using hindered phenol antioxidants such as Irganox 1010 was examined along
with the reaction pathway that leads to this breakdown product. In understanding
structural features and potential toxicity and reactivity, as well as how it might
behave in an aqueous solution and in vivo, it was recognized that, despite the lack
of clear structural similarity, it was reasonable to group 7,9-Di-tert-butyl-1-oxaspiro
(4,5) deca-6,9-diene-2,8-dione with other Irganox-related leachables. This allows
for recommending a PDE for total Irganox 1010 impurities as a group based on
data available for butylated hydroxy toluene (BHT). Thus, a PDE for this group was
developed using a BHT point of departure and applying relevant adjustment factors
in accordance with ICH guidelines, and recommendations made for controlling the
leaching of 7,9-Di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione into parenteral
drug products.

2065

A 14-Day Toxicity Class Comparison Study of Nine Phenolic
Benzotriazoles in Male Hsd: Sprague Dawley SD Rats

R. A. Dee1, M. F. Cesta1, M. C. Cora1, K. R. Shockley1, B. R. Sparrow2, S. Waidyanatha1,
G. Xie3, G. K. Roberts1, and C. R. Blystone1. 1NIEHS, Research Triangle Park, NC;
2Battelle Memorial Institute, West Jefferson, OH; and 3Social and Scientific Systems Inc.,
Durham, NC.
Phenolic Benzotriazoles (PBZTs) are a class of UV stabilizers used in a variety
of industrial and consumer products. Due to widespread use there is potential
exposure (contaminated drinking water, food products, cosmetics, etc.) to the
general public, with limited class data available on these chemicals. The objective
of this study was to evaluate and compare the general toxicity of nine PBZTs:
P-BZT, Drometrizole, tBu-PBZT, Octrizole, ditPe-BZT, diMeEtPh-BZT, tBuPrOcEst-BZT, Bumetrizole, and ditBu-ClBZT. The test article, or vehicle control, was
administered daily to male Hsd:Sprague Dawley® SD® rats via oral gavage for 14
days at dose levels of 0, 30, 100, 300, or 1000 mg/kg. No treatment-related mortality was observed. Animals exposed to 1000 mg/kg tBuPrOcEst-BZT displayed
several clinical signs of toxicity, accompanied by significant changes in hematological and clinical chemistry parameters, some of which were suggestive of
renal and hepatic injury. Animals exposed to high doses of tBu-BZT, ditPe-BZT,
and ditBu-ClBZT also displayed significant changes in hematological and clinical
chemistry parameters. Body weights were significantly decreased (p<0.01) by up
to 33% in animals treated with ≥300 mg/kg tBuPrOcEst-BZT. Liver (≥300 mg/kg)
and/or kidney (1000 mg/kg) weights significantly increased (p<0.05) for animals
exposed to P-BZT, drometrizole, tBu-BZT, ditPe-BZT, tBuPrOcEst-BZT, bumetrizole,
and diBu-ClBZT. Animals exposed to 1000 mg/kg tBuPrOcEst-BZT also had significant weight changes in several other organs. Animals with higher organ weights
also had changes in liver and kidney gene expression. These changes correspond
to preliminary pathology results, where there was evidence for hepatocellular
hypertrophy and renal tubule degeneration. Preliminary pathology results also
indicated thymic atrophy in animals treated with 4 of the 9 PBZTs. In summary,
seven of the PBZTs evaluated showed changes indicative of kidney or liver toxicity,
with tBuPrOcEst-BZT (the only PBZT containing an ester), displaying the most
toxicity. Octrizole and diMeEtPh-BZT did not induce any test-article related changes
in any of the endpoints observed.

2066

The Unknowns of Vaping: Oxidative Stress, Toxicity, and DNA
Damage across the Device Lifetime

C. Wright1,2, J. Jeon2, Q. Zhang¹, A. Davis1, R. Greenwald2, and M. Black1. 1Chemical
Insights Research Institute, Marietta, GA; and 2Georgia State University, Atlanta, GA.
Sponsor: C. Wright, Environmental Mutagenesis and Genomics Society
The safety of electronic nicotine delivery systems (ENDS) remains unknown. Recent
evidence suggests hazardous compounds found in ENDS aerosols may increase as
the device ages causing inhalation of genotoxic agents. Identifying ENDS vaping
patterns that may enhance exposure to genotoxic compounds will be essential to
protecting public health. In this study, we aimed to characterize the lifecycle and
toxicological profiles of aerosols from pod and mod ENDS using primary small
airway epithelial cells (SAEC). Aerosols from (1-50) and (101-150) puffs for JUUL
Virginia Tobacco and (1-25), (101-126) and (201-226) puffs for VooPoo devices
utilizing tobacco flavored e-liquid were generated using a custom vaping machine.
Aerosols were monitored and collected using scanning mobility particle sizer
and fluorinated ethylene propylene tube condensation traps, respectively. ENDS
aerosols were eluted and prepared for toxicological analysis using cellular viability, oxidative stress and the CometChip assays after 24 hr or 7 days. Both ENDS
devices generated polydispersed size fractions ranging from 10 nm to ~1 micron.
Particle concentrations were higher for JUUL where puffs 1-50 emitted 207 µg/m3
and puffs 101-150 emitted 153 µg/m3, while VooPoo ranged from 1, 4 and 7 µg/m3
for each respective puff fraction. Dosimetric analysis revealed the deposited dose
(19.9 µg/cm2) within the lungs was 7.7 times higher for JUUL aerosols than VooPoo
(2.6 µg/cm2). At each puff fraction, duration, and device, significant increases in
reactive oxygen species were found in SAEC along with glutathione and cellular
viability reduction. Interestingly, at both time points, a two-fold increase in DNA
damage due to JUUL puff fractions 101-150 in comparison to 1-50 puffs was

found. Likewise, we observed a three-fold increase in DNA damage caused by puffs
201-226 versus puffs 101-126 for VooPoo aerosols. This work suggests ENDS
aerosols become more hazardous as the device ages, which may increase adverse
human health effects.

3000

A Seasonal Comparison on the Impact of Extraction Technique
on Oxidative Potential Results for Fine Particulate Matter
(PM2.5) Filters

A. Craze, and C. Roper. University of Mississippi, University, MS.
Nearly ninety percent of the global population breathe air that contains pollutants at higher concentrations than recommended. Fine particulate matter (PM2.5)
is a type of air pollution with chemical components that vary based on sources
and time of year. Hypothesized to induce oxidative stress, there are a wide range
of health effects triggered by PM2.5. To better understand the risks of exposure,
PM2.5 is collected onto filters. However, particles must be removed from filters
prior to toxicologic or chemical analysis. There is no standardized method in
filter extraction, which creates the potential for methods biases and thus variable
toxicity responses. The objective of this study was to extract evenly split PM2.5
filters in different solvents to determine if the extraction method used impacts the
chemical composition and oxidative potential of PM2.5. Using filters collected by the
Arkansas Department of Environmental Quality at four locations, both urban and
rural, during the same 24-hour collection period for days across multiple seasons.
Prior to extraction, black carbon data was collected. After quartering, the filter
portions were sonicated in: 1) methanol 2) DCM, 3) DI water or 4) 0.9% saline.
Filter quadrant extracts were divided into soluble and whole particle fractions and
oxidative potential was determined using the dithiothreitol (DTT) assay. Chemical
analysis was performed using ICP-MS to characterize elements present, including,
Pb, Sr, Cd, Fe, Ni. Comparisons between solvents for extraction technique, location,
and fraction are underway. Preliminary data from all winter dates (January 4th, 16th,
22nd, and February 9th and 27th, 2012) identified that significant differences in DTT
consumption (nmol/min/m3) occurred between extraction methods. Preliminary
results indicate that the complex mixtures present in PM2.5 will lead to significant
differences, not only in DTT assay results, but also in the chemical composition
based on the solvents used for extraction. Additionally, utilizing samples across
seasons will allow insight on compositional and oxidative potential changes
in PM2.5 that could be based on factors such as meteorological events, human
behavior, and agricultural processes. This project will allow for further research on
method standardization for extraction of PM2.5 from filters as well as investigating
PM2.5 composition and how it changes throughout the year.

3001

Splitting Fine Particulate Matter (PM2.5) Filters: Comparison of
Chemical Composition and Oxidative Potential between Filter
Pieces

A. Sidwell, and C. Roper. University of Mississippi, University, MS.
Fine particulate matter (PM2.5) is a complex mixture of particles and sorbed
chemicals that poses serious, adverse effects on human health such as increasing cardiovascular and respiratory morbidity. There is ongoing research into the
impacts of PM2.5 of differing chemical compositions and the mechanisms for the
observed health effects. To conduct these analytical and toxicology studies of
PM2.5, researchers often split filters into sections. This process allows multiple,
often destructive, assays to be performed. Our previous research showed chemical
composition differences across multiple PM2.5 filters. The goal of our study was
to determine the validity of splitting filters for use in multiple analyses by assessing differences in chemical composition and oxidative potential within the same
filter. Six PM2.5 filter samples collected from urban and rural locations were used.
Each filter was split into quadrants, resulting in a total of 24 pieces; laboratory
and blank filters were also prepared in the same manner. Each filter piece was
extracted, concentrated, and a whole particle and soluble fraction were prepared.
The extracted, whole particle suspensions and soluble fractions were then analyzed
with dithiothreitol (DTT) assay run in triplicate to determine oxidative potential.
Inductively coupled plasma mass spectrometry (ICP-MS) was run on all samples
and controls to compare chemical composition of the filter quadrants (n=30).
Significant differences in oxidative potential between filter quadrants were not seen
in the whole particle suspension and only seen in one filter in the soluble fraction.
However, stark differences in total elemental content were observed between
quadrants of the same filter. Correlation analysis between oxidative potential and
elements is underway. This work will provide information about the feasibility of
splitting PM2.5 filters for multiple analyses on the same sample.
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3002

Compositional Changes in Fine Particulate Matter during
Preparation for Toxicity Testing

E. Weeks1, L. Trine1, and C. Roper2. 1Oregon State University, Corvallis, OR; and
2University of Mississippi, University, MS.
Fine particulate matter (PM2.5) exposures consist of complex mixtures that vary
in concentration and composition resulting in differential human health effects.
To determine the causal components and underlying mechanisms of the known
adverse health associations, toxicology studies are frequently conducted using filter
collected PM2.5. However the methods of filter extraction have significant impacts
on both the chemical composition and subsequent toxicity of PM2.5 samples. We
set out to optimize a previously used filter extraction method for PM2.5 toxicology research by quantifying chemical constituent losses throughout the steps of
sample processing, including filter extraction and preparation for toxicology studies,
for PM2.5 collected from different sources (n=3). Four different points during the
sample processing were analyzed for polycyclic aromatic hydrocarbons (n=118)
and elements (n=75) via gas chromatography-mass spectrometry and inductively
coupled plasma optimal emission spectrometry, respectively; the points during
extraction were following: sonication, concentration, drying, and re-suspension in
a media amenable to toxicity testing (DMSO). Concentrations of chemical constituents at the various points in the sample preparation process were compared to
constituent concentrations using standard extraction methods for characterization
of ambient PM2.5. Stark differences were observed between the preparation steps in
concentrations of PAH classes, with differences between steps being over 100-fold
in some cases. The compositional profiles varied between steps and sources of
PM2.5. Elemental data and differences based on the sources of PM2.5 are currently
being analyzed to ultimately optimize sample processing of filter collected PM2.5
for toxicology studies. This work will contribute to the growing evidence that filter
extraction methods for PM2.5 must be standardized to support accurate inter-laboratory comparisons of PM2.5 toxicity that will lead to improved air regulations to
protect human health.

3003

Does Carnosine Supplementation Protect from Air Pollution
Exposure? The Nucleophilic Defense against PM Toxicity (NEAT)
Trial

A. Amraotkar, J. Zhao, D. Gomes, M. Kumar, M. Subheeswar, A. Bhatnagar, and
T. O’Toole. University of Louisville, Louisville, KY.
Exposure to fine air-borne particulate matter (PM2.5) is associated with cardiovascular disease (CVD) in humans and pre-clinical CVD in mice and interventional studies
using anti-oxidant approaches have demonstrated modest efficacy in mitigating
these effects. Carnosine is an endogenous di-peptide (β-alanine-L-histidine) which
promotes physiological homeostasis, in part by conjugating to and neutralizing
toxic aldehydes. We have previously demonstrated that mice consuming carnosine
in drinking water were protected from the adverse effects of PM2.5 inhalation and
hypothesize that an increase of endogenous carnosine by dietary supplementation
in humans would also mitigate the adverse cardiovascular outcomes associated
with exposure. To test this, we designed the double-blinded, placebo-controlled,
Nucleophilic Defense Against PM Toxicity (NEAT) trial. This trial will enroll 240
participants with endogenously low carnosine levels over two summer periods. At
enrollment, we will measure indices of physical and cognitive function as well as
plasma markers of pre-clinical cardiovascular disease, inflammation, and aging.
At this time, the participants are also randomly allocated to carnosine or placebo
groups and instructed to consume their oral supplement for the following 12
weeks during times of peak PM2.5 exposure in Louisville, KY (June-September).
During these 12 weeks, each participant returns for two follow-up clinical visits
with repeated assessments and measures. In the first year of the NEAT study,
92 participants (76% female; age=47±11 years, 86% White) completed all clinical
visits. Ambient PM2.5 levels ranged from 36.5 to 1.67 μg/m3 with an average of
10.7μg/m3. Statistical modeling approaches are being used to assess associations
between carnosine levels and measured outcomes and whether these associations
are modified by PM2.5 exposure levels. Results from this study will inform as to
whether a practical intervention, dietary carnosine supplementation, can mitigate
the adverse outcomes of PM2.5 exposure in humans.

3004

Indoor Fuel Sources Influence PM2.5 Chemical Composition and
Alter Zebrafish (Danio rerio) Behavior

S. Victoria1, L. Trine2, S. L. Simonich2, P. Hystad2, and C. Roper1. 1University of
Mississippi, University, MS; and 2Oregon State University, Corvallis, OR.
Fine particulate matter (PM2.5) is a mixture of solid and liquid components of air
pollution that are 2.5 µm or smaller. PM2.5 exposure has been found to impact
multiple systems of human health, including the cardiovascular and respiratory
systems, while animal models have recently exhibited developmental impacts
upon exposure. However, little is known about the potential health impacts of
PM2.5 generated from different indoor fuel sources used for cooking and heating.
PM2.5 was collected using personal samplers worn by females in 19 homes that
used either biomass or non-biomass fuel sources and samples were analyzed for

chemical composition (organic compounds and elements) and oxidative potential.
Zebrafish (Danio rerio) embryos were exposed to varying concentrations of
collected PM2.5 beginning at 6 hours post-fertilization until 5 days post-fertilization and behavioral analyses were conducted. Elemental composition was found
to differ between PM2.5 from different fuel sources and oxidative potential was
correlated with several elements and compounds present in the PM2.5 samples.
In zebrafish, waterborne exposure to varying concentrations of PM2.5 from both
fuel sources induced changes in characteristic behaviors. Zebrafish experienced
a decreased larval startle response and larval photomotor response during the
excitatory interval after exposure to PM2.5 from both fuel types and decreased
embryonic photomotor response during the excitatory interval after exposure to
PM2.5 from non-biomass burning samples. Overall, this work reveals that PM2.5
generated from the burning of different fuel sources varies in chemical composition, which may also influence oxidative potential. These findings also raise
concerns about the risk of additional health impacts resulting from exposure to
PM2.5 from varied fuel sources, indicating need for further investigation into specific
health effects and their real-world implications for human health.

3005

The Role of Iron in the Neurotoxicity Observed in Response
to Developmental Exposure to Ambient Ultrafine Particle
Administration: Speciation and Sex Matter

D. A. Cory-Slechta, C. Goeke, K. Conrad, E. Marvin, A. Merrill, G. Oberdorster, and
M. Sobolewski. University of Rochester Medical Center, Rochester, NY.
In prior studies in our laboratory, postnatal exposures of mice to ambient ultrafine particles (UFPs) via whole body inhalation resulted in neurotoxicity as well as
altered levels of metals in brain, including iron (Fe) and sulfur (S) consistent with
brain metal dyshomeostasis. Both Fe and S are requisite to brain development, but
are toxic in excess. The current study examined the impact of the Fe contamination in the neurotoxicity of UFPs. Mice were exposed to FexOy nanoparticles alone,
or in conjunction with sulfur dioxide (FeS; sulfur dioxide targeted at 0.66 mg/m3)
from postnatal days (PND) 4-7 and 10-13 (human third trimester brain development
equivalent) for 4 hrs day at a targeted concentration of 1 ug/m3 of Fe. Overarching
results included the observations that FeS produced greater neurotoxicity than did
Fe alone, that females showed greater vulnerability to these exposures than did
males, and that profiles of effects differed by sex. Both Fe only and FeS exposures
resulted in altered correlations of Fe and S with other metals in a sex and tissue-specific manner. Further, altered metal levels in lung, but particularly in frontal cortex
were found, with reductions produced by Fe in females, but increases produced by
FeS in males. At PND14, marked changes in brain striatal dopaminergic, glutamatergic and serotonergic systems were observed in response to FeS as compared to
Fe only that were characterized by reductions in females, but increases in males.
Residual changes in dopaminergic function were seen only in females at PND60.
Increases in lateral ventricle size, serum glutathione and Il1-a and alterations in
locomotor activity were female-specific effects of FeS. Collectively, these findings
suggest a role for the Fe contamination of air pollution, particularly in the form of
sulfate, in the observed neurotoxicity of ambient UFPs and suggest the need for
regulation of Fe in air for public health protection.

3006

Exposure to Diesel Exhaust Alters the Gut Microbiome
Composition in Association with Altered Lipid Metabolites

R. Gupta1, C. Chang1, F. Yin1, D. Sulaiman1, M. Mehrabian1, J. P. Jacobs1, A. J. Lusis1,
M. E. Rosenfeld2, and J. A. Araujo1. 1University of California Los Angeles, Los Angeles,
CA; and 2University of Washington, Seattle, WA.
Exposure to air pollutants is associated with increased cardiovascular morbidity
and mortality worldwide. Previous studies employing hyperlipidemic mouse models
support a causal link between particulate matter (PM) exposure and atherosclerosis. Our goal is to dissect the mechanisms of how ambient PM exposure induces
cardio-metabolic effects that may lead to atherosclerosis. We have previously
reported that whole diesel exhaust (DE) emissions for 16 weeks lead to increased
liver triglycerides (TG), 9- and 13-hydroxyoctadecadienoic acid (HODEs), as well
as plasma cholesterol and TG in apolipoprotein E-/- (ApoE) mice, a mouse model
prone to develop atherosclerotic lesions. We have also shown that mice exposed
to ambient ultrafine particles by oral gavage for 10-weeks have altered gut microbiota composition that significantly associated with atherogenic lipid metabolites.
Therefore, we hypothesized that chronic exposures to DE lead to dysbiosis that
could possibly mediate oxidative and metabolic effects in the liver. Male ApoE-/mice at 31 weeks of age were randomly assigned to two groups (n=10/group)
that were exposed to either DE or filtered air (FA) for 16 weeks (6 hours/day, 5
sessions/week). The concentration of DE used for exposures was 220 µg/m3 PM2.5
mass. Our data from 16S sequencing of the cecum microbiome show statistically
significant differences in the abundance of bacteria at the genus level, as well as
alpha and beta diversity indices of the DE-exposed gut microbiome vs. FA (p<0.05).
Interestingly, there were significant positive associations by spearman correlation
analysis between these cecum bacterial species and plasma and hepatic lipids
(p<0.05). Furthermore, DE-exposed mice had significantly elevated levels of hepatic
12-lipoxygenase (12-LO). Overall, we demonstrate that DE inhalation results in a
marked alteration of cecal microbiota, with significant associations between the
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abundance of microbial taxa, modulated by DE exposures, with hepatic levels
of 9- and 13-HODEs as well as plasma cholesterol and TG. Additional work is
required to determine whether these associations are causal, and to determine the
mechanism(s) how changes in the gut microbiota could lead to oxidative effects in
the liver and development of dyslipidemia.

Overall, these data further show how AP impacts the brain and provide avenues for
future research, as well as indicate the need for greater regulation of metals in AP,
with the goal of improving public health.

3010
3007

Inhalation Exposure to Mixed Vehicle Emissions and/or
Consumption of a High-Fat Diet Induces Proteoform Alterations
That May Contribute to the Development of Non-alcoholic Fatty
Liver Disease in C57Bl/6 Mice

L. J. Schneider1, B. Penaredondo1, Y. Lin2, D. Bucher2, L. Anderson2, and A. K. Lund1.
1University of North Texas, Denton, TX; and 2National High Magnetic Field Laboratory,
Tallahassee, FL.
Non-alcoholic fatty liver disease (NAFLD) is now recognized as the leading cause
of chronic liver disease worldwide with a current global prevalence of 25% and is
predicted to rise. Air pollution exposure has been associated with the increased
occurrence of NAFLD in both adults and children. Traffic-generated emissions are
well known to alter cellular responses and functions, many of which are exacerbated
when coupled with the consumption of a high-fat diet. It has been well documented
that exposure to environmental air pollutants can affect hepatic transcript and
protein expression, resulting in altered biotransformation reactions within the
hepatocytes. Thus, we investigated the hypothesis that exposure to mixed gasoline
and diesel engine emissions (MVE), coupled with concurrent consumption of a high
fat (HF) diet, significantly alters proteome profiles in the liver. To investigate this
hypothesis, 3 mo-old male C57Bl/6 mice were provided either a low fat or high fat
(HF: 21% fat content by weight) diet, and randomly assigned for whole-body inhalation exposure to either filtered air (FA) or MVE (70 µg PM/m3 diesel exhaust + 30 µg
PM/m3 gasoline exhaust) for 6 hr/d for 30d. Total protein was isolated from 10 mg
of liver tissue and reconstituted in solvent A (5% acetonitrile + 0.3% formic acid).
Samples were analyzed by reverse-phase LC-MS/MS utilizing an ACUITY M-Class
nano-HPLC operated at 3 µL/min with a gradient of 5-75% solvent B (95% acetonitrile + 0.3% formic acid) in 75 minutes. Immediately following separation, samples
were ionized by microelectrospray ionization, and precursor (MS1) and product
(MS2) ion spectra were collected in the ICR mass analyzer at 21T. Preliminary
findings revealed alterations in the expression of proteins associated with NAFLD in
response to our exposures. Histochemical analyses also indicated exposure to MVE
promoted hepatocyte hypertrophy, increased lipid accumulation, and also showed
evidence of steatosis in the liver, which was further exacerbated by consumption of
a HF diet. Detailed spectral analyses are underway to determine protein/proteoform
alterations in the liver resulting from inhalation exposure to MVE, combined with
a HF diet, that may contribute to the pathogenesis of diseases such as NAFLD.
Funded by NIEHS R00ES016586 and R15ES026795 (AKL), NSF DMR-1644779, and
the State of Florida (National High Magnetic Field Laboratory).

B. Penaredondo, U. Suwannasual, J. Lucero, and A. K. Lund. University of North Texas,
Denton, TX.
Both epidemiology and laboratory studies have revealed a significant correlation
between exposure to traffic-generated air pollution and exacerbation of cardiovascular disease (CVD), including the initiation and progression of atherosclerosis. While multiple mechanisms are believed to mediate the detrimental outcomes
of air pollution exposure in the vasculature, less is known about the contribution
of Angiotensin (Ang) II signaling. Increased systemic and local renin-angiotensin
system (RAS) signaling is known to promote atherogenesis, primarily through Ang II
signaling via the Ang II type 1 (AT1) receptor. Our laboratory has previously shown
that exposure to mixed vehicle emissions (MVE) results in increased systemic
Ang II and vascular AT1 expression in C57Bl/6 mice, which is further exacerbated
with consumption of a high-fat diet. Thus, we hypothesize that MVE-exposure
increases vascular Ang II signaling, leading to the progression of atherosclerosis. To test this hypothesis, 3 mo old male apolipoprotein (Apo) E-/- mice were
placed on a high-fat “Western” diet (HF, 21% fat) chow for 30d to initiate atherosclerosis and were then randomly assigned to inhalational exposure of either
filtered-air (FA n=16) or a mixture of 70 µg PM/m3 diesel exhaust + 30µg PM/m3
gasoline exhaust (MVE: n=16) for 6 hr/day for 30 days. Mice in each exposure
group were further divided to receive either ACE inhibitor, Captopril, (4 mg/kg/daily
in drinking water, n=8 per exposure group), or vehicle (water, n=8 per exposure
group) throughout the exposure protocol. Histological analyses showed that MVE
exposure promoted increased atherosclerotic plaque size and lipid accumulation,
as determined by Oil Red O staining, compared to FA controls, which was attenuated with Captopril-treatment. Furthermore, MVE exposure resulted in a significant
increase in expression of vascular adhesion molecule ICAM-1 and VCAM-1 (1.7 and
2-fold, respectively), monocyte chemoattractant protein (MCP)-1 (~1.8-fold), tumor
necrosis factor (TNF)-alpha (~3-fold), and matrix metalloproteinase (MMP)-9 (~1.8
fold) mRNA expression, all of which were normalized with Captopril treatment.
Such findings indicate that exposure to traffic-generated pollution promotes the
expression factors associated with the pathophysiology of atherosclerosis that is
mediated, at least in part, through Ang II signaling. Funded by NIH R15ES026795
to AKL.

3011
3009

Alterations in Neuronal Proliferation and Migration in the
Nucleus Accumbens following Developmental Exposure to Iron
Nanoparticles and Sulfur Dioxide

C. Goeke, K. Conrad, E. Marvin, A. Merrill, G. Oberdoerster, D. A. Cory-Slechta, and
M. Sobolewski. University of Rochester, Rochester, NY.
The effects of developmental exposure to air pollution (AP) may reflect particulate
composition. Our prior studies of ambient ultrafine particle exposure show altered
brain metal concentrations, including elevated iron (Fe) and sulfur (S). While both
Fe and S are requisite to brain development, they are neurotoxic in excess. As Fe
and S (FeS) have been shown to contribute to the developmental neurotoxicity
seen following ambient ultrafine exposures, we examined the effects of FeS on cell
proliferation and migration, which could be compensatory to previously observed
increases in cell death. For this purpose, mice were exposed to FexOy nanoparticles and/or SO2 (Fe: 1.0 µg/m3, SO2: 0.66 mg/m3, based on human exposures)
from postnatal day (PND) 4-7 and 10-13 (human 3rd trimester equivalent), for 4 hr/
day. Proliferation and migration were then examined in the nucleus accumbens
(NAcc) via Ki67, a proliferation marker, doublecortin (DCX), a migration marker,
and NeuN, a neuronal marker, at PND14, 30, 60, and 90. FeS inhalation resulted
in age- and sex-dependent differences in both DCX and Ki67. Specifically, DCX
counts were markedly reduced in FeS exposed females (97%) with a corresponding
decrease in Ki67 (15%). In contrast, marginal increases in DCX were observed in
FeS-exposed males at PND14, with a corresponding significant increase in Ki67
(129%); FeS-exposed males had Ki67 levels higher than FeS-exposed females.
These effects were absent from PND30 on, and there were no significant changes
in NeuN due to exposure. There were, however, differences between sexes at
PND60, as air-exposed males had higher NeuN and DCX than air-exposed females.
The high levels of DCX seen in some air-exposed females at PND14, was not seen
in FeS-exposed females, suggest that FeS inhalation is preventing or delaying the
onset of a period of intense neuronal migration. The lack of high DCX in males, with
the exception of a single FeS-exposed animal, suggests that this migration occurs
at a different time in males, and that FeS may alter this timing, just as in females.

Angiotensin-II Signaling Mediates Expression of Atherogenic
Factors in the Vasculature Resulting from Inhalation Exposure
to Traffic-Generated Air Pollution in Apolipoprotein E Knockout
Mice

A Novel In Vitro Model of the Alveolar Capillary Region: Bridging
the Gap between Inhalation Toxicology and Cardiovascular
Disease

E. Vitucci1, and S. D. McCullough2. 1University of North Carolina at Chapel Hill, Chapel
Hill, NC; and 2US EPA/CPHEA, Research Triangle Park, NC.
An estimated 4-million people die annually from air pollution-induced cardiovascular disease (API-CVD); however, the molecular mechanisms driving API-CVD remain
unclear. To identify these mechanisms, we developed a novel in vitro model of the
lung that mimics the in vivo exposure scenario and that represents the interface
of the respiratory and cardiovascular system, the alveolar capillary region (ACR).
This organotypic model includes human alveolar-like epithelial cells (H441), human
lung fibroblasts, and human lung microvascular endothelial cells (HULEC). We
hypothesized that air pollutant exposure of the H441 cells would induce endothelial dysfunction in the capillary HULEC, a common precursor to CVD. To test this,
we exposed confluent monolayers of H441 cells to the ubiquitous air pollutant,
diesel exhaust particulates (DEP), and investigated the effect of this alveolar DEP
(Alv-DEP) exposure on the H441 and the underlying HULEC. Alv-DEP exposure
induced the expression of several anti-oxidants such as HMOX1 and NQO1 and
activated the NRF2 and MAPK pathways in the H441 and the HULEC. In addition,
reactive oxygen species accumulated in the HULEC and the secretion of the
proinflammatory mediator IL8 was induced, suggesting Alv-DEP causes endothelial
redox dysfunction and proinflammatory activation. NRF2 knockdown significantly
reduced the HULEC anti-oxidant and IL8 expression. However, pharmacological
inhibition of MAPK activation in the HULEC caused no significant reduction in
anti-oxidant and IL8 expression. Interestingly, pharmacological inhibition of MAPK
activation in the H441 significantly reduced HULEC antioxidant expression, IL8
expression and secretion, and NRF2 activation. Together, these data suggest that
alveolar exposure of inhaled toxicants causes capillary endothelial redox dysfunction, leading to an activation of endothelial NRF2 signaling and the secretion of IL8.
In addition, using this model we’ve elucidated that the alveolar epithelium are not
the direct producers of IL8 secretion, and that products of their MAPK signaling may
drive endothelial IL8 secretion through endothelial NRF2 activation. As endothelial
redox dysfunction and proinflammatory activation are precursors towards CVD
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development, these data suggest that alveolar epithelial cells may be an important
cell type to target for prevention and therapeutic strategies against API-CVD. Does
not reflect US EPA policy.

3012

Impact of Short-Term Ambient NO2 Exposure on Circulating
microRNAs in Healthy Adults

H. Tong1, H. Chen2, and J. Samet1. 1US EPA, Chapel Hill, NC; and 2Oak Ridge Institute for
Science Education, Oak Ridge, TN.
Exposure to ambient air pollution is associated with adverse cardiovascular
effects. MicroRNAs (miRNAs) are a key epigenetic factor in the regulation of gene
expression. We examined the influence of short-term exposure to ambient nitrogen
dioxide (NO2) on circulating miRNAs relevant to cardiovascular function. Twentyfour healthy participants were enrolled in a panel study in which each participant
was assessed for five visits that included collection of blood samples for analysis
of miRNAs expression and inflammation markers. The FirePlex® cardiology panel
was used to profile 65 miRNAs involved in cardiovascular pathophysiology. Plasma
inflammatory markers including c-reactive protein (CRP), interleukin 6 (IL-6), IL8,
and soluble vascular adhesion molecule 1 (sVCAM1) were measured using ELISA.
Daily ambient NO2 concentrations were obtained from nearby ambient air quality
monitoring stations. The association between exposure to air pollution and miRNA
levels was evaluated using a linear mixed-effects model with random subject
effects adjusted for relative humidity and temperature. We showed that expression
of miR-let-7e, miR-26a, and miR-126 was positively associated with an interquartile increase in NO2 concentrations at lag days 2-4 and a 5d moving average. In
addition, miR-146a was positively associated with NO2 exposure at 5d moving
average. Further mediation analysis indicates that these NO2 - related miRNA
changes are involved in mediating alterations in inflammation markers including
IL-6, IL-8, CRP, and sVCAM1. In this study, we observed an association between
exposure to ambient NO2 and circulating levels of miRNAs related to inflammation.
These results suggest that cardiovascular effects induced by short-term exposure
to NO2 are mediated through miRNA regulation. Does not necessarily reflect US EPA
policy.

3013

Inflammatory and Atherogenic Biomarkers Associated with
Exposure to Traffic- and Wildfire-Related PM

K. Bein1, T. Young1, S. Kado1, A. Rossi2, C. Vogeley2, T. Haarmann-Stemmann2, M.
Denison1, and C. Vogel1. 1University of California Davis, Davis, CA; and 2IUF—Leibniz
Research Institute for Environmental Medicine, Düsseldorf, Germany.
Inflammatory responses and oxidative potential were determined using a
macrophage model as a biological relevant sensor and cellular target of the lung
and the cardiovascular system that can directly exhibit inflammatory responses
and oxidative stress. This in vitro assay provides an efficient and human-relevant
alternative to traditional animal testing and can allow for rapid exposure estimation of ambient particulate matter (PM) from different sources. A pathway-focused
gene expression analysis was used to identify possible differential expression
patterns of inflammatory and atherogenic biomarkers induced by PM from traffic
related air pollution (TRAP) and PM collected during wildfires in Northern California.
The human U937-derived macrophages including CRISPR knockout cells were used
and treated with PM under standard conditions. Macrophages have been shown
to produce inflammatory cytokines after treatment with PM derived from various
sources. Macrophages are also known to be critically involved in chronic inflammatory diseases including lung injury and cardiovascular diseases. Markers of stress
and inflammation generated by the macrophages were measured via quantitative
reverse transcriptase polymerase chain reaction (qPCR). The activation of aryl
hydrocarbon receptor (AHR) was determined using a luciferase reporter assay.
Wildfire smoke and TRAP PM contain numerous chemicals including polycyclic
aromatic hydrocarbons (PAHs) and polychlorinated dibenzodioxins and dibenzofurans which can bind to and activate the AHR. The results show a significant
activation of AHR associated with the induction of cytochrome P450 1A1 (CYP1A1)
after treatment with wildfire ash samples and PM samples derived from wildfires
and TRAP. Proinflammatory cytokines and enzymes including interleukin (IL)-8
and cyclooxygenase (COX)-2 were induced by PM collected in a tunnel system
and during a wildfire in Northern California. PM-induced inflammation, including
oxidatively-induced inflammation, is considered to be an important pathway leading
toward atherosclerosis, heart diseases, and chronic lung diseases. The identification and establishment of biomarkers relevant in human chronic diseases will
be very helpful to translate results from in vitro screening assays to in vivo animal
studies and human health effects induced by PM. New insight into the mechanisms
involved in mediating the toxicity of PM derived from different sources and with
different chemical compositions will be discussed.

3014

Environmentally Persistent Free Radical Exposure Exacerbates
Influenza Infection in Neonatal Mice by Inhibiting IL22
Production

A. Kumar1,2, V. S. Patel1, J. N. Harding1, D. You3, and S. A. Cormier1,2. 1Louisiana State
University, Baton Rouge, LA; 2Pennington Biomedical Research Center, Baton Rouge, LA;
and 3University of Tennessee Health Science Center, Memphis, TN.
Atmospheric particulate matter (PM) containing environmentally persistent free
radicals (EPFRs) are emitted during combustion and thermal processing of hazardous waste and organic materials. Inhalation of atmospheric PM containing EPFRs
is associated with increased morbidity and mortality following acute lower respiratory tract infections in infants. We previously reported that early-life exposure to PM
containing EPFRs damages the lung epithelium and suppresses immune responses
to influenza virus (Flu) infection, thereby enhancing Flu severity. Maintenance of
lung epithelial layer during influenza virus infection is of critical importance to limit
lung damage and pathogen dissemination. Interleukin 22 (IL22) is a member of
IL10 family of cytokines and predominantly produced by innate and adaptive T cells,
which help in resolving lung injury following Flu infection. In the current study, we
determined the effects of EPFR exposure on pulmonary IL22 responses using our
neonatal mouse model of Flu infection. Exposure to PM containing EPFRs resulted
in an immediate (0.5-1-day post-exposure) increase in IL22 expression in the lungs
of C57BL/6 neonatal mice; however, this IL22 expression was not maintained
and failed to increase with either continued exposure to PM or subsequent Flu
infection of PM-exposed mice. This contrasts with increased IL22 expression
in age-matched mice exposed to vehicle and Flu infected. Activation of the aryl
hydrocarbon receptor (AhR), which mediates the induction and release of IL22 from
immune cells, was also transiently increased with PM exposure. The microbiome
plays a major role in maintaining epithelial integrity and immune responses by
producing various metabolites that act as ligands for AhR. Exposure to PM induced
lung microbiota dysbiosis and altered the levels of indole, a microbial metabolite.
Treatment with recombinant IL22 or indole-3-carboxaldehyde (I3A) prevented PM
associated lung injury. In addition, I3A treatment also protected against increased
mortality in Flu-infected mice exposed to PMs. Taken together, these data suggest
that exposure to PM containing EPFRs results in failure to maintain IL22 levels
and an inability to induce IL22 upon Flu infection. Insufficient levels of IL22 may
be responsible for aberrant epithelial repair and immune responses, leading to
increased Flu severity in areas of high PM.

3015

Assessment of Polycyclic Aromatic Hydrocarbons, Volatile
Organic Compounds, and PM2.5 Produced by Burning Garbage in
Rural Areas of the United States

E. Gonzalez Figueroa1, A. Bates1, E. Talgo2, S. Hadeed1, M. Lindsey1, and M. O’Rourke1.
1University of Arizona, Tucson, AZ; and 2Department of Environmental Protection,
Globe, AZ.
The practice of garbage burning in rural areas of the United States is a health
disparity issue created by the lack of access and affordability to garbage disposal
services. The burns release PM2.5, Volatile Organic Compounds (VOCs), and
Polycyclic Aromatic Hydrocarbons (PAHs) to the air. We sampled air pollutants
from garbage burned at 15 houses in rural Arizona. First, we quantified household
garbage by category (organics, plastics, metal, paper, and others) of garbage being
burned. We placed air impactors and real-time air monitors for PM2.5, VOCs, and
PAHs at breathing height between 1.52 to 3.04 meters away from the source.
Chemical characterization of the ambient air samples was performed using
Gas chromatography-mass spectrometry (GC-MS). Descriptive and multivariate
analysis of ambient air pollutant concentrations were made using R version 4.0.2
1.1.463. We explored the relationship between garbage type and PAH species via
Partial Least Squares Regression (PLSR). Seven out of 15 homes had levels of
PM2.5 above the EPA standard of 35ug/m3. We found benzene, styrene and 36 other
VOCs in our samples. Lastly, our PLS regression model suggests that plastics
are the main contributor of 1-Methylnaphthalene, Acenaphthylene Phenanthrene,
and Anthracene by garbage type. These local results will empower residents of
this community to change their behavior regarding garbage disposal and provide
appropriate pollution contribution estimates for toxicological studies using animal
surrogates. Additional research on the release of these chemicals by garbage type
is needed.

3016

Evaluating the Endothelial-Microglial Interaction and
Comprehensive Inflammatory Marker Profiles under Acute
Exposure to Ultrafine Diesel Exhaust Particles In Vitro

G. V. Aquino1, A. Dabi2, G. Odom3, and E. D. Bruce1. 1Baylor University, Waco, TX;
2University of North Carolina at Chapel Hill, Chapel Hill, NC; and 3Florida International
University, Miami, FL.
Exposure to combustion-derived particulate matter (PM) such as diesel exhaust
particles (DEP) is a public health concern because people in urban areas are continuously exposed, and once inhaled, fine (PM2.5) and ultrafine (PM0.1) DEP may reach
the brain. The blood-brain barrier (BBB) endothelial cells (EC) and the perivascular
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microglia protect the brain from circulating pathogens and neurotoxic molecules
like DEP. While the BBB-microglial interaction is critical for maintaining homeostasis, no study has previously evaluated the endothelial-microglial interaction nor
comprehensively characterized these cells’ inflammatory marker profiles under
ultrafine DEP exposures in vitro. Therefore, the goal of this study was to investigate the in vitro rat EC-microglial co-culture (EM) under acute (24 hr.) exposure to
ultrafine DEP (0.002 - 20 μg/ml), by evaluating key mechanisms associated with
PM toxicity: lactate dehydrogenase (LDH) leakage, reactive oxygen species (ROS)
generation, cell metabolic activity changes, and production of 27 inflammatory
markers. These parameters were also evaluated in rat microglial (M) and endothelial (E) monocultures to determine whether the EC-microglial co-culture responded
differently than the cerebrovasculature and microglia alone. While results indicated
that UF-DEP exposure caused concentration-dependent increases in LDH leakage
and ROS production in all groups, as expected, exposure also caused mixed
responses in CMA and atypical cytokine/chemokine (C/C) profiles in all groups,
which was not expected. The inflammation assay results further suggested that
the microglia were not classically activated under this exposure scenario, despite
previous in vitro studies showing microglial activation (priming) at similar concentrations of UF-DEP. Additionally, compared to the cerebrovasculature alone (i.e. E
monoculture), the EC-microglia interaction in the co-culture did not appear to cause
changes in any parameter save in pro-inflammatory marker production, where the
interaction appeared to cause an overall downregulation in C/C levels after UF-DEP
exposure. Finally, to our knowledge, this is the first study to evaluate the influence
of microglia on the BBB’s UF-DEP-induced cytotoxic and inflammatory responses,
which are heavily implicated in the pathogenesis of PM-related cerebrovascular
dysfunction and neurodegeneration.

3017

Diesel Exhaust Particle Exposure Affects Monocyte-Derived
Macrophage Function in a Polarization State-Dependent Manner

T. Smyth, E. Scott, and I. Jaspers. University of North Carolina at Chapel Hill,
Chapel Hill, NC.
Particulate matter (PM) exposure has been linked to reduced phagocytosis,
reduced pathogen killing, and elevated pro-inflammatory cytokine expression
in macrophages. Despite these previous findings, it is unclear whether PM has
varying effects on different macrophage polarization states. We hypothesized
that exposure to diesel exhaust particles (DEP), a major component of airborne
PM, would reduce phagocytosis and increase cell death in monocyte-derived
macrophages in a polarization state-dependent manner. Monocytes were isolated
from the blood of healthy human volunteers, differentiated into macrophages over
six days using media containing M-CSF, and polarized into pro-inflammatory M1
(20 ng/mL LPS and IFN-γ) or pro-resolution M2 cells (20 ng/mL IL-4) for 24 hours,
followed by six-hour exposures to 5 or 25 µg/cm2 DEP. Following these exposures,
phagocytosis of opsonized S. aureus bioparticles and cytotoxicity were assessed.
Vehicle exposed M2 cells demonstrated a significant reduction in phagocytosis
compared to unpolarized M0 cells. M1 cells demonstrated a significant reduction
in phagocytosis compared to both M0 and M2 cells with significantly elevated cell
death. Exposure to 5 µg/cm2 DEP was shown to significantly reduce phagocytosis compared to vehicle exposure in M0 cells only, while all polarization states
exhibited a significant reduction in phagocytosis following exposure to 25 µg/
cm2 DEP. While M0 and M1 cells exhibited elevated rates of cytotoxicity following exposure to 25 µg/cm2 DEP compared to vehicle exposure, M2 cells did not
demonstrate an increase in measured cytotoxicity. Due to this finding, M2 cells
were exposed to M1-polarizing stimuli or 25 µg/cm2 DEP for 24 hours to determine
if DEP could induce the development of an M1-like phenotype in previously
polarized M2 cells. M2 macrophages exposed to either M1-polarizing stimuli or 25
µg/cm2 DEP demonstrated a similar reduction in phagocytic ability while co-exposure to M1-polarizing stimuli and 25 µg/cm2 DEP demonstrated a further reduction
in measured phagocytosis. These data indicates that DEP exposure dampens the
phagocytic ability and viability of monocyte-derived macrophages in a polarization
state-dependent manner. These data further suggests that prolonged exposure to
DEP induces an M1-like phenotype in M2 macrophages, suggesting DEP exposure
may diminish the pro-resolution phenotype of M2 macrophages.

3018

MacLEAP: Machine-Learning Approach for Recognition and
Quantification of Carbon Content in Airway Macrophages

R. Wang, S. Leng, C. Hu, and X. Yu. University of New Mexico, Albuquerque, NM.
Combustion-emitted particulate matter has been regarded as the most impactful and causal component of ambient PM2.5 for cardiopulmonary morbidity and
mortality. Macrophage carbon load (MaCL) has been considered as a bio-effective lung dose of carbon-containing respirable particles, which is the major
component of particulate matters in the ambient air. Manual scoring of MaCl is
labor-consuming and scorer-dependent, with a limitation in large-scale epidemiological studies. The goal of this study is to develop a machine learning approach for
Engulfed Carbon Particles (MacLEAP) that automatically recognizes and segments
the macrophages from other cell types on the sputum images and quantifies the
engulfed black carbon particles. MacLEAP is developed based on free, open-source
software CellProfiler (CPA) and a deep convolutional neural network Mask_RCNN.

A total of 357 bright-field Papanicolaou staining sputum images from 17 individuals of the Lovelace Smokers cohort were used in the training and validation
of the models. We found CPA is a powerful machine learning analysis tool that
segments and classifies cells and carbon particles based on staining intensity and
extracted features. However, the performance was compromised by these blurry
background cells. Therefore, the state-of-the-art deep learning approach Mask_
RCNN was adopted to train and recognize the macrophage and quantify nano-scale
black carbon particles. We adopted a cascaded approach to develop both
macrophage and carbon particle models. We found MacLEAP yielded excellent
intraclass correlation coefficient (ICC) scores with manual count results (0.98 for
macrophage and 0.92 for carbon), exhibited greater robustness on challenging
images, and required less repetitive trials in the model training steps. In conclusion, this study established a MacLEAP machine learning model, which provides
a high-throughput and score-independent approach to quantify MaCL levels from
thousands of slide images.

3019

Inhalation of Combustion Products Leads to Systemic
Neuroinflammation

S. H. Pradhan, M. Gibb, A. T. Kramer, and C. M. Sayes. Baylor University, Waco, TX.
Combustion-derived air pollution is a multi-layered environmental toxin which
is becoming a global health concern due to rapid urbanization. Air pollution
contains mixtures of pro-inflammatory stimulants such as fine and ultra-fine
particulate matter (PM<2.5), gases (CO and NOx), and metals (Mn). Inhalation of
these compound are linked to systemic damage through the peripheral circulatory system from the lungs. This systemic damage implicates the central nervous
system, due to co-morbidity of disease link to environmental air pollution. In particular air pollution is linked to neuroinflammatory effects as well as prolonged damage
with neurodegeneration. This specific study looks at an in vitro model of an inhalation exposure to combustion-air pollution, specifically for diesel particulate matter
(DPM) on alveolar macrophages and collecting the post-exposure serum to induce
activation of microglial cells. Differentiated macrophages (U-937) were inoculated
with DPM in an acute exposure (24-hour incubation) and tested for the expression
of MCP-1, IL-8 and acute phase proteins IL-6 and TNF-α. Once release of cytokines
and chemokines was confirmed, post-exposure serum was collected from cultured
alveolar macrophages and introduced to a healthy culture of microglial cells
(HMC-3) over 48-hours and tested for activation (HLA-DR and CD14 expression).
Lipopolysaccharides (LPS; 10ng/mL) was used as a positive control to stimulate
activation of microglial cells. Once activation was confirmed cells were tested for
ROS generation and cytokine expression. Results indicated high expression of ROS
measured through H2O2 observed with confocal fluorescence microscopy and
colorimetric assay. There was moderate cytokine expression, CD-14 indicated that
indirect exposure is a potent cell activator and HLA-DR confirmed this activation of
microglial cells. This activation of microglia through our in vitro model implicates
peripheral pathway exposure as a potent and more specific method to induce
systemic neuroinflammation versus a direct exposure to the microglia.

3020

Daily Variation of Air Pollutants Near an Elevated Highway in
Syracuse, NY

S. Zangari, and J. E. Mirowsky. SUNY College of Environmental Science and Forestry,
Syracuse, NY.
I-81 is an elevated viaduct and goes through the heart of Syracuse with local
businesses and communities located underneath it. The safety limit of the viaduct
is ending, and the NY Department of Transportation (DOT) is looking for recommendations to rebuild the roadway using its current elevated design or lower the
highway to ground level creating a community grid. People living below I-81 are
concerned about increases in air pollution if I-81 is lowered. With no knowledge of
current air quality levels in this community, assessing how lowering the highway
would impact the neighborhood is impossible. We began an air quality monitoring
campaign to measure pollutant levels simultaneously near the highway and on the
ground below. Models generated by the DOT suggest traffic levels will not change
if the highway is lowered. By monitoring air quality with elevation, results will offer
a glimpse of potential air quality problems that could arise. Two different sampling
campaigns were conducted to assess daily variation in traffic-related particulate
matter (PM) near this highway at a building adjacent to I-81. The first campaign
utilized two high-volume cascade impactors placed at ground and highway levels
of a building to collect daily PM samples for two weeks over two seasons. Two
real-time PM monitors measured PM number concentration with elevation. For
fine PM at the rooftop location, the average number of particles was 1.2 times
higher with a maximum of 10 times higher. Three days in summer had exceptionally high vehicle flow and had PM concentrations ranging from 4.5 to 10 times
higher at highway level. Results from gravimetric analyses agreed with measured
number concentrations. The second campaign utilized a pulley system and mesh
backpacks to deploy six air quality and noise monitors at various heights along the
building. This allowed us to determine how air quality and noise levels differ in a
vertical fashion. During the spring season, there were there were slight increases
in particle mass concentration with elevation, with concentrations at highway
level being 4.9, 2.3, and 2.9 times higher for PM1, PM2.5, and PM10, respectively.
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Conversely, during the summer and fall seasons, particle mass concentrations at
the highway level were, on average, similar to or slightly less than mass concentrations at the ground level. For the noise levels, there were very few differences
between the heights tested. This data shows particle count and PM concentration
can vary with elevation and suggests that vehicle emissions may be more influential at highway level, implying air quality may be affected if the community grid
option is pursued.

3021

Insulin Resistance and Metabolic Changes after PM2.5 Exposure
In Vivo and In Vitro

A. Jiménez-Chávez1, R. A. Morales-Rubio1, J. E. Sánchez-Gasca1, M. Rivera-Rosas1,
M. Uribe-Ramirez1, M. T. Kleinman2, and A. De Vizcaya-Ruiz1. 1Cinvestav, Mexico City,
Mexico; and 2University of California Irvine, Irvine, CA.
Particulate matter of less than 2.5 microns (PM2.5), a main constituent of air
pollution, has been associated with different diseases including obesity, metabolic
syndrome, diabetes, among others; the molecular and organic underlying disease
mechanisms are matter of intense research. This study examines the disruption
of metabolic markers after the exposure to PM2.5 using in vivo (male Sprague
Dawley rats with and without dietary fructose supplementation) and in vitro models
(A549 cells). 8-week in vivo exposures to: a) filtered air, b) PM2.5, c) filtered air
and fructose, and d) PM2.5 and fructose were performed. These exposures significantly increased blood insulin and the homeostatic model assessment for insulin
resistance (HOMA-IR) index from week 3 to week 8 in the PM2.5 and fructose group.
Likewise, serum levels of the adipokine, leptin, were increased during weeks 1 and
4 in the group exposed to PM2.5 and fructose. In the in vitro model, A549 cells were
exposed to different non-cytotoxic concentrations of PM2.5 (1, 2.5, 5 and 10 υg/cm2)
using an air/liquid interface (Vitrocell) exposure system. IL-6 and TNF-α production increased in a concentration dependent manner after 3 h of exposure; the
presence and increase of lipid droplets (LD) in a concentration-dependent manner
was observed after 24h of PM2.5 exposure in A549 cells. Our findings suggest the
manifestation of alterations related to an organic metabolic state (HOMA-IR modification as well as the presence of LD) can be classified as an indicator of insulin
resistance induced by PM2.5 exposure at a cellular and systemic level. Funding:
Conacyt CB-2016-286730.

3023

T. Zavodna, H. Libalova, H. Barosova, T. Cervena, A. Milcova, P. Rossner, and
J. Topinka. Institute of Experimental Medicine of the Czech Academy of Sciences,
Prague, Czech Republic.
Although diesel engines have been considered as the largest contributors to air
pollution in urban areas, modern gasoline engines recently emerged as an important source of potentially harmful emissions composed of various pollutants including particulate matter (PM). Moreover, various alternative fuels containing bio-additives became recently popular, however, little is known about the genotoxicity
of their emissions. The aim of this study was to compare genotoxic potencies of
organic extracts from gasoline particulate emissions produced by neat gasoline
fuel (E0) and its blends with 15% ethanol (E15), 25% n-butanol (n-But25), and
25% isobutanol (i-But25) in human bronchial epithelial cells (BEAS-2B). Chemical
analysis revealed that despite the lowest PM mass, n-But25 extract contained the
highest concentration of polycyclic aromatic hydrocarbons (PAHs) and their derivatives such as oxy-, nitro-, and dinitro-PAHs, while in i-But25 extract these concentrations were the lowest. Analysis of DNA damage by Comet assay showed that E0
extract generated a significant dose-dependent increase of DNA strand breaks and
oxidative lesions. A lower, yet considerable, level of DNA damage was elicited by
E15 extract. n-But25 and i-But25 extracts were the least genotoxic; a mild increase
of oxidative DNA damage only was observed. The level of γH2AX indicating DNA
double-strand breaks was not elevated excepting a slight non-significant increase
following E0 extract exposure. The frequency of micronuclei, a marker of genotoxicity and genomic instability, was not affected by any of the tested PM extracts; the
highest doses of all extracts rather decreased the cytokinesis-blocked proliferative index indicating the increasing cytotoxicity. Taken together, the data suggest
that PM extracts from diverse conventional and alternative gasoline fuels differ
in the qualitative and quantitative chemical composition and that the genotoxic
properties in BEAS-2B cells are most likely influenced by the relative proportion
of individual PAHs rather than their overall content. Supported by Czech Science
Foundation (grant no. 18-06548Y) and Ministry of Education, Youth and Sports
(Research Infrastructures NanoEnviCZ, grant no. LM2018124; EATRIS-CZ, grant no.
LM2018133).

3024
3022

Differences in PM2.5 Composition, Oxidative Potential, and
Developmental Toxicity Collected across Months at Locations
throughout Tennessee

V. T. Aminone, and C. Roper. University of Mississippi, Oxford, MS.
Exposure to fine particulate matter (PM2.5) and its components including black
carbon can result in adverse health effects to humans and animals with a growing
number of studies finding associations between developmental effects and PM2.5
and black carbon. Exposure to PM2.5 leads to oxidative stress and prolonged
exposure exacerbates inflammatory diseases. The goal of this study is to determine
the chemical composition of PM2.5 from locations in Tennessee during the Fall and
then assess the oxidative potential and developmental toxicity of these samples.
PM2.5 filters were collected every third day from September to December 2014
from 14 Locations in Tennessee by the Tennessee Department of Environment
and Conservation (TDEC). Black carbon concentrations were determined using
a Magee OT21 Soot scan at 880 nm prior to extraction. The filters were then
extracted via sonication in methanol for 60 minutes. Aliquots of the daily extracted
PM2.5 were removed to assess oxidative potential using the dithiothreitol (DTT)
assay. Zebrafish (n=33) from 6 hours post fertilization to 5 days post fertilization
will be exposed to the PM2.5 solutions or controls (vehicle, blank filters) for analysis
of the developmental impacts of PM2.5 exposure. The mortality, morphology and
behavioral changes between the zebrafish treatment and control groups will be
measured and comparisons will be made between groups based on the sampling
location and month. Our preliminary data for four locations in November with the
highest and lowest PM2.5 average concentrations indicates that the average black
carbon concentrations for Loudon, Harriman, Dyersburg and Jackson ranged from
1.11 to 2.47 µg/m3 while the average PM2.5 concentrations ranged from 7.02 to
12.3 µg/m3. Weak correlations were observed between the oxidative potential,
black carbon and PM2.5 from the four locations and oxidative potential varied
between dates. Zebrafish exposures are underway and we expect to see differences between locations and months in developmental toxicity outcomes including
mortality and behavioral changes. The differences between black carbon, PM2.5
concentration, oxidative potential and developmental toxicity at each location will
be highlighted in this research. This work will help determine if embryonic exposure
to PM2.5 from varying locations/months will alter zebrafish development and the
role that chemical components plan in these responses.

Genotoxicity of Particulate Emissions from Conventional
Gasoline and Alternative Fuels

Diesel Particulate-Mediated Inflammation: Possible Role of
ROS-Induced Inflammasome Activation and Apoptosis in Lung
Epithelial Cells

N. Bidarimath, A. Abdulkadir, and S. Batra. Southern University and A&M College, Baton
Rouge, LA.
Air pollution has become a major threat to public health due to an ever-increasing
exposure to a variety of environmental factors. The viability and function of the
lungs are adversely affected by the inhalation of anthropogenic toxic airborne pollutants. One of the airborne pollutants is the emission from heavy-duty diesel combustion engines being used in non-road equipment such as construction, agricultural,
marine, and mining industrial settings. Diesel exhaust contains a mixture of toxic
substances including benzene, formaldehyde, chrysene, nitrous oxide, and several
other organic and inorganic substances. Diesel particulate matter/extract (DPM/
DPE) can cause adverse effects including inflammation and apoptosis, overall
impacting immunomodulatory functions. However, the comprehensive molecular
mechanisms associated with DPE-induced inflammatory response and/or apoptotic
cell death are still not clear. We, therefore, conducted a detailed study to investigate the role of inflammasome-mediated inflammatory events and subsequent
pyroptotic/apoptotic cell death in DPE-challenged human alveolar epithelial cells
(A549) with type II characteristics. Briefly, A549 cells were challenged with DPE (1
mM, 10 mM, and 25 mM) for 24 and 48 hours, and the samples were processed
to determine the transcriptional and/or translational levels of NADPH oxidase
subunits, NLRP3, NLRP10, NOD1, Caspase (Casp)1, IL-18, IL-1β, and pro-apoptotic
genes. Our preliminary results reveal a DPE-mediated increase in the transcription of
NADPH oxidase subunits and NLRP3; and an increase in the production of IL-1β by
A549 cells. Overall, our findings provide evidence of ROS mediated-inflammasome
activation in DPE-challenged lung epithelial cells. Interestingly, we also observed
increased transcription of proapoptotic genes-BAX, BAK, FADD, FAS; and effector/
executioner-Casp8 and Casp3, respectively. Furthermore, neutralization of TNF-α
or IL-1β in DPE-exposed A549 cells rescued the transcription of pro-inflammatory
cytokines and the apoptotic genes. Detailed mechanistic studies are in progress to
evaluate a) the significance of NLRP3-mediated signaling pathways; and b) predictive protein-ligand interactions using computational modeling approach using
STITCH and PYRX virtual screening tools.
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In Silico Simulation of Ultrafine and Nanoparticles Toxicity
Burdens in Laboratory Animals

M. Ali1, and N. M. Johnson2. 1University of Texas at Tyler, Longview, TX; and 2Texas A&M
University, College Station, TX.
Epidemiological studies reported that exposure to ultrafine and nanoparticles
(UNPs) (aerodynamic diameter <100 nm) from vehicular and industrial emission
is a risk factor for increased susceptibility to acute broncho-pulmonary infections.
The UNPs cause a greater inflammatory response and enhanced oxidant capacity
than large particles, and their respiratory tract deposition is significantly higher.
However, investigations on detailed human inhalation and particulate matter
transport processes are restrictive from time, cost, and ethical perspectives.
Before conducting any in vivo studies, it is necessary to conduct in silico and in
vitro simulation studies which can mimic inhalation of these air-borne UNPs by
laboratory animals. In this work, the Multiple Path Particle Dosimetry, a probabilistic
computational simulation software was employed to mimic reported in vitro experimental conditions. The UNPs were diesel exhaust nanomaterials (DENs), a primary
component of traffic-related pollutants and composed of polydisperse particulates
in the range between 10 nm and 1000 nm in diameter. Lung depositions were
compared for low- (100 μg/m3) and high-density (500 μg/m3) DEN aerosols with
fresh air (FA). The deposition results were evaluated with several in vitro experimental data reported in literature and satisfactory agreements were found. For
example, total lung dose of DENs of 50 nm size is higher (42%) compared to 100
nm size (41%) for the same aerosol density. Furthermore, the model showed 50
nm size nanomaterials deposition is near double than that of 100 nm in the lung’s
pulmonary region (24% vs 13%). The total lung dose for FA, low- and high-density
DENs were 0%, 51% and 55%, respectively.

3026

Role of Classical Monocytes in Air Pollution-Induced Acute
Exacerbations of Pulmonary Fibrosis

J. L. Larson-Casey, L. Gu, S. R. Duncan, and A. Carter. University of Alabama at
Birmingham, Birmingham, AL.
Exposure to air pollution is associated with respiratory-related hospital visits.
Epidemiological evidence indicates that exposure to particulate matter is linked to
the development of idiopathic pulmonary fibrosis (IPF) and increases the incidence
of acute exacerbations of IPF (AE-IPF), a sudden acceleration of the disease. In
addition to accelerating the rate of lung function decline, exposure to fine particulate matter (PM2.5) is a risk factor for increased mortality in IPF subjects. AE-IPF is
associated with lung inflammation, and triggering receptor expressed on myeloid
cells (TREM)-1 regulates acute inflammatory responses. Despite the evidence
between PM2.5 and adverse clinical outcomes in IPF, limited research exists to
understand the mechanisms mediating AE-IPF. WT mice were exposed to saline
or bleomycin by intratracheal administration. On day 21 day, when fibrosis was
established, mice were exposed to vehicle or 8.25 µg PM2.5 (equivalent human dose
to maximal EPA daily standard, 35 µg/m3) intratracheally for 7 consecutive days.
BAL was performed at 28 days. Our data indicate that exposure to PM2.5 in mice
with established pulmonary fibrosis leads to an increase in the total number of
BAL cells and the majority (>90%) are monocytic. FACS-sorting was performed to
determine the presence and function of different monocyte subsets in the lung after
PM2.5-mediated AE-PF. Although monocyte-derived macrophages were recruited to
the lung in bleomycin-injured mice treated with PM2.5, there was no difference in
the number compared to bleomycin-injured mice receiving vehicle. PM2.5 exposure
promoted the recruitment of monocytes expressing Ly6Chi to the lung. This resulted
in progression of fibrosis and reduced lung function. BAL cells isolated from fibrotic
mice exposed to PM2.5 showed enhanced expression of proinflammatory markers
compared to fibrotic mice exposed to vehicle. TREM-1 was increased in lung Ly6Chi
monocytes and BAL fluid from PM2.5-exposed mice. Implicating a similar response
occurs in AE-IPF patients, plasma isolated from IPF and AE-IPF subjects was
analyzed for TREM-1 levels. TREM-1 was increased in isolated plasma from AE-IPF
patients. Moreover, IPF BAL cells treated ex vivo with PM2.5 showed an exaggerated inflammatory response and TREM-1 pathway activation. These observations
suggest that enhanced recruitment of Ly6Chi monocytes with a proinflammatory
phenotype drive AE-PF fibrosis after exposure to PM2.5, and TREM-1 may provide a
novel therapeutic target to protect against AE-IPF.

3027

Role of Aryl Hydrocarbon Receptor (AhR) in PM2.5-Induced
Inflammation and Proliferation in BEAS-2B Cells

A. De Vizcaya-Ruiz1, A. Jiménez-Chávez1, R. A. Morales-Rubio1, M. Uribe-Ramirez1,
R. Morales-Bárcenas2, R. Quintana-Belmares2, C. García-Cuéllar2, and Y. SánchezPérez2. 1Cinvestav, Mexico City, Mexico; and 2Subdirección de Investigación Básica,
Instituto Nacional de Cancerología, Mexico City, Mexico.
Particulate matter (PM2.5), is an air pollutant that causes adverse effects in different lung regions, such as bronchi, when inhaled. We propose to investigate the
role of polycyclic aromatic hydrocarbons (PAH) contained in PM2.5 in the induction
of inflammatory processes, proliferation pathways and/or lung remodeling in
human bronchial cells (BEAS-2B), via the aryl hydrocarbon receptor (AhR) and its

downstream targets CYP1A1 and AP-1 signaling pathway. With the use of resveratrol (Res), a polyphenol AhR antagonist, we evaluated the inflammatory response,
activation of AhR and AP-1 pathway markers in BEAS-2B cells exposed to non-cytotoxic concentrations of PM2.5, in an air/liquid interface. Our results showed an
increase in IL-1Β after the exposure to 2.5 υg/cm2 of PM2.5 (6 h) and a tendency in
the increase of IL-6 after 2.5 υg/cm2 and 5 υg/cm2 of PM2.5 (6h). Also, an increase
in AhR and CYP1A1 proteins after the exposure to PM2.5 and benzo[a]pyrene was
observed; the co-exposure with Res showed a prevention in this increase of AhR
levels. Additionally, the modulation of the AP-1 pathway proteins was observed,
where an increase in C-JUN -1 and JUN B-1 from PM2.5 exposure was prevented
with Res, and FOS B-1 and C-FOS-1 showed an opposite behavior. Our results
suggest a modulation via the AhR pathway of the metabolism of PAH and induction
of proliferation markers of the AP-1 pathway, not involving inflammation. Further
studies to explore the implications on bronchial epithelial integrity and remodeling
are underway. Funding: SRE 2016-286773.

3028

Extracted Organic Matter from Air Pollution Decrease Surfactant
Production in Pneumocytes Type II

A. Déciga-Alcaraz1, C. Rodríguez-Ibarra1, O. Amador-Muñoz1, G. J. Vázquez-Zapién2,
M. M. Mata-Miranda2, and Y. I. Chirino1. 1Universidad Nacional Autónoma de México,
Mexico City, Mexico; and 2Secretaría de la Defensa Nacional, Mexico City, Mexico.
Air pollution is a public health concern and is linked with human mortality and
morbidity. Particulate matter (PM) is a main compound of air pollution and
contributor to toxicological effects. PM is composed by inorganic and organic
compounds. Extracted organic matter (EOM) constitute between 25 and 50% of
their total mass of PM. EOM contains polycyclic aromatic hydrocarbons that are
considered mutagenic, carcinogenic and teratogenic. Human are exposed to EOM
by inhalation pathway and 80% of EOM can reach alveolar region. The pneumocytes
type II are responsible to produce surfactant to prevent lung collapse and serving
as a barrier to pathogen agents entering the lungs. However, exist few information
about the surfactant production when EOM enters to alveolar region by inhalation and interact with cells such pneumocytes type II. The aim of this work was to
analyze the cell viability, the surfactant production and alterations in DNA, lipids
and proteins structures by ATR-FTIR spectroscopy of pneumocytes type II exposed
to 10 µg/mL of MOE for 24 h. Results showed that viability of pneumocytes type II
decreased 15% at concentration of 10 µg/mL of EOM, which is a subtoxic concentrations of EOM. Then, we analyzed pneumocytes type II exposed to 10 µg/mL
of EOM by ATR-FTIR spectra selected the regions to DNA (850-1100 cm-1), lipids
(2550-3450 cm-1) and proteins (1460-1800 cm-1). We do not found alterations in
spectrum region of DNA, however, we observed an increase in the protein region.
We observed a decrease in the lipid region of spectrum of pneumocytes type II
exposed to 10 µg/mL of EOM in comparison with control cells. Later, we analyzed
in the lipids region the 2850 cm-1 and 2920 cm-1 bands that correspond to CH3
symmetric and CH2 antisymmetric, respectively, of acyl chain of phospholipids to
detect the amount of surfactant into pneumocytes type II and we found a decrease
in these regions in comparison with control cells. Finally, we found that EOM
exposure induced a decrease in the expression of surfactant protein A (SP-A). In
conclusion, EOM exposure decreased 15% the cell viability, induced alteration in
the protein and lipid pattern spectra without changes in DNA patterns analyzed by
ATR-FTIR spectroscopy and reduced the expression of surfactant in pneumocytes
type II.

3029

Pulmonary Exposure to Respirable Particulate Matter Alters
Hypothalamic Gene Expression and Induces Neuroendocrine
Changes

D. I. Alewel1, A. R. Henriquez2, M. C. Schladweiler3, A. A. Fisher3, R. D. Grindstaff3, and
U. P. Kodavanti3. 1Oak Ridge Institute for Science and Education, Research Triangle Park,
NC; 2Health Canada, Ottawa, ON, Canada; and 3US EPA, Research Triangle Park, NC.
Previous studies demonstrate that irritant air pollutant inhalation activates central
hypothalamic-pituitary stress axes. While airway neural networks are known to
communicate noxious stimuli to higher brain centers, it is not entirely known to
what extent responses generated from either nasal or pulmonary areas contribute
to neuroendocrine activation. Unlike inhalational exposures that involve the entire
respiratory tract, we employed intratracheal (IT) instillations to characterize isolated
pulmonary responses from either soluble metal-rich residual oil fly ash (ROFA) or
compressor-generated diesel exhaust particles (C-DEP). Male Wistar-Kyoto rats
(11-12 weeks) were IT instilled with either saline, C-DEP or ROFA (5 mg/kg) and
necropsied 4 or 24 hr later to assess temporal effects. In addition to pulmonary
endpoints, we analyzed systemic and transcriptomic neuroendocrine markers to
assess the relationship between lung injury and brain effects. We observed robust
pulmonary neutrophilia and lymphocytosis in a particle- (ROFA > C-DEP) and
time-specific manner (24 > 4 hr), which was corroborated by increases in lavage fluid
lung injury markers (protein, albumin, and LDH, GGT, and NAG activity) and pro-inflammatory cytokines (CXCL1, TNF-α, IL-6, IL-1β). Particle impacts on hallmarks of
neuroendocrine activation were observed through depletion of circulating immune
cells (C-DEP=ROFA), increases in adrenaline (ROFA), and alterations in hormones
such as thyroid-stimulating (C-DEP=ROFA) and T3 and luteinizing hormone (ROFA).
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Moreover, we analyzed lung and hypothalamic transcriptomic alterations in genes
associated with neuroendocrine, immune, glucocorticoid, and apoptotic processes.
We found particle-induced alterations of multiple targets (Cxcl1, Il-6, Il-33, Areg, Tnf,
and more) in the lung, and more importantly, hypothalamic transcriptomic changes
in genes such as Fkbp5, a glucocorticoid-regulating gene, Il-33, Tlr2, and Bcl2. These
findings indicate that isolated lung injury induces neuroendocrine mechanisms
that elicit a systemic stress response, bolstering previous claims that pulmonary
autonomic vagal communication activates central hypothalamic-pituitary stress
axes, although the underlying mechanisms are yet to be examined. This abstract
does not reflect the US EPA policy.

3030

Pulmonary Toxicity of Particulate Matter Emitted from Firearms

Y. Kim1, S. A. Vance2, J. Aurell3, B. Gullett4, S. H. Gavett4, P. Pancras4, K. L. McNesby5,
and M. Gilmour4. 1University of North Carolina at Chapel Hill, Chapel Hill, NC; 2Oak Ridge
Institute for Science and Education, Research Triangle Park, NC; 3University of Dayton
Research Institute, Dayton, OH; 4US EPA, Research Triangle Park, NC; and 5US Army
Research Laboratory, Aberdeen Proving Ground, MD.
Smoke emissions produced by firearms contain relatively high levels of metals and
organic combustion byproducts which have the potential for causing adverse health
effects and potentially other longer-term disease processes in both the respiratory
tract and other organs. However, little is known whether chemical properties of
the smoke emissions vary with different weapon and ammunition types and how
theses variables affect toxicity outcomes. We collected smoke particulate matter
(PM) from the firing of two different gun types; 9 mm handgun and M4 rifle. PM
samples were chemically analyzed and assessed for lung toxicity and lung function
in CD-1 mice via oropharyngeal aspiration (20 µg of PM). Results showed that all
PM was in the respirable size range but chemical compositions were largely different (e.g., high levels of Pb in the handgun and Cu in the rifle smoke). The handgun
smoke PM did not induce lung toxicity at 4 and 24 h post-exposure while the rifle
smoke PM significantly increased lung inflammation (neutrophil influx, increased
protein and cytokine levels) and reduced lung function (breathing frequency,
tidal volume and minute volume) at both time points. In separate experiments,
mice were exposed to Cu microparticles (6 µg) with and without the Cu chelator
penicillamine (20 µg), water-soluble components of the rifle smoke PM with and
without removal of metal ions, and water-insoluble components of the PM. The
Cu alone and water-soluble components increased neutrophil numbers but did not
cause appreciable cellular damage or lung function changes at any time point.
Penicillamine treated rifle smoke PM or Cu, slightly reduced lung inflammation
and injury but did not improve the lung function decrements. The water-soluble
components without metal ions did not induce lung toxicity while the water-insoluble components significantly induced lung toxicity to the same degree as the rifle
PM at both time points. These findings suggest that different ammunition types
can generate contrasting chemical spectra and that the rifle smoke PM effects
are mostly driven by water-insoluble components, but higher levels of Cu may also
partly contribute to the adverse effects. This abstract does not represent US EPA
policy.

3031

Inhalational Exposure to Diesel Exhaust Particles in Conjunction
with a High-Fat Diet Alters Expression of Receptors Associated
with COVID-19 Infection, Which Is Mitigated by Probiotic
Treatment in C57Bl/6 Male Mice

K. N. Nguyen, S. Daniel, D. Phillippi, L. J. Schneider, and A. K. Lund. University of North
Texas, Denton, TX.
Exposure to traffic-generated air pollution has been shown to contribute to the
onset, progression, and exacerbation of various lung diseases. SARS-CoV-2 is
known to use the ACE2 receptor to dock onto the cell membrane and TMPRSS2
to prime its spike proteins for entry into the cell. Both TMPRSS2 and ACE2 are
regulated by androgen receptors (AR). An increase in the expression of these
receptors as well as alterations in the lung microbiota indicates an increased
susceptibility for COVID-19 infection. The main goal of this study is to determine
if the expression of these factors is altered at the protein and/or transcription level
in male C57BL/6 wildtype mice that were exposed to diesel exhaust particulate
(DEP) matter via oropharyngeal aspiration. Other goals include determining if the
use of probiotics can mitigate these alterations and if any of the alterations are
exacerbated with the consumption of a high-fat diet. To accomplish these goals,
male C57BL/6 mice (4-6-week-old) were placed either on a 10% low-fat (LF) or a
45% high-fat (HF) diet. Mice were randomly assigned to be exposed via oropharyngeal aspiration to 35µg DEP, obtained from NIST (SRM #2975), suspended in 50µl
0.9% sterile saline or sterile saline only (CON) twice a week for 30 days. A subset
of HF mice received ~0.3g Ecologic® Barrier 849 probiotic (PRO) (7.5 x 107 CFU/
day) via drinking water daily. Immunofluorescent and RT-qPCR analyses were done
to determine TMPRSS2, ACE2, and AR expression in the lungs. Statistical analysis
was done using two-way ANOVA to determine significance. Our results show that
ACE2 expression is increased with DEP exposure and this increase is mitigated
with probiotic treatment. Androgen receptor and TMPRSS2 protein expression are
observed to be increased with the combined insults of a high-fat diet and exposure
to DEP, which was attenuated with the use of probiotics, as well. These findings

suggest that exposure to DEP and consumption of a high-fat diet may increase
susceptibility to COVID-19 infection and that probiotic treatment attenuates the
observed increases in DEP-exposure mediated induction of factors that may confer
susceptibility. Funded by NIEHS R15ES026795 to AKL.

3032

Questionnaire-Based Exposome-Wide Association Study
(Ex-WAS) on Allergic Rhinitis in the Personalized Environment
Genes Study Reveals Novel and Established Risk Factors

J. S. House, C. Fisher, F. Akhtari, D. Lloyd, S. Schurman, D. Fargo, C. Schmitt, J. H. Hall,
and A. Motsinger-Reif. NIEHS, Research Triangle Park, NC.
Allergic rhinitis (AR) is of heterogeneous etiology and presentation, is often characterized by one or more symptoms including nasal congestion, sneezing, itchy eyes,
and rhinorrhea, and has multiple triggers including molds, seasonal pollens, and
animal dander. Estimates of AR prevalence are as high as 20 to 30% among adults
and higher in children. Although AR has increased incidence in industrialized societies, a causal understanding remains elusive. Using survey data from the North
Carolina-based Personalized Environment and Genes Study (PEGS), we conducted
a questionnaire-based exposome-wide association study (ExWAS) to examine
associations of environmental exposures with adult allergic rhinitis prevalence.
PEGS collects information on endogenous and exogenous exposures at home and
work as well as medical phenotypes (N up to 8,478 depending on question and
survey). AR cases and controls were defined as individuals who responded “yes” or
“no” to the question, “Has a doctor or other health care provider ever told you that
you have allergic rhinitis, hay fever, or seasonal allergies?” Using logistic regression and adjusting for age, sex, race, and household income, we conducted ExWAS
for each of 727 exposure questions for which there were > 9 exposed cases. We
applied False Discovery Rate (FDR) control by exposome assessment. Our ExWAS
identified 164 exposures significantly associated with AR (FDR<0.01). These
exposures include known associations such as dust (OR=1.81 [95% CI: 1.4 to 2.33]),
pesticides (OR=1.62 [95% CI: 1.2 to 2.18]), asbestos (OR=1.56 [95% CI: 1.3 to 1.87]),
and diesel (OR=1.56 [95% CI: 1.29 to 1.87]. We also discovered novel associations
with AR including exposures to gel ink (OR=1.99 [95% C1: 1.45 to 2.74]), to x-rays
(OR= 1.76 [95% CI: 1.34 to 2.32]), to isopropanol (OR=1.46 [95% CI: 1.19 to 1.79]),
and to biohazardous materials such as blood, tissue or other bodily fluids (OR=1.51
[95% CI: 1.36 to 1.67]). By examining the broad exposome information in PEGS, we
identified potential environmental associations for AR. Our hypothesis-generating
findings will help dissect the etiology of allergic rhinitis, which is crucial to developing new strategies for disease prevention.

3033

Common Allergenic Pollens Modulate Antiviral Defense In Vitro

T. Tossavainen, M. Martikainen, H. Loukola, and M. Roponen. University of Eastern
Finland, Kuopio, Finland.
Exposure to respiratory viruses during pollen season is a challenge to the immune
defense, especially in allergic individuals. In this study, we investigated how
exposure to different types of pollen (tree, grass, weed) affects airways barrier’s
ability to respond to viral or bacterial challenge in vitro and vice versa. Co-cultured
A549 and THP-1 cells were first exposed to three doses of pollens (Alnus glutinosa,
Betula pendula, Phleum pratense or Ambrosia artemisiifolia) and subsequently to
different TLR ligands mimicking bacterial and viral challenges (TLR3, TLR4, and
TLR7/8). The stimulation was done also in reverse order. We analyzed toxicological endpoints (metabolic activity, reactive oxygen species, viability and phase
of cell cycle) and production of several cytokines (eotaxin, GM-CSF, IFN-γ, IL-1β,
IL-8, IL-10, MDC, TNF-α). Generally, exposure to pollens did not affect the viability but changed production of reactive oxygen species and metabolic activity of
cells. Pollen exposure, especially grass and weed, decreased the ability of cells
to secrete cytokines in response to bacterial and viral exposure. When cells were
first exposed to TLR7/8 ligand, subsequent exposure to pollen induced stronger
cytokine responses than ligands or pollen alone. Our study suggests that exposure
to pollen weakens immune response against bacterial or viral challenge by affecting cytokine responses. On the contrary, ongoing viral infection, especially singlestranded RNA virus (simulated by TLR7/8) like SARS-CoV, may lead to unnecessarily strong immune reactions against pollen. Both mechanisms may accelerate and
complicate infections during the pollen season.

3034

Cattle Farm Dust Induced Immunological Responses in Human
Airway Construct Model

M. Martikainen, K. Huttunen, T. Tossavainen, M. Nordberg, and M. Roponen. University
of Eastern Finland, Kuopio, Finland.
Exposure to farm environment in early life has been shown to protect against
allergic diseases, whereas working on a farm has been associated e.g. with
asthma and rhinitis. Whilst epidemiological and ex vivo studies have revealed some
immune alterations associating with farm exposure, in vitro studies focusing on
immunological responses in the airways are scarce. Our aim was to assess how
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cow stable dust affects the integrity and inflammation of human airway tissue in
vitro. In this study farm dust samples were collected from four different dairy farms
(Northern Savonia region, Finland) and reference dust was collected from a city
apartment (Kuopio, Finland). Lung tissue constructs differentiated from normal
human bronchial epithelial cells were exposed to dust samples (150 μg/ml) in
air-liquid interface for 24 hours at 37°C in 5% CO2. After stimulation the transepithelial resistance of the tissue as well as secreted proteins in the apical wash and
a panel of pro-inflammatory cytokines, growth factors and chemokines in the cell
culture medium were analysed. Of the studied cytokines, farm dust stimulation
was associated mainly with increased production of IL-13, IL-15, IP-10 and IFN-γ.
Only one of the farm dust samples induced a significant change in transepithelial
resistance, whereas dust from two of the farms induced the secretion of proteins
into the apical fluid. Overall, the exposure to farm dust affected cytokine responses
of the respiratory tissue. The effect on protein secretion and tight junction dynamics
was less pronounced, indicating that the effects of farm dust on airways could be
mainly mediated through soluble factors.

3035

IL-18 Modulates Excitation Contraction Coupling in Human
Airway Smooth Muscle Cells

J. Woo1,2, R. A. Panettieri Jr.1,2,3, and J. A. Jude1,2,3. 1Rutgers, The State University of New
Jersey, Piscataway, NJ; 2Rutgers Institute for Translational Medicine and Science, New
Brunswick, NJ; and 3Rutgers Robert Wood Johnson Medical School, Piscataway, NJ.
Obesity is causally associated with severe asthma that appears refractory to
conventional treatments. Human airway smooth muscle (HASM) cells isolated
from obese compared with lean donors showed amplified agonist-induced
excitation contraction (EC) coupling and force generation. Serum IL-18 levels are
elevated in obese individuals, and potentially plays a negative homeostatic role
against obesity. It is unclear how elevated IL-18 modulate ASM cell function related
to airway hyperresponsiveness (AHR). We tested a central hypothesis that IL-18
modulates EC coupling in HASM cells to amplify AHR. HASM cells were treated
with IL-18 (10, or 100 ng/mL) or IL13-IL4 combination (50 ng/ml each) overnight,
followed by 10 min treatment with contractile agonist carbachol (25 uM) or
histamine (1 or 2.5 uM). Lysates were collected and immune-blotted for myosin
light chain (MLC), myosin phosphatase target subunit 1 (MYPT1), and protein
kinase B (Akt) phosphorylation. In parallel, cells were loaded with Ca2+-binding dye
fluo 8 and agonist-induced cytosolic Ca2+ was measured by fluorescent microscopy. HASM cells exposed to IL-18 (overnight) showed increased MLC phosphorylation (fold change compared to vehicle: 100 ng/mL: 2.62±1.53; p=0.027; n=6
donors). However, overnight exposure to IL-18 had little effect on MYPT1 phosphorylation (100ng/mL: 0.052±0.009; baseline: 0.057±0.008; p=0.403; n=4 donors).
Similarly, IL-18 (100 ng/mL, overnight treatment) increased Akt phosphorylation,
a downstream effector for PI3K, (100 ng/mL: 0.365±0.206, baseline: 0.163±0.073,
p=0.047; n=6 donors). Overnight treatment with IL-18 (10 or 100 ng/mL) also
potentially increased histamine-induced cytosolic Ca2+ (AUC baseline: 97.88±15.45;
10ng/mL: 118.75±11.17 100ng/mL: 113.35±4.67; 40 cells representing 2 donors).
IL-18 itself, when used as an agonist, had little effect on cytosolic Ca2+ in HASMC.
Our findings suggest that IL18, although a homeostatic mediator increased in
response to metabolic syndrome, amplifies EC coupling and potentially airway
hyperreactivity and remodeling in obesity. IL18 signaling may provide a therapeutic
target for obesity-associated airway dysfunction.

3036

Assessment of Respirable and Inhalable Indoor Microplastic
Pollution and the Effects of Exposure on the Human Bronchial
Epithelial Barrier

S. S. Romanick. University of Rochester, Rochester, NY.
Humans spend 70-90% of their time indoors, however, there is a significant lack of
knowledge regarding human exposure to microplastic particles and fibers within the
indoor environment. Studies have shown that nylon fibers inhibited the growth of
human lung organoids, suggesting that exposure to these microplastic fibers could
harm human lung development. Studies have also identified microplastic particles
greater than 50 um in indoor dust, but these are unlikely to be respirable and little
information is available regarding smaller airborne particles. Therefore, we are
currently developing methods to identify respirable (<4 um aerodynamic diameter)
and inhalable (4 - 10 um aerodynamic diameter) microplastic particles and fibers
in indoor dust and air. We have also established methods to distinguish plastic
from cellulosic, proteinaceous, and inorganic materials found in indoor air and
dust samples using two different stains, Nile Red for plastics and Trypan Blue for
cellulosic materials. Proteinaceous and inorganic materials remain unstained. Dust,
from surfaces, and air collected using cascade impactors and, for the first time,
via silicon nitride nanomembrane technology, were collected from various indoor
environments. Microplastic particles and fibers were identified in all dust and air
samples. Methods are currently underway to isolate and characterize microplastic
particles and fibers in indoor dust and air, as well as determining human exposure.
Reference microplastic particles from pure polymers were generated via cryomilling and microplastic fibers were generated as described by Cole 2016 and will
be used to investigate the toxicological effects of respirable microplastics on the
human bronchial epithelial barrier utilizing a lung-on-a-chip model.

3037

Lung miRNA Profiles Show a Time-of-Day Response in House
Dust Mite (HDM)-Induced Allergic Asthma in Mice

I. K. Sundar, and A. Srinivasan. University of Kansas Medical Center Division of
Pulmonary, Critical Care, and Sleep Medicine, Kansas City, KS.
Allergic asthma is a chronic inflammatory disease that displays a time-of-day-dependent variation in clinical symptoms and severity. Recently, there is a lot of
attention on the role of small non-coding RNAs such as microRNAs (miRNAs)
as novel biomarkers in the pathobiology of allergic asthma due to their ability to
modulate post-transcriptional regulation of mRNAs involved in cellular signaling
and biochemical processes. However, whether the time-of-day response to house
dust mite (HDM) exposure differentially affects miRNA-mRNA expression in the
lung is not known. We performed miRNA and mRNA profiling and validation by
NanoString that shows a time-of-day effect on the differential response to HDM
exposure in mice. Here, we demonstrate the time-of-day difference in differential expression (DE) of miRNA-mRNA targets in an acute HDM-induced allergic
asthma model in vivo. We found a significant time-dependent change in the DE
miRNAs in HDM vs. PBS-exposed mouse lungs at Zeitgeber time 0 (ZT0: 6 am)
and ZT12 (6 pm). DE miRNAs at ZT12 based Ingenuity pathway analysis predicted
genes involved in cytokine/chemokine signaling, growth factor signaling and Th2
activation that was further validated by mouse myeloid innate immunity panel/
qPCR analyses. To the best of our knowledge, this is the first study that shows
a time-of-day effect on both miRNAs and their associated mRNA target genes
in HDM-induced allergic asthma in vivo. Differentially expressed miRNA/mRNA
predicted using Ingenuity Pathway Analysis and miR-Path analysis were linked to
KEGG pathways directly associated with asthma and inflammation. Our findings
have greater significance in the light of the time-of-day difference observed in
asthma as it relates to differentially expressed miRNAs and suggests that there
might be a possible role of core circadian clock genes that contributes to this
phenotype. Future research will address how clock genes may affect the differential expression of both miRNA-mRNA targets that can be used to devise targeted
therapies for severe asthma endotypes/phenotypes. Supported by the NIH R01
HL142543 (IKS) and the University of Kansas Medical Center, School of Medicine,
Internal Medicine Start-up Funds (IKS).

3038

Differential Activation of Transient Receptor Potential
Melastatin-8 (TRPM8) Variants and Associations with Asthma

J. G. Lamb, N. D. Nguyen, C. E. Deering-Rice, and C. A. Reilly. University of Utah, Salt
Lake City, UT.
Coal Fly Ash (CFA) is a by-product of burning coal. It is found in building materials and is present in particulate air pollution which can cause adverse effects on
human health. Transient receptor potential melastatin-8 (TRPM8) is activated by
cold temperature, the chemical agonists menthol and icilin, and CFA. Activation
of TRPM8 by CFA stimulates pro-inflammatory cytokine production by human
bronchial epithelial cells, and these cytokines are relevant to the innate immune
response and the acute exacerbation of asthma. Polymorphisms in TRP channels
have been implicated in the development of childhood asthma. We hypothesized
that single nucleotide polymorphisms (SNPs) in TRPM8 may affect the activation of
TRPM8 by agonists and pollutants such as CFA, thereby affecting asthma symptom
control. Activation of TRPM8 by canonical agonists and particulate materials
was determined using a fluorometric calcium flux assay and HEK-293 cells either
transiently transfected with or stably over-expressing the TRPM8 SNPs R247T
(rs13004520), Y251C (rs17868387), S419N (rs7593557) or M462T (rs28902173).
With the exception of Y251C, CFA-induced TRPM8 activation was decreased for
all SNPs compared to the reference channel. The basis for these changes was
attributed to diminished transcription and/or translation of the TRPM8 variants
since lower levels of TRPM8 were detected by western blot for the variants exhibiting lower responses to agonists. Finally, assessment of the impact of the TRPM8
SNPs on asthma symptom control in children demonstrated that the presence
of ≥1 allelic copy of the S419N variant associated with poorer asthma symptom
control (mean ACS=4.8±3.2 vs. 3.96±3.2; n=227 and 893, respectively; p=0.008).
Additionally, the I1016I (rs11563208) SNP correlated with slightly improved asthma
control (mean ACS=3.8±3.3 vs. 4.5±3.5; n=565 and 625, respectively; p=0.017).
Preliminarily, a decrease in TRPM8 expression/function may have a deleterious
effect on asthma symptom control. Support: ES017431, ES027015, GM121648.

3039

Effect of Welding Fume Exposure on Silica-Induced Pulmonary
Toxicity in Rats

T. M. Sager, C. M. Umbright, M. Mustafa, W. McKinney, and P. Joseph. NIOSH,
Morgantown, WV.
Mixed exposures to silica and welding fume are common in certain occupations. It
is currently undetermined what health burden workers exposed to both silica and
welding fume experience. The objective of this study was to determine the effect of
welding fume on the lung response to silica exposure. Male Fischer 344 rats were
exposed to air or silica (15 mg/m3, 6 hrs/day, 5 days). At 5- and 11-months post-silica exposure, rats received welding fume (20 mg/m3, 4 hrs/day, 4 days/week for
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4 weeks) by inhalation. At 1 day post welding fume exposure bronchoalveolar
lavage was conducted to assess pulmonary toxicity based on lactate dehydrogenase activity, oxidant production, cell counts, and cytokines. Lung gene expression
changes were also assessed. The results showed that both silica and welding fume
exposures resulted in lung toxicity, at both post-exposure time points. Both additive
and synergistic lung responses were detected, based on the parameters analyzed.
For example, silica or welding fume exposure, alone, resulted in neutrophil infiltration of 250 and 625 times, respectively, compared to the air-exposed controls at
12 months post-exposure. The combined exposure to silica and welding fume,
however, caused neutrophil infiltration that was 1392 times higher compared to air
controls. Silica or welding fume exposure alone resulted in significant increases in
measured cytokine levels, compared to controls. However, the combined exposure
of silica and welding fume caused a greater elevation of measured cytokine levels,
at both post-exposure timepoints. For example, measured levels of MIP-2 were
37-fold and 35-fold higher in the silica alone and welding fume alone animals,
respectively. However, the silica and welding fume combined exposure facilitated
an additive effect, where the measured MIP-2 level was 45-fold higher. Furthermore,
global gene expression changes in the lungs were detected in all exposure groups,
at both 6- and 12-months post-exposure. For example, silica exposure alone
resulted in 125 and 750 significantly differentially expressed genes (SDEGs), while
the welding fume alone group had 1068 and 2255 SDEGs, and the silica-welding
fume combined exposure had 1808 and 1910 SDEGs, at the 6- and 12-month time
intervals, respectively. Together, these results suggest an additive/synergistic
effect of the combined silica and welding fume exposure on the assessed lung
toxicity parameters.

3040

Low-Dose Cadmium-Induced Alterations in miRNA/mRNA
Interaction Regulate Chloride Efflux Channel in Airway Epithelial
Cells

P. Singh, F. Li, R. Surolia, K. Dsouza, C. Stephens, Z. Wang, H. Zeng, and V. B. Antony.
University of Alabama at Birmingham, Birmingham, AL.
Environmental heavy metal exposure leading to acute and chronic lung injury
is a major health concern. Cadmium exposure through cigarette smoke (CS),
diesel exhaust and other sources effects lung health by inducing mitochondrial
and oxidative stress and cellular DNA damage. CS has an approximately 0.5-3ug
of cadmium per cigarette and it is associated with increased number of mucus
producing cells, impaired mucus clearance and increased mucosal permeability to
allergens. The secretory epithelial cells are regulated by chloride channels like CFTR,
ANO1 and SLC26A9. Increased expression of ANO1 in chronic airway conditions
has been closely related to mucus hypersecretion and goblet cell metaplasia.
Studies on cadmium responsive miRNAs suggest regulation of target genes with
emphasis on critical role of miRNA-mRNA interaction for cellular homeostasis.
miRNAs may be an effective target for regulating ANO1 expression in airways. In
this study we evaluated the role of miRNA in cadmium induced expression of ANO1
in airway epithelial cells. Air liquid interface cultures of human bronchial epithelial
cells were exposed to low dose cadmium and analyzed for ANO1 expression and
interacting miRNA. QRT-PCR demonstrated downregulation of miR-381 which was
negatively regulating ANO1 in these cells. ANO1 expression was confirmed through
western blot analysis, florescence microscopy and qRT-PCR. Our results lead to the
understanding that although cadmium is known to modulate ion uptake by acting
as a calcium antagonist, it can induce ion imbalance by the epigenetic regulation of
microRNAs acting as negative or positive regulators of gene expression at mRNA
level. This opens up a paradigm of therapeutic targets for cadmium induced lung
injury.

3041

Acute and Delayed Effects of H2S Poisoning on the Brainstem
and Lungs

C. M. Santana Maldonado1,2, W. K. Rumbeiha2, D. Kim2, A. Weir2, S. Ahmad3, and S. E.
Cook2. 1Iowa State University, Ames, IA; 2University of California Davis, Davis, CA; and
3University of Alabama at Birmingham, Birmingham, AL.
Hydrogen sulfide (H2S) is a systemic toxicant targeting the cardiovascular, respiratory, and central nervous systems. Acute exposure to high H2S concentration
causes acute death by inhibiting the breathing center in the brainstem. Pulmonary
edema is also reported. We have previously shown that acute H2S exposure causes
sequalae in the thalamus. However, there is a knowledge gap on the long-term
consequences of acute H2S exposure in the brainstem and the respiratory tract. We
hypothesized that acute H2S exposure causes delayed pathology in the brainstem
where the breathing center is located as well as in the lungs. To test this hypothesis,
male C57BL/6J mice were exposed to 1000 ppm H2S for 50 minutes. Surviving
mice were euthanized at 5 min, 12hr, 24hr, 72hr, 7d, 14d, 21d, and 28d to track
neurodegeneration in the brainstem and lung injury. Assessed endpoints included
neurotransmitters, enzymatic activity, histology, immunohistochemistry, cytokine
concentrations, and immunoblotting. In the brainstem a single H2S exposure
caused an immediate increase in catecholamines and monoamine oxidase
A activity. Glutamate concentrations significantly decreased starting at 72hr.
Neurodegeneration in the pontine and medullary reticular formation was observed
starting at 72hr post-exposure. In the lungs pulmonary edema was evident immedi-

ately following exposure and seems reversible within 24hr. Histology of the lung
showed edema, arterial thrombus, eosinophilic infiltration, and immunoblotting
showed increase in fibrin starting at 24hr post-exposure. Effects of H2S on the
brainstem have long-term implications because of its role in regulating breathing,
heart rate, sleeping and eating.

3042

Macrophage-Specific ARNT Signaling Mediates AcroleinInduced Pulmonary Toxicity

M. G. Tanner, J. D. Luisi, B. K. Choudhury, L. M. Hallberg, B. T. Ameredes, and C. W.
Wright. University of Texas Medical Branch at Galveston, Galveston, TX.
Acrolein is a reactive aldehyde and potent respiratory toxicant formed during
combustion. Tobacco cigarette smoke and electronic cigarette aerosols pose the
highest risks for human exposure to acrolein. However, the immunomodulatory
effects of acrolein have yet to be fully elucidated. Given that pulmonary macrophages
are important for initiating and resolving lung inflammation, we hypothesized that
macrophages are likely involved in acrolein-associated lung pathologies. To test
our hypothesis, we utilized a macrophage-specific transgenic mouse model that
overexpresses the aryl hydrocarbon receptor nuclear translocator (Arnt) isoform-a
(murine homolog of human ARNT isoform 1). ARNT is a crucial regulator of toxicant
metabolism and immune homeostasis due to its interaction with the aryl hydrocarbon receptor and NF-kB transcription factors. Furthermore, ARNT is expressed as
two isoforms (1 and 3) which exert opposing effects on immune regulation; isoform
1 supports pro-inflammatory activity and isoform 3 abrogates inflammation. We
utilized young (12 weeks) and middle-aged (32 weeks) Arnt-a transgenic mice to
determine the airway cell differential response to acrolein, and the influence of
age on this response. As compared to non-carrier littermate controls, 12-week-old
Arnt-a mice exposed to 2 mg/kg intratracheal acrolein exhibited an unchanged BAL
differential cell count of >99% macrophages and negligible body weight change,
whereas BAL from 32-week-old Arnt-a mice showed ~50% neutrophils, and an
average decrease of 18% in body weight, over a 5-day post-exposure period. Our
results suggest: 1) macrophage-specific Arnt-a overexpression can be associated
with neutrophil recruitment in response to acrolein, and 2) increased age may be a
factor in the susceptibility to acrolein toxicity, as indicated by increased neutrophil
infiltration within the lung, and body weight loss. We conclude that the role of ARNT
within macrophages is important during the initiation of acrolein toxicity, and may
be crucial in the development of pharmacological interventions for prevention or
reversal of toxicity. Funding: T32ES007254, R01ES025809, the Gulf Coast Center for
Precision Environmental Health (P30ES030285), and the Brown Foundation.

3043

Effects of 1,3-butadiene Exposure on the Lung Metabolome in
Collaborative Cross Mice

M. Nellis1, C. Caperton2, K. Liu1, V. Tran1, Y. Go1, L. Hallberg3, B. Ameredes3, D. Jones1,
and G. Boysen2. 1Emory University, Atlanta, GA; 2University of Arkansas for Medical
Sciences, Little Rock, AR; and 3University of Texas Medical Branch at Galveston,
Galveston, TX.
Exposure to 1,3-Butadiene (BD) is associated with multiple negative health effects
and has been shown to be carcinogenic in animals and humans. BD is metabolized
within cells to form reactive epoxide intermediates, which are genotoxic. However,
the effects of BD on general cellular metabolism are not known. We examined
the effects of exposure to BD on the mouse lung metabolome in the genetically
heterogeneous Collaborative Cross outbred mouse model. Mice were exposed to
3 concentrations of BD for 10 days (2, 20, and 200 ppm), and lung tissues were
analyzed using high-resolution mass spectrometry-based metabolomics. As
compared to controls (0 ppm BD), BD had extensive effects on lung metabolism
at all concentrations of exposure, including the lowest concentration of 2ppm, as
reflected by reprogramming of multiple metabolic pathways. Metabolites participating in energy metabolism, including glycolysis and the tricarboxylic acid cycle,
were elevated, with 8 out of 10 metabolites demonstrating greater than a 2-fold
increase. Furthermore, metabolites participating in lipid metabolism, glycosylation,
steroid hormone metabolism, and signaling were altered. The observed metabolic
alterations seen with BD exposure are similar to those found in lung cancer cells,
and these altered metabolites may act to prevent or initiate adverse health effects
and tumorigenesis.

3044

Face Mask Debris: Possible Risk to Face Mask Users?

S. Echizenya, A. E. Burns, J. Gjeltema, and K. E. Pinkerton. University of California Davis,
Davis, CA.
The COVID-19 pandemic along with wildfires have sparked an urgent need for
improved guidelines regarding face mask use. The United States Centers for
Disease Prevention and Control recommends reuse of filtering facepiece respirators or other alternatives such as surgical masks or home-made cloth masks
to conserve supplies for essential workers. Although previous studies have
demonstrated the protective nature of wearing masks to limit the dispersal of
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exhaled respiratory droplets from the wearer to other individuals, there remains
the potential of face mask-wearers to inhale particles arising from the mask itself.
This risk has not been investigated. The goals of this project were 1) to examine
whether face mask debris is present that could be inhalable from new or mechanically aged N95, surgical and fabric face masks using light and scanning electron
microscopy (SEM) and Raman spectroscopy and 2) to determine the potential
biological effects of intranasal instillation of face mask debris particles in mice
using pulmonary function testing and bronchoalveolar lavage (BAL) to observe
possible alteration of lung physiologic function, as well as inflammatory changes,
respectively. Our studies demonstrated by SEM images that greater than 90% of
the particles released from all three types of masks were inhalable (<10μm). N95
masks demonstrated the greatest proportion of respirable particles (<2.5μm), while
fabric masks released the greatest proportion of inhalable fibers (aerodynamic
diameter <2.5μm). Lung function studies following repeated intranasal administration in mice with face mask debris did not result in a significant change in
airway resistance with methacholine challenge compared to that observed in sham
controls. BAL findings demonstrated no significant differences between treatment
groups and sham controls in total cell number or cell differential counts. From
these findings we conclude inhalable particles and fibers can arise from new and
aged N95, surgical and face masks, but these particles were not found to lead to
notable toxicity in the lungs of mice.

3045

Plasminogen Promotes Mesothelioma Cell Migration following
Direct Enzyme-Cell Binding

J. Salas, and K. M. Serve. Idaho State University, Pocatello, ID.
Pleural mesothelioma is a cancer associated with asbestos exposure that forms
in the lining of the lungs. Symptoms include shortness of breath, chest pain, cough
and fluid in the lungs. Prior research conducted in our lab demonstrated that
plasminogen (Plg) binds to non-cancerous mesothelial cells where it is activated
to the enzyme plasmin (Pla). However, it is unknown if mesothelioma cells also
bind and activate Plg. This is of importance because Pla cleaves various proteins
including basement membrane proteins like collagen, allowing cells to detach and
migrate. This is especially important in mesothelioma as metastasis is the major
cause of death. Thus, we hypothesized that mesothelioma cells would bind and
activate Plg and that active Plg would promote cell migration and invasion through
a collagen matrix. Here, we present data showing that mesothelioma cells bind
Plg via surface-bound alpha-enolase and activate it to Pla. This is the first report
of mesothelioma cells directly binding Plg at the cell surface. We also examined
cell chemotaxis using transwell inserts coated with a type I collagen (1.7ug/ul final
concentration). Mesothelioma cells were seeded onto the collagen gel in serum
free media and 1% FBS was added to the lower chamber as a chemotactic agent.
Cells adhering to the bottom of the membrane after 18hrs were fixed with paraformaldehyde, visualized with crystal violet, and imaged using a camera-enabled light
microscope. The results revealed that presence of Plg enhanced cell migration
through the collagen barrier suggesting a novel role for this enzyme in metastasis
in mesothelioma cells. With further research we can better understand how much
of a role this enzyme plays, and this information could possibly lead to a better
understanding of how to control metastasis in mesothelioma cells.

3046

An In Vitro Test System for the Prediction of Chemical
Respiratory Sensitizers and Irritants

S. Burla1, A. Chary1, P. Weber1, M. Saibene1, T. Serchi1, J. Ponder2, K. Sullivan2, and
A. C. Gutleb1. 1Luxembourg Institute of Science and Technology, Esch-sur-Alzette,
Luxembourg; and 2Physicians Committee for Responsible Medicine, Washington, DC.
The prevalence of respiratory allergic diseases caused by chemicals increased
in the last decades, resulting in high morbidity and mortality. Chemical respiratory sensitizers should be correctly classified and labelled to ensure the hazard
is communicated and allow the safe handling and use. The immunological
mechanisms underlying the development of chemical respiratory sensitization are
not fully understood, and the available validated methods for identification of skin
sensitizers fail to distinguish respiratory from skin sensitizers. Therefore, dedicated
test systems representative for the respiratory tract are required to predict the
sensitizing potential of a chemical. We evaluated the capacity of a 3D alveolar
in vitro test system for the prediction of sensitization. The test system is built on
microporous membrane inserts using the epithelial-A549, endothelial-EA.hy926 and
monocytic-THP-1 cell lines. The test system allows exposure at the air-liquid-interface (ALI), and the development of a tissue-like microenvironment by cell-tocell direct communication and indirectly through secreted messenger molecules.A
panel of test items comprising sensitizing chemicals (e.g. chloramine-T trihydrate,
ethylenediamine, piperazine, glutaraldehyde, ammonium hexachloroplatinate,
maleic anhydride) and irritants (e.g. formaldehyde, glyoxal, salicylic acid, sodium
dodecyl sulfate) was used to evaluate the performance of the test system to
discriminate sensitizers from non-sensitizers. Cell viability was evaluated as a
measure of metabolic activity in the resazurin assay 24h after exposure at ALI,
and the dose-response curves were modelled for the apical, basolateral compartments, and the complete test system. The test system was then exposed to a dose
leading to a cell viability of at least 75% and the expression of CD54, CD86 and

TSLPr cell surface markers was measured by flow cytometry.The obtained data
show that the test system can discriminate respiratory sensitizers from irritants.
Moreover, the tested pro-haptens, ethylenediamine and piperazine, were correctly
identified as respiratory sensitizers, chemicals reported as false negatives by other
new approach methodologies for respiratory sensitization evaluation.

3047

ImmuPHAGE as Alveolar Macrophage Model Provides
Mechanistic Understanding for Inhaled Safety Studies In Vitro

E. Hoffman1, A. Saeed1, V. Hutter1, E. Harstad2, and A. Martin1. 1ImmuONE Ltd., Hatfield,
United Kingdom; and 2Seagen Inc., South San Francisco, CA.
The fate of inhaled particles and ability to predict interactions determining lung
health largely remain unknown. It is well established that alveolar macrophages
are the first line of defence against inhaled particulates in the respiratory airways.
Many potential inhaled medicines fail during development due to the induction of
abnormal alveolar macrophage morphology such as foamy macrophage appearance. There is limited understanding if this response to an inhaled stimulus is
adverse or adaptive, and additionally if it is a transient or irreversible process. The
aim of this work was to evaluate whether high content image analysis could distinguish between different drug-induced foamy macrophage phenotypes, alongside
with providing a more accurate and mechanistic-driven safety assessment.
Additionally, to determine the extent of the reversibility of the foamy phenotypes
by assessing morphological changes over time. Alveolar-like macrophages
(ImmuPHAGE) were exposed for 24 h to compounds known to induce a foamy
macrophage phenotype (amiodarone and staurosporine) and, control compounds
that are known to not cause a foamy macrophage phenotype in vitro (fluticasone,
salbutamol). Following drug stimulation, the cells were rested in drug-free media
for 48 h. High content image analysis was used to assess detailed morphological
(cellular and nuclear area, vacuoles numbers and size) and health (mitochondrial
activity) descriptors of individual alveolar macrophage-like cells. Phenotype profiling of cell responses was highly reproducible and allowed detailed mechanistic
insight into the degree of adversity of the response. While the foamy macrophage
recovery was dependent on the mechanism of action of the inducer compound.
This study shows that high content analysis can discriminate between different
phenotypes of foamy macrophages and may contribute to better decision making
in the process of new drug development. Moreover, this approach has provided
new insights to the mechanistic understanding of the fate of inhaled substances in
human lungs to support toxicity assessment.

3048

Organotypic 3D Primary Human Nasal Tissue Model for
Toxicological Studies

S. Ayehunie1, Z. Stevens1, J. Oh2, Y. Kaluzhany1, and A. Armento1. 1MatTek, Ashland,
MA; and 2The Jackson Laboratory, Farmington, CT.
The nasal mucosa serves as the first line of defense against inhaled chemicals,
drugs, and respiratory infections. Here we developed a novel in vitro primary human
cell-based 3D human nasal epithelial tissue (NET) on a transwell porous membrane
at an air-liquid interface (ALI). The NEC tissue was characterized by histology, barrier
function (TEER), viability (MTT), toxicity, and infection with viruses. Histological and
immunohistochemical evaluation of the in vitro nasal model showed polarized and
multilayered tissue that expresses epithelial cell marker (CK19), tight junction (ZO-1
and Claudin-1), mucin (MUC5B and MUC5AC), SARS-CoV-2 entry-related /proteins/
genes (ACE-2 and TMPRSS2), and cilia (alpha-tubulin). Single cell sequencing of
the differentiated NET cultures also confirms the presence of differentiated cell
types (goblet, club cells, basal, multiciliated cells, and not previously identified
cells (NPIC)). The NPIC were enriched in response to allergic rhinitis/respiratory
syncytial virus infection (increase in IL1RL1, MMP9, MMP10) and some laminins and
integrins. Infection of NET with viruses also showed high expression IDO1, which is
associated with innate antiviral immune functions. To monitor reproducibility, the
MTT and TEER results from N=9 lots were analyzed. MTT showed OD value of >1.0
(mean OD =1.52±0.23). The mean TEER value for the N=9 lots was 303±98 Ω*cm2.
To evaluate the utility of the nasal tissue model for toxicological studies, we tested
the effect of a known mucous membrane irritant butylamine following 4 hr topical
exposure to 0.5 mg/ml and 2 mg/ml of the test article. The data showed reduction
in barrier integrity by 33.2% ± 0.0 and 12.3 ± 5.8, respectively, compared to the
vehicle control (corn oil) which is indicative of toxicity of the test article. In short,
this novel NET model can be added to the toolbox of 3D respiratory tissue models
to predict safety of chemical inhalants, therapeutic candidates, viral and bacterial
infections at entry site.
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Translational Toxicological Studies Using 3D Rat Airway Tissue
Model

M. Frare, R. Jackson, S. Durand, Y. Kaluzhny, T. Landry, A. Armento, and S. Ayehunie.
MatTek, Ashland, MA.
A scalable and reproducible in vitro 3-dimensional organotypic model of rat
airway that replicates biological responses is needed to provide an alternative to
traditional in vivo rat toxicity tests. The aim of this study was to test the utility
of a primary cell-based 3D rat epithelial airway tissue (REAT) model to screen 1)
toxicants, 2) inhaled drugs, and 3) formulations for their irritation potential. To
achieve this goal, primary cells were expanded in monolayer culture and seeded
onto microporous membrane inserts to reconstruct 3D organotypic REAT tissues.
Then, tissues were characterized for polarity of epithelial cells (histology), epithelial cell markers (confocal microscopy), barrier integrity (transepithelial electrical
resistance, TEER), and expression of drug transporters and drug metabolizing
enzymes (RT-PCR). Functionality for toxicological studies was investigated using
4 chemicals of different hazard classifications categories at four concentrations
(5, 25, 125, and 250mg/ml). Analysis of the 3D REAT revealed a well polarized
epithelium and a physiological TEER value of >300 Ώ*cm2 mimicking the airway
microenvironment. RT-PCR results showed expression of drug transporters (influx
and efflux), drug metabolizing enzymes (aldehyde dehydrogenases 2, 3a1, 3b1, 5a1,
6a1, 7a1, and 9a1), CYP450 enzymes (1b1, 26b1, 2c80, 2f4, 2s1, 2t1, 3a9, and 4f6),
and esterase D. Acute exposure to the chemicals showed varying levels of tissue
viability (toxicity) by MTT assay. Based on the minimum concentration required to
reduce tissue viability by 25%, the test chemicals were rank ordered from high to
minimal toxicity: Propamocarb (25 mg/ml) > Diazinon (125 mg/ml) > Malathion
(250 mg/ml) > Permethrin (>250mg/ml), vehicle control. Thus, the REAT tissue
model will be a useful tool to predict rat airway toxicity and bridge rodent to human
translation of in vitro inhalation toxicology data. Such models will also reduce the
use of animals for experimentation.

3050

New High-Throughput Cell Culture Plate for 3-Dimensional (3D)
Tissue Culture and Toxicological Testing

M. Klausner, Y. Kaluzhny, G. R. Jackson, P. Kearney, A. Armento, and S. Ayehunie.
MatTek, Ashland, MA.
A new, 96-well high throughput (HTP) cell culture insert plate with a microporous filter bottom has been developed for toxicological testing. The microporous
polycarbonate membrane bottom has a high pore density (1 x 108 pores/cm2)
and an average pore size of 0.4 µm allowing for culture of highly differentiated
3D tissue models. The utility of the new HTP plate was demonstrated by culturing
tracheal-bronchial epithelial cells for a 2-week period to form an organotypic model
of upper respiratory tissue. H&E stained histological cross-sections of the tissue
showed a pseudo-stratified morphology with both ciliated and mucous producing
cells, which was similar to the morphology of single-well cell culture insert (SW-CCI)
versions of the tissue. The barrier properties of the HTP tissues, as measured by
transepithelial electrical resistance (TEER), were not significantly different from
those of the SW-CCI tissues. TEER measurements were 654 ± 204 (n=96) and 809
± 147 (n=4) Ω*cm2 for the SW-CCI and HTP tissues, respectively (p=0.12). The
utility of the tissues for toxicological testing was investigated using 3 respiratory
irritants (RI), acetone (AC), methyl propyl ketone (MPK), and formaldehyde (FOR),
and results for the HTP tissues were compared to results from tissues cultured
in SW-CCIs. 4 doses of each RI were applied to the apical side of the tissues for 4
hrs, and tissue viability was determined after a 20-hour recovery period using the
MTT assay. The effective dose which reduced tissue viability by 25% (ED-25) was
mathematically interpolated. The ED-25 values for the HTP and SW-CCI tissues
were comparable. The ED-25 values for HTP tissues were 38.6, 22.0, and <0.8 mg/
cm2 of tissues surface for AC, MPK, and FOR, respectively, and for the SW-CCI
tissues, ED-25 values were 45.1, 20.9, and <0.8 mg/cm2. We anticipate that this new
HTP plate will be useful for toxicological screening of large numbers of formulations during the drug development/ formulation process.

3051

Human Cell-Based In Vitro Systems to Assess Respiratory
Toxicity of Chemicals

M. Sharma1, A. O. Stucki1, S. Verstraelen2, A. Jacobs2, D. Poelmans2, S. Remy2,
F. Maes2, E. Frijns2, K. Hollanders2, L. Geerts2, S. Voorspoels2, J. Laer2, and A. J.
Clippinger1. 1PETA International Science Consortium Ltd., Stuttgart, Germany; and 2VITO,
Mol, Belgium.
Inhalation is a major route by which human exposure to substances can occur.
Resources have therefore been dedicated to optimize human-relevant in vitro
approaches that can accurately and efficiently predict the toxicity of inhaled
chemicals for robust risk assessment and management. In this study, called the
INSPiRE Initiative (in vitro System to Predict REspiratory toxicity), two- and three-dimensional (2D and 3D) systems were used to predict the ability of chemicals to
cause portal-of-entry effects on the human respiratory tract. Human bronchial
epithelial cell line (BEAS-2B) and reconstructed tissue model (MucilAir™, Epithelix)
were exposed to silanes (triethoxysilane (TES, Globally Harmonized System classi-

fication (GHS) 2) and trimethoxysilane (TMS, GHS 1) at the air-liquid interface in a
VITROCELL® 6/4 system. Nitrogen dioxide was included as a positive control, and
sodium chloride (0.9%), incubator control, or nitrogen gas (N2) as negative controls.
Endpoints assessed include cell viability (Prestoblue™ assay), cytotoxicity (lactate
dehydrogenase assay), and secretion of inflammatory markers (electrochemiluminescence immunoassay, Meso Scale Discovery) and, for the 3D tissues, morphology (hematoxylin and eosin staining), barrier integrity (transepithelial electrical
resistance), and cilia beating frequency (SAVA system) were also examined. The
results show a concentration-dependent decrease in cell viability and an increase in
cytotoxicity after 30 minute exposure of BEAS-2B cells to TES (1, 50, and 150ppm)
and TMS (1, 25, and 85ppm) as compared to N2. An increase in secretion of inflammatory markers (including interleukin (IL)-2, IL-6, IL-8, and tumor necrosis factor-alpha) was observed for both silanes at middle concentrations with no change at
1ppm. In 3D tissues, the active cilia beating areas and barrier integrity were reduced
in a concentration-dependent manner. Studies are underway to assess additional
test chemicals in both systems. The results of this project can be used to better
understand the usefulness of different test systems and to predict the likelihood
of a chemical to cause portal-of-entry effects on the human respiratory tract and
inform regulatory decision-making.

3052

Influence of Alveolar Mixing and Multiple Breath Capability in a
One-Dimensional Aerosol Deposition Model

C. Darquenne1, O. Price2, A. Borojeni1, A. P. Kuprat3, S. Colby3, R. K. Singh3, W. Gu1,
R. A. Corley3,4, and B. Asgharian2. 1University of California San Diego, La Jolla, CA;
2Applied Research Associates Inc., Raleigh, NC; 3Pacific Northwest National Laboratory,
Richland, WA; and 4Greek Creek Toxicokinetics Consulting LLC, Boise, ID.
The development of predictive aerosol dosimetry models has been a major focus
of environmental toxicology research for decades. Due to the complexities of the
respiratory system, a hybrid 3D-1D modeling approach likely provides the best
option for determining the fate of inhaled particles in the lung. While the 3D portion
of the model is founded completely on physical phenomena, the 1D portion of the
model is based on various simplifying assumptions. Predictions from 3D-1D models
can be enhanced with the replacement of 1D model assumptions with data-driven
inputs. In this study, the commonly used 1D Multiple-Path Particle Dosimetry model
(MPPD) was improved by including a mechanistically based model component for
alveolar mixing of particles and by extending the model capabilities to account for
several breaths of aerosol intake. These modifications improved predictions of
particle distribution and suspension in the lung during tidal breathing. Comparison
with an existing dataset (J. Aerosol Sci., 99:27-39, 2016) obtained under two breathing conditions referred to as slow and fast breathing showed significant differences
in 1 µm particle deposition between predictions (slow: 30±1%, fast: 20±1%) and
measurements (slow: 43±9%, fast: 30±5%) when the prior version of MPPD (single
breath and no mixing, J. Aerosol Sci., 151:105647, 2021) was used. The addition
of a mixing model and multiple breaths moved the predictions within the range of
deposition measurements (slow: 39±2%, fast:30±2%). For 2.9 µm particles, predictions from both the original MPPD model (slow: 67±2%, fast: 54±3%) and the revised
MPPD model (slow: 71±3%, fast: 58±3%) compared well with experiments (slow:
67±8%, fast: 57±10%). This was expected as suspended fraction of 2.9 µm particles
was small and thus the addition of alveolar mixing and multi breath capability only
slightly increased the retained fraction for particles of this size and greater. The
revised 1D model improves dose predictions in the deep lung and support human
risk assessment from exposure to airborne particles. Funded by NIH U01 ES028669.

3053

Quantifying Intersubject Variability in Oral Airway Aerosol
Deposition Using Computational Fluid Dynamics

A. Borojeni1, W. Gu1, B. Asgharian2, O. Price2, A. P. Kuprat3, R. K. Singh3, S. Colby3, R. A.
Corley3,4, and C. Darquenne1. 1University of California San Diego, San Diego, CA; 2Applied
Research Associates Inc., Raleigh, NC; 3Pacific Northwest National Laboratory, Richland,
WA; and 4Greek Creek Toxicokinetics Consulting LLC, Boise, ID.
The extrathoracic upper airway (UA) is the first line of defense to prevent inhaled
toxicants from reaching the lungs. Intersubject variability in shape and volume
of the UA is expected to have a significant impact on the deposition of inhaled
aerosols filtered by this region. The goal of this study is to develop a quantitative
understanding of how intersubject variations in UA geometry lead to intersubject
differences in oral deposition of inhaled particles. Three-dimensional models of
the human oral airway (from the mouth to the proximal region of the trachea) were
reconstructed from computed tomography (CT) scans of 7 healthy subjects and 4
patients with chronic obstructive pulmonary disease. These models were used to
predict transport and deposition of aerosols ranging from 1 to 30 µm in diameter
using computational fluid dynamics (Fluent 21.0, ANSYS, Inc). Simulations were
performed for mouth breathing at two steady-state inhalation rates representative
of light (18 L/min) and heavy exercise (45 L/min). For each subject, oral deposition
increased with increasing particle size and inhalation rate. Consistent with previous
in vitro studies (Golshahi et al. 2013, Ann. Biomed. Eng., 41: 979-989), our data
showed a large intersubject variability in oral deposition. For example, deposition
of inhaled 3 µm aerosols ranged from 0.5 to 8.0% (median = 1.9%) at 18L/min and
1.2% to 56.4% (median = 18%) at 45L/min. Deposition of inhaled 10 µm aerosols
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ranged from 20% to 99% (median = 78%) at 18L/min and 75% to 100% (median =
98%) at 45L/min. These results highlight the need for incorporating morphological
variation of the upper airway in predictive models of aerosol deposition for accurate
predictions of particle burden in the intrathoracic region of the lung. Despite
pronounced intersubject variability in deposition predictions, the sigmoidal curve
of oral deposition data versus impaction parameter remains statistically indifferent
from the experimental curve predicted by the Stahlhofen equation (Stahlhofen et
al. 1989, J Aerosol Med., 2:285-308), which alone explains the experimental data
well with an R2 value of 86.4% (this study: R2bestfit = 88.8%). Funded by NIH U01
ES028669.

3054

NAM-Based Prediction of Point-of-Contact Toxicity in the Lung:
A Case Example with 1,3-dichloropropene

M. Moreau, J. Fisher, M. E. Andersen, A. Barnwell, S. W. Corzine, A. Ranade, P. D.
McMullen, and S. D. Slattery. ScitoVation, Durham, NC.
Time, cost, ethical, and regulatory considerations surrounding in vivo testing
methods render them insufficient to meet existing and future chemical safety
testing demands. There is a need for the development of in vitro and in silico
alternatives to replace traditional in vivo methods for inhalation toxicity assessment. Exposures of organotypic airway epithelial cultures to gases or aerosols can
assess tissue responses and in vitro-in vivo extrapolation can align in vitro exposure
levels with in-life exposures expected to give similar tissue exposures. The airway
epithelium varies along its length, with different regions composed of different cell
types. Therefore, in this study a volatile compound of known toxicity, 1,3-dichloropropene (1,3-DCP), was administered as a vapor at the air liquid interface to five
organotypic in vitro airway epithelial cell culture models—MucilAir of nasal, tracheal,
or bronchial origin, SmallAir, and EpiAlveolar—that represent five regions of the
airway epithelium—nasal, tracheal, bronchial, bronchiolar, and alveolar. Toxicity
was monitored in these cultures 24 hours after acute exposure using an assay for
transepithelial electrical conductance (for epithelial barrier integrity) and the LDH
release assay (for cytotoxicity). Finally, an airway dosimetry model for 1,3-DCP
vapor was developed to predict in vivo external exposure scenarios that would
produce toxic local tissue concentrations as determined by in vitro experiments.
Measured in vitro points of departure (PoDs) for all tested cell culture models were
similar (109—194 ppm). Calculated rat equivalent inhaled concentrations varied by
model according to position within the airway, with nasal respiratory tissues being
the most proximal and most sensitive tissue (191 ppm), and alveolar epithelium
being the most distal and least sensitive tissue (427 ppm). These predictions are
qualitatively in accordance with empirically determined in vivo PoDs. The predicted
PoD concentrations were close to, but slightly higher than, PoDs reported for in vivo
subchronic studies.

3055

Development and Application of a Computational Profiler for
Transient Receptor Potential Ankyrin Subfamily Type 1 Protein
(TRPA1)

S. M. Krieger, S. J. Wijeyesakere, T. R. Auernhammer, A. Parks, and D. Wilson. Dow,
Midland, MI.
We are developing computational approaches to predict interactions with important
biological targets, including those that could be informative for setting inhalation
exposure guidelines. Sensory irritation of the nose, throat and eyes is frequently
used as a critical effect in setting occupational exposure limits (OELs). Sensory
irritation potential is determined by inhalation exposure of rodents to different
concentrations of test material to derive the concentration that causes a 50%
reduction in respiration rate (RD50). Threshold limit values (TLVs) often fall within
0.01 - 0.1 RD50. We developed a computational profiler to predict interaction with
an important target for sensory irritation: the transient receptor potential ankyrin
subfamily type 1 protein (TRPA1). Using public sources, we compiled a database of
compounds known to interact (n=777) or not interact (n=52) with TRPA1 and used
it to train a mechanistic profiler based on conserved structural motifs (scaffolds)
within the compounds that bind TRPA1 with high affinity (half-maximal inhibition/
binding constants < 50 μM). When tested against the database of TRPA1 binders
and non-binders, our profiler is highly sensitive (96.8%) with a positive predictive
value (PPV) of 94.6% (we note that the applicability of the PPV is limited by the low
number of control compounds in our database). The profiler was used to screen
a public database of 190 compounds with RD50 values and identified 103 that
potentially interact with TRPA1. Virtually all compounds with RD50 values < 1 ppm
were identified as putative TRPA1 binders. Using additional mechanistic profilers, a
follow-up screening of the RD50 database will be conducted for facile-reactivity and
interaction via other sensory irritation targets such as TRPV1 (transient receptor
potential vanilloid subfamily type 1 protein) to assess the potential relationship
between mechanistic target and RD50 potency.

3056

Species Differences in TRPM8 Affect Pulmonary Sensitivity to
Chemical and Particulate Matter Agonists

C. E. Deering-Rice, J. G. Lamb, and C. A. Reilly. University of Utah, Salt Lake City, UT.
Exposure to air pollution is often unavoidable, and mechanisms leading to shortand long-term adverse effects are not fully understood. Particulate matter (PM) in
air pollution has many origins. Coal fly ash (CFA), diesel exhaust, cigarette smoke,
calcium oxide, and wood smoke are examples of such PM. Activation of transient
receptor potential (TRP) channels is one mechanism by which PM can trigger
adverse effects in the lungs, including asthma exacerbations. Notably, TRPA1,
TRPV1 and TRPM8 have been linked to the initiation of inflammation and cell injury.
Initial findings using human airway epithelial cells have shown that activation of
TRPM8 by CFA and CaO triggers increased cytokine gene expression and secretion,
which was not replicated in mouse lungs. We hypothesized that species-specific
differences in TRPM8 activation by PM may underlie this difference. Alignment of
human and mouse TRPM8 revealed three differences in the amino acid sequence
in the putative pore-loop domain. Mouse and human TRPM8 plasmids, and mutants
thereof, were prepared and transiently transfected into GcAMP6-overexpressing
HEK-293 cells; calcium flux assays were then performed. Mutation of mouse
Trpm8 to incorporate the corresponding human residues conferred varying levels
of sensitivity to PM agonists, with the S921->G and S927->A mutants resulting in
near and full responsiveness relative to the human receptor. Reciprocal mutations
confirmed amino acid 927 as critical for sensitivity. Transgenic “humanized”
C57BL/6 mice were then engineered to express the S927A Trpm8 mutant, and
changes in pulmonary inflammation, mechanics and histological properties were
evaluated following challenge with CFA. In general, humanized mice demonstrated
exacerbated responses to CFA relative to wild-type C57Bl/6 mice. Identification of
specific PM-sensing sites on TRP channels furthers our knowledge of mechanisms
by which TRPs are activated by PM and reveals potential limitations in standard
animal models for assessing roles of TRP channels in particle toxicity and translation of findings to humans. Support: ES017431, ES027015.

3057

Detection of the Cyanobacterial Toxin BMAA in the Olfactory
Pathway of Postmortem Human Brains

S. P. Garamszegi1, S. A. Banack2, P. A. Cox2, W. G. Bradley1, L. E. Brand3, M. Tischbein4,
E. W. Stommel4, and D. A. Davis1. 1University of Miami Miller School of Medicine, Miami,
FL; 2Institute for Ethnomedicine, Jackson, WY; 3University of Miami, Miami, FL; and
4Geisel School of Medicine at Dartmouth College, Hanover, NH.
Cyanobacterial blooms (CBs) occur frequently in Florida and produce cyanotoxins that cause chronic illnesses. Cyanobacteria and cyanotoxins can become
aerosolized reducing air quality and increasing the risk for inhalation exposure. We
present a pilot study using olfactory nerve tissue (cranial nerve I, CN I) from human
postmortem brains collected in Florida between 2014 and 2017 to determine if
β-N-methylamino-l-alanine (BMAA), a cyanotoxin linked to neurodegenerative
disease, can enter the brain via the olfactory pathway after inhalation exposures.
Fresh-frozen CN I tissues (50 mg) were sampled from postmortem brains of
Alzheimer’s disease patients and normal controls (n=6, females and males; ages
47 to 78). Triple quadrupole tandem mass spectrometry (UHPLC-MS/MS) with a
precolumn 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) derivatization
employing a method validated according to peer AOAC International guidelines was
used to detect BMAA and BMAA structural isomers N-(2-aminoethyl)glycine (AEG)
and 2,4-diaminobutyric acid (2,4-DAB). Here we report that BMAA, AEG, and 2,4-DAB
were detected in all six (100%) CN I tissue samples. The mean BMAA concentration
detected was 97.6 ng/g and ranged from <LLOQ - 488.4 ng/g. BMAA structural
isomers were also detected in CN I tissues with concentrations ranging from 0 to
9-fold relative to the BMAA toxin. The bioaccumulation of BMAA in CN I tissues was
not aged dependent, nor were there any observed difference in toxin levels between
disease state, ethnicity, nor sex. Our data demonstrates that the BMAA toxin can
be detected in olfactory nerve tissues using UHPLC-MS/MS. Further studies will
be needed to determine BMAA’s toxicity via this route of exposure and factors that
increase the risk of inhalation.

3058

Perfluorooctane Sulfonic Acid Disrupts Protective Tight
Junction Proteins in Lung Epithelial Cells

J. H. Lucas, Q. Wang, and I. Rahman. University of Rochester Medical Center,
Rochester, NY.
Ubiquitous exposure to persistent perfluorinated compounds, such as perfluorooctane sulfonic acid (PFOS), has spanned decades. Research has shown that
developing lungs carry a significant body burden of PFOS. Furthermore, rodent
models have found gestational PFOS exposure dysregulates lung development,
resulting in aberrant lung architecture and immune cell recruitment. A critical event
in lung maturation is the formation of the pulmonary epithelial barrier, which is
coordinated by tight junctions via integral membrane and scaffolding proteins such
as occludin and zonula occludens 1 (ZO-1). However, the potential consequences
of PFOS exposure on the pulmonary epithelial barrier are relatively unknown. To
investigate the effects of PFOS exposure on the pulmonary epithelial barrier, airway
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epithelial cells (16hbe14o-) were cultured on transwell plates and exposed to 5-25
μM PFOS. PFOS exposure reduced transepithelial electrical resistance (TEER)
and increased 4 kDa FITC-dextran permeability up to 72 h. Reductions in the tight
junction organization rate (TiJOR) and protein levels of occludin and ZO-1 were
observed following 15 μM PFOS exposure. Interestingly, the mRNA abundance of
OCLN and TJP1 were elevated 24 h post exposure. Furthermore, pro-inflammatory mediators, IL-8 and IL-6, were unchanged. Protein kinase D (PKD) activity, a
key regulator of pulmonary epithelial barrier dysfunction was also evaluated. PKD
phosphorylation was increased 3 h post PFOS exposure. Co-treatment with the PKD
inhibitor CID755673 restored TEER and FITC-dextran permeability to vehicle levels,
and partially attenuated occludin protein levels. Overall, our data demonstrate that
PFOS exposure compromises pulmonary epithelial integrity by downregulating
tight junction proteins, potentially in part through a PKD dependent mechanism.
Additional studies are needed to clarify the mechanisms underlying PFOS induced
barrier dysfunction and the impacts of PFOS exposure on respiratory disease risk.
Supported by T32 ES007026.

3059

Evaluation of Tumor Markers and Immune Parameters among
Chicken Husbandry, Grape Orchard, and Rose Greenhouse
Workers

A. Maharjan1, R. Gautam1, J. Jo1, M. Acharya1, D. Lee1, H. Son1, S. Seo1, C. Kim1, Y. Heo1,
and H. Kim2. 1Daegu Catholic University, Gyeongsan, Korea, Republic of; and 2Catholic
University of Korea, Seoul, Korea, Republic of.
Exposure to occupational hazards such as biologically active dust, inorganic
dust, pesticides, gaseous pollutants, or physical hazards in the agricultural sector
is recognized to cause various respiratory illnesses and immune modulation.
Although farming has been considered at low risk of lung cancer, exposures during
specific tasks in different crop or livestock farm have been found to increase the
risk of lung cancer. The immune status alteration stands as a major determinant in
tumor development and progression, but little has been explored on the association
of immune status with tumor markers in the farming population. Blood samples
collected from 51 chicken husbandry workers, 19 grape orchard workers, and 21
rose greenhouse workers were subjected to plasma pro-gastrin releasing peptide
(Pro-GRP) and cytokeratin fragment 19 (CYFRA 21-1) level. Peripheral blood
mononuclear cells (PBMC) were used for natural killer (NK) cell phenotyping and
stimulated for cytokine profiling of interferon-gamma (IFN-γ) and interleukin-13
(IL-13). This study was authorized by the Institutional Review Board at Daegu
Catholic University. Plasma Pro-GRP level and CYFRA 21-1 level, representing the
small cell and non-small cell lung cancer biomarker respectively were found significantly higher in orchard (Pro-GRP: 2572±204.4 pg/ml, CYFRA: 4.27±0.28 ng/ml)
and chicken husbandry workers (Pro-GRP: 2709±202 pg/ml, CYFRA: 4.04±0.13 ng/
ml) than the greenhouse workers (Pro-GRP: 957.3±189.7 pg/ml, CYFRA: 3.34±0.22
ng/ml). Low proportion of NK cell was revealed in the orchard workers (19.78±3.29
%) compared to chicken husbandry (26.08±1.77 %) and greenhouse workers
(26.88±2.59 %). Regarding the immune skewedness towards type-1 (TH1) or type-2
helper T cell (TH2), higher IFN-γ: IL-13 ratio was observed in the greenhouse workers
(632.1±126.6) than the orchard (117.9 ±22.1 %) and chicken husbandry workers
(167.6±18.5 %). The correlation between age and study parameter levels was not
found. Hence, it can be depicted that orchard and chicken husbandry workers
are apparently at high risk of lung cancer and disturbed immune homeostasis in
comparison to the rose greenhouse workers. Owing to the multiple exposures in
farming environment, the necessity of lung cancer risk assessment and immune
status evaluation in the agricultural sector has been highlighted. Supported
by the Korea Rural Development Agency (Grant#PJ014269022020), Ministry of
Environment-Educational training program for the management of information on the
hazards and risk of chemicals substances.

3060

Elucidating the Mechanism of Pleural Fibrosis following AntiPlasminogen and Mesothelial Cell Interaction

C. M. Wilson, D. M. Stevens, Z. Ditzig, J. Krasa, and K. M. Serve. Idaho State University,
Pocatello, ID.
Pleural Fibrosis (PF) is an untreatable condition in which the pleural cavity
becomes thickened with collagen and fibrin. PF develops after prolonged exposure
to asbestos fibers or other irritant materials. Our prior research demonstrated
that mesothelial cells have a binding site for the enzyme plasminogen (Plg) on
the outer surface of the cellular membrane. We also demonstrated presence of
anti-Plasminogen antibodies (anti-Plg) in asbestos exposed people and mice,
and showed positive correlation between antibody presence and PF. Therefore,
we hypothesized that anti-Plg contribute to PF development following interaction
with mesothelial cells, the main cellular component of pleural tissue. Using flow
cytometry, cell activity assays, and ELISAs, we demonstrate that anti-Plg block Plg
conversion to the active enzyme plasmin, resulting in increased collagen deposition
by mesothelial cells. We also show that Plg does not increase cellular proliferation or differentiation of mesothelial cells. Lastly, we examine the ability of Plg to
activate matrix metalloproteinases (MMP), as these enzymes are known to contribute to collagen and fibrin reorganization; altered MMP activity may perpetuate PF

by increasing collagen deposition. Elucidating the mechanisms of anti-Plg-mesothelial cell interaction may reveal therapeutic targets in PF development, thus aiding
in treatment and prevention of this disease.

3061

Characterization of Different Consumable Wires in a Novel
Thermal Spray Coating Aerosol Generator and Inhalation
Exposure System

A. Afshari, W. McKinney, J. L. Cumpston, H. D. Leonard, J. B. Cumpston, C. Allen, M.
Jackson, S. Friend, V. Kodali, T. G. Meighan, E. G. Lee, and J. M. Antonini. NIOSH,
Morgantown, WV.
Thermal spray coating (TSC) involves spraying a metal coating product that
is melted by extremely high temperatures and then applied under air pressure
onto a surface. Large amounts of a complex metal aerosol comprised of Fe, Cr,
Ni, and Zn are formed during the process, presenting a potentially serious risk to
the operator. Information about the health effects associated with exposure to
aerosols generated during TSC is lacking. Even less is known about the chemical
and physical properties of these aerosols. The goal was to construct and characterize an automated TSC aerosol generator and inhalation exposure system that
would simulate workplace exposures. An electric arc wire-TSC aerosol generator and exposure system was designed and separated into two areas: (A) an
enclosed room with a closed spray booth where the spray coating occurred; (B)
an exposure chamber with different particle characterization devices. The physicochemical properties of aerosols generated during electric arc wire-TSC using five
different consumable wires were examined. The metal composition of each was
determined by ICP-AES, including two stainless-steel wires [PMET720 (82% Fe, 13%
Cr); PMET731(66% Fe, 26% Cr)], two Ni-based wires [PMET876 (55% Ni, 17% Cr);
PMET885 (97% Ni)], and one Zn-based wire [PMET540 (99% Zn)]. The generated
particles, regardless of composition, were poorly soluble, complex metal oxides
and mostly arranged as chain-like agglomerates of primary particles in the ultrafine
range (<100 nm). The MMAD as determined by a MOUDI was similar when comparing the generated particles from the different wires and ranged from 290-378 nm.
To allow for continuous, sequential coating within the spray booth during a 2-hr
testing period, a motor rotated the metal feedstock pipe to be coated in a circular
and up-and-down direction. The spray gun was controlled by computer software
and fired at programmed 1-sec intervals for up to a total of 12 sprays during the
testing period. A targeted exposure chamber concentration of 25 mg/m3 was
achieved and maintained during the 2-hr period, along with minimal fluctuations in
relative humidity, temperature, and CO2 levels. This exposure system will generate
continuous, controlled metal spray coating aerosols for future animal exposure
studies.

3062

Using FBS-Free Media in In Vitro Cell Cultures: A Case Study in
Transitioning and Characterizing A549 Cells

A. Chary1, K. Groff2, A. O. Stucki2, S. Contal1, C. Stoffels1, S. Cambier1, M. Sharma2,
A. C. Gutleb1, and A. J. Clippinger2. 1Luxembourg Institute of Science and Technology,
Esch-sur-Alzette, Luxembourg; and 2PETA International Science Consortium Ltd.,
Stuttgart, Germany.
Replacing the use of fetal bovine serum (FBS) in cell culture media bolsters the
reproducibility of in vitro research and overcomes the ethical and legal challenges
associated with its use. Increasingly, scientists are focusing on replacing the use of
FBS as a supplement in cell culture media with animal-component-free media. Using
A549 cells—an immortalized human epithelial alveolar-like cell line commonly used
in respiratory research—as a case study, we demonstrate the process of transitioning cells cultured in medium containing FBS to commercially-available media
without FBS. To determine whether the transition was successful, cellular morphology and functionality were assessed by imaging (scanning electron microscopy);
calculating cell doubling time, cytokine release (Bio-Plex), and cell viability (Alamar
blue assay); monitoring the expression of relevant genes; and determining surfactant production (surfactant droplet test). Our results show that, while success varies
based on the transition process and type of media, animal-derived components can
be replaced in the culture of A549 cells. Because FBS-free media can replicate the
phenotype of A549 cells similar to that observed in FBS-supplemented medium or
a phenotype more similar to normal alveolar epithelial cells, the medium should be
chosen based on the objective of the study. This case study can be used as a guide
to transition other cell types to FBS-free media.
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Establishing an In Vitro Aerosol Exposure Method for Evaluating
the Respiratory Toxicity of Ortho-phthalaldehyde

Y. Sun1, N. Twaddle1, F. A. Beland1, D. Rua2, W. M. Gwinn3, Y. Wang1, and X. Cao1.
1US FDA/NCTR, Jefferson, AR; 2US FDA/CDRH, Silver Spring, MD; and 3NIEHS/NTP,
Durham, NC.
Ortho-phthalaldehyde (OPA) is a high-level disinfectant for sterilizing reusable,
heat-sensitive medical devices. Even though its use in this context has been
cleared by the FDA, inhalation exposure limits have not been set due to the lack
of comprehensive mammalian data. To fill this data gap, we previously assessed
the respiratory toxicity of OPA aerosols in a human in vitro air-liquid-interface (ALI)
airway tissue model. As a proof-of-concept study, the VITROCELL® Cloud System
was employed for generating a bolus concentration of OPA aerosols within a short
duration (i.e., less than 5 min). To mimic better the occupational exposure experienced by hospital workers while sterilizing medical instruments, we expanded our
previous study by increasing the daily exposure duration to 4 h. For this purpose,
a combination of a VITROCELL® BioAerosol Nebulizing Generator and a 24/48
Exposure Module was used for creating and delivering a continuous flow of OPA
aerosols to the apical surface of the ALI cultures. Deposited concentrations of
OPA aerosols were quantified using UPLC-ES/MS/MS. Cultures were exposed to
OPA aerosols at concentrations ranging from 0.52 to 2.7 µg/cm2 4 h per day for 5
days. Biological responses, including tissue integrity, cilia beating frequency (CBF),
mucus secretion, and expression of key protein markers were assessed throughout
the 5-day treatment phase. OPA aerosols significantly increased tissue permeability, as indicated by the concentration-dependent release of lactate dehydrogenase. The metabolic activity of the cultures, however, was not altered by the
exposure at all concentrations tested. Consistent with our previous study, OPA
is a potent ciliostatic agent that significantly suppressed CBF, as early as after 2
daily exposures and inhibited the expression of ciliary biomarkers. Together with
a decrease in mucus secretion, these data suggest that the mucociliary clearance
mechanism may have been compromised by OPA aerosol exposures. Besides
its effects on tissue functions, OPA also induced squamous differentiation as
indicated by the upregulation of involucrin expression and increase in transepithelial electrical resistance. Work is underway to establish a method for deriving
a toxicological point-of-departure from the in vitro concentration-response data.

3064

A Hydrophilic Organosilane-Based Coating Blocked Acute and
Subchronic Silica-Induced Lung Toxicity in an Animal Model

J. M. Antonini, T. Meighan, M. Shoeb, V. Kodali, K. A. Roach, G. Boyce, J. R. Roberts,
and D. W. Porter. NIOSH, Morgantown, WV.
Fracking is a process in which natural gas-laden rock is fractured to improve
removal of underground reserves of gas. Sand is present in the fracking fluid
pumped in the well to stabilize the fissures. The handling and use of sand at well
sites generate respirable dust by which workers in the oil and gas industry are
exposed. Respirable crystalline silica has been identified as a significant exposure
hazard. Inhalation of silica dust can cause silicosis (pulmonary fibrosis and inflammation), chronic obstructive lung disease, and lung cancer. The surface of fractured
silica particles generates cell-damaging reactive oxygen species. Coating silica
particles with specific organosilanes has been shown to reduce in vitro silica-induced toxicity of lung macrophages. The objective was to assess whether a
hydrophilic organosilane-based coating (SIVO-160) would reduce or prevent acute
and sub-chronic silica-induced lung toxicity in an in vivo model. Male SpragueDawley rats were intratracheally instilled with silica (1.0 mg/rat), silica coated with
SIVO-160, SIVO-160 coating alone, or saline (vehicle control). Bronchoalveolar
lavage (BAL) was performed at 3, 10, 45, and 90 d after exposure, and markers of
lung inflammation and injury were assessed. Also, suspensions of uncoated and
coated silica were analyzed using RapiFlex MALDI-ToF/ToF mass spectrometry to
confirm the presence of SIVO-160 on the surface of the silica particles. At acute
and sub-chronic time points, silica exposure significantly increased BAL lactate
dehydrogenase (lung injury) and the number of recovered lung macrophages and
neutrophils (lung inflammation) compared to the saline-treated controls. These
silica-induced elevations in lung toxicity were reduced to control levels at each time
point when silica was coated with SIVO-160 before exposure. Pulmonary exposure
to SIVO-160 alone produced no lung toxicity. Importantly, multiple unique spectral
peaks were detected on the surface of the silica + SIVO-160 sample after incubation
in saline that were absent in the uncoated silica sample spectra. During fracking
operations, sand coated with organosilane materials may be used as a possible
mitigation strategy and potentially protect large numbers of workers exposed to
dusts generated at oil and gas extraction sites.

3065

Immune Cell Profiling of LPS-Induced Acute Lung Injury in Mice
Treated with I3C Reveals Downregulation of CCR and CXCR
Chemokine Receptors Associated with Trafficking of Myeloid
Cell Populations

B. Holloman, M. Nagarkatti, and P. Nagarkatti. University of South Carolina School of
Medicine, Columbia, SC.
Immune cell trafficking during inflammation is a result of chemotaxis mediated
by CXC and CC chemokines and their receptors. The severity of acute lung injury
and acute respiratory distress syndrome (ALI/ARDS) due to endotoxins or environmental toxins stems from trafficking of peripheral immune cells to the lungs. The
pulmonary infiltration of innate immune cells leads to destruction of lung epithelial
cell barriers, which cause systemic oxygen deprivation. However, indole-3-carbinol
(I3C), a naturally occurring AhR ligand found in cruciferous vegetables, has been
shown by our lab to suppress inflammatory mediators through the regulation of
immune cell transcriptome. In the current study, we determined if I3C treatment
prevents ALI by altering the expression of genes associated with cellular movement,
infiltration, and antigen presentation in effector cells such as neutrophils and
macrophages, which can cause damage to epithelial tissue, leading to development of ALI. Towards this, mice were intranasally administered lipopolysaccharide
(LPS; 5mg/kg) to induce ALI. Three hours later, mice were treated with I3C (80mg/
kg) or vehicle. After 48 hours, CCL2 (MCP-1) protein levels were increased in lung
cell supernatant, bronchoalveolar lavage fluid, and serum in LPS+Veh vs. LPS+I3C
mice. In addition, flow cytometric analysis revealed that ALI mice treated with I3C
decreased expression CXCR2 in neutrophils and CCR2 in macrophages compared
to mice treated with vehicle. Interestingly, scRNASeq showed that in myeloid cell
tSNE clusters of LPS+I3C treated mice vs. LPS+Veh, I3C reduced expression of
CCL2, CCL5, CXCL3, CXCL10, FN1, MALT1, and HLA-A, genes involved in movement
of neutrophils, lymphocyte migration, metastasis, leukopoiesis, and immune cell
adhesion. However, the mRNA expression of CXCL2 and IL-10, genes involved in
MDSC trafficking and anti-inflammatory responses, was increased in diseased mice
treated with I3C compared to LPS+Veh mice. Furthermore, antigen presentation
genes, H2-K1 and H2-AB1 in AM/DC/M2 clusters and interferon-associated genes
in Neutrophil 2 and M1/Mφ clusters were upregulated. These findings suggest that
I3C induces distinct transcriptional profiles of neutrophils and macrophages, and
alters immune cell trafficking and proinflammatory signatures of innate immune
cells in ALI. Supported by NIH grants P01AT003961, P20GM103641, R01ES030144,
R01AI129788, R01AI123947, R01AI160896 and R01AI123947-S2.

3066

Exploring the Toxicity of Azobenzene Disperse Dyes to Human
Lung Cells

A. O’Connor1, K. Overdahl2, L. Ferguson2, and T. Sabo-Attwood1. 1University of Florida,
Gainesville, FL; and 2Duke University, Durham, NC.
Azobenzene disperse dyes (ADDs) are a class of dyes used to color synthetic
fabrics. ADDs make up 60% of all dyes in the world and account for 70% of the 9.9
million tons of industrial dye colorants used annually. Select azo dyes are known to
have carcinogenic and mutagenic properties. Research has primarily focused on
the effects of azo dye reduction in the human intestine, liver, and skin; meanwhile,
the effects on the pulmonary system remain less explored despite more recent
epidemiology reports finding occupational asthma to be associated with azo dye
exposure. To begin to elucidate the toxicity of ADDs on the respiratory system,
small airway epithelial cells (SAECs) and A549 cells were exposed to three azo
dyes that constitute an abundant black dye used in textiles: disperse blue 373
(DB373), disperse violet 93 (DV93), and disperse orange 61 (DO61). Because ADDs
have been associated with allergic dermal responses, it was hypothesized that
structurally different ADDs would illicit varying levels of cytotoxicity and changes
in genes known to be associated with allergic airway disease (i.e. asthma). For the
approach, SAECs and A549 cells were exposed to a range of ADD doses (0.01ug/
mL to 4ug/mL) and cell viability was quantified after 48 hours using a CellTiterGlo assay. To identify elevated mRNA expression of genes associated with an
asthmatic response in vitro, RT-qPCR was performed on A549 cells exposed to
1ug/mL of DB373 and 1ug/mL of DV93 for 8, 24 and 48 hours. Results showed
that exposure of SAECs and A549 cells to DV93 and DB373 led to a statistically a
significant decrease in cell viability in a dose-dependent manner, whereas exposure
to DO61 did not. Additionally, DV93 and DB373 resulted in a significant upregulation
of lung injury and asthmatic genes (TGF-β1, CXCR4, IL-8, etc,.) compared to control
cells. These observations demonstrate for the first time that commonly used ADDs
can alter cytotoxicity and gene expression in human lung cells in a dye-dependent
manner. These results also stress the need to further investigate pulmonary health
implications of azo dyes that are abundantly used in consumer goods. Future
studies will examine the ability of ADDs to act as respiratory sensitizers as the
molecular mechanism driving toxicity.
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Evaluation of the Local Tolerance of Flagellin Aerosol Therapy
(FLAMOD) on Primary Human Cell-Based 3D In Vitro Nasal,
Bronchial, Small-Airway, and Alveolar Models

M. Caul-Futy1, C. Ferreira1, C. Caul-Futy1, R. Bonfante1, I. Sanjuan2, E. Sage3, M. Baldry2,
S. Huang1, C. Green-Jensen4, N. Heuze Vourc’h5, J. Sirard2, and S. Constant1. 1Epithelix,
Plan-les-Ouates, Switzerland; 2Institut Pasteur de Lille, Lille, France; 3Hôpital Foch,
Paris, France; 4Statens Serum Institut, København, Denmark; and 5Université de Tours,
Tours, France.
Bacterial pneumonia is a major cause of morbidity and mortality in humans.
To counter this, the European consortium FAIR aims to develop more efficient
therapies, based on recombinant flagellin FliC∆174-400, to treat pneumonia with
or without a concomitant uptake of antibiotics. Recombinant flagellin works as
an immune-modulator which boosts the innate immunity of airway epithelia via
the activation of TLR-5. Delivery of recombinant flagellin to the lung via nebulisation has the advantage of directly targeting the airway epithelial cells while conferring minimal systemic immune activation. We herein describe the local tolerance
evaluation of a flagellin-based formulation (FLAMOD) on primary human airway
and lung epithelial models. Regional effects on fully differentiated nasal, bronchial
(MucilAir™), small airways (SmallAir™) and alveolar (AlveolAir™) epithelial function
were evaluated using a multi-parametric approach and a dynamic analysis. The
tissues were exposed to 0.0003, 0.003; 0.03; 0.3 or 3 ug/cm2 of FLAMOD apically 2
h/day, for 5 days. For all models, trans-epithelial electric resistance (TEER), cytotoxicity (LDH), pro-inflammatory cytokines (IL-8) and a panel of genes were evaluated.
Additionally, on upper respiratory tract models, Cilia beating frequency (CBF) and
Mucociliary clearance (MCC) were assessed. Although no effect on TEER, CBF,
MCC and cytotoxicity was observed for all tested conditions, FLAMOD did induce a
dose-dependent (i) mild increase of the cytokine IL-8 starting at 0.03 ug/cm2 and (ii)
upregulation of expression of genes coding CCL4, TNF, IL-1β, CSF3, or CCL20 with
a plateau obtained at 0.03 μg/cm2. Altogether, FLAMOD was well tolerated by nasal,
bronchial, small airway and alveolar epithelia. Apical exposure induced biomarkers
upregulation, thus highlighting FLAMOD’s immunomodulation potential all along
the respiratory and lung mucosa.

3068

The Immunological Impact of Arsenical Exposure in Conjunction
with SARS-CoV-2 Infection

3069

Dynamic Expression of ACE2 by Lung Epithelial Cells

S. N. Serna, N. D. Nguyen, M. Almestica, K. L. Burrell, C. Deering-Rice, and C. A. Reilly.
University of Utah, Salt Lake City, UT.
The airway epithelium is a vibrant and adaptable entity, exhibiting unique characteristics as a function of both health and disease, as well as state of injury and
repair. However, these characteristics and processes can be drastically influenced
by exposure to inhaled agents including pneumotoxic environmental pollutants.
The angiotensin converting enzyme II (ACE2) receptor is critical for SARS-CoV-2
viral uptake/cell entry, replication, and infection, which can lead to variable levels
of tissue damage, pulmonary dysfunction, and risk for acute respiratory distress
syndrome. We tested the hypothesis that ACE2 expression may vary between a
healthy versus damaged and actively repairing epithelium, potentially representing windows of differential susceptibility to SARS-CoV-2 infection. Utilizing human
bronchial epithelial cells (HBECs) and a tryptic injury model, cells were assayed
at various time points post-plating, encompassing an injury-repair cycle. ACE2
mRNA (qPCR) and protein (western blot and immunohistochemistry) expression increased and plateaued as cells repaired and restored an intact monolayer.
Confluent monolayers of HBECs were also treated with pneumotoxic wood smoke
particulate matter, a transient receptor potential ankyrin-1 (TRPA1) and vanilloid-3
(TRPV3) agonist, to induce monolayer damage, as well as epidermal growth factor
receptor (EGFR) ligands to simulate injury, without causing injury. In both cases
ACE2 mRNA and protein expression decreased. Finally, confluent HBECs were
treated with polyinosinic-polycytidylic acid (Poly I:C), a double stranded RNA mimic
and toll-like receptor-3 activator. Poly I:C increased ACE2 mRNA expression. In
summary, ACE2 expression by airway epithelial cells is variable as a function of the
state of the epithelium, demonstrating decreased expression in an injured/repairing state. This may be protective with respect to SARS-CoV-2 interactions with
the lung epithelium, thus causing susceptibility to be influenced by environmental pneumotoxin exposures. Hence, understanding how ACE2 can be directionally
regulated in the lung via receptor pathways that influence epithelial integrity, such
as TRPA1, TRPV3, and EGFR, could aid in the development of potential therapeutics
for SARS-CoV-2 infected patients. Support: ES017431 and ES027015.

3069a

The Effect on Body Weight of Rats after Varying Durations of
Inhalation Administration Compared with Oral Administration

K. T. Cao, S. A. Brocke, A. N. Perryman, C. Douillet, S. Taft-Benz, M. Styblo, and I.
Jaspers. University of North Carolina at Chapel Hill, Chapel Hill, NC.

S. Moore1, and J. Damiano2. 1Labcorp Drug Development, Huntingdon, United Kingdom;
and 2Labcorp Drug Development, Somerset, NJ.

Arsenic is a worldwide environmental toxicant with contaminated drinking
water being the most prominent source of toxicity in humans. Several studies
have reported acute and chronic oral arsenical exposure being associated with
weakened lung immune response, consisting of elevated localization of leukocytes
along with compromised levels of associated cytokines. However, little is known
regarding the immunological impact of arsenical exposure in combination with
viral infection. Therefore, with the global emergence and long-lasting impact of
the SARS-CoV-2 virus along with the human nasal airway being a primary site
of infection, this study measures how arsenical exposure in conjunction with
SARS-CoV-2 viral infection affects antiviral gene expression in human nasal epithelial cells (hNECs). In this study, hNECs were collected from healthy volunteers
(n=5) and differentiated at air-liquid interface. Differentiated hNECs were exposed
basolaterally to inorganic arsenic, monomethyl arsenic, or dimethyl arsenic for four
days prior to infection with SARS-CoV-2. Apical washes, cell lysate, and basolateral
media were collected at appropriate timepoints for analysis. RNA was analyzed
using high throughput qPCR for the expression of forty-six antiviral genes along
with two house keeping genes. Values were categorized according to collected
timepoints and arsenical compound exposure. Our results indicate that exposure
to SARS-CoV-2 upregulated multiple antiviral genes 24 and 72 hours after infection
in hNECs. Furthermore, exposure to inorganic arsenic alone was associated with
upregulation of three antiviral genes. However, exposure to inorganic arsenic in
conjunction with SARS-CoV-2 infection downregulated the expression of ten antiviral genes involved in immune cell recruitment, transcription factor formation, and
airway protease activity 24 hours after infection, suggesting a weakened early
immune response. Exposure to monomethyl and dimethyl arsenic with SARS-CoV-2
infection had little to no effect on antiviral gene expression 24 and 72 hours after
infection. Additionally, viral titer results suggest arsenical exposure does not significantly affect viral replication for all three arsenical compounds. This study indicates
that exposure to inorganic arsenic in conjunction with SARS-CoV-2 infection
impairs the expression of genes associated with early antiviral immune responses.
A reduction in antiviral gene expression during such a critical period of infection
may hinder downstream immune responses. These findings suggest the need to
further understand the effects of arsenical exposure on respiratory viral infection.

Oral and inhalation administration are common dose routes used in non-clinical
development for assessing compound toxicity. The standard approach to ensure
compliance of inhalation studies is to restrain rats for a period of 1 hr up to 6
hrs/day for either 5 or 7 days/week for dose administration. By comparison, daily
oral administration only takes a few minutes per animal. A comparison of 13-week
studies with different dosing regimens using the same rat strain (RccHan WIST)
was conducted to assess the impact of inhalation restraint on bodyweight. Data
were averaged from the control groups of 4 to 7 randomly selected studies for 3
different dosing scenarios (oral daily, inhalation 6 hrs/day for 5 days/week, and
inhalation daily for 1hr/day). The results demonstrated that the oral dosed males
and female animals gained 216g and 96g respectively over the 13-week dosing
period. However, the male and female animals dosed by inhalation 6hrs/day for 5
days/week only gained about half the weight over the same period with values of
104g and 47g respectively. Similarly, the male and female animals dosed daily for
1hr/day showed the same trend as the other inhalation cohort and only gained 124g
and 48g respectively. In conclusion, there was a significant reduction in bodyweight
gain for both male and female inhalation-dosed animals that were restrained either
for a 6 hrs/day for 5 days/week or daily for 1hr/day when compared with the oral
dose administration scenario over the 13 week dosing period. Labcorp intends
to investigate this further to better understand the reduced bodyweight gain with
inhalation dosing.

3070

Select Perfluoroalkyl Substances Induce Platinum Resistance in
Monolayer Ovarian Cancer Cultures

B. P. Rickard1, S. E. Fenton1,2, and I. Rizvi1. 1University of North Carolina at Chapel Hill,
Chapel Hill, NC; and 2NIEHS, Research Triangle Park, NC.
Per- and poly-fluoroalkyl substances (PFAS) are ubiquitous in our everyday
environments and have been implicated in altered ovarian function. While this
is true, their role in disease progression and therapy response in ovarian cancer
has seldom been explored. In some North Carolina drinking water, a mixture of
PFAS containing perfluorooctanoic acid (PFOA), perfluoroheptanoic acid (PFHpA)
and perfluoropentanoic acid (PFPA) is present. In order to examine the effects of
individual PFAS and mixtures on ovarian cancer cell viability, NIH:OVCAR-3 human
ovarian cancer cells were exposed to PFOA, PFHpA, PFPA, or combinations of the
agents at concentrations ranging from 0-2.25μM for 48 hours, including a 1-hour
serum-free pulse to ensure cell exposure. Results showed that at all concentrations of both individual agents and mixtures, cytotoxicity did not exceed 10%. In
fact, cells exposed to mixtures sometimes demonstrated increased cell viability
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compared to those exposed to the vehicle control, suggesting a potentially proliferative effect of PFAS mixtures. To determine the contribution of these chemicals
to platinum resistance in monolayer ovarian cancer cultures, NIH:OVCAR-3 cells
were exposed as described to individual PFAS at 500nM and 2μM or mixtures at
2μM (2 PFAS mixture) and 2.25μM (3 PFAS mixture) prior to exposure to 0-400μM
carboplatin for 48 hours. Results showed that in NIH:OVCAR-3 cells, exposure
to 2μM PFHpA increased cell viability compared to the vehicle control at 50μM
and 200μM carboplatin while 2μM PFPA increased cell viability compared to the
vehicle control at 50μM, 100μM, and 200μM carboplatin. After exposure to PFAS
mixtures, the combination of 1μM PFHpA and 1μM PFPA increased cell viability
after treatment with 400μM carboplatin compared to the vehicle control. Other
mixtures, such as 750nM PFOA + 750nM PFHpA + 750nM PFPA trended towards
significance after exposure to 200μM carboplatin, although further experiments are
needed to explore this relationship. Increased cell viability in PFAS-exposed ovarian
cancer cells compared to controls indicates that certain North Carolina-based
PFAS and PFAS mixtures in drinking water may induce resistance to platinumbased chemotherapy in monolayer ovarian cancer cultures. This is the first study of
its kind to examine the association between individual PFAS or PFAS mixtures and
in vitro toxic response to a chemotherapeutic agent.

3071

Mitochondrial Targets of Perfluorooctane Sulfonic Acid (PFOS)Mediated Neurotoxicity

S. R. Sammi1,2, and J. R. Cannon1,2. 1Purdue University, West Lafayette, IN; and 2Purdue
Institute for Integrative Neurosciences, West Lafayette, IN.
Per-and polyfluoroalkyl substances (PFAS) are anthropogenic organo-fluorine
chemicals widely used as flame-retardants, stain repellants, coating additives in
nonstick cookware, and the food packaging industry. Chemical properties that repel
oil and water and resistance to environmental degradation result in long (in many
cases unknown) biological and environmental half-lives. Diverse adverse outcomes
have been reported in response to PFAS exposure. Perfluorooctane sulfonic acid
(PFOS) was an extensively used PFAS before being phased out voluntarily in 2002.
However, given the half-life of ninety-two years and nine years in the environment
and humans, respectively, its effects and exposure will be impactful for decades to
come. Our previous studies have shown that PFOS produces selective neurotoxicity in dopaminergic neurons in Caenorhabditis elegans. Moreover, we reported
that mitochondrial function was especially sensitive to PFOS. As a next step, we
aimed to test the hypothesis that PFOS neurotoxicity would be mediated through
specific mitochondrial respiration impairments. Here, we investigated the effect
of PFOS on mitochondria isolated from rat liver that were exposed to different
concentrations of PFOS (10 to 500 µM for 15 minutes). While PFOS treatment did
not alter complex I activity, significant inhibition of mitochondrial enzyme activity
for complex II (succinate dehydrogenase), III (cytochrome c reductase), and IV
(cytochrome c oxidase) was observed. Although complex III seemed to be largely
affected at higher concentrations, the effect on complex IV was visible at even very
low doses (10 µM). Dopaminergic neurotoxicity studies often focus on complex
I as a relevant Parkinson’s disease target, whereas our data suggest that PFOS
primarily targets downstream complexes in the respiration chain. Indeed, our data
and others suggest that broad mitochondrial respiration targets are important in
dopaminergic neurotoxicity. Given the multiple major dopaminergic pathways in
the brain, the relevance of PFOS induced neurotoxicity on both motor function and
reward processing should be further examined.

3072

Per- and Polyfluoroalkyl Substances Cause Compound-Specific
Neurobehavioral Effects in Zebrafish

A. B. Hawkey, M. Mead, A. Gondal, S. Natarajan, and E. D. Levin. Duke University,
Durham, NC.
Per- and poly-fluoroalkyl substances (PFAS) are widely used flame retardants and
industrial additives of increasing concern as environmental toxicants. Aquatic
ecosystems and drinking water are particularly vulnerable to PFAS contamination,
and detection of these compounds in water is increasingly common across much of
the US. However, PFAS include many varying compounds which may differ in their
toxic potential, including their developmental and neurotoxicity. In the present study,
zebrafish embryos were exposed to vehicle (0.1% DMSO) or a range of concentrations of two representative PFAS, PFOA (0.1-100uM) and PFOS (0.01-1uM). from
5 hr-5 days post-fertilization (dpf). This was followed by neurobehavioral testing
at larval (6dpf) and adolescent (~3 months) time points. These dose ranges were
subthreshold for producing increased mortality or dysmorphogenesis. PFOA was
tolerated at 100x the concentration tolerated for PFOS among embryonic/larval
fish. In larval zebrafish, embryonic PFOA exposure caused specific increases in
larval motility in the dark (100uM), while much lower doses of PFOS interfered with
activity over light and dark periods (0.1-1uM). In adolescence, embryonic PFOA
(100 uM) exposure caused enhanced anxiety-like diving behavior in the novel tank
(100uM), but had no effects in the tap startle test. In contrast, much lower concentrations of PFOS caused reductions in the diving response (0.1uM), coinciding with
enhanced locomotor activity at the beginning of the novel tank session. Higher
PFOS concentrations caused locomotor hypoactivity at the end of the novel tank
session. Lower dose PFOS exposure (0.01 uM) caused reduced startle responses

in the tap test. The current findings suggest that PFOA and PFOS have differential
toxicity, with lower tolerability for PFOS relative to PFOA and compound-specific
neurotoxic effects in young zebrafish. Dramatic differences in dose-responsivity
were seen between these two PFAS compounds with both tolerability and neurobehavioral toxicity. Additional follow-ups are planned for these fish in adulthood
(6-7 months of age). This work was supported by the Duke University Superfund
Research Center (ES010356).

3073

Developmental Neurotoxicity of GenX and PFBS Using Zebrafish
Model

O. Wasel, H. King, Y. Choi, L. S. Lee, and J. L. Freeman. Purdue University, West
Lafayette, IN.
Perfluoroalkyl substances (PFAS) are fluorinated chemicals that are used in a wide
range of applications. The presence of fluorinated carbon in PFAS leads to their
environmental persistence. Legacy PFAS were replaced in industry by shorter chain
PFAS or PFAS that contain one or more ether groups to increase their degradation potential. Unfortunately, those replacement chemicals were detected in the
environment and raised public health concerns. PFAS developmental neurotoxicity is not fully understood, especially for the emerging PFAS. In this study, we
assessed developmental neurotoxicity of two of those emerging PFAS, GenX and
perfluorobutane sulfonate (PFBS), using zebrafish (Danio rerio). Zebrafish embryos
were exposed to 0 - 2000 parts per million (ppm; mg/L) PFBS and 0 - 10,000 ppm
GenX within 1-hour post fertilization (hpf) through 120 hpf. The survivability was
monitored through 120 hpf to determine LC50s. In addition, behavioral analysis
using a visual motor response test was performed by exposing larvae to alternating
dark and light phases. For behavioral analysis, concentrations of 0, 4, 40, 400, or
4000 parts per billion (ppb; µg/L) of GenX or PFBS were used. Chemical exposure
was terminated at 72 hpf, the test was completed at 120 hpf, and data was analyzed
with a repeated measures ANOVA by phase. Dopamine level was measured using
an enzyme-linked immunosorbent assay (ELISA) and tissue dose determined by
liquid chromatography quadrupole time of flight mass spectrometry (LC-Q-TOF
MS) from pooled larvae samples after exposing zebrafish embryos to 0, 0.4, 4,
40, or 400 ppb GenX or PFBS from 1-72 hpf and statistical differences determined
using an ANOVA (α=0.05). Although PFBS has a shorter chain length compared to
GenX, results showed that PFBS has a lower LC50 than GenX. Exposure to GenX
caused hyperactivity in dark phases and hypoactivity in the light phase (p<0.05),
while exposure to PFBS induced persistent hyperactivity (p<0.05). Exposure to 400
ppb PFBS induced a decrease in dopamine level (p<0.05), while exposure to 40 ppb
GenX caused an increase in dopamine level (p<0.05). Furthermore, tissue dose was
found to increase relative to exposure concentration and serve to anchor absorbed
dose with water concentrations. Overall, the results showed that both PFBS and
GenX induced alterations in behavior and dopamine levels, but signify potential
different mechanisms of action. Future work will focus on identifying the molecular
basis of the dopamine alterations and behavioral changes.

3074

Perfluorooctanesulfonic Acid (PFOS)-Induced
Catecholaminergic Neurotransmission Changes in Female Mice

J. M. Brown1,2, T. Syeda1,2, and J. R. Cannon1,2. 1Purdue University, West Lafayette, IN;
and 2Purdue Institute for Integrative Neuroscience, Purdue University, West Lafayette, IN.
Per- and polyfluoroalkyl substances (PFAS) are a group of persistent environmental pollutants that are ubiquitously found in the environment and virtually in all
living organisms, including humans. Exposure to PFAS has been correlated with
sex-specific effects including endocrine disruption and motor behavioral deficits.
Our previous studies determined out of multiple PFAS, only perfluorooctanesulfonic acid (PFOS) was selectively toxic to dopaminergic neurons in C. elegans.
Our studies with PFOS-treated frogs found complex neurotransmission changes
that were developmental stage/exposure length dependent. Data from our
lab and others suggest that dopaminergic neurons are especially sensitive and
that effects are mediated through mitochondrial toxicity. Given that nigrostriatal
dopamine neurons are especially sensitive to mitochondrial toxicity, we hypothesized that prolonged, systemic PFOS exposure would produce selective dopaminergic neurotransmission changes, especially in the nigrostriatal dopamine system.
Here, we quantified changes in catecholaminergic neurotransmitters in adult
female C57BL/6J mice dosed with 1.0 mg/kg/d PFOS or 0.5% tween-20 in drinking
water for 6 months. Brains were dissected for catecholamine quantification using
high performance liquid chromatography coupled with electrochemical detection
(HPLC-ECD). Our analysis quantified catecholamines in the dorsal striatum (D-str),
ventral striatum (V-str), and prefrontal cortex (PFC) (n=3-5, Student’s T-test). In
PFOS-dosed mice, there were significant decreases in serotonin (p-value=0.008)
and serotonin’s metabolite 5-HIAA (p-value=0.015) in the V-str. Additionally in the
V-str, PFOS-dosed female mice demonstrated significant decrease in the dopamine
metabolite homovanillic acid (HVA) (p-value=0.022). Power analyses of this preliminary study suggest that higher powered studies are likely to identify additional
monoamine decreases in the V-str and PFC. No changes in catecholamine levels
were detected in the D-str, nor did power analyses suggest changes would be
identified with larger sample sizes. Surprisingly, these data suggest that PFOS
may selectively target monoamine neurotransmission in the V-str, while the D-str
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is preserved. Given the importance of the mesolimbic pathway in reward processing, future studies will focus on phenotypic characterization (especially a possible
anhedonia phenotype). Furthermore, we will quantify additional major neurotransmitter systems and assess changes to key metabolic enzymes and neurotransmitter receptor expression levels.

3075

Perfluorooctanoic Acid Targets B Cell Plasma Membrane Lipid
Raft Organization and Function

A. Pal1, R. Virk1, K. M. Gowdy2, and S. R. Shaikh1. 1University of North Carolina at Chapel
Hill, Chapel Hill, NC; and 2Ohio State University, Columbus, OH.
Perfluorooctanoic acid (PFOA) is a persistent organofluorine compound, historically
used for commercial products, and its widespread exposure continues through the
water supply, food products, and exposure to dust. PFOA can dysregulate humoral
immunity, the arm of the immune system that drives antibody production from B
cells. However, the underlying cellular and molecular targets by which PFOA impairs
antibody production remain unclear. This study tested the hypothesis that PFOA
could potentially target the molecular organization of B cell lipid rafts, which are
sphingolipid/cholesterol-enriched platforms that control receptor organization and
downstream B cell function. To test the hypothesis, 8-9 week old C57BL/6J male
mice were orally gavaged with 10mg PFOA per kg body weight per day for 21 days.
Quantitative microscopy analyses of splenic naïve CD45R+ B cells stained with the
lipid raft marker GM1 revealed that PFOA increased the percentage of B cells that
displayed the formation of distinct lipid rafts in addition to increasing the number of
lipid rafts per naïve B cell. The increased formation of B cell lipid rafts was associated with increased IgG secretion upon ex vivo activation with lipopolysaccharide
or anti-B cell receptor plus anti-Toll-like receptor 9 stimulation. Finally, to establish
underling mechanisms of action for PFOA downstream of rafts, transcriptomic
analyses were conducted of naïve splenic CD45R+ B cells isolated from control and
PFOA exposed mice. RNAseq showed that PFOA exerted its effects on a wide range
of immunological processes. Notably, PFOA increased transcripts related to cell
division, chromosome segregation, and nuclear division. Collectively, these studies
establish B cell lipid rafts as a new mechanistic target of PFOA at this dose and
duration of exposure, which has implications for understanding how this compound
dysregulates humoral immunity.

3076

Comparing the Respiratory Burst In Vivo and In Vitro after
Exposure to Per- and Polyfluoroalkyl Substances

D. Phelps, and J. Yoder. North Carolina State University, Raleigh, NC.
The United States Environmental Protection Agency currently estimates that
there are more than 9,000 per- and polyfluoroalkyl substances (PFASs), which are
used to produce non-stick cookware, food contact materials, hydro- and oleophobic textiles, fire-fighting foams, and more. Due to their unique chemistry, they are
ubiquitous, persistent, and mobile in the environment. This has made exposure
to PFASs commonplace, and studies have estimated that 98% of Americans have
detectable serum levels of multiple PFASs. These compounds have also been
detected in remote wildlife, further illustrating their wide-reaching impact. Several
studies have reported that these compounds are immunotoxic in humans and
wildlife; however, previous research has focused largely on the effects of PFASs
on the adaptive immune system, leaving a knowledge gap on what is known about
the effects of these compounds on the innate immune system. To bridge this gap,
we utilized an in vivo larval zebrafish model and an in vitro human neutrophil-like
cell culture model to investigate innate immune function after exposure to environmentally relevant PFASs. Using non-teratogenic or non-cytotoxic concentrations,
the respiratory burst was measured as a functional readout of innate immune
function. Neutrophils, and other phagocytes, induce microbicidal reactive oxygen
species through the respiratory burst to defend the host against pathogens.
Preliminary data show that some PFASs are capable of inhibiting the respiratory
burst in vivo and in vitro. While experiments are ongoing, potency, as measured
by logistic regression, was higher in the zebrafish model, which may indicate that
zebrafish are more sensitive than humans to PFAS-induced immunotoxicity or that
in vivo systems are necessary to capture the complexity of these immunotoxic
compounds. Current studies are exploring this hypothesis, whether exposure to
PFASs confers susceptibility to infectious disease, and what mechanisms may be
responsible for this immunosuppressive phenotype.

3077

Quantifying the Impact of PFAS Exposure on B Cell Development
and Antibody Production

K. D. Taylor, T. Woodlief, and J. DeWitt. East Carolina University Brody School of
Medicine, Greenville, NC.
Quantifying the impact of PFAS exposure on B cell development and antibody
production Over 9,100 synthetic chemicals have been identified as per- and polyfluoroalkyl substances (PFAS) and many of them are used in products such as non-stick
cooking ware, medical garments, furniture, and food packaging. The vast majority

of PFAS are environmentally and biologically persistent and many studied have
demonstrated toxicity. Toxicities identified for PFAS include cancer, liver damage,
high cholesterol, effects on reproduction and development, endocrine disruption, and immune dysfunction. One type of immune dysfunction identified from
epidemiological and experimental animal studies is suppression of antigen-specific antibody responses, a function of adaptive humoral immunity. Previous
studies in our lab have demonstrated that a legacy PFAS, perfluorooctanoic acid
(PFOA) suppresses the T cell-dependent antibody response (TDAR) as well as the
T cell-independent antibody response (TIAR). The molecular mechanisms of this
type of PFAS-induced immunosuppression remain elusive. To better understand
mechanisms of this suppression, our lab homed in on B cell subclasses, enumerating B cells as they transform from naïve B cells to memory B cells and antibody-secreting plasma cells. Adult male and female C57BL/6 mice were given PFOA (0 or
7.5mg/kg) via gavage for 15 days, a time sufficient for suppression of the TDAR and
TIAR. Separate groups of animals were injected with appropriate antigens and one
day after dosing ended, spleens were immediately prepared for determination of
B cell populations via a multi-color flow cytometric panel to identify specific B cell
subsets. Suppression of the TDAR and TIAR by this dose of PFOA was confirmed
with enzyme-linked immunosorbent assays. Flow cytometric analysis revealed that
marginal zone or plasma B cell subclasses are likely impacted by PFOA exposure.
Our data indicate that while overall B cell numbers are not impacted by PFOA
exposure, changes in numbers of B cell subsets suggest that the ability of B cells
to differentiate is impacted. Ongoing work in the lab is to uncover the impediment
of B cell proliferation and differentiation. Currently, we are working on developing
ex vivo naive B cell protocols that model T cell-dependent and T cell-independent
activation. These assays will determine if naïve B cell activation and metabolic
reprogramming are targeted by PFAS exposure.

3078

Evaluation of Dose Additive Effects of Combined Oral Maternal
Exposure to PFOA and PFOS during Pregnancy in the Sprague
Dawley Rat

J. M. Conley, C. Lambright, N. Evans, E. Medlock-Kakaley, D. Hill, J. Ford, J. McCord, M.
Strynar, and E. Gray. US EPA, Research Triangle Park, NC.
Co-exposure to more than one per- and polyfluoroalkyl substance (PFAS) is
common, if not ubiquitous. Perfluorooctanoic acid (PFOA) and perfluorooctane
sulfonate (PFOS) are the two most frequently detected and extensively studied
PFAS; however, an examination of their cumulative in vivo effects has not been
conducted. We performed a series of oral exposures in pregnant Sprague-Dawley
rats (dosed gestation day (GD) 8 - postnatal day (PND) 2) to first characterize
individual dose responses to PFOA (10-250 mg/kg/d) and PFOS (0.1-5 mg/kg/d)
across a range of endpoints, followed by a binary mixture study where we repeated
a dose response of PFOA (3-80 mg/kg/d) but with a fixed dose of PFOS (2 mg/kg/d)
added to each PFOA dose. Numerous apical effects from each chemical and the
mixture were significantly altered compared to controls including reduced maternal
gestational weight gain, reduced pup body weight at multiple timepoints, reduced
pup viability, and increased maternal liver weights. As a clear demonstration of
cumulative effects, individual exposures to 62.5 mg/kg PFOA and 2 mg/kg PFOS
produced 12±7% and 8±6% post-implantation loss (PIL) by PND2, respectively; while
a mixture of the two (62.5 mg/kg PFOA+2 mg/kg PFOS) produced 66±15% PIL,
which was accurately predicted by dose addition (predicted PIL = 76%) but underestimated by response addition (predicted PIL = 21%). Further, the addition of PFOS
significantly shifted the PFOA dose response curves towards effects at lower doses
for post-implantation loss, pup body weight, and maternal and pup liver weights.
Newborn pup liver glycogen concentration and PND2 maternal and pup serum total
T3 and T4 were significantly reduced in all experiments. Clinical chemistry profiles
in maternal and pup serum had numerous dose-responsive alterations indicative of
perturbed carbohydrate and lipid metabolism, as well as liver and kidney function.
Studies are on-going with additional endpoints in-process including liver and kidney
histopathology, liver gene expression, maternal serum metabolomics, and determination of PFOA and PFOS levels in serum in liver. The data demonstrate dose
additive effects of combined exposure to PFOA and PFOS for multiple endpoints.
The views expressed in this abstract are those of the author(s) and do not necessarily represent the views or policies of the US Environmental Protection Agency.

3079

HFPO-DA (GenX) Transcriptomic Responses in Pregnant
and Non-pregnant Rat Livers: Analyses to Inform the Role of
Maternal Effects on Neonatal Toxicity

M. M. Heintz1, G. A. Chappell1, C. M. Thompson2, J. C. Wolf3, J. M. Rogers4, and
L. C. Haws5. 1ToxStrategies Inc., Asheville, NC; 2ToxStrategies Inc., Houston, TX;
3Experimental Pathology Laboratories, Sterling, VA; 4ToxStrategies Inc., Raleigh, NC; and
5ToxStrategies Inc., Austin, TX.
HFPO-DA is a short-chain alternative to long-chain poly- and per-fluorinated alkyl
substances (PFAS). Neonatal mortality has been observed in rats following
bolus exposure via gavage to HFPO-DA in utero, possibly involving hypoglycemia and decreased liver glycogen in rat neonates as well as perturbed hepatic
gene expression of glucose metabolism and peroxisome proliferator-activated
receptor (PPAR) pathways in both fetal and neonatal rats. To investigate whether
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this altered carbohydrate metabolism liver phenotype observed in rat neonates
also occurs in adult pregnant and non-pregnant rats following HFPO-DA exposure,
we conducted whole-transcriptome templated oligomer sequencing (TempO-Seq)
and periodic acid-Schiff (PAS) staining for glycogen on paraffin-embedded liver
sections from a 14-day developmental study and a 90-day subchronic toxicity
study in rats. Differentially expressed genes and enriched gene sets for each
treatment group both within and between studies were determined, as well as
benchmark dose modeling of the transcriptomic data and functional classification using BMDExpress. In addition, we compared transcriptomic data in rats
to previously published transcriptomic data in mice (90-day toxicity study) to
determine mechanistic commonalities between rodent species. Hepatic transcriptomics and glycogen staining demonstrated that the neonatal carbohydrate
metabolism liver phenotype does not occur in adult rats, regardless of pregnancy
status. Additionally, up-regulation of PPAR signaling and fatty acid metabolism
pathways and down-regulation of complement/coagulation cascade pathways
were the strongest treatment-related signals across the transcriptome analyses
in rats, similar to the 90-day mouse study. Basal level transcriptomic comparisons
between pregnant and non-pregnant rats revealed higher complement/coagulation cascade pathway expression in pregnant rats; however, this is attenuated with
HFPO-DA treatment. The similar transcriptomic response observed in both rats and
mice indicates a common MOA via PPAR signaling. These results provide support
for the development of a rodent-specific adverse outcome pathway for neonatal
mortality mediated by PPARs.

3080

Developmental Exposure to a PFAS Mixture: PFOA, PFOS, and
PFHxS Significantly Alter the Pup Liver Proteome in CD-1 Mice

E. Kaye1, J. Agudelo1, S. Modaresi1, E. Marques2, J. Becanova1, and A. Slitt1. 1University
of Rhode Island, Kingston, RI; and 2University of Massachusetts Amherst, Amherst, MA.
Perfluoroalkyl Substances (PFAS) are persistent man-made environmental
toxicants known to cause harmful health effects. Perfluorooctanoic Acid (PFOA),
Perfluorooctanesulfonic Acid (PFOS) and Perfluorohexanesulphonic Acid (PFHxS)
are commonly investigated chemicals, all with very long half-lives, 3.8, 5.4 and 8.5
years respectively. PFOA, PFOS, and PFHxS can permeate the placental barrier, be
transferred via lactation, and induce adverse effects to livers of offspring. Little
is known about the impact of maternal diet on adverse effects of PFAS or with
PFAS mixtures. We hypothesized that gestational/lactational PFAS exposure could
alter the pup liver proteome to explicate mechanisms of developmental toxicity.
Timed-pregnant CD-1 dams were randomly assigned to a standard chow (SD)
or 60% kcal high fat diet (HFD). From gestational day (GD) 1 until postnatal day
(PND) 20, dams were orally gavaged with: 0.5% Tween 20 (VEH), 1 mg/kg either:
PFOA, PFOS, PFHxS, or a PFAS mixture of PFOA, PFOS, and PFHxS. Pup livers were
collected and prepared for proteomic analysis. Data revealed significant modulation of fatty acid beta oxidation proteins in the VEH SD vs PFAS Mix SD, showing
upregulation of Acot2 (4.26-fold), Acot1 (3.69-fold), Ehhadh (3.45-fold), and Acaa1b
(2.61-fold). IPA analysis revealed activation of PPARA, INSR, PNPLA2, and LEP
upstream regulators related to lipid metabolism and insulin regulation. Additionally,
canonical pathways involved in energy homeostasis and insulin regulation were
modulated: Mitochondrial Dysfunction (activated), EIF2 Signaling (inactivated),
Oxidative Phosphorylation (activated), and Sirtuin Signaling (inactivated). This
indicates that the pup liver proteome is altered via indirect exposure and predisposes the pup to metabolic dysfunctions.

3081

The Association between Perfluorooctane Sulfonic AcidInduced Metabolic Alterations and Non-alcoholic Fatty Liver
Disease

J. S. Siracusa, and T. L. Guo. University of Georgia, Athens, GA.
Nonalcoholic fatty liver disease (NAFLD) pathogenesis is driven by multiple insults
(i.e., insulin resistance, dietary choices, and dysbiosis) acting together. This
study aims to examine how environmental chemicals, specifically, perfluorooctane sulfonic acid (PFOS), affects NAFLD pathogenesis by inducing alterations in
metabolome, gut microbiome, and innate and adaptive immune responses. Adult
male NODEF mice were randomly assigned to three groups based on baseline
blood glucose (BGLs) and body weights (BW) and dosed with H2O+0.05%Tween-20
(vehicle: VC), 1 mg/kg PFOS (OS-L) or 10 mg/kg PFOS (OS-H). Mice were given
access to Western Diet (WD) and water ad libitum and gavaged daily for six months.
OS-H was deemed overtly toxic due to BW loss and moribundity. No significant
alterations in BWs, diabetes incidence (≥ 250 mg/dL), or weekly non-fasting BGLs
were observed in the OS-L mice when compared to the controls through four
months. After one month, however, glucose tolerance test (GTT) revealed significant increases in the BGLs at 15 and 60 minutes after glucose administration
in the OS-L group. The two-month GTT revealed significant increases in BGLs at
15- and 30-minute time points post glucose administration in the OS-L group. The
three-month GTT revealed no significant alterations in BGLs at any time points. The
four-month GTT revealed a significant increase in BGL at 60 minutes post glucose
administration in OS-L while the five-month GTT revealed no significant alterations
in BGLs at any time points. Meanwhile, insulin tolerance test (ITT) revealed no
significant alterations in BGLs at any time points after one and three months of

treatment compared to controls. However, the two-month ITT revealed OS-L had
significantly increased BLGs at 120 minutes after insulin injection. Additionally,
the four- and five-month ITT revealed OS-L treatment significantly increased
BGLs 15- and 30-min and 30- and 60-min after insulin treatment, respectively.
Taken together, this study suggests that PFOS exposure at an environmentally
relevant dose may dysregulate glucose metabolism. This work was supported in
part by NIHR21ES24487, NIH R41DK121553, USDA National Institute of Food and
Agriculture [grant no. 2016-67021-24994/project accession no. 1009090] and the
Interdisciplinary Toxicology Program at UGA.

3082

Investigating the Role of Nrf2a during Perfluorooctanesulfonic
Acid (PFOS) Exposure on Insulin Release and Pancreatic
Beta-Cell Morphology in the Developing Zebrafish, Danio rerio,
Embryo

S. M. Conlin, I. N. Boyack, and A. R. Timme-Laragy. University of Massachusetts
Amherst, Amherst, MA.
Perfluorooctanesulfonic acid (PFOS) is a ubiquitous persistent pollutant that we
have previously shown to induce hypomorphic and aberrant arrangements of
pancreatic β-cells in the islets of zebrafish embryos. This study investigates the role
of oxidative stress and the transcription factor Nrf2 (Nrf2a, zebrafish co-ortholog)
on islet development and insulin production and release in PFOS-exposed embryos.
Wildtype and mutant zebrafish embryos expressing inactive Nrf2a (Tg(insa:eGFP;
nrf2afh318/fh318)) were exposed daily to 0, 8, 16, or 32 μM PFOS beginning at 3 hours
post fertilization (hpf). Embryos were further divided for a co-exposure with 100 μM
n-acetyl cysteine (NAC), a potent antioxidant, from 24 to 96 hpf. At 96 hpf, β-cell
islet and full-body insulin content were examined alongside islet volume, sphericity,
and aberrant morphology by immunohistochemistry (IHC) and confocal microscopy. Exposure to 32 μM PFOS decreased islet volume compared to controls, but
surprisingly islets in Nrf2a mutant embryos were protected, indicating a functional
Nrf2 pathway is necessary for PFOS-induced islet hypomorphism. Exposure to 8
μM PFOS increased Nrf2a mutant islet and full-body insulin IHC while decreasing
aberrant islet morphology compared to Nrf2a mutant controls and 8 μM PFOS
wildtypes. Interestingly, 32 μM PFOS increased Nrf2a mutant full-body, but not islet,
insulin IHC compared to Nrf2a mutant controls and 32 μM PFOS wildtypes. NAC
treatment did not recover PFOS-induced increases in insulin IHC in Nrf2a mutants,
indicating that this antioxidant treatment is not sufficient to combat insulin dysregulation during this developmental stage. Notably, islet volume decreased regardless
of PFOS concentration with NAC in both genotypes, suggesting that NAC may not
be able to rescue PFOS-induced morphological changes during this critical window.
Overall, developmental PFOS exposure at 8 μM disrupted insulin release which may
lead to elevated blood glucose levels, and Nrf2a activation by PFOS may impact
islet morphology and insulin release. Ultimately, these data demonstrate that Nrf2a
and redox signaling may be a critical component of embryonic insulin secretion
during low-dose PFOS exposure. This work was supported by NIH R01ES025748.

3083

Perfluoroalkyl Substance (PFAS) Chemicals Elicit Pancreatic
Toxicity in Mice

J. M. Hocevar, L. M. Kamendulis, and B. A. Hocevar. Indiana University Bloomington,
Bloomington, IN.
Per- and polyfluoroalkyl substances (PFAS) are used in a variety of industrial
applications including production of surface repellant coatings, fire-fighting foams,
and fluoropolymer synthesis. Due to the environmental persistence, bioaccumulation, and toxicity of the legacy PFAS, such as perfluorooctanoic acid (PFOA),
alternative PFAS have been synthesized to be used as replacements. Previously, we
demonstrated that PFOA triggered ductal hyperplasia, oxidative stress and inflammation in the mouse pancreas after a 7 day exposure. In addition, we have shown
that PFOA induces endoplasmic reticulum (ER) stress, triggering the unfolded
protein response (UPR) and oxidative stress in the mouse pancreatic acinar cell
line 266-6. While the toxicity profiles of the legacy PFAS have been studied, less
is known of the toxicities caused by exposure to the alternative products, for
which environmental and biological contamination has been documented globally.
In comparison to PFOA, we evaluated the effects of two replacement PFAS
compounds on pancreatic toxicity in vivo: ammonium perfluoro(2-methyl-3-oxahexanoate) (GenX) and perfluorobutane sulfonic acid (PFBS). Male and female
C57BL/6 mice were exposed to control tap water or tap water containing 1 and
5 ppm PFOA, 5 and 10 ppm GenX, or 5 and 10 ppm PFBS for 7 days. Serum and
pancreatic tissue PFAS levels were determined which revealed sex differences
in PFAS accumulation. Whereas PFOA levels in both the serum and pancreas of
female mice were higher, PFBS reached higher concentrations in the serum and
pancreas of male mice. Levels of GenX in the serum of male and female mice were
similar; however, GenX accumulated in the pancreas of male mice to a greater
extent. mRNA analysis for markers of the UPR (Atf4, Bip, Hyou1) revealed that
exposure to all three PFAS compounds elicited ER stress in the pancreas. Further,
oxidative damage, as measured by malondialdehyde levels in the pancreas, was
also observed following exposure to all three PFAS. As pancreatic damage, ER
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and oxidative stress have been linked to chronic diseases such as diabetes and
pancreatic cancer, our findings suggest that further toxicological evaluation of the
replacement PFAS with respect to pancreatic toxicity are warranted.

3084

Embryonic Perfluorooctanesulfonic Acid (PFOS) Exposure
Increases β-Cell Sensitivity to Nitroreductase-Mediated
Ablation in Zebrafish (Danio rerio)

M. Marin, E. S. Marques, and A. R. Timme-Laragy. University of Massachusetts Amherst,
Amherst, MA.
Perfluorooctanesulfonic acid (PFOS) is a legacy perfluorinated compound used as
a surfactant in the manufacturing processes of several materials until 2002, when it
was phased-out of production. PFOS is highly persistent in the environment and can
be found in human samples, including cord blood. Exposure to this compound has
been associated with increased risk for metabolic dysfunctions and diabetes. In
zebrafish (Danio rerio), embryonic exposure to PFOS has been shown to disrupt the
redox environment (i.e., induce oxidative stress), and impact pancreatic organogenesis. Pancreatic β-cells have low antioxidant defenses and are particularly sensitive
to oxidative stress. This study aims to investigate the role of embryonic PFOS
exposure on β-cell fragility using a well-established nitroreductase-ablation model
that generates reactive oxygen species (ROS) in a β-cell specific-manner upon
challenge with the substrate Metronidazole (MTZ). Zebrafish embryos expressing
a nitroreductase-mCherry transgene in β-cells (Tg(insa:ntr-mCherry)) were individually exposed to either 0.01% DMSO or 4, 8 or 16 µM PFOS from 3 to 72 hours post
fertilization (hpf), rinsed, and challenged with either 0 or 10 mM MTZ for 24 hrs. At
4 days post fertilization (dpf), fish were imaged live for mCherry fluorescence in the
islets, and then raised in clean conditions to 15 dpf, where eyes were collected for
measurement of the glycated protein, fructosamine. Images taken at 4 dpf were
overlaid with transmitted light images and blinded for measurements of length,
yolk sac area and β-cell area. Images from MTZ challenged embryos were also
scored for islet loss (mild, moderate, severe or full). At 4 dpf, embryos exposed
to 16µM PFOS alone showed a reduced islet area (1020.4 ± 143.9 µm2) when
compared to control islets (1352.5 ± 67.7µm2), and following a MTZ challenge,
embryos exposed to 4 and 16µM PFOS showed increased β-cell fragility with an
increase in the frequency of the severe and full islet loss phenotype. At 15 dpf, the
diabetes biomarker fructosamine was elevated in fish exposed to 16µM PFOS.
Overall, this work demonstrates that PFOS increases β-cell susceptibility to ablation
during development and may have long lasting effects in the pancreatic β-cells of
juvenile zebrafish possibly contributing to the development of diabetes later in life.
This work was supported by R01ES025748.

3085

Comparative Assessment of PFAS Binding of Serum Albumin
across Species Using Differential Scanning Fluorimetry

H. M. Starnes, T. W. Jackson, K. D. Rock, and S. M. Belcher. North Carolina State
University, Raleigh, NC.
Per- and poly-fluorinated compounds (PFAS) are a diverse class of over eight
thousand different synthetic chemicals that can be toxic and bioaccumulate
in humans, livestock, and wildlife. Key toxicokinetic-related data, including
PFAS-protein binding affinity values, are limited to a subset of PFAS congeners.
To address this lack of binding affinity data, we developed a high-throughput in
vitro differential scanning fluorimetry (DSF) assay for determining relative binding
affinities of human serum albumin for individual PFAS from multiple chemical
classes. We have expanded the use of this assay to test the hypothesis that there
are important species specific differences in albumin binding of PFAS. To address
this hypothesis we have evaluated PFAS binding of purified serum albumin from
experimental and livestock species. Here we report results demonstrating the utility
of this DSF assay to compare binding affinity of human, rat, rabbit, porcine and
bovine serum albumins for a representative library of PFAS chemical structures.
We have identified differences in binding affinity and modes of binding for individual compounds across these species. Our findings of significant differences in
albumin binding across species will strengthen the relevance and applicability of
non-animal computational modeling of PFAS fate, transport and distribution and
increase confidence in validity of extrapolations of laboratory toxicity testing to
human toxicity.

3086

Characterizing Per- and Polyfluoroalkyl Substance (PFAS)
Exposure and Effects in an Exposed Population in North
Carolina and in a Rabbit Model

S. M. Hall, K. Hoffman, G. H. Tait, S. Zhang, N. J. Herkert, C. F. Crute, and H. M.
Stapleton. Duke University, Durham, NC.
Per- and polyfluoroalkyl substances (PFAS) are widespread contaminants that can
be found in drinking water and are linked to adverse health effects. A community in
North Carolina has been exposed to PFAS through drinking water, including the less
well-characterized short-chain (C4 to C7) perfluoroalkyl acids. For this community,

tap water levels for Σ13 PFAS has been measured at concentrations as high as 760
ng/L. To better understand the exposure, we recruited 49 residents and collected
paired samples of drinking water and blood at two timepoints, two months apart.
Samples were quantified for a suite of 13 PFAS using liquid chromatography-tandem mass spectrometry. The most abundant PFAS in water were the compounds
PFPeA, PFHxA, and PFHpA. Total PFAS concentrations in drinking water samples
ranged from non-detectable to 460 ng/L, with variation likely due to differences in
water filtration. Our results demonstrate that PFOS and PFOA (two legacy PFAS)
accounted for the majority of serum PFAS despite their lower abundances in
drinking water. Median blood levels for PFOS, PFOA, PFNA, PFDA, and PFHxS were
between two to five times higher in this community than for the general US population. Of note, PFHxA was also frequently detected in blood samples (>90% detection
frequency) with maximum levels at approximately 4 ng/mL. To evaluate potential
health implications, we collected epidemiologic data from study participants and
additionally conducted an in vivo study in pregnant rabbits. Clinical chemistry was
performed to evaluate associations with blood lipids and metabolic endpoints. This
study provides information on the contribution of drinking water exposure to serum
PFAS levels and the contribution of temporal variability in PFAS water levels, with
a substantial amount of serum PFAS likely attributable to historic PFAS drinking
water levels (from before 2016) rather than current water PFAS. Further, in the in
vivo developmental study, we provided pregnant rabbits with drinking water with
perfluoroalkyl concentrations modeling the exposure of this community (total water
PFAS: 760 ng/L). When compared to control animals, PFAS-treated rabbits had
increased levels of some PFAS in liver and in urine, but not serum. These data
collectively inform our knowledge on the exposure and effects of PFAS, specifically
short-chain perfluoroalkyl acids, through drinking water.

3087

Internal Dose of Perfluoro-3-Methoxypropanoic Acid in Rat
Plasma from Short-Term Dosing Studies

A. Renyer, D. K. MacMillan, M. DeVito, M. F. Hughes, and L. C. Wehmas. US EPA,
Research Triangle Park, NC.
Concern over the exposure of per-and polyfluoroalkyl substances (PFAS) has risen
because of their detection in the environment, persistence, and bioaccumulation. A
series of 5-day oral exposures to eight dose levels of PFAS plus vehicle control were
initiated to provide a rapid, less costly assessment of potential toxicity than possible
with traditional 90-day and 2-year studies. Quantitation of internal dose, along with
toxicogenomics, will yield primary points of departure based upon benchmark dose
response modeling and enable timely risk prioritization for less-well studied PFAS.
The objective of this study was to assess the internal dose and in-life effects in
rats exposed to perfluoro-3-methoxypropionic acid (PF-MOPA). Male and female
Sprague-Dawley rats (8-10 weeks) were dosed via oral gavage to PF-MOPA ranging
from 0.4-677.3 mg/kg/day in water. Plasma was collected on day 6. An analytical
method was developed and validated for the quantification of target analytes using
HPLC-high resolution accurate mass spectrometry. Plasma was diluted by factors
ranging from 6 to 400 with matrix-matched curves (r ≥ 0.995) generated with each
to accommodate the anticipated plasma levels. The method demonstrated good
precision (RPD ≤ 11%) and accuracy (98-101%). Limits of quantitation for PF-MOPA
were in the low ng/mL range. PF-MOPA plasma concentrations from male rats were
determined to range from 1.32 ng/mL to 20.4 µg/mL for the 1.1. and 677.3 mg/kg/
day dose, respectively. The PF-MOPA concentrations in plasma from female rats
were found to be approximately 2-18 times less than those observed from males at
corresponding dose levels above 3.2 mg/kg/day, suggesting differential disposition
of the chemical between sexes. Males and females dosed at 677.3 mg/kg/day had
a decrease in average body mass of at least 50 g and showed thin hair, rough coats
(males), and piloerection (females). Preliminary data from this exposure suggests
that the animals were exhibiting toxicity across all dose levels, with the severity
increasing with dose range. Consideration of internal dose and in-life effects of
PFAS are important to their overall toxicologic characterization. Disclaimer: This
abstract does not necessarily reflect US EPA policy.

3088

Pharmacokinetic (PK) Models for Chemical Risk Assessment
of Perfluorooctanoic Acid (PFOA) and Perfluorooctanesulfonic
Acid (PFOS)

M. W. Dzierlenga, T. Zurlinden, P. Schlosser, B. Jacobs, and V. Morozov. US EPA,
Research Triangle Park, NC.
Dozens of PK models have been developed for PFOA and PFOS, which are
ubiquitous environmental contaminants that accumulate in humans due to slow
excretion. These models are essential for chemical risk assessment because they
allow for interspecies dose extrapolations and derivation of human equivalent
doses (HEDs). A review of recent PK modeling efforts was conducted to determine
a suitable approach for HED estimation. A concurrent review of toxicology studies
(not discussed here) showed rat, mouse, and monkey as the primary species
needed for dosimetry modeling, with both adult and developmental studies informing critical toxicology endpoints for PFOA and PFOS. Hence, internal dose metrics
from both adult and developmental animal studies need to be translated to HEDs.
For adult animal to adult human extrapolation, a simple algebraic calculation is
used, since adult PFOA and PFOS concentrations are expected to be at steady
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state due to the relatively constant exposure over a period of many half-lives.
However, concentrations in children and neonates are not at steady-state due to the
relatively large changes in exposure coupled with rapid growth during development.
Therefore, we implemented life-course pharmacokinetic models to predict animal
and human serum concentrations across lifestages. The models were designed
to predict serum concentration, as serum was the primary exposure measure in
epidemiological studies and few animal outcomes had mechanistic information
suggesting that a specific tissue concentration would better correlate with quantitative measures of observed toxic effect. The animal model describes pharmacokinetics in an individual using a single compartment with saturable resorption in
the adult kidney, which leads to nonlinearity in the exposure-dose relationship. The
models showed that humans excrete PFOA and PFOS more slowly than animals,
resulting in a large discrepancy in predicted internal dose. For example, one study
resulted in a 140-fold decrease in the predicted HED compared to the administered dose in the male rat. Comparatively, developmental scenarios demonstrated
a similar pattern, with one study resulting in an HED 208 times smaller than the
dose administered to mice dams. Finally, life-course human PK modeling was used
to perform reverse dosimetry to interpret epidemiological studies relating adverse
outcomes to measured serum concentrations.

3089

In Vitro Hepatic Clearance of Per- and Polyfluoroalkyl
Substances (PFAS)

D. Crizer1, J. Rice1, Z. Zhou1, K. Lavrich1, B. Wetmore2, S. Ferguson1, M. DeVito2, and
B. A. Merrick1. 1NIEHS/NTP, Research Triangle Park, NC; and 2US EPA, Research
Triangle Park, NC.
Per- and polyfluoroalkyl substances (PFAS) are man-made chemicals that have
been used in a variety of industries throughout the world. The two most studied
PFAS are perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid
(PFOS) which have both been shown to be persistent in the environment and in
humans. To better understand their significance to public health, a set of PFAS
was selected for study of in vitro metabolic clearance to cover different classes
of PFAS. The goal of this work was to determine if these compounds are hepatically cleared via metabolism using primary human hepatocytes to better inform
the potential assessment of the persistence of these chemicals in humans.
In total, 46 PFAS were studied. 50-donor pooled primary human hepatocyte (PHH)
suspensions were incubated with 1 μM of each PFAS at 37 °C (with phenacetin
used as a control compound). At time points of 0, 15, 30, 60, 90, 120, and 240
minutes, a sample aliquot was removed and deproteinized in an equal volume of
acetonitrile for liquid chromatography and mass spectrometry analysis. A substrate
depletion approach was used to determine in vitro hepatic clearance rates (CLint).
First order rate constants and half-lives were determined based on linear regression
analyses of the percent parent remaining (log-transformed) versus time profiles.
For these 46 PFAS in vitro hepatic clearance rates (CLint) ranged from negligible
to 33.23 μL/min/million cells. PFAS were then binned as high, medium, or low
clearance according to the in vitro CLint values. High clearance PFAS were found
to be polyfluoro carboxylic acids. PFAS that were binned as medium clearance
consisted of various fluorotelomers and shorter chain perfluoro carboxylic and
sulfonic acids. Longer chain perfluoro carboxylic and sulfonic acids were classified
as low clearance compounds. Future work will be focused on metabolite profiling
for those PFAS with high clearance to determine identities of metabolites. This
abstract does not reflect US EPA policy.

3090

In Vitro Liver Toxicity and Biokinetics of Perfluoroalkyl
Substances in Human HepaRG Liver Cells

J. Louisse1, S. Fragki2, D. Rijkers1, A. Janssen1, M. Staats1, M. Zeilmaker2, A. Piersma2,
M. Luijten2, R. Hoogenboom1, and A. Peijnenburg1. 1Wageningen Food Safety Research,
Wageningen, Netherlands; and 2Rijksinstituut voor Volksgezondheid en Milieu (RIVM),
Bilthoven, Netherlands.
Poly- and perfluoralkyl substances (PFASs) have been reported to cause liver
toxicity and to disturb lipid homeostasis in experimental animals and humans. The
present in vitro study aimed to obtain insight into the cellular effects and kinetics of
PFASs in the human liver using a step-wise approach. First, concentration-dependent changes in the transcriptome of HepaRG cells exposed to PFOS were studied.
BMDExpress analysis of the data point to various affected processes, with cholesterol biosynthesis (downregulated) and ATF4-related signaling (upregulated) being
among those with the lowest BMC values. In a second step, changes in expression of selected genes induced by 18 PFASs were assessed by RT-qPCR to obtain
insight into in vitro potency differences. Results related to ATF4 signaling, cholesterol biosynthesis, PPAR signaling and other sensitive genes point to differences
in potencies for the tested PFASs. The shorter chain PFASs (PFPeA, PFHxA, PFBS,
HPFO-DA) only changed the expression of PPAR-regulated genes. The longer chain
PFASs (PFHxDA, PFODA) did not show effects, but this may be due to their limited
solubility. HFPO-TA was shown to be the most potent modulator of gene expression of the tested PFASs, being for most genes more than 10 times more potent
than PFOA. For 6 of the selected genes (ATF4, SLC7A11, YARS1, LSS, HMGCR
and OAT5) in vitro potency ranking was shown to match well with reported in vivo
potency ranking, based on data on PFAS-induced liver toxicity in rats. Subsequently,

the biokinetics of 4 selected PFASs (PFOA, PFNA, PFHxS and PFOS) were studied,
assessing time- and concentration-dependent cellular PFAS levels. The results
indicate that at equal nominal concentrations, cellular PFAS levels differ between
one PFAS to the other. Finally, in a next study, in vitro effect data in combination
with in vitro biokinetic data will be used as a basis for quantitative in vitro to in vivo
extrapolations (QIVIVE), with the application of physiologically-based kinetic (PBK)
modelling, to assess whether effects found in vitro can be expected at relevant in
vivo exposure scenarios.

3091

The Inhibitory Effect of Three Perfluoroalkyl Sulfonates on
Renal Uptake Transporters

J. Y. Idowu1, P. J. Sandoval1, H. Miller1, J. D. Zitzow2, S. Chang2, and B. Hagenbuch1.
1University of Kansas Medical Center, Kansas City, KS; and 23M, Saint Paul, MN.
Perfluoroalkyl sulfonates (PFSAs) and perfluoroalkyl carboxylates (PFCAs) are
environmentally stable compounds and human biomonitoring data have shown
that some of these compounds have long serum elimination half-lives. Various
studies have suggested that drug uptake transporters in the kidney and the liver
are one of the main mechanisms of these long half-lives. While PFCAs were shown
to be substrates of renal organic anion transporters (OATs) and of hepatocellular
organic anion transporting polypeptides (OATPs), little is known about the uptake
of PFSAs by the renal transporters. Therefore, the aims of this study were 1) to
characterize the inhibitory effect of perfluorobutane sulfonate (PFBS), perfluorohexane sulfonate (PFHxS), and perfluorooctane sulfonate (PFOS) on human renal
drug transporters (OAT1, OAT3, OAT4, URAT1, and OATP1A2); and 2) to determine
to what extent these three PFSAs would be transported by the renal transporters. To determine the inhibitory potency, we transiently expressed the renal uptake
transporters in HEK293 cells and measured the uptake of model substrates in the
absence and presence of increasing concentrations of PFSAs and calculated IC50
values. Uptake of PFSAs into HEK293 cells expressing the different transporters
was measured using LC-MS/MS. While the OAT1-mediated uptake of p-aminohippurate was inhibited by PFBS, PFHxS, and PFOS at relatively high IC50 values (620 ±
104 μM, 222 ± 72 μM, and 1170 ± 500 μM, respectively); the OAT3-mediated uptake
of estrone-3-sulfate (E3S) was inhibited as well by all PFSAs with IC50 values of 11.8
± 2.1 μM, 6.6 ± 1.7 μM, and 9.4 ± 2.5 μM, respectively. Similarly, OAT4-mediated
uptake of E3S was inhibited with lower IC50 values than OAT1, namely 52 ± 31 μM,
6.9 ± 3.3 μM, and 9.4 ± 4.4 μM by PFBS, PFHxS and PFOS, respectively. Preliminary
kinetics uptake results show that transport of PFBS and PFHxS by OAT1 and
PFOS by OAT4 is saturable. Under these experimental conditions, our results
demonstrated that the human renal drug uptake transporters can be potentially
involved in the disposition of these three PFSAs. However, given that concentrations of PFBS, PFHxS, and PFOS in the general population are several orders of
magnitude lower than our IC50 values, typical serum concentrations of PFSAs are
unlikely to affect the normal function of these transporters.

3092

Differences in Kidney and Liver Transporter Expression between
Cyp2b-null and hCYP2B6-Tg Mice Exposed to PFOS

A. A. Williams, and W. Baldwin. Clemson University, Clemson, SC.
Perfluorooctanesulfonic acid (PFOS) is an industrial fluorosurfactant that bioaccumulates both in the environment and in humans. In a previously published study,
PFOS was retained in greater amounts in the serum and liver of humanized
CYP2B6-transgenic (hCYP2B6-Tg) mice compared to the corresponding Cyp2b-null
mice. The higher retention of PFOS was hypothesized to contribute to its greater
observed toxicity in the humanized mice. The present study aims to identify
whether ATP-coupled transport proteins in the kidney or liver are potentially responsible for the increased PFOS retention in hCYP2B6-Tg mice treated with 0, 1, or 10
mg/kg/day for 21 days compared to identically treated Cyp2b-null mice. Because
the kidney is the primary means for PFOS clearance, four kidney transporters
previously shown to be responsible for PFOS retention, Oatp1a1, Urat1, Oat1, and
Oat3, were quantified by qPCR. Oatp1a1 and Urat1 are involved in organic anion and
uric acid reabsorption from the kidney filtrate back into the blood. Oat1 and Oat3 are
involved in secretion of organic anions into the filtrate. No significant differences
in kidney transporters were observed when comparing untreated hCYP2B6-Tg
and Cyp2b-null mice. Higher expression of reabsorption transporters (Oatp1a1
and Urat1) and lower expressions of secretion transporters (Oat1 and Oat3) were
expected in the hCYP2B-Tg mice if the kidney is involved in greater PFOS retention.
However, there were few differences in overall transporter expression except for
PFOS-mediated decrease in Oat1 and PFOS-mediated increase in Oatp1a1 expression in Cyp2b-null mice in a manner that would increase PFOS retention in the
Cyp2b-null model with less retention of PFOS. Thus, changes in the expression
of these kidney transporters are unlikely to cause increased PFOS retention in
hCYP2B6-Tg mice. Five liver transporters were also analyzed, including Oatp1a1,
Oatp2b1, Oatp1b2, Asbt, and Ntcp. All of these transporters are involved in solute
uptake into hepatocytes, except for Asbt, which transports solutes into cholangiocytes from the bile ducts. Many of the transporters, including Oatp2b1, Oatp1b2,
Ntcp, and Asbt, showed decreased expression at 10 mg/kg PFOS treatment in both
mouse models, probably a protective response to decrease liver absorption of
PFOS. Oatp2b1 expression is 3.6X greater in untreated female hCYP2B6-Tg mice
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than Cyp2b-null mice, which could explain an increase in liver uptake and retention
in the hCYP2B6-Tg mice. Acknowledgement: This work was funded by NIEHS grant
R15ES017321.

3093

Application of a Quality Scoring System for Assessing Per- and
Polyfluoroalkyl Substances (PFAS) in Organic Solvents for In
Vitro Toxicokinetic Testing

M. Smeltz, M. Clifton, L. McMillan, and B. Wetmore. US EPA, Research
Triangle Park, NC.
PFAS represent a large chemical class for which limited toxicity and toxicokinetic
information is available. Given the persistent and bioaccumulative properties for
legacy PFAS, category or grouping strategies are being employed using in vitro new
approach methodologies (NAMs) to evaluate the larger PFAS space. One critical
aspect to ensuring accurate and complete evaluation of PFAS is the quality of the
material being assessed. Numerous organic solvents, including dimethyl sulfoxide (DMSO) and ethanol, are used as diluents for in vitro evaluation. Using mass
spectrometry approaches, a quality scoring system was created to provide a simple
pass or fail notation with descriptive flags for each PFAS stock by examining for
parent mass and impurities. 201 unique PFAS prepared in 469 stock solutions were
assessed through this scoring system, where 75 unique PFAS were investigated by
liquid chromatography mass spectrometry (LC-MS) and 126 were characterized by
gas chromatography mass spectrometry (GC-MS). Most failed LC-MS examined
PFAS belonged to the hexafluoropropylene oxide acid family in DMSO, including
GenX, while 60 GC-MS amenable PFAS with predicted low boiling points were
discarded due to failure to detect during analysis. Failed stocks have been removed
from use in any EPA in vitro evaluations. Ultimately, over 115 PFAS in DMSO stocks
received passing quality scores to allow for further in vitro testing. In vitro measures
of PFAS plasma protein binding (PPB), a toxicokinetic property used to inform PFAS
bioaccumulative potential, were generated across the LC-MS PFAS DMSO stocks.
PPB measures by ultracentrifugation showed very high binding rates [i.e., fraction
unbound (Fu) = 0.001for perfluorooctanoic acid] across 75% of PFAS examined.
Six PFAS with high predicted water solubility exhibited less protein binding, with
Fu values ≥0.10, including hexafluoroglutaric acid (Fu = 0.53). For perfluoroalkyl
carboxylic acids, increasing chain length exhibited higher PPB (C3: perfluoropropanoic acid Fu = 0.31; C10: perfluorodecanoic acid Fu = 0.003). This stock quality
scoring system provides an informed guide on how to proceed with performing in
vitro experiments to advise NAM-anchored, risk-based assessment of PFAS. The
views expressed in this abstract are those of the authors and do not necessarily
represent the views or policies of the US EPA.

3094

Category-Based Toxicokinetic Evaluations of Data-Poor Perand Polyfluoroalkyl Substances (PFAS) by Gas Chromatography
Coupled with Mass Spectrometry

B. A. Wetmore1, A. Kreutz2, W. M. Henderson3, M. Phillips4, L. Albrecht4, L. McMillan5,
and M. S. Clifton1. 1US EPA/ORD, Research Triangle Park, NC; 2Oak Ridge Institute for
Science and Education, Oak Ridge, TN; 3US EPA/ORD, Athens, GA; 4Oak Ridge Associated
Universities, Oak Ridge, TN; and 5National Caucus and Center on Black Aging Inc.,
Durham, NC.
Concern over exposure to and potential health effects of per- and polyfluoroalkyl substances (PFAS) has increased significantly as more is learned about their
widespread environmental presence, persistence, and bioaccumulative potential.
The limited measurement, monitoring, toxicokinetic (TK), and toxicologic data
currently available is inadequate to inform risk evaluations across this diverse
domain. In this study, approximately 75 gas chromatography (GC) amenable PFAS
were selected for in vitro TK evaluation to expand our knowledge across several
PFAS structural and functional groupings, including PFAS alcohols, fluorotelomer
alcohols, amides, and acrylates. Targeted analytical methods were developed using
gas chromatography coupled with mass spectrometry (GC/MS); ultracentrifugation
was used to measure human plasma protein binding (PPB) and 20-donor pools of
human hepatocyte suspensions were used in a substrate depletion approach to
measure in vitro clearance (Clint). Method development was successful in plasma
for >50 PFAS, with fraction unbound (fu) values ranging from 0.005-1, with 25th and
50th percentiles at 0.03 and 0.09, respectively. Compared to liquid chromatography
(LC) amenable PFAS fu measures in a companion effort, these values show 10-fold
lower binding overall. Trend analyses across a range of groupings were conducted;
findings include an increase in chain length associated with lower fu, and an inverse
relationship between low van der Waals volume and high fu. Several but not all
acrylates were unstable in plasma. Of the 49 PFAS with methods developed in
hepatocyte media, over 30 were found to be highly unstable, with many exceeding
60% abiotic loss within 60 min after addition to media. Of those for which Clint was
measured, values ranged from no clearance (hexafluoroamylene, pentafluoropropionamide) to 49.9 μl/min*million cells (1H,1H,10H,10H-Perfluorodecane-1,10-diol)
with a median value of 17.31. Future efforts will use TK data in an in vitro-in vivo
extrapolation approach to predict doses required to achieve systemic concentrations consistent with in vitro points of departure from high throughput screening
efforts. The views expressed in this abstract are those of the authors and do not
necessarily represent the views or policies of the US EPA.
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Towards the Development of Relative Potency Factors for
Mixtures of Perfluorinated Linear (Acyclic) Alkyl Compounds

E. Demchuk, and C. J. Welsh. CDC/ATSDR, Atlanta, GA. Sponsor: P. Ruiz
Exposure to thousands of different per- and polyfluoroalkyl substances (PFAS) and
their combinations vary geographically state-by-state. The paucity of data for the
individual substances makes it challenging for state and local governments to issue
consistent public health guidance. Entities such as the World Health Organization
and federal agencies mainly rely on toxicity testing information to derive comprehensive health guidance. This becomes difficult when toxicity data are not available,
and those data gaps limit the ability to provide health guidance for PFAS exposures.
For instance, ATSDR has located adequate data to publish only four Minimal
Risk Levels for PFAS. The present work describes application of high throughput
screening (HTS) data to develop relative potency factors (RPFs) for perfluorinated
linear alkyl compounds (PFLAC), the most ubiquitous subset of PFAS, and PFLAC
mixtures. A major assumption underlying the work is that the mode of action for
all PFLAC is similar. Firstly, a reference set of points-of-departure, from which
RPFs are to be developed was compiled and vetted. Next, computational toxicology methods that score RPFs from a chemical formula of PFLAC were explored.
Among them, the results of “Toxicology in the 21st Century” (Tox21) high-throughput screening (HTS) program were considered. Tox21 describes the HTS response
by each PFLAC in terms of two variables: the relative activity response observed
in the assay (“scaled top”) and the half-activity concentration (AC50). It was found
that low-dose exposures to PFLAC predominantly affect nuclear receptors, such as
androgen and estrogen receptors. As exposure/dose increases, cell cycle effects
begin to dominate. At very high doses, a variety of adverse effects can be observed,
including necrosis. This work has established that the Tox21 approach captures
the nature of PFLAC critical adverse effects described in the ATSDR toxicological
profile for PFAS. Therefore, development of PFLAC RPFs may be possible, provided
that the Tox21 data are converted to an appropriate metric that adequately
describes relative toxicity of PFLAC. This work demonstrates that HTS data can be
used to develop RPFs for PFLAC. Disclaimer: The findings and conclusions in this
presentation have not been formally disseminated by the Centers for Disease Control
and Prevention/the Agency for Toxic Substances and Disease Registry and should
not be construed to represent any agency determination or policy.

3096

Effects of Perfluorooctanoic Acid Exposure on Serum
Metabolome and Hepatic Chemical Biotransformation Gene
Abundance in Lean and Obese Mice

M. Gonzalez-Alvarez, and A. F. Keating. Iowa State University, Ames, IA.
Obesity affects more than 650 million people globally. In the United States, 20% of
girls and 40% of women are obese with higher rates in minority populations. For
female reproduction, obesity is associated with infertility, poor oocyte quality, and
miscarriage. Obesity is also associated with metabolic syndrome, musculoskeletal
disorders, cancer, and fatty liver. Nonalcoholic fatty liver disorders affect between
17 to 33% of people in the United States. Perfluorooctanoic acid (PFOA) is a perand poly-fluoroalkyl substance that has strong bonds between carbon and fluorine
groups making it persistent in the environment. PFOA is widely used in consumer
products as textiles and paper coating, lubricants, food packaging, firefighting
foams, and Teflon. The half-life of elimination for humans ranges between 2.3-3.5
years. Exposure to PFOA is associated with negative reproductive effects including delayed puberty onset, delayed vaginal opening, and altered ovarian steroid
hormone level. Hepatic alterations have been associated with PFOA exposure and
IARC has classified PFOA as Group 2B possible carcinogen. This study investigated the hypothesis that PFOA exposure would impact the serum metabolome
and hepatic chemical biotransformation gene abundance and further hypothesized
that obesity would impact PFOA-induced toxicity. Female wild-type KK.Cg-a/a (lean;
L) or KK.Cg-Ay/J mice (obese; O) received water and food ad libitum and saline (C)
or PFOA (2.5 mg/Kg; P) per os for 15 days beginning at 7 weeks of age. Euthanasia
was performed on the second day of diestrus after completion of dosing. Blood
samples were collected, and GC-MS was performed on serum. Liver samples were
collected and processed for qRT-PCR analysis. PFOA exposure increased (P <
0.0001) liver weight in both lean and obese mice. Comparisons between LC and OC;
LC and LP; OC and OP; and LP and OP identified 19 metabolites including glycerol
monostearate, butanedioic acid, fumarate, phosphoric acid, and oleic acid to differ.
In lean mice, PFAO exposure increased (P < 0.05) mRNA abundance of five genes:
Snn, Cyp3a4, Blvra, Ces1, and Chst1. In obese mice, Adh5 and Gstt1 mRNA levels
were decreased (P < 0.05), and Ephx1, Mt2a, Gstm3, and Nat2 were increased (P
< 0.05) by PFOA exposure. Comparison between lean and obese mice exposed
to PFOA indicated mRNA levels of Hsd17b1, Pon1, Mt2a, Ahr, Hsd17b2 and Nat2
increased (P < 0.05). These data suggest that PFOA is metabolized differently in
lean and obese mice and that PFOA exposure affects chemical biotransformation
genes in the liver. Supported by the Bailey Career Development Award and Nutritional
Sciences Council Martin Fund from ISU to AFK.
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3097

Oxidative Stress Induced by Perfluorooctane Sulfonic
Acid (PFOS)

F. C. Tsai1, K. E. Ricker1, M. Sun2, and M. S. Sandy1. 1California Environmental Protection
Agency, Oakland, CA; and 2California Environmental Protection Agency, Sacramento, CA.
Induction of oxidative stress is one of the ten key characteristics (KCs) of carcinogens. The KCs of carcinogens provide a methodical approach to identifying
and organizing mechanistic data in cancer hazard identification. Oxidative stress
refers to a condition of an imbalance between the production and elimination of
reactive oxygen and nitrogen species (ROS, RNS). Oxidative stress may contribute
to the carcinogenic process by causing DNA mutations, chromosomal damage,
genomic instability, and altered cell cycle regulation. Here, we summarize the
evidence of PFOS for KC 5 “induces oxidative stress.” Evidence reviewed comes
from various test systems; observational studies in humans, studies using cultured
human cells, and in vivo and in vitro animal studies. Endpoints measured include
8-OHdG (8-hydroxydeoxyguanosine, a marker of oxidative DNA damage), ROS or
RNS production, malondialdehyde (a marker of lipid peroxidation), total antioxidant capacity, antioxidant enzyme activities (e.g., superoxide dismutase, catalase,
and inducible nitric oxide synthase), glutathione status (e.g., reduced glutathione,
glutathione disulfide, glutathione-S-transferase, glutathione reductase, and glutathione peroxidase), and expression of Nrf2 (nuclear factor erythroid 2-related factor
2), which is involved in regulating cellular resistance to oxidative stress. Our review
shows that PFOS can induce oxidative DNA damage, generate ROS and RNS, and
induce lipid peroxidation in humans and animals. PFOS exposure in multiple experimental systems induced changes in total antioxidant capacity, antioxidant enzyme
activities/levels and glutathione status. Changes in the protein or gene expression
of Nrf2 have also been observed. Genomic and metabolomic studies also provide
additional evidence for the induction of oxidative stress by PFOS.

3098

Effects of Perfluorooctane Sulfonic Acid (PFOS) on Chronic
Inflammation and Immunosuppression

K. Ricker1, M. Yilmazer-Musa1, F. C. Tsai1, and M. Sun2. 1California Environmental
Protection Agency, Oakland, CA; and 2California Environmental Protection Agency,
Sacramento, CA.
The key characteristics (KCs) of carcinogens provide a methodical approach to
identifying and organizing mechanistic data in cancer hazard identification. Here,
we present the evidence identified in the scientific literature to better understand
the mechanisms by which PFOS may contribute to chronic inflammation (KC 6)
and immunosuppression (KC 7), in the context of carcinogenesis. Chronic inflammation (KC 6) can trigger cellular events associated with carcinogenesis and
can be preceded by pro-inflammatory cytokine production. We reviewed studies
that measured the effects of PFOS on pro-inflammatory cytokine production in
multiple human cell types in vitro and in several animal species in vivo and in vitro.
Studies showed that in human cells PFOS caused increases of interleukin-1 (IL-1),
and decreases of IL-10, interferon gamma (IFN-γ) and tumor necrosis factor-alpha
(TNF-α). In animals PFOS increased levels of IL-1and IL-6 in rodents and zebrafish,
although the results for IL-6 were somewhat inconsistent. Decreases were reported
for IL-2 in mice. Results for other cytokines were inconsistent for either human
in vitro studies or animal studies. Overall, the effects of PFOS on cytokines and
chronic inflammation remain unclear. Several studies indicate that immunosuppression (KC 7) is associated with an increased cancer risk because immunosuppression can reduce the capacity of the immune system to respond effectively
to tumor cells. Here, we focus on the effect of PFOS on some endpoints associated with immunosuppression. These endpoints include the level or production
of immunoglobulin M (IgM), Natural killer (NK) cells, and T cell and B cellularity or
proliferation. PFOS suppressed IgM responses in several mouse studies, although
two studies in mice reported no change, and one study in rats reported an increase.
In multiple studies, PFOS has also been shown to reduce the number and proliferation of thymocytes and splenocytes as well as natural killer (NK) cell activity. In
conclusion, our review of the scientific literature indicates that PFOS may suppress
the immune system in ways that allow neoplastic cells to escape immune surveillance, survive, and replicate to form tumors. However, whether exposure to PFOS
results in chronic inflammation needs further investigation.

3099

Investigation of Multi-Generational Perfluorooctane Sulfonate
(PFOS) Exposures in Zebrafish (Danio rerio)

K. A. Gust1, N. Vinas1, M. S. Wilbanks1, E. Mylroie1, C. Cox2, A. Kimble1, J. Conder3, and
D. Moore1. 1US Army Engineer Research and Development Center, Vicksburg, MS; 2Oak
Ridge Institute for Science and Education, Oak Ridge, TN; and 3Geosyntec Consultants
Inc., Huntington Beach, CA.
Repeatability of experimental results is fundamental to establishing confidence in
observed outcomes. The present study sought to assess findings of an investigation by Keiter et al (2012), which reported zebrafish growth effects in a multi-generational exposure to PFOS at 0.6 µg/L, one of the lowest aquatic effect levels
reported to date. The Keiter et al. data have been used in deriving regulatory effect
levels, thus it is important to provide confirmation of these results. We reproduced

the study using an expanded experimental design to include a larger, more narrowly
spaced concentration range (0, 0.1, 0.6, 3.2, 20, 100 µg/L), higher replication (n = 5)
with 50 fish per replicate, expanded analytical chemistry monitoring, and external
validation of exposure concentrations to provide robust tests of experimental
outcomes. Briefly, fish were exposed through three generations in a flow-through
apparatus, the parental (P1) and first familial (F1) generations exposed through
180 days post-fertilization (dpf) and the second familial (F2) generation exposed
through 16 dpf. Analytical chemistry for the P1 exposure indicated stability of PFOS
concentrations in exposure water through the assay duration matching nominal
concentrations within 12.5% on average. Independent analyses by a second
analytical laboratory matched within 25% for all concentrations except 0.1 µg/L,
which matched within 50%. No significant negative effects of PFOS exposure on
survival were observed in the P1, F1, or F2 generations, although, we noted a trend
of increased mortality at 100 µg/L in P1 & F2 generations. The only significant
negative effect of PFOS exposure on growth occurred in the highest exposure
level (100 µg/L) at 60 dpf in the P1 generation and at 180 dpf in the F1 male
fish. Regarding reproduction, there were no significant negative effects of PFOS
exposure on overall egg production or egg viability in either the P1 or F1 generations. Overall, the growth reduction reported by Keiter et al. (2012) at 0.6 µg/L is not
supported by results of this study which highlights the importance of study design
and reproducibility when data / results are considered for use in setting regulatory
standards.

3100

Poly- and Perfluoroalkyl Substances Alter the Polycomb
Pathway and Tumorigenicity of Testicular Germ Cell Tumor
Cells

R. I. Boyd, R. Singh, Z. Fazal, D. Shokry, and M. J. Spinella. University of Illinois at
Urbana-Champaign, Urbana, IL.
Poly- and perfluoroalkyl substances (PFAS) are a class of chemicals used since
the mid-1900s for various purposes, such as creating water- and oil-repellent
surfaces, fire-fighting foams, and food packaging. These chemicals are ubiquitous in the environment because of their persistent and bioaccumulative nature
due to the carbon-fluorine bonds characteristic of the chemical class. Several
epidemiological and animal studies have suggested an increased risk of several
cancers due to high exposure to PFAS, including testicular cancer. Mechanisms
of carcinogenicity are not yet understood. Testicular cancer cell lines were treated
with 10 nM and 5 μM perfluorooctanesulfonic acid (PFOS) for 4 days, followed
by RNA-seq and Immunoblot analysis. CD-1 mice were dosed daily with 20 mg/
kg of PFOS and hexafluoropropylene oxide dimer acid (GenX) for 15 days. Testes
were harvested, and gene expression was analyzed using RNA-seq. A xenograft
model was employed to assess the effects of daily dosing of 10 mg/kg PFOS on
testicular cancer tumorigenicity. PFAS treatment increased the polycomb mark
histone 3 lysine 27 (H3K27) tri-methylation in testicular cancer cells. Gene set
enrichment analysis also revealed PFAS mediated transcriptional changes associated with increased activity of the polycomb pathway. Previous studies determined
that alterations in H3K27 methylation through the polycomb repressive complex
2 (PRC2) profoundly affected tumorigenicity and cisplatin sensitivity of testicular
cancer cells. Normal testis from CD-1 mice dosed with 20 mg/kg PFOS and GenX
also demonstrated transcriptional changes associated with increased methylation
of H3K27. Importantly, preliminary xenograft studies revealed that daily treatment of
mice with PFOS resulted in increased testicular tumor growth compared to vehicle
control. The data suggest that PFAS may potentially augment testicular cancer
tumorigenicity by altering the PRC2, which controls H3K27 methylation. Further
research is necessary to confirm this hypothesis to understand the mechanisms in
which PFAS affects testicular cancer cells.

3101

In Vivo and In Vitro Quantitation and Stability of Fluorotelomer
Compounds in Rat and Human Plasma to Inform Toxicity

A. A. Brennan1, L. Albrecht2, M. Phillips2, B. A. Wetmore1, L. Wehmas1, M. F. Hughes1,
and M. DeVito1. 1US EPA, Research Triangle Park, NC; and 2Oak Ridge Associated
Universities, Durham, NC.
Due to their widespread use and persistence, per- and polyfluoroalkyl substances
(PFAS) are of potential concern to human health and the environment. To better
understand toxicity and risk, accurate determination of internal dose and biotransformation of PFAS in biological matrices at low concentrations from exposure
assays is needed. A method was developed for targeted quantitation of two
non-ionic PFAS, 6:1 fluorotelomer alcohol (6:1 FTOH) and 10:2 fluorotelomer
acrylate (10:2 FTAcr) in plasma. Method detection limits (MDL) for both 6:1 FTOH
and 10:2 FTAcr were approximately 1 ng/mL using a protein precipitation extraction
with methanol and analysis on a gas chromatography tandem mass spectrometer. The validated method was used to quantitate PFAS concentrations in plasma
collected during two 5-d in vivo rat dose response studies. The nine dose levels for
6:1 FTOH and 10:2 FTAcr ranged from 0 to 96 and 0 to 1000 mg/kg/d, respectively;
plasma was collected 24-h after the 5th dose (at study termination). Data from
this study and the literature for other fluorotelomer compounds suggest that rats
quickly metabolize these PFAS. For 6:1 FTOH, only the highest three and four dose
levels for female and male rats, respectively, had plasma concentrations above the
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MDL. There was an observed decrease in terminal body weight and rate of body
weight gain for rats from the highest dose levels for 6:1 FTOH. For 10:2 FTAcr,
plasma samples from male and female rats had concentrations that were below
the MDL. There was no observed decrease in terminal body weight and rate of body
weight gain for rats from the highest dose levels for 10:2 FTAcr. A separate in vitro
study of 10:2 FTAcr in human plasma and hepatocyte cell media was conducted to
evaluate compound stability. Human plasma and hepatocyte media were spiked
at 10 and 1 µM, respectively, and kept at 37 °C for up to 360 minutes. After 60
minutes, there was a 74% and 86% loss in 10:2 FTAcr in human plasma and hepatocyte media, respectively. The instability of both fluorotelomers in plasma and rapid
metabolism indicate that identifying the biotransformation products, especially
of 6:1 FTOH, is necessary for understanding the observed adverse effects. The
abstract does not necessarily reflect US EPA policies.

3102

Inhibition of the BCRP Transporter by Perfluoroalkyl
Compounds: A Potential Mechanism for Hyperuricemia

X. Wen1, C. J. Meakin1, M. R. Flores2, A. L. Slitt3, and L. M. Aleksunes1. 1Rutgers, The
State University of New Jersey, Piscataway, NJ; 2St. Mary’s University, San Antonio, TX;
and 3University of Rhode Island, Kingston, RI.
Perfluoroalkyl compounds (PFCs) are a class of synthetic fluorinated chemicals
used in consumer products including carpeting, clothing, furniture, and nonstick
cookware surface. Human monitoring data demonstrate that PFCs are persistent
in the environment and are associated with high cholesterol and hyperuricemia.
The xenobiotic transporter BCRP (ABCG2) is a high-capacity exporter of urate in
the intestines and kidneys. A nonsynonymous polymorphism in BCRP at C421A/
Q141K increases serum uric acid levels and contributes to hyperuricemia and gout
in humans. We sought to determine whether PFCs inhibit BCRP activity in vitro as
a novel mechanism underlying PFC-related hyperuricemia. For this purpose, we
evaluated BCRP transporter activity in HEK293 cells expressing EV (empty-vector),
BCRP WT (wild-type) or the Q141K variant by various PFCs including PFBA, PFHpA,
PFOA, PFNA, PFOS, PFBS, PFHxS, PFDA, PFUnDA and PFHxA. As expected, cell
surface expression of BCRP protein was 2-fold higher in WT cells than Q141K cells
as determined by flow cytometry. Accumulation of the BCRP substrate Hoechst
33342 was significantly decreased in HEK BCRP WT (39% of control) and Q141K
cells (48% of control) compared to EV cells. Treatment with the BCRP inhibitor
Ko143 (1 µM) restored Hoechst accumulation in WT and Q141K cells by 3-fold,
with no change in EV cells. Screening of PFCs revealed that PFOS, PFNA, PFDA, and
PFUnDA inhibit BCRP between 2- and 4-fold at 10 µM in WT and Q141K cells similar
to Ko143. By comparison, PFBA, PFOA, PFHpA, PFBS, PFHxS and PFHxA did not
alter Hoechst accumulation in WT or Q141K cells. In summary, inhibition of BCRP
transport activity by select PFCs may represent a novel mechanism to explain the
hyperuricemia observed in human populations. Supported by ES0209275, ES007148,
ES005022, and the SOT Intern Program.

3103

A Comparative Evaluation of Murine Mammary Gland
Development and Transcriptomic Profiles following In Utero
Exposure to PFOA and GenX

C. Love1, H. A. Cope1, B. Blake1, T. Phan1, A. Brooks1, J. Li1, K. Hobbie2, V. A. Chappell1,
and S. Fenton1. 1NIEHS, Research Triangle Park, NC; and 2Integrated Laboratory Systems
Inc., Research Triangle Park, NC.
Per- and polyfluoroalkyl substances (PFAS), such as perfluorooctanoic acid (PFOA),
are persistent in the environment and in humans. Contaminated ground and
surface waters have been reported worldwide. Previously, gestational exposure
to PFOA showed impaired development of the female mouse mammary gland.
This study compared changes in mammary gland morphology and transcriptomic
profiles from in utero exposure to PFOA and its replacement, hexafluoropropylene oxide-dimer acid (HFPO-DA, known by the trade name GenX). Pregnant CD-1
mice were dosed with PFOA (0.l, 1.0, or 5.0 mg/kg) or GenX (0.2, 1.0, 2.0, or 10.0
mg/kg) from gestation day 1.5 to 17.5. Mammary glands were collected from
offspring at weaning and puberty for blinded developmental scoring. Images of
the whole mounts were used to measure gland growth, count terminal end buds
(TEBs), and measure epithelial curling. RNA was isolated from prepubertal female
glands for transcriptomic analysis using a Affymetrix Mouse Clariom D transcriptome array. Gene Set Enrichment Analysis (GSEA) and Ingenuity Pathway Analysis
(IPA) was used to evaluate enriched pathways. There was a significant dose-dependent reduction in mammary gland developmental scores for females exposed
to PFOA and GenX (p<0.01), and for GenX-exposed males (p<0.05). Lateral gland
growth was decreased by GenX exposure (p<0.05), while TEBs were increased
by PFOA exposure (p<0.05). Histopathology confirmed both chemicals induced
stunted epithelial development in females that persisted through 18 weeks of age.
Transcriptomic profiling indicated that the majority of RNAs exhibited treatment
specific regulation with only 6 mRNAs and 28 non-coding RNAs similarly altered
by PFOA and GenX. Top altered pathways were similar for PFOA and GenX and
included adipogenesis, fatty acid metabolism, cholesterol homeostasis, TNFα
signaling via NF-κB, and insulin receptor signaling. However, notable differences
between PFOA and GenX transcriptomic profiles allude to divergent mechanisms

of action. Together, these data indicate that, despite the reported rapid elimination
of GenX, both chemicals induce impairment of mammary gland development that
persists to adulthood.

3104

Transport of Perfluoroalkyl Substances (PFAS) across HumanInduced Pluripotent Stem Cell (hiPSC) Derived Intestinal
Epithelial Cells in Comparison with Human Primary Intestinal
Epithelial Cells and Caco-2 Cells

A. W. Janssen, L. P. Duivenvoorde, N. E. Pinckaers, L. L. Leenders, J. Louisse, and
M. van der Zande. Wageningen University and Research, Wageningen, Netherlands.
Perfluoroalkyl Substances (PFAS) are chemicals that are used in a wide variety of
industries and products. People can be exposed to PFAS via many exposure routes,
including the diet. PFAS are persistent and dietary exposure to PFAS leads to
concerns for human health. Toxicokinetics of PFAS have been studied, but little is
known about the transport of PFAS across the human intestinal barrier. The Caco-2
model is commonly used to study intestinal transport. Although Caco-2 cells
spontaneously differentiate to form a polarised monolayer adequate for transport
studies, this model has high transepithelial electrical resistance values and only
consists of enterocytes. Besides, the Caco-2 model has no mucus layer which
may influence the absorption of poorly water-soluble compounds. Human induced
pluripotent stem cells (hiPSCs) can be differentiated into a 2D intestinal epithelial
cell (IEC) layer consisting of different intestinal cell types that are present in native
tissue and that are adequate for transport studies. The present work aims to study
the transport of 5 PFAS (PFOS, PFOA, PFNA, PFHxS, GenX) in the hiPSC-based
2D IEC model and to compare the results with those obtained with Caco-2 cells,
and a human primary IEC-based model. The obtained hiPSC-derived IEC model
consisted of enterocytes, goblet cells, enteroendocrine cells and Paneth cells, and
contained a mucus layer. The Papp values of PFAS transport in the hiPSC-based
IEC model were in the following order: PFHxS>PFOA>PFNA>GenX>PFOS. Although
the order of the transport of PFAS was highly similar between the models, Papp
values were highest for the hiPSC-based IEC model and lowest for the Caco-2
model. Interestingly, the transport of GenX varied between the three models with
the highest transport in the hiPSC-based IEC model and little to no transport in
the other models. Overall, transport of PFHxS was found to be the highest in all
models and transport of GenX was rather limited. It can be concluded that the IEC
model is a promising novel in vitro model to study transport of chemicals across
the intestinal barrier.

3105

A Novel Model to Study the Adverse Effects of Per- and
Polyfluoroalkyl Substance Exposure Utilizing Liver-Chimeric
Humanized Mice

D. R. Robarts1, D. Paine-Cabrera1, S. Gunewardena1, L. Foquet2, G. Bial2, and U. Apte1.
1University of Kansas Medical Center, Kansas City, KS; and 2Yecuris Corporation,
Portland, OR.
Per- and polyfluoroalkyl substances (PFAS) are an anthropogenic class of
compounds that persist in the environment and have several adverse effects.
Whereas perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic acid (PFOS)
are the most common contaminants, replacement PFAS such as GenX is also
increasingly accumulating. Previous studies in rodents have revealed several
adverse effects of PFOA, PFOS, and GenX on the liver including nonalcoholic fatty
liver disease. In rodents, these effects seem to be induced via activation of peroxisome proliferator-activated receptor alpha (PPARα), a mechanism not relevant to
humans. This calls for the development of human-relevant models to study the
effects of PFASs. Here we utilized the liver chimeric FRG® humanized mice, livers
of which are over 80% repopulated with functional human hepatocytes, to study
hepatotoxicity of PFOA, PFOS, and GenX. FRG mice were treated with either GenX
(1 mg/L), PFOA (67 µg/L), POFS (145 mg/L) in drinking water for one month. Liver
histopathological changes were determined, and global gene expression was
studied using bulk RNA-sequencing. All groups had slightly elevated ALT levels
but exhibited no differences compared to the control. The serum concentration
reached was 4.04 mg/L for GenX, 2.74 mg/L for PFOA, and 4.48 mg/L for PFOS.
Accumulation in the liver occurred totaling 5.80 mg/g for GenX, 10.73 mg/g
for PFOA, and 53.50 mg/g for PFOS. Using Oil Red O staining, we showed that
PFOA had the most amount of lipid deposits, PFOS had no change, and GenX
had a reduction compared to the control. RNA-Seq analysis using human specific
alignments demonstrated a total of 240, 162, and 619 significantly altered genes
after PFOA, PFOS, and GenX exposure, respectively. Ingenuity Pathway Analysis
upstream analysis demonstrated that GenX had more altered pathways compared
to PFOA and PFOS. PPARα was significantly activated in GenX and PFOA treated
mice. Moreover, the cell cycle inhibitors P53 and CDKN1A were activated in GenX
and PFOA and only P53 in PFOS. Altogether, we show that this new liver chimeric
model is a useful tool to study the effects of environmental pollutants on human
hepatocytes.
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Regulation of Transporters by Perfluorinated Carboxylic Acids in
HepaRG Cells

Y. Suh, J. J. Lim, E. M. Faustman, and J. Y. Cui. University of Washington, Seattle, WA.
Perfluorinated carboxylic acids (PFCAs) are widespread environmental pollutants
for which human exposure has been documented. PFCAs at high doses were
known to regulate xenobiotic transporters partly through PPARα and CAR in rodent
models. Less is known regarding how various PFCAs at a lower concentration
modulate transporters for endogenous substrates such as amino acids in human
hepatocytes. Such studies are of particular importance because amino acids are
involved in chemical detoxification and their transport system may serve as promising therapeutic targets for structurally similar xenobiotics. The focus of this paper
is to further elucidate how PFCAs modulate transporters involved in intermediary
metabolism and xenobiotic biotransformation. We tested the hepatic transcriptomic response of HepaRG cells exposed to 45µM PFOA, PFNA, or PFDA in triplicates for 24h (vehicle: 0.1% DMSO), as well as the prototypical ligands for PPARα
(WY-14643, 45µM) and CAR (CITCO, 2µM). PFCAs with increasing carbon chain
lengths (C8-C10) regulated more liver genes, with amino acid metabolism and
transport ranked among the top enriched pathways and PFDA ranked as the most
potent PFCA tested. Genes encoding amino acid transporters, which are essential
for protein synthesis, were novel inducible targets by all 3 PFCAs, suggesting
a potentially protective mechanism to reduce further toxic results. None of the
transporter regulations appeared to be through PPARα or CAR but potential involvement of Nrf2 is noted for all 3 PFCAs. In conclusion, PFCAs with increasing carbon
chain lengths up-regulate amino acid transporters and modulate compensatory
response of xenobiotic transporters in HepaRG cells.

3107

Chronic PFOA Exposure In Vitro Shows Multiple Tumor
Characteristics in Rat Liver Cells

W. Qu, Y. Yan, K. Gerrish, E. Scappini, C. J. Tucker, D. Dixon, and A. B. Merrick. NIEHS,
Research Triangle Park, NC.
Perfluorooctanoic acid (PFOA) is used to manufacture industrial and consumer
products but chemical stability makes it a persistent environmental contaminant
with detectable bioaccumulation in humans. Though not directly genotoxic, PFOA
exposure is linked with tumors in rodents and increased cancer risk in humans.
Here, we studied long term PFOA exposure with an in vitro transformation system
using the non-tumorigenic rat liver epithelial cell line, TRL 1215. Cells were cultured
in 10 µM (T10), 50 µM (T50) and 100 µM (T100) PFOA for up to 38 weeks and
compared to passage-matched control cells. PFOA-exposed cells exhibited clear
morphological changes, including loss of contact inhibition, formation of giant
multinuclear and spindle-shaped cells. PFOA-treated cells showed increasing LC50
values above control from 20%, 29% to 35% after 24hrs of acute PFOA treatment
in T10, T50 and T100 cells, respectively, suggesting chronic PFOA-treated cells
acquired toxicity resistance. Matrix metalloproteinase-9 (MMP-9) secretion was
significantly increased in T100 cells, often activated by transformation. Soft agar
colony formation assay for anchorage independent growth showed PFOA-treated
cells developed multiple viable and quantitatively larger colonies. Additionally,
PFOA-treated cells showed dose-dependent increases in cell migration by confocal
microscopy and Imaris analysis of track length. Microarray analysis of differentially
expressed genes at a 1.5X-fold cutoff, ranged from 24-135 upregulated genes and
42-644 downregulated genes in PFOA-treated cells. Differential gene expression
and upstream pathway analysis predicted activation of transcriptional regulatory
genes such as Myc, Esr2 and Tgfb1; and inhibition of Il1b and Kras. Myc pathway
had activation z-scores of 3.731 for T100, 2.139 for T50 and no change for T10,
indicating Myc upregulation might be a major component of PFOA-induced transformation in TRL 1215 cells. Western blot analysis confirmed that PFOA produced
significant increases in the steady-state expression of c-MYC protein in a time- and
concentration-dependent manner. In addition, tumor cell invasion indicators MMP-2
and MMP-9, cell cycle regulator cyclin D1, and oxidative stress protein GST were all
significantly over-expressed in T100 cells. In summary, chronic PFOA exposure in
vitro produces multiple tumor cell characteristics and differential gene expression
changes suggestive of rat liver cell transformation.

3108

Systematic Developmental Toxicity Assessment of a Structurally
Diverse Library of PFAS in Zebrafish

L. Truong1, Y. Rericha1, P. Thunga2, S. Marvel2, D. Wallis2, M. T. Simonich1, J. A. Field1,
D. Cao1, D. M. Reif2, and R. L. Tanguay2. 1Oregon State University, Corvallis, OR; and
2North Carolina State University, Raleigh, NC.
Thousands of per- and polyfluoroalkyl substances (PFAS) are on the global market,
and many are ubiquitously detected in the environment and humans. There is
limited data on the human health effects of PFAS, but a substantial body of in vitro
data suggests cause for concern. We conducted a large in vivo developmental
toxicity screen with a library of 139 PFAS provided by the US EPA to begin to fill
this data gap. Dechorionated embryonic zebrafish were exposed to 10 nominal
water concentrations of PFAS (0.015 - 100 µM) from 6-120 hours post fertilization (hpf). The embryos were assayed for embryonic photomotor response (EPR)

behavior at 24 hpf, larval photomotor response (LPR) at 120 hpf, and 10 morphological endpoints. Although several PFAS were bioactive in one or more assays,
of the 49 PFAS that were bioactive, 11 altered the EPR, 25 altered LPR, and 31
induced morphological effects. A correlation between bioactivity and non-volatile
compounds was statistically significant (p<0.01), while no correlation was identified when bioactivity was compared to physicochemical properties other than
volatility. These results illustrate the power of a multi-dimensional in vivo platform
to assess the developmental (neuro)toxicity of these highly prevalent classes of
compounds and will help to prioritize future research questions.

3109

Comparative Toxicokinetics and Toxicity of PFOA and Its
Replacement GenX in the Early Stages of Zebrafish

K. Satbhai1, C. Vogs2,3, and J. Crago1. 1Texas Tech University, Lubbock, TX; 2Sveriges
lantbruksuniversitet, Uppsala, Sweden; and 3Karolinska Institutet, Stockholm, Sweden.
Perfluoroalkyl substances (PFAS) are receiving attention due to persistence in the
environment and their adverse effects on environmental and human health. As a part
of the efforts to reduce the potential adverse effects from PFAS, long chain PFAS
compounds (> C8) were phased out and replaced with short-chained PFAS (< C8),
assuming they have a lower potential for bioaccumulation. However, little is known
about the uptake and depuration, and potential toxic effects of these replacement
compounds; hence, it is important to compare short-chain PFAS to their replacement compounds. Embryo-larval zebrafish (ZF) were exposed to perfluorooctanoic
acid (PFOA) and the short-chain replacement perfluoro (2-methyl-3-oxahexanoic)
acid (GenX), to assess uptake and depuration kinetics as well as survival, hatching
success, morphology, startle response for both the chemicals. The hypothesis for
this study was that GenX is less bioaccumulative and toxic than PFOA. For 24-h
survival analysis, the ZF embryos were exposed to concentrations ranging between
0.1-500 µM which further helped to determine the LC5 as the highest concentration
for the subsequent toxicokinetic study. PFAS uptake was measured at 72-, 120- hpf,
and depuration from 120-168 hpf. The larvae exposed to highest concentration (20
µM) of GenX or PFOA at 120 hpf showed internal concentrations as high as 35.02
µM and 44.51 µM, respectively. However, after depuration at 168 hpf, these concentrations were reduced almost completely for GenX, up to 94.57%, while for PFOA
up to 49.51%. Estimated kinetic bioconcentration factors at lower concentrations
(3.03 µM) for PFOA and GenX were higher than at higher concentrations (20 µM),
suggesting higher bioaccumulation at lower concentration for both chemicals. For
the 24-h survival assay, the observed LC50 was 170 µM for GenX while 81.84 µM
for PFOA. The predicted LC50 using Berkley-Madonna modelling was 229.36 µM for
GenX and 226.48 µM for PFOA. No significant effects were seen in morphological
deformities (tail kink, yolk sac edema, pericardial edema) at concentrations below
the respective LC50 for each chemical. At 54 hpf, GenX but not PFOA showed an
increase in hatching success. At 120 hpf, no statistically significant differences
were seen in white light startle response. Overall, our results show that GenX is less
toxic and less bioaccumulative than PFOA.

3110

Targeted Deletion of Fatty Acid Binding Protein (FABP) Does
Not Influence Perfluorooctanesulfonic Acid (PFOS) Tissue
Distribution or Elimination

S. Modaresi1, S. Ryu1, J. Agudelo1, E. Kaye1, J. Bečanová2, J. Storch3, and A. Slitt1.
1University of Rhode Island, Kingston, RI; 2University of Rhode Island, Narragansett, RI;
and 3Rutgers, The State University of New Jersey, New Brunswick, NJ.
Targeted deletion of Fatty Acid Binding Protein (FABP) does not influence perfluorooctanesulfonic acid (PFOS) tissue distribution or elimination. Per- and polyfluoroalkyl substances (PFAS), such as perfluorooctane sulfonic acid (PFOS) are
common persistent environmental organic pollutants. They include a wide group
of fluorinated compounds, which the health effects of many of them have not
been investigated. Liver is important target for PFAS but the mechanisms that the
PFAS interact with hepatocytes proteins and how these interactions can affect
their absorption and distribution remain to be understood. The fatty acid-binding
proteins (FABPs) make up between 1% and 5% of all soluble cytosolic proteins
and are crucial in lipid-mediated biological processes. Because PFAS structurally
resemble fatty acids, while it is known that PFAS bind to FABP in vitro, no study
has addressed whether FABPs in liver or intestine are critical mechanism for PFAS
distribution and elimination half-life in vivo. We hypothesized that PFOS binding
and distribution to liver would be decreased in mice lacking Fabp in either liver
or intestine. To test the hypothesis, we performed in vitro binding studies using
liver tissues from wild-type, L-Fabp-/-, or I-Fabp-/- mice and administered a single
dose of PFOS (5 mg/Kg, po) to wild-type, L-Fabp-/-, or I-Fabp-/- mice (n=3/group).
Serum samples were collected at days 1, 2, 7, 14, 23, 35, 50 and 65. Urine and
fecal samples were collected at 4 different time points (days 8, 15, 36, 51) as well.
Liver, intestine, lung, kidney, brain, and muscle were collected at day 65. Tissue
PFOS levels were measured by LC-MS/MS. For in vitro binding assays, the fraction
unbound (Fu) was similar for liver tissues from wild-type, L-Fabp-/-, or I-Fabp-/- mice,
indicating that Fabp is not a critical for determining PFOS tissue binding. Serum,
liver, intestine, lung, brain, skeletal muscle, and urine PFOS concentration was
similar between wild-type, L-Fabp-/-, or I-Fabp-/- mice. It should be noted that the
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dose of PFOS used created higher concentrations than that observed in human
tissues. Taken together, lack of Fabp did not influence tissue PFOS binding in vitro
or after a single PFOS dose.

3111

What the F[luorine]? A Pilot Study to Characterize
Organofluorine in American Serum

E. G. Hammel1, R. Aro2, W. Heiger-Bernays1, L. W. Yeung2, and T. F. Webster1. 1Boston
University School of Public Health, Boston, MA; and 2Man-Technology-Environment
Research Centre, Örebro University, Örebro, Sweden.
Studies measuring total extractable organofluorine (EOF) in serum provide evidence
that a substantial amount of organofluorine cannot be explained by identifiable
per- and poly-fluoroalkyl substances (PFAS) and that other sources of organofluorine exist. Most of the current biomonitoring programs use targeted chemical
analysis to measure the presence of known and quantifiable PFAS in human serum.
Improved methods can detect dozens of these compounds in the parts per trillion
range (ng/L), but characterizing exposure to PFAS and the quantitation of PFAS
are limited by the availability of analytical standards. Less is known about the
thousands of other PFAS and precursors that can form terminal PFAS species.
Our study is the first to use combustion ion chromatography to measure total EOF
in human serum and examine whether fluorinated pharmaceuticals contribute to
unexplained organofluorine. Using targeted analysis, we measured 44 PFAS and
potential precursors in samples of commercial serum (n=20). The fraction of EOF
not explained by Σ44 PFAS ranged from 23-85%. Adjusting for age, self-reported
use of commonly prescribed fluorinated pharmaceuticals is associated with a 0.37
ng/L F (95% CL: -1.14 to 1.95) increase in unexplained organofluorine compared
to those who report not taking any pharmaceuticals. Our results indicate organofluorine pharmaceuticals contribute to EOF among people who take them, yet a
considerable amount of organofluorine remains unexplained. These findings show
that traditional methods to assess exposure to PFAS using targeted analysis are
incomplete, and organizations using total organic fluorine to assess PFAS may
need to consider the presence of organofluorine pharmaceuticals.

3112

Assessing Potential Human Exposure to PFAS from Leave-In
Dental Products

A. Massarsky1, J. A. Parker1, L. Gloekler1, M. T. Donnell1, N. R. Binczewski1, J. S.
Kozal2, T. McKnight3, A. Patterson4, and M. L. Kreider5. 1Cardno ChemRisk, Aliso Viejo,
CA; 2Cardno ChemRisk, San Francisco, CA; 3Eurofins, West Sacramento, CA; 4Eurofins,
Lancaster, PA; and 5Cardno ChemRisk, Pittsburgh, PA.
Detection of certain per- and polyfluoroalkyl substances (PFAS) in the serum of the
general population has raised concerns due to potential adverse health effects.
Several studies documented the presence of PFAS in various consumer products;
however, evaluation of PFAS in everyday dental products was limited to dental floss
and dental tape. Leave-in dental products present a longer use duration, and have
not been previously evaluated for PFAS. Consequently, in this study we measured
a total of 24 PFAS in two types of night guards and two types of whitening trays.
Perfluorooctanesulfonic acid (PFOS; 7.25-16.45 ng/product) and/or perfluorobutanoic acid (PFBA; 3.24-4.17 ng/product) were the only PFAS detected in night guards,
and no PFAS were detected in whitening trays. Daily exposure was estimated
for PFOS (1.94x10-7 mg/kg/day) and PFBA (4.60x10-8 mg/kg/day) by assuming
that both PFAS would leach out of the product after the first use (i.e., worst case
scenario). These estimated daily exposures were orders of magnitude lower than
the EPA’s chronic oral non-cancer reference doses (RfDs) of 2.0x10-5 and 1.0x10-3
mg/kg/day for PFOS and PFBA, respectively. We concluded that presence of PFOS
and/or PFBA in night guards was not expected to pose a health concern to consumers. Additionally, the night guard containing both PFOS and PFBA was subjected to
non-targeted analysis (NTA), which revealed presence of potential additional perfluorinated compounds; however, quantification was not possible. This is the first
study to identify, quantify, and describe the potential exposure to PFAS in leave-in
dental products.

3113

Montmorillonite Clay-Based Sorbents Decrease the
Bioavailability of Perfluorooctanoic Acid (PFOA) and
Perfluorooctanesulfonic Acid (PFOS) from Soil and Their
Translocation to Plants

S. E. Hearon1, A. A. Orr2, H. Moyer2, M. Wang2, P. Tamamis2, and T. D. Phillips2.
1Exponent, Austin, TX; and 2Texas A&M University, College Station, TX.
Consumption of food and water contaminated with PFOA (perfluorooctanoic acid)
and PFOS (perfluorooctanesulfonic acid) presents a potential human health risk.
There is limited data on high affinity sorbents that can be used to decrease the
bioavailability of per- and polyfluoroalkyl substances from soil and translocation
to plants and garden produce. To address this need, montmorillonite clay was
amended with the nutrients carnitine and choline to increase the hydrophobicity
of the sorbent and the interlayer spacing. In this study, the binding of PFOA and

PFOS to parent and amended clays was characterized. Isothermal analyses were
conducted at pH 7 and ambient temperature (to simulate environmentally relevant
conditions). The data for all tested sorbents fit the Langmuir model indicating
saturable binding sites with high capacities and affinities under neutral conditions.
Amended montmorillonite clays had increased capacities for PFOA and PFOS
(0.51 - 0.71 mol kg-1) compared to the parent clay (0.37 - 0.49 mol kg-1). Molecular
dynamics (MD) simulations suggested that hydrophobic and electrostatic interactions at the terminal fluorinated carbon chains of both PFAS compounds were major
modes of surface interaction. The safety and efficacy of the clays were confirmed
in a living organism (Lemna minor), where clays (at 0.1% inclusion) allowed for
increased growth compared to PFOA and PFOS controls (p ≤ 0.01). Importantly,
soil studies showed that 2% sorbent inclusion could significantly reduce PFOA and
PFOS bioavailability from soil (up to 74%). Studies in plants demonstrated that
inclusion of 2% sorbent significantly reduced PFOA and PFOS residues in cucumber
plants (p ≤ 0.05). These results suggest that nutrient-amended clays could be
included in soil to decrease PFOA and PFOS bioavailability and translocation to
plants.

3114

Incorporating Home-Produced Food Consumption and Soilto-Plant Bioaccumulation Factors in the Derivation of StateSpecific Soil Screening Levels: A Case Study of Perfluoroalkyl
Substances (PFAS)

G. J. Garvey1, F. Becker1, E. G. Reátegui Zirena2, P. E. Goodrum1,3, J. K. Anderson2, and
B. Winters4. 1GSI Environmental, Houston, TX; 2GSI Environmental, Austin, TX; 3SUNY
College of Environmental Science and Forestry, Syracuse, NY; and 4GSI Environmental,
Oakland, CA.
Since the coronavirus pandemic, the occurrence of home gardening has increased
in some areas of the United States by as much as 30%. This potential shift in
consumption patterns raises additional questions about current methods used
by most regulatory agencies to derive risk-based soil screening levels that target
residential land use scenarios. Most agencies continue to back-calculate soil
screening levels from direct contact pathways (e.g., incidental soil ingestion, dermal
contact) without explicitly quantifying potential uptake from home-produced foods.
In some cases, home-produced foods are addressed with a generic adjustment
factor (relative source contribution term) that is based on the assumption that
non-contact pathways contribute up to 80% of the total average daily intake. In
this presentation, we illustrate the application of a dietary exposure model that
integrates national survey data on food consumption patterns from the United
States Environmental Protection Agency’s analysis of the Food Commodity Intake
Database (FCID), with a compilation of soil-to-plant bioaccumulation factors (BAFs)
for selected perfluoroalkyl substances (PFAS) curated from the scientific literature.
The tool yields a composite BAF that can be applied in forward calculations of
risk and back-calculations of risk-based screening levels, providing greater flexibility to tailor assessments to match target populations based on key demographic
factors (i.e., age, gender, and geographic region). Results are presented as both
point estimates and probability distributions using information on variability in both
food consumption rates and chemical-specific BAFs. The case study focuses on
four PFAS: perfluorooctanoic acid (PFOA), perfluorooctanesulfonic acid (PFOS),
perfluorononanoic acid (PFNA), and perfluorobutanoic acid (PFBA) to demonstrate
the notable differences in uptake and toxicity among this diverse class of
compounds. The composite BAFs yield risk-based screening levels that differ from
a default approach by as much as an order of magnitude. A data gap analysis is
also presented to highlight specific high-consumption crops in selected regions
for which fewer studies on uptake of PFAS are available. The tool may help guide
site-specific data collection to reduce key sources of uncertainty associated with
the home-grown food pathway.

3115

Best Practices for Human Health Risk Assessment Associated
with PFOS in Wild Game and Fish

E. G. Reátegui Zirena1, G. Garvey2, B. Winters3, P. E. Goddrum2, and J. K. Anderson1.
1GSI Environmental, Austin, TX; 2GSI Environmental, Houston, TX; and 3GSI
Environmental, Oakland, CA.
Fish consumption and wildlife advisories are used by state agencies within the
United States as a means to limit consumption of contaminated wildlife and
protect human health. However, various states and federal agencies use different methodologies and assumptions when deriving their advisories. Site-specific
risk assessments often characterize potential human health risk associated with
intake of contaminated wildlife based on different estimates of bioaccumulation
and biomagnification of contaminants in the food web, and estimated consumption rates that sometimes differ from state agency assumptions. For potentially
bioaccumulative compounds such as perfluorooctane sulfonate (PFOS) with
extremely low chronic oral toxicity values (i.e., reference dose (RfD)), minor differences in consumption rates and food web update estimates can have significant
impacts on determinations of public health concern. Currently, five states have
PFOS fish consumption advisories and at least one state has issued a wild game
(venison) “do not eat” advisory. A comparison of PFOS fish consumption advisories issued across the US demonstrates the inconsistent methodologies used
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by various agencies. Herein, we compare these advisories to the standard best
practices and methodologies used by risk assessors to calculate PFOS intake and
potential human health risk. Using a hypothetical site conceptual site model that
considers a local population consumption of fish and wild game, we evaluate the
latest relevant data for human health risk assessment of PFOS in wildlife and fish.
There is currently no mechanistic model for estimating PFOS bioaccumulation;
therefore, we applied bioaccumulation metrics to estimate the concentration of
PFOS in each edible tissue. Differences between state consumption advisories and
risk characterization conclusions are presented to highlight risk communication
challenges.

3116

Evidence That Perfluorooctane Sulfonic Acid (PFOS) Modulates
Receptor-Mediated Effects, a Key Characteristic of Carcinogens

G. E. Osborne1, J. C. Hsieh2, M. Sun2, and M. S. Sandy1. 1California Environmental
Protection Agency, Oakland, CA; and 2California Environmental Protection Agency,
Sacramento, CA.
The key characteristics (KCs) of carcinogens provide a methodical approach to
identifying and organizing mechanistic evidence in cancer hazard identification.
Chemicals may modulate receptor-mediated effects (KC 8) in a variety of ways,
including binding to and either activating or inactivating a receptor, altering receptor
levels or function, altering levels of endogenous ligands that are available to bind to
the receptor, or otherwise altering receptor-mediated gene expression or intracellular signaling. Many cellular receptors regulate critical cellular pathways, such
as those involved in differentiation and proliferation, the disruption of which can
contribute to carcinogenic processes. Here, we summarize the evidence for PFOS
and KC8. Animal studies show that PFOS alters the expression of genes that are
regulated by estrogen receptor (ER) α, peroxisome proliferator-activated receptor
(PPAR) α, PPARγ, pregnane X receptor, and constitutive androstane receptor,
and one reporter gene study shows PFOS activates murine PPARβ/δ in vitro. The
evidence for the estrogenic effect of PFOS also comes from increased ER reporter
activity in human cell lines, increased proliferation of estrogen-responsive human
breast cancer cell lines in several studies, weak binding to ER in fish, and similar
gene expression patterns between PFOS and estradiol (E2) in fish. PFOS altered
androgen receptor (AR) expression in rats, and one reporter gene study indicates
PFOS inhibited AR activation by dihydrotestosterone. There is also evidence from
animal studies that PFOS can decrease thyroid hormone levels and increase E2
levels. Overall, these data suggest that PFOS may modulate multiple types of
receptor-mediated effects that may be involved in carcinogenesis.

3117

Perfluorooctane Sulfonic Acid (PFOS) Induces Epigenetic
Alterations, a Key Characteristic of Carcinogens

K. Li1, G. E. Osborne1, M. Sun2, and M. S. Sandy1. 1California Environmental Protection
Agency, Oakland, CA; and 2California Environmental Protection Agency, Sacramento, CA.
The key characteristics (KCs) of carcinogens provide a methodical approach to
identifying and organizing mechanistic data in cancer hazard identification. Here,
we summarize the evidence of PFOS for KC4, “induces epigenetic alterations,”
using data reported in humans and animals in vivo and in vitro. In human observational studies, PFOS exposure was associated both with global changes in DNA
methylation and methylation changes in individual genes. For example, prenatal
PFOS exposure was associated with methylation of differentially methylated
regions (DMRs) of CYP2E1, KLHL35, SMAD3, HOOK2, and SLC17A9 genes in cord
blood samples. There were significant epigenome-wide associations between
PFOS exposure and DNA methylation of two CpG sites: one located in the intergenic
region of CXADRP3, which encodes long non-coding RNA, and another mapped to
SNAPIN, which is required for vesicle docking and fusion. Both genes have been
found to be altered in several human cancers. Global Alu hypomethylation was
also associated with PFOS in cord blood in a birth-cohort study. A global pattern of
hypomethylation is commonly observed in human cancers. MicroRNAs (miRNAs)
play crucial roles in the regulation of cancer-associated processes, including proliferation, differentiation, and apoptosis. One mouse and two rat studies
found changes in miRNA profiles that have been linked to tumor formation and
mechanisms of carcinogenesis. Finally, DNA methyltransferases (DNMTs) are
key enzymes involved in DNA methylation. Overexpression of DNMTs can lead to
increases in DNA methylation and has been associated with reduced expression of
tumor suppressor genes. Expression of one such DNMT, DNMT3a, was increased
in two studies in rats. Altered DNMT expression was also seen in human cells
exposed to PFOS in vitro. Overall, PFOS induces epigenetic alterations, including
methylation of regions associated with specific genes, global methylation, altered
miRNA expression, and altered expression of DNMTs.

3118

Use of Key Characteristics in Evaluating PFNA and PFDA Male
Reproductive Toxicity

Y. Niknam1, P. Iyer2, L. Li2, F. Moran2, M. Campbell1, A. Kim1, F. L. Kaufman2, and M.
S. Sandy1. 1California Environmental Protection Agency, Oakland, CA; and 2California
Environmental Protection Agency, Sacramento, CA.
Perfluorononanoic acid (PFNA) and perfluorodecanoic acid (PFDA) are members
of a group of per- and polyfluoroalkyl substances (PFASs) that have been used in
fluoropolymer manufacturing, cosmetic products, and are global environmental
pollutants. PFNA and PFDA are persistent in the environment and recent data from
Biomonitoring California have shown that they are found in virtually all Californians.
We conducted literature searches on the developmental and reproductive toxicity
of PFNA and PFDA and their salts, focusing on male reproductive toxicity. In an
attempt to efficiently identify, organize, and summarize data from mechanistic studies, we explored the use of key characteristics (KCs). We examined the
available mechanistic information in relation to KCs developed for male reproductive toxicants and endocrine-disrupting chemicals (EDCs). The available mechanistic evidence suggests that PFNA and PFDA each exhibit several of the KCs of male
reproductive toxicants and EDCs. Here we present the mechanistic data relevant to
these KCs. For example, the data relevant to male KC1 (“alters germ cell development, function, or death”) for both PFNA and PFDA includes decreases in sperm
concentration and/or sperm motility in humans, as well as decreases in sperm
count and germ cell degeneration in animals. The use of the KC concept allows
for a broader consideration of multiple mechanistic pathways and hypotheses. We
also explored the correspondence between the observed KCs of male reproductive toxicants and the KCs of EDCs. There was overlap between the two sets of
KCs examined. These findings can provide patterns and trends that allow root
cause assessment to support the apical endpoints indicative of male reproductive
toxicity. The role of mechanisms not captured by known KCs for male reproductive
toxicity will need to be taken into consideration in evaluating the strength of the
evidence to make the case for biological plausibility of suspected causation.

3119

Identification and Grouping of Perfluorooctane Sulfonic Acid
(PFOS) Precursors by Computational Tools

J. Hsieh1, F. C. Tsai2, K. A. Durkin3, M. Sun1, and M. S. Sandy2. 1California Environmental
Protection Agency, Sacramento, CA; 2California Environmental Protection Agency,
Oakland, CA; and 3University of California Berkeley, Berkeley, CA.
Perfluorooctane sulfonic acid (PFOS) is a persistent and ubiquitous per- and
poly-fluoroalkyl substance (PFAS). Exposures to PFOS, which is bioaccumulative
and toxic, pose public health risks. Numerous PFASs can transform or degrade to
PFOS, and are referred to here as PFOS precursors. The structural diversity of PFOS
precursors has made it difficult to identify and quantify the contribution of these
precursors to PFOS levels measured in humans and the environment. We compiled
a list of PFOS precursors from multiple data sources, including government reports
(i.e., Environment Canada (2006), Organisation for Economic Co-operation and
Development (OECD) (2007), Australia (NICNAS 2019)), PFAS Master List from the
EPA CompTox Chemical Dashboard, and peer-reviewed publications. The ability
of these chemicals to form PFOS was validated by quantitative structure-activity
relationship (QSAR)-based metabolic simulators embedded in the OECD Toolbox
v.4 or by knowledge-based expert judgment. A list of more than 200 PFOS precursors was identified. Several computational tools, i.e., ChemDoodle 2D, Maestro
suite (Schrödinger Release 2021-2), ChemoTyper and ChemoType Editor v.0.0.9,
were applied to assign these chemicals to more than 10 major PFOS-precursor
subgroups, including perfluoroalkane sulfonamides, perfluoroalkane sulfonamidoacetic acids, perfluoroalkane sulfonamidoethanols, telomers, and polymers. The
structure-activity relationships between or within these PFOS-precursor subgroups
may provide some insight for prioritization of chemicals for evaluation, based on the
characteristics of each subgroup (e.g., degradation half-life or other physical-chemical properties). This list may assist in designing read-across approaches for health
risk assessment of PFOS precursors.

3120

Using Systematic Evidence Mapping to Track the Development
of Toxicokinetic Models of PFAS from 2000 to 2020

R. Tornero-Velez, D. E. Dawson, A. East, M. Breen, S. Brady, D. Vallero, E. A. Cohen
Hubal, and J. Wambaugh. US EPA, Research Triangle Park, NC.
USEPA’s Office of Research and Development recently applied a one-compartment
toxicokinetic (TK) model to interpret human biomarker data for perfluorooctanoic
acid (PFOA) and perfluorooctane sulfonate (PFOS). The goal was to elaborate
human exposure pathways and identifying trends and changes over time. However,
PFOS and PFOA are only two of many PFAS chemicals identified in the environment with exposure potential for humans and other organisms. Further, it is unclear
whether more complex models may be better suited to model the toxicokinetics of
these and other PFAS chemicals. Thus, we wanted a better understanding of the
variety of TK models used for PFAS chemicals, as well as the questions driving the
development of model complexity. To support this effort, a scoping review was
used to assemble a database of 92 research articles in which TK models were used
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to investigate PFAS disposition in biological organisms over the last two decades.
With this database, we used a systematic evidence mapping approach to delineate
the circumstances and questions driving the development and application of
one-compartment, two-compartment, and physiologically based toxicokinetic
(PBTK) models for PFAS chemicals over the period of record. This effort showed
that one-compartment models were the model structures most frequently used
by researchers (54%), often to assess population exposure to one or more PFAS
chemicals. More elaborate models included two-compartment models (18%) used
to investigate specific issues (mother/child relationships, dosimetry in a specific
tissue (for example, kidney)), and PBTK models (36%) that afforded a platform
for investigating mechanistic questions. For PFOS and PFOA there was a robust
representation in simple and complex models, but there were far more instances
of one-compartment applications (67) for other PFAS (PFxS, PFNA, PFDA, PFxA,
PFBS, PFHpA, and PFUnDA) compared with two-compartment (13) or PBTK (10)
model applications. While one-compartment models have been used to address
population exposure questions for many PFAS chemicals, the broader use of more
complex models will require additional research effort.

3121

Assembly and Curation of a List of Per- and Polyfluoroalkyl
Substances to Support Environmental Science Research

A. J. Williams1, L. Gaines2, C. Lowe1, I. Thillainadarajah3, B. Meyer3, G. Patlewicz1, and
A. Richard1. 1US EPA, Research Triangle Park, NC; 2US EPA, Washington, DC; and 3Senior
Environmental Employment Program, Research Triangle Park, NC.
Per- and polyfluoroalkyl substances (PFAS) are a group of fluorinated substances
that have generated increased public attention due to their potential health
hazard and widespread presence in the environment. An attempt to define PFAS
and establish standard categories was established in Buck et al. 2011. Since
then, various groups, including the Organization for Economic Co-operation
and Development and US Environmental Protection Agency, have defined PFAS
differently to serve their respective needs. The US EPA’s CompTox Chemicals
Dashboard is a public resource providing access to predicted or experimental
data for ~900,000 chemical substances, the majority with defined structures, and
with data types including hazard, bioactivity, property, and exposure data. With the
increased attention given to PFAS, efforts have been dedicated to the assembly and
curation of thousands of PFAS substances into the DSSTox database underlying
the Dashboard. A set of more than 30 PFAS lists spanning EPA and international
regulatory interests, as well as lists pertaining to research activities and analytical methods, are currently delivered via the Dashboard. Depending on the definition of what is deemed to be a PFAS, approximately 6,000 to upwards of 38,000
compounds currently in the Dashboard could be considered PFAS. We have defined
an inventory of over 10000 PFAS structures (PFASSTRUC) using a set of clearly
defined structural filters that encompass current EPA programmatic interests.
This list is serving as a benchmark for the community to apply cheminformatics
approaches and better understand and survey the scope of PFAS chemistries of
potential concern. Such resources can help support the PFAs community to better
frame the PFAS problem and aid in the development of categorization approaches
for PFAS, as well as support the reporting of relevant data for the agency. Abstract
does not reflect US EPA policy.

3122

Identifying Bioactive Per- and Polyfluoroalkyl Substances
(PFAS) from a Diverse Library and Their Mode of Action in
Zebrafish

Y. Rericha1, L. Truong1, M. T. Simonich1, R. McClure2, and R. L. Tanguay1. 1Sinnhuber
Aquatic Research Laboratory, Oregon State University, Corvallis, OR; and 2Pacific
Northwest National Laboratory, Richland, WA.
Per- and polyfluoroalkyl substances (PFAS) are a major environmental and human
health concern as PFAS are ubiquitously detected in environmental matrices and
populations worldwide, and some cause adverse health effects. Toxicological data
is only available for a few of the thousands of PFAS on the global market and
even fewer with transcriptomic information. A more complete understanding of
PFAS hazard potential and pathways of toxicity induction is needed. We assessed
the developmental toxicity of a structurally diverse PFAS library in zebrafish and
conducted a transcriptomic investigation of bioactive compounds to fill this data
gap. We screened 2 libraries: 139 PFAS stocks procured from the US EPA and 25
PFAS obtained directly from manufacturers (144 unique structures). Embryonic
zebrafish were statically exposed in 96-well plates to 0.015-100 µM PFAS from 6 to
120 hours post fertilization (hpf), and 10 morphological endpoints were evaluated (n
= 36). Effects were collapsed into an “any effect” endpoint and modeled to generate
a concentration-response curve. 15 PFAS, including several with sulfonic acid,
sulfonamide, diacrylate, and diol substituents, induced any effect in at least 80% of
the test population and were selected for subsequent transcriptomic interrogation.
Exposures were conducted at the concentrations that induced 80% effect (EC80)
by 120 hpf for each PFAS, sampling at 48 hpf (n = 4 pools of 10 embryos), before
observable effects. Before performing RNA sequencing, we conducted a study to
demonstrate the utility of Lexogen QuantSeq 3’ FWD mRNA-Seq library preparation
for differential gene expression analysis in our system and to determine optimal
read depth. We then utilized the QuantSeq kit and performed NextSeq mRNA

sequencing. This study identified bioactive PFAS and will elucidate toxic modes of
action across diverse chemical structures in a single in vivo system. Findings will
inform regulatory decision-making and our understanding of PFAS hazards.

3123

In Vitro, In Silico, and Bioassay Validation of Benzene
Adsorption and Remediation by Amended Clays

K. J. Rivenbark, M. Wang, J. Pranada, P. Tamamis, and T. Phillips. Texas A&M
University, College Station, TX.
After oil spills, high levels of benzene (>1 ppm) can be detected in the water, soil,
and air surrounding the disaster site, which poses a significant health risk to human,
animal, and plant populations in the area. While remediation methods involving
activated carbons or other synthetic sorbents are employed, these strategies are
inefficient due to their low affinity to bind to and retain benzene. To solve this issue,
calcium and sodium montmorillonite clays were amended with plant extracts,
assessed for their ability to bind and retain benzene, and tested for their safety
and detoxification efficacy in living organisms. The results of in vitro adsorption
isotherms indicate that amended clays have an increased capacity for binding
and retaining benzene than the parent clays and activated carbon. For example,
amended calcium montmorillonite clay, compared to the parent clay, had an
increased binding affinity (Kf= 668 vs 67), increased binding percentage (51% vs
11%), and decreased rates of desorption (25% vs 100%). In silico modeling and
simulations validated that the amendments increased the adsorption of benzene
and examined the mechanisms through which the amended clays facilitate
benzene binding, including aromatic and alkyl-pi interactions. Furthermore, the
sorbents were assessed in Lemna minor and Caenorhabditis elegans for their safety
and ability to protect living organisms against benzene toxicity. The addition of 1%
or 2% amended sodium or montmorillonite clays in the culture medium significantly
protected Caenorhabditis elegans against the effects of benzene on body length
by 95-100% and mortality by 98-100%. For Lemna minor, the inclusion of amended
clays also protected the frond number of the plant by 100% and the chlorophyll
content by 91-96%. The in vitro isothermal analysis, in silico modeling analysis, and
bioassays collaboratively demonstrated that these amended montmorillonite clays
may be safe and effective binders for benzene. The utilization of these amended
sorbents during accidental benzene releases could protect exposed populations of
humans, animals, and plants from benzene toxicity.

3124

Evaluation of Sex-Dependent Effects Caused by Polychlorinated
Biphenyl Exposures on Cancer Endpoints Using an ’Omics
Approach

Z. Qaissi, J. E. Hardesty, S. N. Rai, M. C. Cave, and B. Wahlang. University of Louisville,
Louisville, KY.
Polychlorinated biphenyls (PCBs) are persistent organic pollutants associated
with adverse health outcomes in humans. Previous studies have demonstrated
sex-dependent, PCB-induced liver tumors in rodent models using different Aroclors
(commercial PCB mixture) at high doses. Additionally, our laboratory group recently
demonstrated that long-term exposures to Aroclor 1260 at lower doses that reflect
current human bioaccumulation patterns resulted in liver tumor incidences in
male mice. However, similar studies are lacking in female models and need to be
addressed. The objective of the current study is to evaluate sex-dependent effects
of low-dose PCB exposures that are reflective of current human exposure levels,
on carcinogenic endpoints, using a throughput Omics approach. Male and female
C57Bl/6 mice were exposed to a mix of Aroclor1260 (20 mg/kg) and PCB126
(20 µg/kg) via oral gavage for 2 weeks. Hepatic tissue was collected for peptide
measurements (LC/MS); proteome data was analyzed using Statistical Analysis
Tool for Proteomics software (p <0.05); and computational downstream analysis
was performed using MetaCore software. RT-PCR was used to examine hepatic
gene expression. Phenotypic results demonstrated that female mice were more
susceptible to PCB-induced liver toxicity (steatosis, inflammation and dyslipidemia)
vs. male mice. Proteomics analysis revealed distinct hepatic proteomes dependent
on sex and exposure. Out of 3665 proteins analyzed, 262 proteins (236↑,26↓) were
significantly altered in unexposed male vs. female mice; 297 proteins (197↑,100↓)
were altered in PCB-exposed males vs. females. Enrichment Ontologies for Disease
(by Biomarkers) analysis and Transcription Factor Analysis (TFA) revealed key
cancer endpoints upregulated in PCB-exposed females, including several forms of
intestinal and lung/bronchi cancers. Notably, TFA demonstrated that PCB-exposed
female mice had increased activation for oncogenic factors such as c-Jun and
b-Myb. Initial screening of cytokine/chemokine expression demonstrated that
females tend to have higher basal levels of Cxcl-9, Cxcl-2, and IL-1B; while PCBs
lowered Cxcl-10 expression only in males. Taken together, the preliminary data
suggest that PCB-exposed females exhibited higher cancer endpoints. More
extensive evaluation of cancer biomarkers is needed. Our follow-up studies will
evaluate the effects of long-term PCB exposures on liver cancer endpoints.
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Halogenated Bisphenol A Analogues Induce PPARγ-Independent
Toxicity within Human Hepatocellular Carcinoma Cells

V. Cheng, and D. C. Volz. University of California Riverside, Riverside, CA.
Tetrabromobisphenol A (TBBPA) and tetrachlorobisphenol A (TCBPA)—both
halogenated bisphenol (BPA) analogues—are suspected ligands of peroxisome
proliferator-activated receptor gamma (PPARγ) based on cell-free, competitive
binding assays. PPARγ is a ligand-activated transcription factor that heterodimerizes with retinoid X receptor (RXR) and transcribes genes that regulate lipid
homeostasis and fatty acid metabolism. While previous studies have shown that
TBBPA and TCBPA activate PPARγ within cell-free assays, the downstream effects
of TBBPA- and TCBPA-induced PPARγ activation on cellular transcription and
physiology are unknown. Therefore, the objective of this study was to determine
whether exposure to TBBPA or TCBPA (either alone or in combination) alters levels
of neutral lipids and fatty acid synthase (FASN)—an enzyme that catalyzes synthesis of long-chain saturated fatty acids—within intact cells in a PPARγ-dependent
manner. For this study, we relied on human hepatocellular carcinoma (HepG2) cells
as a model since these liver cells express basal levels of PPARγ and have previously
been used to study lipoprotein metabolism and regulation of drug metabolizing
enzymes. Although exposure to TBBPA and TCBPA alone did not affect cell viability
nor neutral lipid and FASN levels in a concentration-dependent manner, exposure
to binary mixtures of TBBPA and TCBPA resulted in a concentration-dependent
decrease in cell viability in the absence of consistent, concentration-dependent
effects on neutral lipid and FASN levels. Interestingly, exposure to TBBPA or
TCBPA alone or as a mixture enhanced the effects of a reference PPARγ agonist
(ciglitazone) and antagonist (GW 9662) on cell viability (but not neutral lipid levels),
suggesting that these two halogenated BPA analogues may interact synergistically with ciglitazone and GW 9662 to induce cytotoxicity. However, overexpression
of PPARγ did not mitigate nor enhance the effects of TBBPA - a potent PPARγ
ligand predicted by ToxCast’s cell-free competitive binding assays—on cell viability, neutral lipid levels, nor the cellular transcriptome. Overall, our findings suggest
that halogenated BPA analogues such as TCBPA and TBBPA induce toxicity within
HepG2 cells in a PPARγ-independent manner.

3126

Toxicity Reduction of Phenolic Compounds in Water Systems by
Yeasts

V. Pihen1, T. D. Palacios-Hernandez2, and J. L. Sanchez-Salas1. 1Universidad de las
Américas Puebla, Puebla, Mexico; and 2US FDA, Silver Spring, MD.
The introduction of phenolic compounds into water systems due to industrial activities is a great concern worldwide. These are considered persistent organic pollutants (POPs), which can cause severe and long-lasting health effects in humans,
animals, and other living beings. Therefore, reducing the toxicity of phenolic
compounds in water is crucial to avoid risks in the environment and human health.
Our proposal is to use yeasts with ligninolytic capacity since they produce enzymes
involved in the oxidation of phenolic compounds, using in this way an environmentally friendly, efficient, and low-cost process. For this purpose, the ligninolytic yeasts
Cryptococcus albidus (JS-B1, JS-B3), Candida guilliermondii (JS-B2) and Candida
tropicalis (JS-B4, JS-B5) were tested to degrade Phenol (P), Pentachlorophenol
(PCP), Nonylphenol (NP) and p-Nitrophenol (PNP), individually and its mixtures,
initially in synthetic water model, using phenols of analytical purity. To this end,
yeast growth was first verified in common fungal media containing phenolic
compounds. The Minimum Inhibitory Concentration (MIC) of each contaminant
was measured using an enriched medium. The ability to use phenols as the sole
carbon source was confirmed using an M9 minimal medium that included each
phenol without any other carbon source. The most effective combination of yeasts
with the phenols mixtures was determined according to their growth in a minimal
medium. All yeast strains grew in the presence of phenolic derivatives following the
trend P>NP>PNP>PCP. The yeasts resisted concentrations of 1100 to 1200 mg/L
for Phenol, depending on each strain, 50 mg/L for Pentachlorophenol, more than
3250 mg/L for Nonylphenol and 200 mg/L for p-Nitrophenol. It was determined that
the five strains can use the four phenols as the sole carbon source. The combination of yeasts corresponding to the strains JS-B1, JS-B2, JS-B4 and JS-B5, showed
the best growth in the media with mixtures of all phenolic derivatives tested in this
work indicating a better phenols degradation. This technology is a highly efficient
alternative to reduce the toxicity of phenolic compounds in the environment and
decrease its risk as drinking water pollutant.

3127

Legacy Pesticide Exposure and Health Status of African
American Females Residing in the Rural Mississippi Delta

M. Dail, A. Ward, E. Meek, and J. Chambers. Mississippi State University, Mississippi
State, MS.
The extremely agricultural Mississippi (MS) Delta has the highest rate of metabolic
disease in the USA and has experienced heavy use of the organochlorine insecticide dichlorodiphenyltrichloroethane (DDT). High levels of its metabolite, the
persistent organic pollutant (POP), dichlorodiphenyldichloroethylene (DDE), are still
present in the soil. Due to epidemiological evidence of POPs being associated with

metabolic syndrome, Type 2 Diabetes and heart disease, this study investigated
serum DDE levels for association with Apolipoprotein B, triglycerides, fasting blood
glucose, BMI, cholesterol, LDL, HDL, and age. Paraoxonase 1 (PON1) activities plus
genotypes were also determined since PON1 both detoxifies some organophosphate insecticides and prevents the oxidation of LDL. The study sample consisted
of 69 African American females (ages 24 to 61 years) living in the MS Delta. Serum,
whole blood, anthropometric and clinical data were collected from patients visiting
a Belzoni, MS clinic for routine medical care after obtaining their informed consent.
Soil samples from the surrounding county were analyzed for DDE. Most (28 of 30)
soil samples had detectible levels of DDE with a mean of 203 ng/g and a range of
61 to 484 ng/g. The mean serum DDE concentration was 1,649 ng/g lipid which is
almost twice the highest value for African American females in the 2016 NHANES
study. Most of the subjects (72%) had a BMI greater than 30 (obese), 22% were
overweight and 6% were normal weight. The average fasting blood glucose of 129
mg/dL qualifies as diabetic. DDE levels increased significantly with age (P<0.01)
indicating possible bioaccumulation. BMI increased (P<0.05) with age until 50, then
sharply declined. The most common PON1 Q192R/L55M polymorphism genotype
was RRLL at 42%. RRLL also had the highest paraoxonase activity (P<0.01). The
LDL (119 mg/dL) and HDL (48 mg/dL) averages were at levels considered risky for
heart disease, possibly due to the high prevalence of the RRLL genotype which is
associated with increased LDL-oxidation. PON1 arylesterase activity was significantly associated with increasing paraoxonase activity (P<0.05) and cholesterol
levels (P<0.1). Because DDE levels were only associated with age, this study does
not support previous research which suggested an association of DDE exposure
with metabolic disease. Support: Center for Environmental Health Sciences.

3128

DDT and DDE Attenuate Beige Differentiation and Thermogenic
Function in Adipocytes

S. Huang, A. Singla, V. Huang, C. M. Mann, and M. A. La Merrill. University of California
Davis, Davis, CA.
Mammalian thermogenesis is pivotal in maintaining warm body temperature and
physiological function. Besides this, thermogenesis also balances energy expenditure and storage. The regulation of thermogenesis can be carried out in adrenergic nerve fibers and the brown and beige adipocytes they innervate. The pesticide
dichlorodiphenyltrichloroethane, also known as DDT was widely used worldwide
in agriculture and household pesticide from the 1940s to the 1970s, and about
a dozen countries continue using and manufacturing DDT for malaria prevention. Numerous human and rodent studies reveal the association of DDT and its
metabolite dichlorodiphenyldichloroethylene (DDE) with an increased risk of type
II diabetes and obesity. In addition, DDT and DDE have been shown to reduce the
sympathetic synapses and innervation of brown adipose, as well as body temperature in mice, further substantiating the impact of both chemicals on energy expenditure and thermogenesis. However, how DDT and DDE impair autonomous adipocyte
thermogenesis is not well-understood. Therefore, we hypothesize that DDT and DDE
impair beige adipogenesis and adrenergic function. For this aim, we examined the
gene expression related to adipogenesis and beige cell markers in differentiating
beige adipocytes exposed to DDT or DDE. We noticed that DDT and DDE promoted
Creb1 and Cebpa adipogenic gene expression during early beige differentiation.
However, DDT and DDE attenuated the expression of key beige and thermoregulatory markers, Prdm16 and Ucp1 during early and late beige adipocyte differentiation.
Both Prdm16 and Ucp1 are under the control of β3 adrenergic signaling and indeed
Adrb3 was also decreased by DDT and DDE during early differentiation. Notably, the
expression of Adrb3 negative regulators Nfat5 and Dnmt1 were increased upon DDT
and DDE treatment. These findings suggest that DDT and DDE impair the thermogenic programming of adipocytes directly via NFAT5 and DNMT1 negatively control
the expression of Adrb3 and consequently Prdm16 and Ucp1. These effects of
DDT and DDE on mouse beige adipocytes are independent of their effects on the
sympathetic nervous system reported previously in whole mouse studies.

3129

Maternal Exposure to PBDEs Disrupts Gut Microbiome and
Microbial Metabolism of Tryptophan in Humanized PXRTransgenic Mouse Offspring over a Time Course

S. Kim1, H. Li2, H. Gu3, S. Mani2, and J. Y. Cui1. 1University of Washington, Seattle, WA;
2Albert Einstein College of Medicine, Bronx, NY; and 3Florida International University, Port
St. Lucie, FL.
Polybrominated diphenyl ethers (PBDEs) are previously used flame retardants
that bio-accumulate in human compartments, including the maternal blood and
breast milk. Previous work showed that developmental PBDE exposure is associated with increased diabetes prevalence in humans and animal models. PBDEs are
known to activate host pregnane X receptor (PXR). PXR and gut microbiome are
important regulators for xenobiotic biotransformation and metabolic disorders.
The microbial tryptophan metabolite, indole 3-propionic acid (IPA), is known to
correlate with reduced risk of type 2 diabetes and lower-grade inflammation and
activate PXR. Using humanized PXR-transgenic (hPXR-TG) mice, we determined to
what extent maternal PBDE exposure impacts the gut microbiome and tryptophan
metabolism in male and female offspring over time. From 4-weeks preconception
to the end of lactation, female hPXR-TG dams were exposed to vehicle, 0.1 mg/kg/
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day DE-71 (an industrial PBDE mixture) via diet, DE-71 + IPA (20 mg/kg/day) via
drinking water, or IPA. Pups were weaned at 21 days of age and were placed on
control diet with or without IPA until 3 months. Tissues were collected at 21 days
and 3 months of age (n=5/exposure/sex/age). In general, maternal DE-71 exposure
was amplified along the developmental trajectory because more microbes and
microbial enzyme DNA were altered at 3 months than 21 days of age, and many of
them are involved in carbohydrate metabolism. At 21 days, metagenomic shotgun
sequencing in large intestinal content showed that maternal DE-71 exposure
increased Lachnoclostridium edouardi (biomarker for hepatic steatosis) and
Clostridium innocuum (biomarker for pro-inflammation) in female pups only. DE-71
also increased the microbial genes involved in swarming, which is an indicator of GI
stress in both sexes. At 3 months, maternal DE-71 exposure reduced the anti-obesity marker Eubacterium sp. 14-2 and the anti-inflammatory Blautia caecimuris
in both sexes. IPA partially corrected dysbiotic signatures at both ages. LC-MS
showed that DE-71 increased the AhR-activating microbial tryptophan metabolite
indole in serum of 21-day old male and female pups and in 3-month-old male pups.
Conversely, DE-71 decreased IPA in livers of 3-month-old pups. IPA normalized all
the metabolic profiles described above. In conclusion, maternal DE-71 exposure
disrupts gut microbiome and microbial metabolism of tryptophan in hPXR-TG
mouse offspring over a time course displaying a pro-inflammatory and pro-diabetic
signature, which IPA corrects.

3130

Knockdown of Novel Gene Leads to a Fatty Phenotype in
Zebrafish Larvae, Consistent with Mammalian Exposure to the
Insecticide p,p’-DDT and Its Metabolite p,p’-DDE

J. A. Jugan, J. M. Uribe-Salazar, A. Singla, M. Y. Dennis, and M. A. La Merrill. University
of California Davis, Davis, CA.
Persistent pollutants p,p’-dichlorodiphenyltrichloroethane (p,p’-DDT) and p,p’-dichlorodiphenyldichloroethylene (p,p’-DDE) have been shown to increase obesity
and decrease energy expenditure in humans and rodents through impaired thermogenesis. Across human blood and mouse blood and brown adipose, genomic
analyses revealed differential methylation of a novel gene, henceforth referred to as
candidate gene (CG), associated with p,p’-DDT or p,p’-DDE exposure. Although CG
is expressed across mammalian tissues, with high expression in tissues regulating
energy expenditure, little else is known about its function. This study investigated
the role of CG during vertebrate development. A mutant zebrafish line targeting CG
was created through microinjection of a CRISPR nuclease system. At 4 days post
fertilization (dpf), CG knockdown (KO) larvae showed no difference in movement
over a 24-hour period compared to control larvae. Morphological measurements
at 5 dpf indicated CG KO larvae had a 52% increase relative yolk area (p<0.001),
yet an 8.2% decrease in lateral body area (p<0.0001) and a 1.8% decrease in body
length (p<0.001). Lipid content in the trunk of 5 dpf larvae was quantified using oil
red o, and CG KO larvae exhibited 6.95% more trunk lipids (p<0.05). An increase in
lipid content with no significant changes in movement suggests that CG plays a
role in the fate and differentiation of fat during development. Whether or not these
early life phenotypes represent a developmental delay or long-term propensity for
increased adipose tissue is reason for future study of later ages.

3131

Exposure to an Environmentally Relevant Mixture of
Organochlorine Pesticide Metabolites Alters Pressure-Induced
Wound Healing in a Diabetic Mouse Model

R. McDevitt, D. Young, K. S. Seo, E. Swanson, and G. E. Howell. Mississippi State
University, Mississippi State, MS.
Approximately 25% of type 2 diabetics develop diabetic foot ulceration in their
lifetime, with 15-20% of these cases resulting in incomplete healing and limb
amputation. Persistent organic pollutants (POPs), including organochlorine
pesticide metabolites, have direct effects on adipocyte and macrophage function
which could alter the adipose tissue microenvironment and affect wound healing.
However, the role of exposure to organochlorine pesticide metabolites and diabetic
wound healing has not been examined. Thus, the current study was designed to
determine if exposure to an environmentally relevant mixture of three prevalent
organochlorine pesticide metabolites or contaminants, DDE, trans-nonachlor, and
oxychlordane (DTO), alters wound healing in a diabetic model of wound healing, the
TALLYHO mouse. Briefly, male C57BL/6J or male TALLYHO mice at 12-14 weeks
of age were dosed for 5 consecutive days with either vehicle (corn oil; 1 ml/kg; n=5/
group/strain) or DTO (DDE 2 mg/kg; trans-nonachlor 0.2 mg/kg; oxychlordane 0.1
mg/kg; n=5/group/strain) then rested for 12 days to let DTO levels come to steady
state prior to wounding. Following the rest period, a wounding procedure using
magnets consisting of two twelve-hour on, twelve-hour off cycles was performed to
allow for the formation of pressure ulcers in the subscapular region of each animal.
Wound images were captured during wound formation and on days 1, 4, 8, and
12 post wound formation to track wound area and perimeter as indices of wound
resolution. TALLYHO mice given DTO had significantly delayed wound resolution
on days 4, 8, and 12 following wounding compared to vehicle, while C57BL/6J mice
given DTO only had significantly delayed wound resolution on day 12 compared to
the vehicle. On day 13 post wounding, expression of Tgf-β, Krt5, and αSma in the
wounds was significantly lower in TALLYHO mice given DTO compared to vehicle

treated TALLYHO mice which may account for the DTO-induced delay in wound
resolution in diabetic animals. Therefore, taken together, the current data indicate
exposure to an environmentally relevant mixture of organochlorine pesticide
metabolites significantly delays wound resolution in diabetic animals and thus may
make diabetics more susceptible to alterations in wound healing and diabetic foot
ulceration.

3132

Aryl Hydrocarbon Receptor (AhR) Activation by TCDD Shifts the
Gut Microbiome Consistent with the Progression of Steatosis
to Steatohepatitis with Fibrosis in Non-alcoholic Fatty Liver
Disease

R. R. Fling, and T. Zacharewski. Michigan State University, East Lansing, MI.
Gut dysbiosis with disrupted enterohepatic bile acid metabolism is commonly
associated with non-alcoholic fatty liver disease (NAFLD) and recapitulated in a
NAFLD-phenotype elicited by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in mice.
TCDD induces hepatic fat accumulation and increases levels of secondary bile
acids, including taurolithocholic acid and deoxycholic acid (microbial modiﬁed bile
acids involved in host bile acid regulation signaling pathways). To investigate the
effects of TCDD on the gut microbiota, the cecum contents of male C57BL/6 mice
orally gavaged with sesame oil vehicle or 0.3, 3, or 30 µg/kg TCDD were examined
using shotgun metagenomic sequencing. Taxonomic analysis identiﬁed dose-dependent increases in Lactobacillus species, notably Lactobacillus reuteri. Increased
species were also associated with dose-dependent increases in bile salt hydrolase
sequences, responsible for deconjugation reactions in secondary bile acid metabolism. Increased L. reuteri levels were further associated with mevalonate-dependent isopentenyl diphosphate (IPP) biosynthesis and the menaquinone biosynthesis gene, o-succinylbenzoate synthase. Analysis of gut microbiomes from
cirrhosis patients identiﬁed elevated levels of mevalonate-dependent IPP biosynthesis genes as well as several other menaquinone biosynthesis genes, including
o-succinylbenzoate synthase. These results extend the role of lactobacilli in the
AhR/intestinal axis and NAFLD progression as well as highlight the similarities
between TCDD-elicited phenotypes in mice to human NAFLD. This work was funded
by the NIEHS Superfund Research Program (NIEHS SRP P42ES004911), and NIEHS
R01ES029541 to T.R.Z. T.R.Z. is partially supported by AgBioResearch at Michigan
State University (MICL02603). R.R.F. is supported by the NIEHS Multidisciplinary
Training in Environmental Toxicology (NIEHS EHS T32ES007255).

3133

Alterations in the Murine Macrophage Response
to Staphylococcus aureus following Exposure to an
Environmentally Relevant Mixture of Organochlorine Pesticide
Metabolites

G. E. Howell, D. Young, and K. S. Seo. Mississippi State University, Mississippi State, MS.
The prevalence of obesity and type 2 diabetes is steadily increasing in the United
States and worldwide. This is of great significance given the co-morbidities associated with type 2 diabetes including the increased risk of chronic infections such as
diabetic foot ulcerations colonized by S. aureus. From an environmental exposures
perspective, increased exposure to certain persistent organic pollutants (POPs),
including selected organochlorine (OC) pesticide metabolites, has been positively
associated with type 2 diabetes pathogenesis. However, the role of exposures to
OC pesticides or their metabolites in chronic infections is not fully understood.
Therefore, the current study was designed to determine if exposure to a mixture
of three OC pesticide metabolites that have been implicated in type 2 diabetes
pathogenesis alters the macrophage phagocytic and pro-inflammatory response
to S. aureus, the primary pathogen isolated from diabetic foot ulcerations. Briefly,
murine J77a.1 macrophages were exposed to either vehicle (DMSO 0.025%) or
a concentration range of an OC pesticide mixture consisting of DDE, trans-nonachlor, and oxychlordane in a 10:1:0.5 ratio (DTO), respectively, to recapitulate the
approximate reported human adipose tissue ratio. Following exposure to DTO,
cells were either exposed to GFP-tagged S. aureus for 1 hour to assess phagocytosis, exposed to pHrodo-tagged S. aureus to assess phagolysosome formation,
or harvested 6 hours post S. aureus exposure to assess pro-inflammatory cytokine
expression. Exposure to DTO for 24 hours followed by S. aureus exposure did
not produce any cytotoxicity. However, phagocytosis of GFP-tagged S. aureus
was significantly increased following exposure to DTO for 24 hours whereas the
individual components of the mixture decreased phagocytosis in a compound
specific manner. Interestingly, both the DTO mixture and the individual components
decreased phagolysosome formation in a compound specific manner as indicated
by pHrodo-tagged S. aureus fluorescence. Additionally, exposure to DTO decreased
S. aureus-induced expression of both Mcp-1 and iNos which may result in decreased
monocyte recruitment and blunted bactericidal efficacy, respectively. Thus, taken
together, the present data indicate the exposure to OC pesticide metabolites may
decrease macrophage bactericidal activity and monocyte recruitment in response
to S. aureus which may exacerbate wound healing deficits.
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3134

Novel Keap1-Nrf2 Direct Inhibitors Reduce Estrogen-Induced
Effects in Estrogen-Receptor Positive Breast Cancer

T. Xie, A. R. Ali, H. Zahid, R. Joyce, G. Yang, P. Furmanski, L. Hu, and N. Suh. Rutgers,
The State University of New Jersey, Piscataway, NJ.
Estrogen-mediated signaling promotes cell proliferation and tumor growth in
estrogen receptor-positive breast cancers. Estrogen metabolism produces
quinone adducts which cause oxidative DNA damage and potential carcinogenicity. Activation of the transcription factor Nrf2 and downstream cytoprotective
genes initiates antioxidant responses and detoxifies xenobiotics. Nrf2 activation
can be achieved by inhibiting the protein-protein interaction (PPI) between Keap1
and Nrf2, which activates the antioxidant responsive element (ARE) pathway
and defends cells against oxidative damage. The purpose of this study was to
investigate whether the novel direct inhibitors of Keap1-Nrf2 PPI could reduce
estrogen receptor (ER) response in MCF-7, human ER-positive breast cancer cells.
MCF-7 cells were treated with 100 pM of estrogen in the presence or absence
of 10 µM of Keap1-Nrf2 PPI inhibitors (LH601A, LH1092, LH1093, LH1095 and
LH1101). mRNA was extracted after 48-hour treatment and RT-qPCR analysis
was performed to compare gene expression levels. The results showed that the
mRNA level of PGR (progesterone receptor) was increased by estrogen treatment,
and this upregulation was significantly reduced by the Keap1-Nrf2 PPI inhibitors.
In addition, estrogen treatment decreased the mRNA levels of Nrf2 target genes,
NQO1 (NAD(P)H quinone oxidoreductase 1) and HO-1 (heme oxygenase-1), and the
Keap1-Nrf2 PPI inhibitors reversed this effect. The findings suggest that the novel
Keap1-Nrf2 PPI inhibitors have an anti-estrogenic effect and antioxidant activity
by activating Nrf2. The Keap1-Nrf2 PPI inhibitors may serve as chemopreventive
agents in estrogen-stimulated breast cancer.

3135

Chromate-Induced Loss of RAD51 and Increased Chromosome
Instability in Human Bronchial Epithelial Cells

I. Meaza, J. Toyoda, H. Lu, A. R. Williams, and J. P. Wise Sr. University of Louisville,
Louisville, KY.
Particulate hexavalent chromium [Cr(VI)] is a well-established human lung carcinogen with environmental and occupational exposure risks. Epidemiology, experimental animal and cell culture studies all indicate Cr(VI) targets chromosomes
inducing chromosomal instability (CIN) and CIN is the proposed driver of Cr(VI)carcinogenesis. RAD51, a key protein in the homologous recombination (HR) repair
pathway, is inhibited after prolonged exposure to Cr(VI) and accumulates in the
cytoplasm, which inhibits its function. HR repair is the major DNA repair pathway
that prevents development of CIN by repairing DNA double strand breaks with
high fidelity. These effects on RAD51 and HR repair were observed in human lung
fibroblast cells, but Cr(VI)-induced tumors originate from epithelial cells. Therefore,
the aim of this study is to translate DNA repair deficiency and CIN outcomes from
human bronchial fibroblasts to epithelial cells (BEP2D). First, we characterized the
toxicological effects of zinc chromate, a particulate Cr(VI) compound, in epithelial
cells, by measuring cytotoxicity with clonogenic assay and intracellular Cr ion levels
with atomic absorption spectrometry. Cr(VI)-induced DNA double strand breaks
were measured by neutral comet assay and CIN was evaluated with chromosome
aberration assay. Effects on RAD51 were measured as: 1) immunofluorescent foci
formation and 2) cytoplasmic accumulation using confocal microscopy and ROI
analyses. Results show Cr(VI) is cytotoxic and intracellular Cr ion levels increase
with concentration and time in epithelial cells. We found Cr(VI) induced DNA
double strand breaks. However, prolonged Cr(VI) exposure inhibited RAD51 foci
formation and increased inappropriate cytoplasmic accumulation, indicating DNA
break repair was compromised, and leading to an increase in CIN after prolonged
Cr(VI) exposure. Comparison of these results with previous data on fibroblast cells
showed that 1) fibroblast cells have higher levels of intracellular Cr and 2) epithelial
cells develop more CIN for the same amount of intracellular Cr levels. These results
match epidemiological data showing that fibroblast cells accumulate Cr, whereas
epithelial cells originate tumors and are characterized by genomic instability. In
conclusion, Cr(VI) induces DNA double strand breaks and targets RAD51 to inhibit
HR repair leading to an increase in CIN, successfully translating the outcomes
seen in human bronchial fibroblasts to human bronchial epithelial cells. Research
reported in this publication was supported by the National Institute of Environmental
Health Sciences [R01ES016893, and R35ES032876 to JPW].

3136

Endocrine Disruptor Bisphenol A Increases Cancer Stemness in
Estrogen Receptor Positive Breast Cancer

C. Winz, G. Yang, P. Furmanski, C. S. Yang, and N. Suh. Rutgers, The State University of
New Jersey, New Brunswick, NJ.
Breast cancer is a leading cause of cancer-related deaths in women. Bisphenol A
(BPA) is a well-known endocrine-disrupting agent that increases breast cancer risk,
in part by interfering with estrogenic pathways via its binding affinity for estrogen
receptor (ER)-alpha. It is now well-established that the stem-like cell population in
cancers is primarily responsible for tumor development, progression, metastatic
behavior, and patient prognosis. The effects of BPA on breast cancer stemness are

not well understood. In the present study, we assessed the effects of BPA on breast
cancer cell stemness via expression of pluripotent stem cell markers in MCF-7
cells, an ER-alpha-positive transformed human breast cancer cell line. We used 3D
in vitro mammosphere culture to investigate the effects of BPA exposure on cancer
cell stemness. This system enriches stem-like cancer cells and has been shown to
be more tumorigenic in vivo. MCF-7 cells treated with estrogen or BPA produced
more and larger colonies in the mammosphere culture. mRNA and protein samples
were extracted and analyzed to determine changes in the expression of ER target
genes and cancer stem cell markers after treatment with estrogen and BPA. BPA
significantly increased the expression of CD44 in mammosphere culture, similar to
estrogen. BPA induced ER-alpha target genes, like progesterone receptor (PGR),
and cancer cell proliferation-related genes, including c-myc. Additionally, BPA
increased markers related to invasive potential such as cathepsin-D (CTSD) and
matrix metalloproteinase 9 (MMP-9). Overall, these results demonstrate that BPA
promotes cancer stemness, which may play a role in tumor resistance and metastasis in exposed individuals.

3137

Evaluating the Anti-Proliferative Effects of a PPARβ/δ Ligand
Isosteric Selenium Replacement in a Human Melanoma Cell
Line

H. C. Eby1, T. R. Runkle1, E. M. Kehres1, A. K. Sharma2, S. Amin2, J. M. Peters3, and M. G.
Borland1. 1Bloomsburg University of Pennsylvania, Bloomsburg, PA; 2Pennsylvania State
University, Hershey, PA; and 3Pennsylvania State University, University Park, PA.
Malignant melanoma patients exhibit low survival despite significant progress in
the development of targeted therapeutic strategies. Peroxisome proliferator-activated receptor-β/δ (PPARβ/δ) ligands have emerged as potential agents to target
this disease. There is also evidence that isosteric replacement of selenium can
improve the efficacy/potency of sulfur-containing cancer therapeutics. The present
study examined the efficacy of the PPARβ/δ ligand GW501516, its selenium analog
Se-GW501516, and bioavailable selenium (as selenate) in the human melanoma
cell line UACC903. Both PPARβ/δ ligands inhibited proliferation similarly in control
UACC903 cells. Cells over-expressing PPARβ/δ were more sensitive to this effect,
and the onset of this effect was faster with Se-GW510516 than GW501516.
Selenate also reduced cell proliferation independent of PPAR expression. Whereas
neither ligand modulated clonogenicity in control cells, both PPARβ/δ ligands
inhibited clonogenicity in cells over-expressing PPARβ/δ. Meanwhile, selenate had
no impact on clonogenicity in any cell line. Spheroid growth was not impacted
by ligand activation of PPARβ/δ in control cells. However, both ligands inhibited
spheroid growth in UACC903 cells over-expressing PPARβ/δ. Selenate had no
impact on spheroid growth in any cell line. Both ligands increased expression of the
PPARβ/δ target gene angiopoietin-like 4 (ANGPTL4) in UACC903 control cells, and
this effect was not observed with selenate. The transcriptional effects on ANGPTL4
expression were greatly enhanced in cells over-expressing PPARβ/δ. There was no
change in the mRNA expression of the putative PPARβ/δ target gene 3-phosphoinositide-dependent protein kinase 1 (PDPK1) with any treatment. Interestingly,
both Se-GW501516 and selenate modulated expression of the selenium responsive
target gene glutathione peroxidase 1 (GPX1). Collectively, these studies provide
evidence that PPARβ/δ expression and/or ligand activation inhibited proliferation, clonogenicity, and spheroid formation in UACC903 melanoma cells. Isosteric
substitution only modestly influenced these endpoints but did modulate cell growth
parameters more than selenate. Therefore, further studies are warranted to assess
novel approaches to targeting PPARβ/δ as a cancer therapeutic.

3138

The Impact of Kynurenine on AhR Activation in Multiple
Myeloma Cell Lines

L. D. Lopez Rivera1,2, J. J. Bernard2, and J. D. Diedrich2. 1Universidad Ana G. Méndez
Gurabo, Gurabo, PR; and 2Michigan State University, East Lansing, MI.
Epidemiological evidence shows that obesity is a risk factor for Multiple Myeloma
(MM) and is linked with poorer outcomes. Obesity is clinically defined as having a
body mass index (BMI) above ≥ 30 kg/m2 and the accumulation of excess adipose
tissue. Adipocytes have been shown to secrete factors that promote tumor growth
in several preclinical models of carcinogenesis. However, the potential role of
factors secreted from adipose tissue on the promotion of MM is unclear. The aryl
hydrocarbon receptor (AhR) has been shown to promote MM progression invitro
and a mouse model of MM. Interestingly, adipose tissue may be a source of the
AhR ligand, kynurenine (L-Kyn). Kynurenine is a tryptophan metabolite that has been
shown to be elevated in both the plasma and the adipose tissue in obese individuals. My objective was to determine if kynurenine could activate the AhR in human
multiple myeloma human cell lines. This objective is part of our laboratory’s overall
hypothesis that adipocyte-secreted kynurenine has the propensity to activate the
AhR and promote MM growth. Therefore, we determined AhR protein expression
following kynurenine treatment of 3 MM cells lines that have differential AhR
expression. MM.1S cells have the highest basal AhR protein expression, followed
by RPMI8226cells, then U266B1 cells which lack AhR protein. We demonstrated
that MM.1S cells treated with L-Kyn have reduced AhR protein levels and increased
gene expression of target genes CYP1A1and CYP1B1 after 24 hours, mechanisms
associated with AhR activation. Future experiments will examine nuclear localiza-
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tion of AhR and transcriptional activity in MM cells co-cultured with adipocytes.
Additional future studies are planned to determine L-Kyn levels in adipose tissue
and subsequent effects on MM cell proliferation. Collectively, we hypothesize that
adipocytes are an endogenous source of the AhR ligand, kynurenine, fueling MM
cell growth.

3139

Verapamil in Therapeutic Doses Promotes Tumorigenesis
and Metastasis at Sarcoma 180 and Lewis Epidermoid Lung
Carcinoma Models

T. Karatsuba, S. Tanina, O. Khavich, and G. Shayakhmetova. Institute of Pharmacology
and Toxicology NAMS of Ukraine, Kyiv, Ukraine.
In the scientific literature of different years, the link between long-term use
of verapamil (Ver), a Ca2+ channel antagonist, and cancer development has
been discussed to a great degree, but still now, there are numerous controversies. Positive, negative, and non-association links between Ver and oncogenesis
have been revealed in several epidemiological studies. This situation is of some
concern because of the extensive use of Ver in long-term pharmacotherapy. In the
current study effects of Ver on the primary tumor (Sarcoma 180) and on metastasis processes (Lewis epidermoid lung carcinoma) were evaluated. Sarcoma 180
was transplanted subcutaneously in outbred male mice weighing 20-22 g. The
effect was evaluated by the percentage of inhibition/promotion of tumor growth
(weight and volume) in comparison with control. Lewis lung carcinoma cells in
Hank’s solution were injected into plantar aponeurosis of the right hind paw of
C57BL/6 male mice weighing 20-22 g. After 20 days, paw with the primary tumor
was amputated. Treatment began on 2nd day after amputation. The number of
metastases in lungs was determined visually, size of each was determined with
a millimeter scale; volume was calculated by formula of sphere. The number of
animals in experimental and control groups was 10 and 20 in each model. Ver
was administered intraperitoneally, in dose corresponded to that in humans 20
mg/kg/day for 5 days in Sarcoma 180 model and 15 days in Lewis carcinoma
model. Presented results evidenced pronounced stimulation of Sarcoma 180
growth (+150.8% in size) in comparison with control after 3rd injection of Ver. This
effect with significant relief occurred after completion of a course of administration
(+97.5% in size and +54.0% in weight of the tumor). In the model of metastasis
with Lewis epidermoid lung carcinoma, we detected pronounced stimulation of the
metastasis process. The number of lung metastases was 162.5% higher than in
control. The volume of metastases also exceeded the same parameter in control
223.3%. In summary, our investigation revealed risk for tumor growth promotion
and metastatic processes with use of Ver in therapeutic doses. These results
sustain other authors’ results on the association of Ver and tumorigenesis and
metastasis. Future monitoring is needed to fully evaluate the risk of cancerogenesis in patients with long-term Ver use.

3140

The Oncogenic Long Noncoding RNA ABHD11-AS1 Promotes
Cr(VI)-Induced Cancer Stem Cell-Like Property and
Tumorigenesis by Interacting with a RNA-Binding Protein
SART3

P. Wang, Z. Wang, and C. Yang. Case Western Reserve University, Cleveland, OH.
Inhalation exposure to hexavalent chromium [Cr(VI)] has been recognized as one
of the most common etiology leading to occupational carcinogenesis including
lung cancers, however the underlying mechanisms contributing to tumor initiation and tumorigenesis are not fully understood. Long non-coding RNA (lncRNAs)
are RNA transcripts larger than 200 nucleotides in length that lack protein-coding
capacity. Aberrant lncRNA expression profiles are one of the key components in
cancer epigenome. The aim of this study is to identify and functionally characterize chronic Cr(VI) exposure-dysregulated lncRNA and its regulatory mechanism
in Cr(VI) carcinogenesis. Here we found that the lncRNA ABHD11-AS1 antisense
RNA 1 (ABHD11-AS1) was highly expressed in Cr(VI)-transformed human bronchial
epithelial cells, human lung cancer cell lines and chronic Cr(VI)-exposed mouse lung
tissues. Moreover, ABHD11-AS1 high expression promoted apoptosis resistance,
cancer stem cell-like property, and enhanced tumorigenesis. Mechanistically, we
identified squamous cell carcinoma antigen recognized by T-cell 3 (SART3) as
an ABHD11-AS1-binding protein. Knockdown of SART3 significantly attenuated
ABHD11-AS1-mediated oncogenic effects. Further mechanistic studies revealed
that the ABHD11-AS1/SART3 complex plays an important role in activating the
oncogenic non-canonical NF-κB signaling pathway. Taken together, our findings
suggest that up-regulation of ABHD11-AS1 expression promotes Cr(VI)-induced
cancer stem cell-like property and tumorigenesis through interacting with SART3 to
activate the oncogenic non-canonical NF-κB pathway.

3141

Kindlin-2 Complexes Containing α6β1 Integrin Are Responsive
to Hypoxia

D. Hernandez-Cortes1, J. M. Gard1, B. S. Knudsen2, N. A. Warfel1, and A. E. Cress1.
1University of Arizona, Tucson, AZ; and 2University of Utah, Salt Lake City, UT.
The laminin-binding integrins are mechanosensory receptors critical for cell
adhesion and structural organization that link the extracellular matrix (ECM) to the
cytoskeleton. Integrin α6β1 is associated with prostate cancer (PCa) migration,
invasion, metastasis, and decreased cancer-specific survival. Kindlin-2 (FERMT2)
is a β1 integrin adaptor and mechanosensory focal adhesion (FA) protein that
activates and clusters integrins in response to structural ECM alterations in the
tumor microenvironment. Our goal was to determine if integrin-kindlin-2 adhesion
complexes (kindlin-2:α6β1) were responsive to hypoxia, a physiologically relevant
and altered microenvironment in PCa progression. Five different endpoints were
tested including the biochemical analysis of kindlin-2 complexes, qRT-PCR,
immunoblotting, immunocytochemistry, and electric cell impedance sensing
(ECIS). Using DU145 prostate cancer cells grown under hypoxia (1% O2) for up to
16 hours, the results showed a reversible increase in kindlin-2:α6β1 complexes with
maximal assembly within 4 hours and disassembly starting by 8 hours. Notably,
kindlin-2:α6β1 complexes were found exclusively within membrane projections
and were not observed within hypoxia-inducible paxillin (PXN)-containing FAs. The
hypoxia induced kindlin-2:α6β1 complexes and classical FAs were dependent on
kindlin-2 as determined by CRISPR-Cas9 heterozygous deletion of FERMT2. Protein
co-localization of α6 integrin and PXN with kindlin-2 within membrane projections
and FAs, respectively, was also induced under hypoxia. Further, non-invasive ECIS
measurements in live cells confirmed functional cell-cell and cell-ECM dynamics
driven by hypoxia and requiring kindlin-2. Our results indicate that the kindlin-2:α6β1
complexes are uniquely associated with FA-independent membrane projections
induced by hypoxia, a tumor microenvironment associated with aggressive prostate
cancer. The novel kindlin-2:α6β1 complexes may represent an actionable pharmacological target for blocking escape of organ confined disease and metastasis
promoting steps of human prostate cancer. Partially supported by NIH grants CA
P30 23074, DOD W81XWH-19-1-0455, and NCI R01 CA242226.

3142

Computational Association of Lorcaserin and the Development
of Pancreatic, Colorectal, and Lung Cancer

M. Torres, B. Lee, L. Ruan, A. Xia, and D. E. Johnson. University of California Berkeley,
Berkeley, CA.
Lorcaserin (Belviq) is a selective 5-HT2C agonist that was introduced into the
market in June 2012 to help combat obesity. However, safety trials indicating
an increased risk of cancer led to the drug’s recall in February 2020. Although
increased incidences of several nonclinical cancers were seen in rat carcinogenicity studies at high exposure levels, the potential mechanisms of tumorigenic
action in humans have not been determined. This study proposes an initiating event
and mechanism in which Belviq’s selective serotonergic agonist activity leads to
pro-inflammatory cascade activation that could potentially lead to the development of colorectal, pancreatic, and lung tumors. Online databases, literature, and
statistical modeling were used to demonstrate a link between Belviq and relevant
cancer progression pathways. The mechanistic pathways for Belviq, and colorectal, pancreatic, and lung tumors all activate the mitogen-activated protein kinase
(MAPK) signaling pathway. MAPK activates Ras, an oncoprotein implicated with
carcinogenesis upon prolonged signaling. This suggests that Belviq’s overstimulation of the MAPK pathway or a defect in its regulation may be the initiating event
leading to the malignant tumors observed in the long-term clinical trial. Additionally,
it was observed that Belviq’s downstream induction of increased prolactin levels
could be a key factor leading to the progression of both pancreatic and lung
tumors. It was also determined that genetic isoforms or polymorphisms of distinct
UGT family members; UGT2B7 for pancreatic cancer, UGT1A7 for colorectal cancer,
and UGT1A6 for lung cancer, would be associated with increased disease risk
by altering levels of drug exposure. This research suggests that these UGT gene
polymorphisms could cause Belviq to be poorly metabolized, contribute to the
overactivation of the 5-HT2C receptor, and potentially result in the hyperstimulation
of the MAPK pathway and tumorigenesis.

3143

Acrylonitrile Induction of Rodent Neoplasia: Potential
Mechanism of Action and Relevance to Humans

T. Kobets, M. J. Iatropoulos, and G. M. Williams. New York Medical College,
Valhalla, NY.
Acrylonitrile, an industrial chemical, is a multisite carcinogen in rats and mice,
producing tumors in four tissues with barrier function, i.e., brain, forestomach,
Zymbal’s and Harderian glands. To assess mechanism(s) of action (MoA) for
induction of neoplasia and to evaluate whether the findings in rodents are indicative of human hazard, data on the potential key effects produced by acrylonitrile in
the four rodent target tissues of carcinogenicity were evaluated. A notable finding
was depletion of glutathione in various organs, including two target tissues, brain
and forestomach, suggesting that this effect could be a critical initiating event.
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An additional combination of oxidative DNA damage and cytotoxic effects of
acrylonitrile and its metabolites, cyanide and 2-cyanoethylene oxide, could initiate
pro-inflammatory signaling, sustained cell and tissue injury, leading to compensatory cell proliferation and neoplastic development. The in vivo DNA-binding and
genotoxicity of acrylonitrile has been studied in several target tissues with no
compelling positive results. Thus, while some mutagenic effects were reported
in acrylonitrile-exposed rodents, data to determine whether this mutagenicity
stems from direct DNA reactivity of acrylonitrile are insufficient. Accordingly, the
induction of tumors in rodents is consistent primarily with a non-genotoxic MoA,
although a contribution from weak mutagenicity cannot be ruled out. Mechanistic
data to support conclusions regarding human hazard from acrylonitrile exposure
is weak. Comparison of metabolism of acrylonitrile between rodents and humans
provide little support for human hazard. Three of the tissues affected in bioassays
(forestomach, Zymbal’s and Harderian glands) are present only in rodents, while the
brain is anatomically different between rodents and humans, diminishing relevance
of tumor induction in these tissues to human hazard. Extensive epidemiological
data has not revealed causation of human cancer by acrylonitrile.

the 0% control. We also found that cells exposed to HDE had increased expression
in vimentin and n-cadherin, and reduced expression of e-cadherin compared to
the 0% control; all evidenced by immunostaining. To assess therapeutic strategies
that may mitigate the EMT response, we pre-treated A549 cells with aspirin-triggered resolvin D1 (AT-RvD1), an omega-3 FA-derived lipid mediator shown to exhibit
anti-inflammatory/anti-tumorigenic properties. HDE-exposed cells pre-treated
with AT-RvD1 resembled the expression signals of the 0% control group, including
changes in e-cadherin, n-cadherin, and vimentin immunostaining. The results from
this study are the first to assess the metastatic potential of agricultural dust using
lung adenocarcinoma cells. Furthermore, our data suggest that AT-RvD1 treatment
effectively dampens HDE-induced EMT, which could provide a therapeutic strategy
for mitigating metastasis promoted by dust exposure. This demonstrates the
significant inflammatory and carcinogenic health implications that agricultural
dust exposure can have and provide a strategy for minimizing the negative health
impacts of dust exposure.

3146
3144

High-Throughput Transcriptomics to Understand Chemical
Drivers of Racial Disparities in Breast Cancer

K. Sala-Hamrick, A. Tapaswi, and J. Colacino. University of Michigan School of Public
Health, Ann Arbor, MI.
There are profound racial disparities in breast cancer incidence in outcomes in
the United States and the impact of chemical exposures remains poorly characterized. In an analysis of chemical biomarkers in the US Center for Disease Control’s
National Health and Nutrition Examination Survey, we recently identified a suite
of toxicants, including metals, pesticides, and personal care product compounds,
to which non-Hispanic Black women are disproportionately exposed. To characterize the impact of acute exposures to these toxicants, we performed high
throughput transcriptomic analysis of toxicant exposed breast cells. We treated
nonmalignant breast epithelial cells (MCF10A) with 21 chemicals prioritized for
exposure disparities, at four doses (25nM, 250nM, 2.5µM, 25µM) for 48 hours in
quadruplicate. We conducted RNA-sequencing for these 408 samples, adapting
the PlexWell plate-based RNA-sequencing method by SeqWell to analyze changes
in gene expression resulting from these exposures relative to vehicle control. For
each chemical, we calculated gene and biological pathway specific benchmark
doses using BMDExpress software, identifying differentially expressed genes and
generating the best fit benchmark dose models for each differentially expressed
gene. Utilizing this filtered data, we employed HypeR (hypergeometric enrichment) to test whether each chemical’s upregulated or downregulated genes were
over-represented in a biological process or pathway. Notably, 9 of the chemicals
showed significant enrichment for 1 or more of 50 biological processes defined by
Molecular Signatures Database’s “Hallmark” gene sets, and of these, 5 chemicals
(thiram, lead, copper, cadmium, and arsenic) showed enrichment related to the
epithelial to mesenchymal transition. After performing cell type deconvolution of
the RNA-seq data for each sample using MuSiC, the relative proportion of myoepithelial cells compared to luminal progenitor and differentiated luminal cells
increased after treatment with p’,p’-DDE, copper, and lead with corresponding significant enrichment in myoepithelial marker genes for these and 2 other chemicals.
Overall, these analyses revealed that chemicals with exposure disparities induce
significant changes in pathways involved in breast cancer initiation and progression, paving the way for future study of specific genes and mechanisms altered by
these chemicals.

3145

Aspirin-Triggered Resolvin D1 Mitigates Agricultural Dust
Exposure-Induced Epithelial to Mesenchymal Transition in
Human Lung Adenocarcinoma Cells

E. C. Dominguez1, R. Phandthong1, P. Talbot1, and T. M. Nordgren2. 1University of
California Riverside, Riverside, CA; and 2Colorado State University, Fort Collins, CO.
Exposure to dusts from animal confinement facilities has been shown to elicit lung
inflammatory responses that may increase the risk of chronic lung diseases, such
as lung cancer. While the protective effects of omega-3 fatty acids (FA) are not
entirely understood, investigations have identified that omega-3-derived bioactive
mediators can downregulate inflammatory processes and promote repair in various
tissues. We previously examined the effects of chronic dust exposure in mice
and showed that exposure altered gene signatures related to epithelial-to-mesenchymal transition (EMT), while in vivo investigations with omega-3 FA identified
reduced inflammatory and improved immunoregulatory responses following dust
exposure in the omega-3 FA-treated mice. To address the carcinogenic effects
of dust exposure, we performed in vitro treatment studies to see if dust exposure
induces EMT using the A549 human lung adenocarcinoma cell line. Settled dust
was collected from swine confinement facilities and used to produce an aqueous
hog dust extract (HDE) for treatment. A549 cells were exposed to 0%, 1%, 2.5%,
or 5% HDE for 48 hrs prior to assessing major outcomes, such as cell morphology and protein levels of EMT biomarkers via immunofluorescence and Western
blotting. Using video bioinformatics software, we identified significant changes in
epithelial to mesenchymal cell morphology within the 5% HDE group compared to

Long-Term Arsenite Exposure Induces the Expression of Stem
Cell Related in Genes in Normal Urothelial Cells

J. Juarez, A. Mehus, S. H. Garrett, D. A. Sens, and S. Somji. University of North Dakota,
Grand Forks, ND.
Environmental exposure to arsenite (As3+) has a strong association with the
development of human urothelial cancer (UC) and this cancer is the 5th most
common cancer in men and the 12th most common cancer in women. Muscle
invasive urothelial cancer are grouped into basal or luminal molecular subtypes
based on their gene expression profile. The basal subtype is more aggressive and
is characterized by the high expression of keratins (KRT) 1, 5, 6, 14, and 16 and
the EGFR, whereas the luminal subtype is less aggressive and express the genes
PPARγ and FOXA. Our previous studies show that As3+-transformed urothelial cells
express basal genes and when injected into immune compromised mice form
tumors that have areas of undifferentiated/basal cells as well as areas that show
squamous differentiation, a marker of poor prognosis. It is postulated that these
undifferentiated cells are the stem cells that are driving the growth and spread of
the tumor. The goal of this study was to determine if long-term As3+-exposure could
induce the expression of genes related to self-renewal/stemness in the normal
bladder epithelial cells. For this purpose, the immortalized UROtsa cells were
passaged in 1 μM As3+. Every five passages samples were collected and the expression of stem cell related genes was determined and the ability to form colonies in
soft agar was assessed. Our data shows that long-term As3+-exposure induces the
expression of stem cell genes SOX2, NANOG, POU5F1 (OCT-4) and CD44 and the
expression of the genes is not correlated to the ability of the cells to form colonies
in soft agar. In conclusion, our study shows that long-term As3+ exposure induces
the expression of genes related to self-renewal/stemness prior to the transformation of the urothelial cells by arsenite.

3147

Single Cell Transcriptomic Effects of Bisphenols on Normal
Breast Cells from Genetically Diverse Donors: A Model for
Precision Toxicology

T. Thong, L. Middleton, K. Polemi, A. Tapaswi, M. S. Wicha, and J. A. Colacino.
University of Michigan, Ann Arbor, MI.
Every year, the number of chemicals in production increases, yet methods for
experimental evaluation of human health risk progresses at a slower rate. A
growing body of evidence points to interindividual differences in susceptibility
to toxicants, highlighting the need for experimental models of precision toxicology. This is exemplified by diseases like breast cancer, where racial disparities
between women of African and European ancestry in the US have been characterized with disproportionate exposure to toxicants implicated in these disparities.
Bisphenol-A and its analogues are of interest due to their ability to alter mammary
gland morphogenesis and stemness in vivo and in vitro. To explore the effects of
bisphenols (-A, -S, -F) on cancer associated biological alterations, we quantified the
transcriptomic effects of bisphenols at the single cell level in normal mammary
cells from women of African (n=3) and European (n=3) ancestry. Cells were grown
separately using conditional reprogramming culture and pooled prior to plating
into 12 flasks, one for each dose (0 µM, 0.025 µM, 0.8 µM, 25µM) of each chemical
(BPA, BPS, BPF) and grown for 48 hours. We used cell multiplexing oligo labeling
to tag the 12 treatments and then performed single-cell RNA sequencing. Cells
were assigned back to the individual using genetic demultiplexing via Demuxlet
and to the experimental treatment using CellRanger. 18,050 cells and 36,601 genes
were profiled and passed quality control metrics. Unbiased clustering revealed that
cells group by myoepithelial and luminal subtype and differentiation scoring by
CytoTRACE showed that luminal cells have a less differentiated expression profile.
Differentially expressed genes (DEGs) were identified between control and every
treatment except for 0.8 µM BPA. The 25 µM dose had the greatest effect, with 287
DEGs for BPA, 371 for BPF, and 157 for BPS. Of these, multiple genes have been
associated with breast cancer, including NFKBIA (log2FC =0.21-0.39), TNFAIP3
(log2FC= 0.06-0.2), CXCL2 (log2FC= 0.064-0.36), SAA2 (log2FC= -0.22- -0.7), and
SAA1 (log2FC= -0.15- -0.65). Leveraging single-cell technology, we explored the

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 107

effects of bisphenols on normal mammary cells from genetically diverse women
with plans to expand this approach as a model for precision toxicology to be used
across cell types and chemicals.

3148

Loss of SWI/SNF Chromatin Remodeling Alters NRF2 Signaling
in Human Cancers

V. Nguyen. University of North Carolina at Chapel Hill, Chapel Hill, NC.
Next-generation sequencing studies of lung cancer has shown a significant number
of mutations in two previously unrecognized regulatory pathways. Activating
mutations, the NF-E2-related factor 2 (NFE2L2, NRF2) transcription factor induces
constitutive expression of cytoprotective and redox maintenance genes. NRF2 is
the master regulator in cellular response to toxicants such as cigarette smoke.
Inactivating mutations in members of the SWI/SNF chromatin-remodeling complex,
especially SMARCA4 (BRG1) and ARID1A, lead to changes in nucleosome positioning and gene expression. Here, we show that loss of SWI/SNF complex function
activated a subset of NRF2-mediated transcriptional targets. Using a series of
isogenic NSCLC lines with reduced or depleted BRG1 and/or BRM expression, we
observed significantly increased expression and protein levels of the NRF2-target
genes HMOX1 and GSTM4. RNA sequencing of BRG1-proficient and -deficient
cell lines confirmed changes in KEAP1-NRF2 target gene expression as well as
identified novel targets of the SWI/SNF complex. Importantly, low BRG1 expression
levels in primary human NSCLC tumors correlated with increased NRF2-target gene
expression. In addition to BRG1 levels, we examined loss of ARID1A across primary
human tumors and found ARID1A deficiency was associated with altered NRF2
signaling. The tumors with the highest frequency of altered NRF2 signaling were
lung squamous (LUSC) and head and neck squamous (HNSCC), cancers strongly
associated with environmental toxicants. Interestingly ARID1A loss depressed
NRF2 signaling in LUSC while amplifying it in HNSCC, an observation we are exploring mechanistically in cell line knock out models. Our data demonstrate that loss
of SWI/SNF in lung cancer results in activation of the NRF2/KEAP1 pathway and
increased expression of a subset of its downstream targets. These data provide
an additional molecular explanation for why patients harboring SWI/SNF mutations
show a poor prognosis. Our results also potentially link mutations in SWI/SNF
complex components, that occur in >20% of human cancers, with exposure to
environmental toxicants. A better understanding of these mechanism may yield
novel insights into the design of targeted treatment modalities for human lung
cancers.

3149

Exposure of Bisphenol A and Its Substitutes to Human Lung
Epithelial Cells Causes the Downregulation of Stem-Loop
Binding Protein followed by Polyadenylation of Histone 3.1 and
Their Role in Bisphenols-Induced Carcinogenesis

A. Veerappan, Z. Zhang, and M. Costa. NYU School of Medicine, New York, NY.
Although bisphenol A (BPA) is removed from many commercial products because
of its potential carcinogenic effect, surprisingly little is known about its substitutes,
such as bisphenol S (BPS) and bisphenol F (BPF) which are structurally similar to
BPA. The potential role of BPA substitutes in carcinogenesis, remain unclear. In this
study, we aim to investigate the exposure of bisphenols to human lung epithelial
(BEAS-2B) cells and their role in bisphenols-induced human carcinogenesis. To
determine whether BPA and its substitutes alter canonical histone mRNA processing in vitro, we measured levels of polyadenylation (polyA) of canonical histone
(H)3.1 mRNA as well as protein expression of Stem-loop binding protein (SLBP),
and H3 protein in BEAS-2B cells exposed to various concentrations of these bisphenols for 96 h. BEAS-2B cells were chronically exposed to low doses of BPA, BPS and
BPF, and then the cell transformation assay was performed in soft agar and colony
formation was assessed. Arsenic was used as a positive control because our
laboratory previously demonstrated that arsenic-induced polyA of H3.1 mRNA, by
depletion of SLBP in vitro and that polyA of H3.1 mRNA enhanced tumor formation
in nude mice. Our results showed that not only BPA but also BPA substitutes, BPS
and BPF downregulate the SLBP level, a critical factor for the stability, processing and translation of canonical histone pre-mRNAs, in BEAS-2B cells. It has been
known that canonical histone mRNAs typically do not end in a poly(A) tail and that
depletion of SLBP results in polyA of canonical histone mRNAs that appeared to be
carcinogenic. Further, our results showed that BPA and its substitutes’ exposure
induced polyA of mRNAs for H3.1 and upregulated H3 protein. Likewise, our
findings from soft agar assay also indicate that exposure of BEAS-2B cells to low
doses of BPA, BPS and BPF induced malignant cell transformation. In this study,
we identified BPS and BPF are potential human carcinogens to induce lung cancer
in addition to BPA. We also identified that the loss of SLBP and gain of polyA H3.1
mRNA play an important role in BPA and its substitute analogues such as BPS
and BPF-induced carcinogenesis. Our study emphasizes the desperate need of a
thorough characterization of bisphenols to prevent the development of lung cancer.

3150

Adverse Outcome Pathway Screening for Cross-Species Risk
Assessment in 3D Liver Microtissues

S. M. Plummer1, M. Elcombe1, S. Wallace1, D. Andersen2, H. Van Steenhouse2, and D.
Cowie3. 1MicroMatrices Associates Ltd, Dundee, United Kingdom; 2BioClavis, Glasgow,
United Kingdom; and 3Syngenta, Bracknell, United Kingdom.
3D liver microtissues (LiMTs) recapitulate in vivo responses to constitutive androstane receptor (CAR) activators; altered expression of CAR-dependent genes and
hepatocyte proliferation, key events of the CAR activation-liver and thyroid carcinogenesis Adverse Outcome Pathways (AOPs 107 and 162, respectively) (Plummer
et al. 2019, 2021). We present a proof of principle study with LiMTs for systematic
screening/compound selection. Rat and human LiMTs were exposed to phenobarbital over a range of concentrations (500 uM-2000 uM) and times (24-96 hr). Utilizing
SpheroMatrices® microTMA technology, 6 uM sections were generated through
fixed spheroids in 96 well format. MicroTMA sections were analysed for hepatocyte proliferation/BrdU labelling index (Li%). Parallel TMA sections were collected
with laser capture microdissection for RNA transcriptomics using TempO-Seq
technology. A differentially expressed gene (DEG) list was created and BaseSpace
Correlation Engine analysis against biomarker signatures for CAR, AhR and PPARa
was performed to test activation or suppression of AOP 107 and 162 key events
driven by CAR. There was a dose- and time-dependant induction of Li% in rat but not
human LiMTs, consistent with in vivo cross-species data, and significant positive
(-log p score>4.0) correlations between the CAR signature and the DEGs indicative of CAR activation in both species. Differences in the induction of UGT2b17
between rat and human could underlie species differences in a thyroid carcinogenesis adverse outcome. In conclusion our approach demonstrates AOP activation and
can define the presence or absence of key events thus enabling mechanism-based
cross-species risk assessment whilst reducing costs and use of animals.

3151

Loss of MEG3 Promotes Arsenic-Induced Malignant
Transformation and Migration/Invasion of Arsenic-Transformed
Cells

H. Tu, Z. Zhang, and M. Costa. NYU School of Medicine, New York, NY.
Arsenic is an established carcinogen of the lung and other organs, but the underlying mechanisms remain to be investigated. Long non-coding RNAs (lncRNAs) is a
class of RNAs that will not be translated into proteins with length over 200 nucleotides, which have been proven to play important regulatory roles in cancer initiation, promotion and progression. Maternally-expressed gene 3 (MEG3), a 1.6kb
lncRNA, is downregulated in various types of tumor tissues and cancer cell lines
associated with cancer development. However, the role of MEG3 in arsenic-induced carcinogenesis is largely unknown. The results from our study showed that
chronic exposure of human bronchial epithelial (BEAS-2B) cells to low dose of
arsenic is able to induce malignant cell transformation, which is accompanied by
a decrease of MEG3 and a dose-response increase of MEG3 promoter methylation. Also, arsenic-transformed (As-T) cells exhibit increased migration/invasion
potency compared to the passage-matched normal BEAS-2B cells. Interestingly, in
arsenic-transformed cells, MEG3 was lost and ectopic expression of MEG3 significantly reversed the enhanced migration/invasion and malignant transformation
of As-T cells. These findings show that MEG3 functions as a tumor suppressor in
arsenic-induced carcinogenesis.

3152

Investigation of Possible Cancer Risks Associated with ClosedSystem ENDS

S. E. Brown1, J. J. Heywood1, G. Abele1, M. T. Donnell2, D. W. Brew3, and D. J.
Paustenbach3. 1Paustenbach & Associates, Boulder, CO; 2Paustenbach & Associates,
Orange, CA; and 3Paustenbach & Associates, Jackson, WY.
The potential health risks, including possible cancer risks, associated with
closed-system electronic nicotine delivery systems (ENDS) are currently unclear.
We attempted to characterize the possible cancer hazards of closed-system ENDS
in a review of the published literature. Studies that evaluated open-system devices
or ENDS devices of unspecified type were excluded. No in vivo or human studies
that evaluated carcinogenic effects associated with exposure to closed-system
ENDS were identified. Several in vitro studies that examined genotoxicity associated with closed-system ENDS were identified and evaluated. The in vitro tests used
to identify chemicals with the potential, at some dose, to possibly be carcinogenic
measured for: DNA damage, mutagenicity, genotoxicity, cytotoxicity, cancer-related
inflammation (IL-8 and IL-6 levels), and tumor promotion. Closed-system ENDS
e-liquids, aerosols, and aerosolized particulate matter were negative for mutagenicity in multiple Ames tests and one in vitro mouse lymphoma assay, and were
negative for genotoxicity in two in vitro micronucleus tests. Aerosolized particulate
matter was negative for tumor promotion in an in vitro Bhas 42 cell transformation
assay. Closed-system ENDS aerosols were equivocal for DNA damage in a comet
assay, and a γH2AX assay. Closed-system ENDS aerosols, e-liquids, and aerosolized particulate matter had equivocal effects on IL-8 and IL-6 concentrations,
and were equivocal for cytotoxicity in two NRU assays. There were no dosimetrics in any of these assays that were applicable to assessing human exposures
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or possible health risks. In many of these in vitro studies, results were compared
to those of traditional cigarette smoke, which was tested under similar exposure
scenarios/experimental conditions. Exposures to traditional cigarette smoke
produced adverse effects that were statistically significant when compared to
controls and were more severe than effects associated with closed-system ENDS
for all endpoints. Therefore, based on the weight of the evidence from these studies
that are used to predict carcinogenic potential, the relative risk of carcinogenicity
from exposure to closed-system ENDS is apparently far lower than that from use of
traditional cigarettes. It should not be surprising that ENDS aerosols may not pose
a cancer hazard since the active ingredient is nicotine, which is generally considered non-carcinogenic.

3153

The Impact of N-acetyltransferase 2 (NAT2) Haplotype on Betanaphthylamine Metabolism and Its Associated Mutagenesis

M. R. Habil, M. A. Doll, and D. W. Hein. University of Louisville, Louisville, KY.
Urinary bladder cancer is the fourth most common cancer in men in the United
States. Occupational and tobacco exposure to aromatic amines including
Beta-naphthylamine (BNA) is associated with increased bladder cancer risk.
BNA requires bioactivation by cytochrome P450 (CYP) 1A2 then acetylation by
N-acetyltransferase 2 (NAT2) using acetyl CoA (AcCoA) as a cofactor. This catalyzes
the conversion of the N-hydroxylated metabolites to nitrenium ions that covalently
adduct to DNA leading to carcinogenicity. Variant NAT2 haplotypes confer genetic
polymorphism in human populations. To investigate the role of NAT2 haplotype in
the metabolism of BNA and its associated mutagenicity we used Chinese hamster
ovary (CHO) cells transfected with human CYP1A2 and either NAT2*4 (rapid acetylator), NAT2*5B (common Caucasian slow acetylator), or NAT2*7B (common Asian
slow acetylator) alleles. Identification and quantification of N-acetylated BNA were
done by high performance liquid chromatography both in vitro and in situ. BNA and
AcCoA kinetics were determined using Michaelis Menten kinetics. Colony efficiency
and Hprt mutagenesis assays were used to measure cytotoxicity and mutagenesis respectively following treatment of CHO cells with BNA for 48 hours. Results
showed that BNA N-acetylation is NAT2 haplotype-dependent both in vitro and in
situ. BNA N-acetylation by NAT2*7B was higher (p< 0.001) compared to NAT2*5B
both in vitro and in situ. Kinetic measurements revealed higher apparent BNA Km
value of NAT2*7B compared to NAT2*4 or NAT2*5B (p< 0.001) suggesting its lower
affinity to bind to BNA. However, NAT2*7B showed higher affinity towards Acetyl
CoA compared to NAT2*5B (p< 0.05) although both are considered slow alleles.
Cytotoxicity level was not significantly different between different genotypes. Hprt
mutations were higher in CHO cells transfected with NAT2*7B compared to NAT2*4
or NAT2*5B (p< 0.001) following treatment with BNA. The current study provides a
mammalian model to investigate metabolism of aromatic amine carcinogens and
the associated mutagenicity. In addition, it suggests that heterogeneity within the
“slow” NAT2 acetylator phenotype should be incorporated into cancer risk studies
following aromatic amines exposure.

3154

Oral Ingestion of Hexavalent Chromium through Drinking WaterInduced Cancer Progression in Trp53+/- Male Mice

S. Liu1, A. Ortiz1, A. Moreira1, J. Iovanna2, P. Santofimia2, and M. Costa1. 1NYU School of
Medicine, New York, NY; and 2Cancer Research Center of Marseille, Marseille, France.
Hexavalent chromium [Cr (VI)] is one of the oxidation states of the element
chromium. Due to the properties of corrosion resistance, durability and hardness,
Cr (VI) is extensively used in manufacturing. Epidemiological investigations have
provided evidence indicating the relation between occupational Cr (VI) inhalation
and increased incidence of lung cancer and cancer of the paranasal sinuses and
nasal cavity. The general population may be exposed to Cr (VI) through drinking
water. Nuclear protein 1 (NUPR1) is an 8,800 Daltons highly basic protein, which
functions as a transcriptional regulator and can be induced by a variety of stressors, including Cr (VI). Previous studies have demonstrated the role of NUPR1 in
carcinogenesis, tumorigenesis, metastasis and chemotherapeutic resistance. To
examine the role of NUPR1 in Cr (VI)-mediated carcinogenesis, wild type mice
and knockout of NUPR1 in the TRP53 heterozygous background were exposed
to Cr (VI) in drinking water, Nupr1+/+;Trp53+/- and Nupr1-/-;Trp53+/- respectively, in
the tumor resistant mouse strain C57BL/6. Nupr1-/- ;Trp53+/- and Nupr1+/+;Trp53+/C57BL/6 female and male mice were exposed to 10 ppm potassium chromate-contained water or water for 28 weeks. Previous studies have demonstrated that
mice homozygous for Trp53 knockout develop cancer (predominantly lymphomas and sarcomas) at three to six months, while mice heterozygous for Trp53
knockout develop tumors after ten months (mostly lymphoma). In our results, only
Cr-exposed Nupr1+/+;Trp53+/- male mice developed tumors in the chest within 14
weeks. Immunohistochemistry (IHC) staining with biomarkers of carcinoma (CK5
and CK7) and lymphomas (CD45, CD19, CD138 and CD3) were performed to further
identify the type of tumor. Staining confirmed the tumor cells to be CD45 and CD3
positive, thus the tumors are T cell lymphomas with possible lung metastasis. 3
out of 5 Nupr1+/+;Trp53+/- male mice developed T-cell lymphoma in our protocol.
Validation studies are under way. Both male and female mice lacking Nupr1 did
not develop tumors after 28-weeks exposure. Interestingly, female Nupr1+/+;Trp53+/also did not develop tumors following 28 weeks Cr (VI) exposure. Increasing perire-

nal adipose tissue was observed in Cr-exposed nupr1-/-; Trp53+/- male mice. Instead,
the Cr (VI) exposed females exhibited increased perirenal and dermal adipose
tissue. These findings indicate that orally ingested Cr (VI) can accelerate carcinogenesis in C57BL/6 Trp53+/- male mice, and only in the presence of Nupr1.

3155

The Carcinogenic Potential of Lower Molecular Weight
Polycyclic Aromatic Hydrocarbons in Lung

A. K. Bauer1, S. Plottner2, M. Wolff2, H. U. Kafferlein2, K. Velmurugan1, and B. L. Upham3.
1University of Colorado Anschutz, Aurora, CO; 2Institute for Prevention and Occupational
Medicine of the German Social Accident Insurance, Institute of the Ruhr-University
Bochum, Bochum, Germany; and 3Michigan State University, East Lansing, MI.
The WHO classified air pollution as a human lung carcinogen with ~30% of lung
cancers worldwide, the result of non-smoking related air pollution. Polycyclic
aromatic hydrocarbons (PAHs) are major components of indoor (e.g. secondhand
smoke) and outdoor air pollution (e.g., wildfire smoke), among other sources.
Thus far, research has almost exclusively focused on the higher molecular weight
(HMW), genotoxic PAHs for all health effects. The IARC recognizes benzo[a]
pyrene (B[a]P) and other HMW PAHs as human carcinogens. However, given a
lack of studies directly investigating lower molecular weight (LMW) PAHs, they
are currently not classifiable as carcinogens by IARC (group 3; except naphthalene). Importantly, these LMW PAHs exist in far greater amounts in indoor and
outdoor air pollution than HMW PAHs. Our previous studies implicate them in
altering critical signaling pathways involved in lung cell functions. Our recent novel
in vitro and in vivo data supports the hypothesis that LMWs combined with B[a]
P increase carcinogenic relevant events in lung, including tumor promotion. We
evaluated several in vitro endpoints in human BEAS-2B (bronchial epithelial) and
A549 (alveolar type II cell, tumorigenic) cells including anti-BPDE-DNA adducts and
gap junction activity. In addition, a novel in vivo 2-stage tumor promotion model
was developed where an initiator (ip., 3-methylcholanthrene; MCA) followed by 4
weekly oropharyngeal aspirations of B[a]P, an LMW PAH mixture of 1-methylanthracene, fluoranthene, and phenanthrene (equimolar), or a combination of both.
Tumor endpoints were evaluated including bronchoalveolar lavage fluid for tumor
associated inflammation. Dysregulation of gap junctional intercellular communication and increased anti-BPDE DNA adducts were observed in vitro. In vivo we
observed significant increases in lung macrophages with the LMW PAH mixture,
and with those combined groups (B[a]P/LMW PAH mixture) with or without MCA as
well as increases in neutrophils in the combined groups, but no changes with the
B[a]P or MCA groups compared to control. Significant lung tumors (all adenomas/
adenocarcinomas) were only present in the MCA/B[a]P/LMW PAH mixture group
with incidence at 89%, supporting carcinogenic activities of these LWM PAHs. Our
data provides evidence that these LMW PAHs have carcinogenic potential and
support the need for additional studies are needed to understand the mechanisms
driving tumor development and how to intervene.

3156

Ameliorative Effects of Sulphoraphane against Phthalate
and Bisphenol A Mixture-Linked Colorectal Carcinoma:
Bioinformatics Approach

K. Baralić, D. Bozic, K. Živančević, D. Javorac, &. Marić, E. Antonijević Miljaković, A.
Buha Djordjevic, M. Ćurčić, Z. Bulat, B. Antonijević, and D. Đukić-Ćosić. University of
Belgrade, Belgrade, Serbia. Sponsor: K. Baralić, EUROTOX
Phthalates and bisphenol A are not only endocrine disruptors, but are also
suggested to aid in the advancement of a variety of malignancies, including
colorectal carcinoma. On the other hand, sulphorafane (SFN), a strong isothiocyanate derived from broccoli, was discovered to be the most potent naturally existing
inducer of phase 2 enzymes, known to reduce chemical carcinogenesis susceptibility. Thus, the goal of this research was, by using toxicogenomic in silico analysis,
to: (i) explore the relationship between a combination of two phthalates (bis (2
- ethylhexyl) phthalate (DEHP) + dibutyl phthalate (DBP)) and bisphenol A (BPA) and
development of colorectal neoplasms; and (ii) assess whether SFN could mitigate
the aforementioned harmful effects at the gene level. The information regarding the interactions of the examined substances with genes linked to colorectal
neoplasms was obtained from the Comparative Toxicogenomic Database (CTD).
ShinyGO was used to identify gene functions and extract the most important
molecular functions, while cytoHubba Cytoscape plug-in revealed the top 5 hub
genes. DEHP, DBP and BPA interacted with 106, 129 and 279 genes linked to the
colorectal neoplasms, respectively, while 63 of these genes were overlapping. 30
out of these genes matched with sulphoraphane-interacting genes, with 5 extracted
hub genes (MYC, TNF, TFRC, PTGS2 and CXCL8). All of these 5 genes are involved
in cell population proliferation, anatomical structure morphogenesis, regulation of
signaling, regulation of response to stimulus, regulation of developmental process
and regulation of multicellular organismal process. While all three toxic substances
increased MYC, PTGS2, TNF and CXCL8 mRNA expression, SFN decreased expression of their mRNA. Furthermore, while DEHP and BPA increased PTGS2 protein
expression, SFN acted oppositely. Molecular functions linked to the potential SFN
protective effects included oxidoreductase activity (acting on superoxide radicals
as acceptor), superoxide dismutase activity, antioxidant activity, estrogen 16-alpha
hydroxylase activity and hydroperoxy icosatetraenoate dehydratase activity. The
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presented results suggest the potential of SFN to reduce the impact of the investigated substances on colorectal neoplasms development. Serbia-China project:
451-03-1203/2021-09.
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Odom5. 1University of Cambridge, Cambridge, United Kingdom; 2University of Edinburgh,
Edinburgh, United Kingdom; 3Institute for Research in Biomedicine, Barcelona, Spain;
4European Molecular Biology Laboratory, European Bioinformatics Institute (EMBL-EBI),
Hinxton, United Kingdom; and 5German Cancer Research Center (DKFZ), Heidelberg,
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Cancer evolution is a dynamic and multifaceted process, in which tumour
phenotypes represent the net result of complex clonal dynamics of cellular damage
and repair, and exogenous and endogenous toxicants impart well characterised genomic footprints. We recently discovered DNA lesion segregation, which
results in chromosome scale asymmetry of mutations and is a unifying property
of exogenous mutagens. We have extended this chemical carcinogenesis study
(using diethylnitrosamine, DEN) to re-run cancer evolution hundreds of times in
four evolutionarily diverged inbred strains of mice from three separate species,
and examined how the underlying genetic, epigenetic, and transcriptional state
influences tumour progression. Whole genome sequencing of 596 carcinogen-induced liver tumours from these four strains identified differences in their global
mutation rates, signatures, and frequency of whole genome duplication events.
Almost all tumours had a MAPK pathway driver mutation, but there were marked
strain differences in both the driver gene and the specific mutation. We overlaid the
mutations on regulatory regions characterised from strain-specific ATAC-seq and
ChIP-seq profiles performed in the tissue of origin and found consistent mutation
rate differences between promoters, enhancers, and CTCF binding sites. Finally, to
understand the transcriptional consequences of these mutations, we performed
paired total RNA-seq on 385 of the tumours. While underlying strain-specific expression profiles persisted into tumour transcriptomes, they displayed dysregulation of
a common set of pathways. We conclude that there are multiple alternate paths to
a common tumour transcriptional state.

3158

DNA Damage and Lipolysis in the Obese Mammary Gland
Exposed to Acrylamide

B. Walton, K. Lumsden, and L. Arendt. University of Wisconsin–Madison, Madison, WI.
Obesity is a rising epidemic worldwide. In 2016 the World Health Organization
classified 39% of adults as overweight and 13% as obese. Obesity is associated
with an increased risk of breast cancer. However, the underlying mechanisms are
not well understood. Additionally, there is limited research on how environmental
toxin, acrylamide, may act in an obese state to further increase breast cancer risk.
Acrylamide, a neurotoxin and probable carcinogen, is found in foods cooked at
high temperatures, common in the obesity-inducing Western diet. A metabolite
of acrylamide, glycidamide, is a genotoxic agent known to form DNA adducts and
induce DNA damage. Acrylamide exposure has been associated with increased
breast cancer risk and has also been suggested to induce weight gain, however the
evidence is contradictory. To investigate how acrylamide impacts weight gain and
the mammary gland under conditions of obesity, three-week-old FVB female mice
were randomized to receive a low fat (LFD; 10% kcal from fat) or high fat diet (HFD;
60% kcal from fat). The mice were further randomized to receive 0.7 mM acrylamide
water or control water. Body weights were measured weekly for 16 weeks, and
mammary tissue collected after treatment completion. Fixed mammary tissues
were probed for oxidative DNA damage (8-OHdG) and isolated epithelial cells were
assessed for disruptions in epithelial populations and double strand DNA breaks
(γH2AX) using flow cytometry. While we saw a significant increase in weight gain
in HFD-fed mice compared to controls, the addition of acrylamide treatment did not
significantly alter weight gain in LFD and HFD-fed mice compared to the respective
controls. We did observe an increase in oxidative DNA damage in mammary epithelial cells in mammary glands of acrylamide-treated mice compared to controls, with
an additive effect observed in obese acrylamide-treated mice. Additionally, glycidamide disrupted adipocyte function, potentially leading to elevated local reactive
oxygen species. These studies help uncover the mechanism of obesity-associated
breast cancer risk and how acrylamide may be acting as a carcinogen to further
increase that risk.

3159

Variation in Transcriptomic Responses in the Crypt and Villus
of Mouse Small Intestine following Oral Exposure to Hexavalent
Chromium

G. A. Chappell1, J. C. Wolf2, M. A. Harris3, and C. M. Thompson3. 1ToxStrategies Inc.,
Asheville, NC; 2EPL, Sterling, VA; and 3ToxStrategies Inc., Katy, TX.
Oral exposure to high concentrations of hexavalent chromium (Cr(VI)) induces
mucosal damage and tumors in the mouse duodenum. Previous microarray-based transcriptomic analyses of frozen homogenized mouse duodenal
tissue have demonstrated Cr(VI)-induced alterations in various cellular pathways
and processes. According to x-ray fluorescence microscopy, chromium localizes
primarily to the duodenal villi following exposure to Cr(VI); therefore, we hypothesized that the transcriptomic response to Cr(VI) varies in the crypt and the villus
compartments as a result of differences in exposure as well as cell population. To
provide a more complete assessment of transcript responses to Cr(VI), templated
oligomer sequencing technology (TempO-Seq) was used to conduct transcriptomic
analyses separately on crypt and villus regions from formalin-fixed paraffin-embedded transverse duodenal sections from the same study in which microarray-based analyses were previously conducted. A total of 28 groups (7 doses, 2
timepoints, 2 tissue compartments) were analyzed for differential gene expression
in each group compared to controls, dose-response using BMDExpress, and gene
set enrichment. Fewer than 21 genes were altered in the crypt compartment of
mice exposed to 0.1-5 ppm Cr(VI) for 7 or 90 days, while hundreds to thousands
of genes were altered in the crypt at >=20 ppm Cr(VI). Many more genes were
altered in the villi than crypts at low concentrations, and increased less drastically
with increasing concentration. Notably, although there were more genes altered at
low concentrations in the villi, these gene changes did not result in enrichment of
gene sets, indicating a non-specific stress response. Consistent with histological
evidence for crypt proliferation, a significant dose-dependent increase in genes
that regulate mitotic cell cycle was prominent in the crypt, while subtle in the villus,
when compared to time-matched controls. Minimal transcriptomic evidence of
DNA damage response in either the crypts or the villi is consistent with published in
vivo genotoxicity data. These results are relevant to modes of action that have been
proposed for Cr(VI)-induced small intestine tumors in mice.

3160

Resveratrol Is a Nuclear Receptor 4A1 (NR4A1) Ligand that
Antagonizes NR4A1-Regulated Prooncogenic Pathways in Lung
Cancers

L. Zhang, K. Mohankumar, G. Martin, and S. Safe. Texas A&M University, College
Station, TX.
Resveratrol (3,5,4’-trihydroxystilbene) is a polyphenolic phytochemical found in
fruits, nuts, and vegetables and there is evidence that this compound offers protection from several human diseases including cancer. In cancer cell lines, resveratrol
inhibits cell growth, survival, migration/invasion and genes/pathways associated
with these anticancer activities. Many of the same anticancer activities reported
for resveratrol have previously been observed in this laboratory using bis-indole
derived nuclear receptor 4A1 (NR4A1) ligands that antagonize of NR4A1-regulated
pro-oncogenic pathways. Treatment of A549, H460, H1299 lung cancer cells with
50-150 µM resveratrol for 24, 48, 72 hours inhibited cell growth and IC50 values
for growth inhibition decreased with time. In addition, resveratrol inhibited the
mTOR signaling pathway and other responses in lung cancer cells as previously
observed for NR4A1 antagonists in the same cell lines. Therefore, we investigated
the interactions of resveratrol with the ligand binding domain of NR4A1 in assays
that measures fluorescent quenching of a tryptophan residue in the NR4A1 ligand
binding pocket and by Isothermal Titration Calorimetry (ITC). Resveratrol bound
NR4A1 in both assays and the KD value was 1 nM in the ITC assay. H460 and H1299
lung cancer cells were transfected with the yeast Gal4-NR4A1 fusion construct
and UAS-luciferase which contains tandem Gal4 response elements, and treatment
with 125+150 µM resveratrol decreased transactivation. Thus, resveratrol directly
bound NR4A1, inhibited NR4A1-dependent transactivation, inhibited cell growth
and mTOR signaling. In addition, we have compared effects of resveratrol on the
functional responses and on key NR4A1-regulated genes including TXNDC5, β1
integrin, and on mTOR signaling. The effects of resveratrol mimicked the effects of
NR4A1 knockdown for all responses and individual genes demonstrating that the
anticancer activities of resveratrol in lung cancer cells is due, in part to its activity
as an NR4A1 antagonist.

3161

Bone Marrow Adipocyte-Induced Expression of the Aryl
Hydrocarbon Receptor in Multiple Myeloma

J. D. Diedrich, C. E. Cole, and J. J. Bernard. Michigan State University, East Lansing, MI.
Multiple myeloma (MM) is an incurable hematological neoplasm characterized by
the accumulation of plasma cells and is consistently preceded by the premalignancies monoclonal gammopathy of undetermined significance (MGUS) and
smoldering multiple myeloma (SMM). In addition to environmental and occupational causes, obesity is an emerging risk factor for incidence and progression of
MGUS and/or SMM to MM; however, the mechanism driving obesity-associated
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progression is currently unknown. Epidemiologic data demonstrates that exposure
to environmental aryl hydrocarbon receptor (AhR) agonists such as dioxin, benzene
and polyaromatic hydrocarbons increases the rates of MGUS and MM in veterans
and firefighters. While the AhR is a ligand-activated transcription factor that controls
a diverse set of genes, we describe a novel role for the AhR in obesity-mediated MM
progression. Our data demonstrate elevated AhR expression in obese myeloma
patients and that elevated AhR is associated with poor patient survival. These
patient studies are complemented by our in vitro studies which show that bone
marrow adipocytes secrete factors to elevate AhR expression in MM cell lines.
The increased expression of the AhR in MM cell lines led to subsequent changes
in AhR activity and transcriptional regulation/protein production of pro-myelomagenic factors. In concordance with AhR’s regulatory role on cell cycle progression,
treatment with adipocyte conditioned media promoted an enhanced proliferative
phenotype in MM cells expressing AhR. Additionally, the gene signature associated
with AhR induction in MM cells exposed to adipocytes mimics expression levels
seen in obese compared to normal weight MM patients, suggesting a clinical role
of obesity-driven dysregulation of the AhR. Importantly, we confirmed previously
published data showing that AhR antagonists induce cytotoxicity in MM cells lines.
These findings suggest the AhR as a potential link between environmental and
dietary/lifestyle risk factors in MM and further strengthen the rationale for targeting
the AhR in MM therapy.

3162

Identification of Natural Products for the Chemoprevention of
Skin Cancer

N. A. Yawson, B. Karaj, and J. J. Bernard. Michigan State University, East Lansing, MI.
Sunscreens are highly effective at preventing sunburns resulting from ultraviolet
light radiation (UVR); however, they do not directly prevent non-melanoma skin
cancer (NMSC). With NMSC afflicting approximately three million Americans
annually, identifying compounds that prevent tumor formation would dramatically
impact the overall cancer burden. In normal skin, UVR stimulates the release of
fibroblast growth factor-2 (FGF2), a natural mitogen, from keratinocytes. FGF2
also plays a role in carcinogenesis in several solid tumors and hematological
malignancies. In the most common form of NMSC, basal cell carcinoma, FGF2 is
overexpressed. The primary receptor for FGF2 is fibroblast growth factor receptor-1
(FGFR-1). FGFR mutations (FGFR1-4) can occur in various benign and malignant
skin tumors. Collectively, these data suggest that FGF2/FGFR-1 signaling plays
a role in the onset of cancer making this pathway a viable target for skin cancer
prevention. Our laboratory developed a phenotypic high throughput screen (HTS)
to identify compounds that block FGF2/FGFR-1 driven malignant transformation of
skin cells. In this unique assay, epidermal JB6 P+ cells are stimulated with FGF2 to
undergo anchorage-independent growth, a surrogate marker for malignant transformation. Using this chemoprevention HTS, we screened natural product libraries
of terpenoids which identified three novel and one known terpenoid, sclareol, that
prevented FGF2-stimulated growth. The activity of all 4 compounds was validated
by the gold-standard anchorage-independent 3D growth assay-the soft agar assay.
Moreover, concentrations of sclareol that prevent anchorage-independent growth
in JB6 P+ cells (5-10 μM) showed no cytotoxicity-a critical property for preventive
agents. Sclareol is a bicyclic diterpene alcohol derived from the Salvia sclarea.
Future work on sclareol and the novel terpenoids will describe a mechanism of
action, in vivo efficacy, and effects on primary keratinocytes.

3163

Role of Cytochrome P450-Mediated Bioactivation in Tobacco
Smoke-Induced Lung Carcinogenesis in Mice

L. M. Tran1, P. C. Edwards2, W. Yang1, Q. Zhang1, W. Han1, N. Kovalchuk1, S. Hannon1,
L. Ding1, X. Wu1, X. Fan1, J. Bustamante2, J. S. Kelty2, V. J. Brown2, M. Domanico2,
R. Reader2, L. S. Van Winkle2, and X. Ding1. 1University of Arizona, Tucson, AZ; and
2University of California Davis, Davis, CA.
Tobacco smoke is the greatest risk factor for lung cancer development. It is
composed of over 4,000 chemical compounds, many of which are procarcinogens. Cytochrome P450 (CYP) enzymes catalyze the bioactivation of many of
these procarcinogens, including nicotine-derived nitrosamines and polycyclic
aromatic hydrocarbons, leading to the formation of DNA adducts and lung injury,
which may initiate cancer development. However, it is unclear whether any of the
CYP-bioactivated chemical carcinogens are responsible for tobacco smoke-induced lung cancer. The present study aims to address this important question,
using knockout mice that are deficient in the expression of CYP enzymes of the
Cyp2abfgs gene subfamilies. Male and female wild-type (WT) and Cyp2abfgs-null
mice on the A/J genetic background were exposed to environmental tobacco
smoke (ETS) for 6 hours/day, 5 days/week, for 5 months, at a dose of 0 or up to 120
mg/m³ suspended total particulate matter. Exposure started at the age of approximately 2 months. All mice were returned to filtered air (FA) environment for 4 more
months after cessation of ETS exposure. Mice were weighed biweekly throughout
the study. At approximately 11 months of age, mice were euthanized and lungs
were collected for tumor detection. ETS exposure increased tumor multiplicity
(number of tumors per lung) in WT mice by 2.5-fold (n=~180, male and female;
p<0.0001), but only by 1.7-fold in Cyp2abfgs-null mice (n=~180, male and female;
p<0.001), compared to FA-exposed mice. Tumor multiplicity in Cyp2abfgs-null

mice was significantly reduced (by 36%; p<0.01) relative to WT mice. These data
suggest that bioactivation of ETS constituents by CYP enzymes in the Cyp2abfgs
gene subfamilies has a considerable contribution to lung tumor development, and
that inhibition of these enzymes may be a potential means of chemoprevention
in exposed individuals. Supported in part by NIH grant CA092596, T32 ES007091,
T32HL007013, T32ES007059.

3164

Effect of Epigallocatechin-3-gallate (EGCG) and Activation of
PPARβ/δ in a Human Melanoma Cell Line

J. A. Marchioni1, J. M. Peters2, and M. G. Borland1. 1Bloomsburg University of
Pennsylvania, Bloomsburg, PA; and 2Pennsylvania State University, University Park, PA.
Malignant melanoma remains a low-survival cancer and requires innovative new
therapeutic approaches. Emerging evidence suggests that ligands for peroxisome proliferator-activated receptor-β/δ (PPARβ/δ) inhibit carcinogenicity and
are potential agents for melanoma therapy. Epigallocatechin-3-gallate (EGCG),
a major polyphenol component of green tea, has also shown promise as a
melanoma therapeutic by modulating cell proliferation and cell survival by various
mechanisms. Thus, the present studies examined the effects of combining EGCG
and a PPARβ/δ ligand (GW0742) in the UACC903 melanoma cell line. Control cells
cultured with EGCG exhibited reduced proliferation in a dose-response manner.
The sensitivity of cells to growth inhibition by EGCG was greater in UACC903 cells
with over-expression of PPARβ/δ. Clonal expansion was similarly reduced in a
dose-dependent manner with EGCG, and cells over-expressing PPARβ/δ were more
sensitive to this effect. Anchorage-independent spheroid growth was also inhibited
by treatment with EGCG in control cell lines, and the sensitivity of cells was greater
in UACC903 cells with over-expression of PPARβ/δ. While EGCG reduced cell proliferation in UACC903 control cell lines, co-administration of EGCG and the PPARβ/δ
ligand GW0742 did not further influence this effect. Interestingly, ligand activation
of PPARβ/δ reduced cell proliferation in UACC903 cells over-expressing PPARβ/δ,
and co-administration of EGCG and GW0742 inhibited proliferation greater than
GW0742 or EGCG alone. While ligand activation of PPARβ/δ did not modulate the
effects of EGCG on clonal expansion in control UACC903cells, an additive effect
was observed between GW0742 and EGCG in UACC903 cells over-expressing
PPARβ/δ. Collectively, these studies show that UACC903 cells over-expressing
PPARβ/δ are sensitive to the anti-proliferative effects of either EGCG or a PPARβ/δ
ligand. These studies provide evidence suggesting that EGCG and ligand activation
of PPARβ/δ could be combined for human melanoma therapy.

3165

Moxidectin Unravels the Role of Hippo-YAP Pathway in
Maintaining Immunity of Pediatric Glioblastoma

K. Kaushik, S. Gaikwad, and S. K. Srivastava. Texas Tech University, Abilene, TX.
Pediatric glioblastoma multiforme (GBM) is considered to be the second most
lethal childhood cancer type after leukemia. Recent preclinical, clinical and genomic
studies have highlighted upon the role of Hippo-Yap pathway in the progression
of pediatric GBM. In addition, recent studies have established the role of YAP in
creating immune suppressive tumor microenvironment (TME) facilitating drug
resistance, recurrence and metastasis of GBM tumors. Herein, we report that
‘moxidectin’ an anti-helminthic drug inhibits the proliferation of SF268, SF295, SF188
and CT-2A Luc GBM cells by inducing apoptosis. Immunoblotting and immunofluorescence microscopy studies show that moxidectin mediates its effects by inhibiting MEK-ERK pathway, a regulator of Hippo-YAP signaling. As a result, moxidectin
suppressed the nuclear translocation and transcriptional activity of YAP/TAZ-TEAD
complex. Oral administration of 3.5mg/kg moxidectin suppressed the growth
of GBM tumors by 90% in intracranial tumor model. Ex-vivo analysis of excised
tumors confirmed the observations made in in vitro studies. We further conducted
immunophenotyping on the excised tumors from both control and moxidectin
treated mice to evaluate the effect of moxidectin on immune cell markers in TME
and Tumor Draining Lymph Nodes (TDLNs). Our analysis indicated that treatment
with moxidectin suppressed the immune suppressive TME created by GBM tumor.
Interestingly, moxidectin enhanced antigen presentation in the TDLN. Indicating
that it might play a role in activating the peripheral immune response. Moxidectin is
an FDA approved drug and any findings from our research will promote its further
investigation as a potential therapeutic agent for GBM patients.

3166

Proteome Changes Associated with Lung Carcinogenesis by
Exposure to 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
(NNK)

K. L. Marshall1, Y. Twum2, and W. Gao2. 1West Virginia University School of
Medicine, Morgantown, WV; and 2West Virginia University School of Public Health,
Morgantown, WV.
Discovering novel changes in the proteome of malignant lung epithelial cells and/
or the tumor-microenvironment is paramount for the development of new targeted
therapies and biomarkers. A time-dependent NNK-induced mouse lung tumor model
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was established and tumor burden in peripheral lung parenchyma was examined.
Two-dimensional difference gel electrophoresis (2D DIGE), immunohistochemistry
(IHC), and Western blot were conducted to measure difference in protein expression. NNK-transformed human lung epithelial BEAS-2B cells were also established
to further assess epithelial cell-specific protein changes. A duration-dependent
increased incidence of tumor burden was observed in NNK-treated mice, 2/12
(17%), 8/12 (67%), 9/12 (75%), and 10/10 (100%) at weeks 8, 12, 16, and 20, respectively. IHC analysis indicated upregulated E-cadherin expression in lung epithelial
cells of tumor tissues at weeks 12 or 20. This change was further confirmed by
Western blot using pooled lung tumor tissues. Among more than 40 additional
differentially expressed proteins detected by 2D DIGE, upregulation of ezrin,
inorganic pyrophosphatase 1 (PPA1), calreticulin, translationally controlled tumor
protein (TCTP), and intracellular cholesterol transporter 2 (NPC2) were noted and
identified by LC-MS/MS. Upregulation of these 5 proteins were further confirmed
via multi-blot. Acquisition of a neoplastic phenotype in NNK-transformed BEAS-2B
cells was demonstrated by enhanced wound closure and increased anchorage free colony formation. In transformed BEAS-2B cells, protein expression of
E-cadherin, Ezrin, and PPA1 were upregulated as observed in the mouse tumor
tissues. However, Calreticulin, TCTP, and NPC2 In BEAS-2B cells did not reflect
the findings of the tumor tissue. IHC staining also revealed that TCTP upregulation in mouse lung tumor tissues was not lung epithelial cell specific. Altogether,
NNK-transformed BEAS-2B cells shared lung epithelial-derived protein upregulation (E-cadherin, ezrin, and PPA1) with NNK-induced mouse lung tumor tissues,
suggesting the structural, signaling, and metabolic derangements that accompany
malignant transformation of lung epithelial cells. Changes in calreticulin, TCTP, and
NPC2 may have been derivatives of other cell types in the tumor-microenvironment.
Future studies of other unique protein changes may yield an enhanced understanding of underlying molecular mechanisms for NNK-induced lung carcinogenesis and
the subsequent development of biomarker/therapeutic targets.

3167

Formation of DNA Adducts at and near Mutation Hotspots of
Cancer Driver Genes

T. Wadley1, I. Nookaew1, P. Jenjaroenpun1, H. Du2, P. Wang2, J. Wu2, T. Wongsurawat1,
S. Moon1, E. Huang1, Y. Wang1, and G. Boysen1. 1University of Arkansas for Medical
Sciences, Little Rock, AR; and 2University of California Riverside, Riverside, CA.
Cancer is the second leading cause of death in the US, with 1.8 million new cases
and more than 600,000 deaths expected in 2021. During tumorigenesis, cells
accumulate mutations that enable uncontrolled growth and metastatic dissemination of cells. Human cells are constantly exposed to compounds that form
promutagenic DNA adducts. The formation and persistence of promutagenic DNA
adducts derived from chemical exposure have been well established. Subsequently,
site-directed mutagenesis studies showed the mutation potential of DNA adducts
during replication. In addition, inexpensive DNA sequencing tools and the completion of The Cancer Genome Atlas have led to a plethora of cancer-driver mutations.
Together these have led to the notion that mutations arise from exposure-induced
DNA adducts. Unfortunately, methods for DNA adduct detection often do not
provide information about the position of any given DNA adduct within the genome,
prohibiting the identification of the DNA adduct causing specific cancer-driver
mutations. Here, we present a technology for site-specific detection of DNA adducts
at and near mutation hotspots of cancer driver genes. First, we demonstrate that
DNA adduct formation in vitro is not random. Second, using the Ames tester strains
TA1535 and YG7108, we show that the reporter site in the hisG operon, and a few
other sites, are preferably alkylated compared to the rest of the genome. A better
understanding of site-specific DNA adduct formation may lead to novel approaches
for monitoring carcinogen exposure and cancer treatment and prevention.

3168

Evaluation of Potential Modes of Action for the Carcinogenicity
of Propylene Dichloride

E. M. Beckett1, J. Kozal2, H. Lynch1, J. Klapacz3, and A. Maier4. 1Cardno ChemRisk,
Boston, MA; 2Cardno ChemRisk, San Francisco, CA; 3Dow Chemical Company, Midland,
MI; and 4Cardno ChemRisk, Cincinnati, OH.
Propylene dichloride (1,2-dichloropropane, PDC) is a small chlorinated solvent
that is used primarily as an intermediate in basic organic chemical manufacturing.
In March of 2019, EPA announced that PDC was prioritized as one of the next
20 existing chemicals for review under the amended Toxic Substances Control
Act (TSCA). As part of a larger systematic review of PDC, postulated modes of
action (MOAs) for the potential carcinogenicity of PDC were developed, guided
by the International Programme on Chemical Safety (IPCS)-MOA framework.
Specifically, the essentiality of key events in the MOA and temporal, tissue, and
species concordance were investigated for cholangiocarcinoma (CCA), a rare
cancer that was reported in Japanese printing workers exposed to PDC and other
solvents. Study quality and relevance of individual studies were evaluated. After
completing a comprehensive literature search and selection process according to
defined inclusion/exclusion criteria, 16 toxicokinetic and 24 experimental animal
and mechanistic studies were included in the MOA analysis. The evidence was
then mapped to postulated MOA pathways. The in vivo experimental animal and
in vitro studies indicate that PDC may induce cancer through multiple biological

pathways. In one compelling pathway, key events include a molecular initiating
event of saturation of metabolic pathways (including potentially glutathione (GSH)
conjugation and oxidative metabolism via CYP2E1), tissue damage, inflammation,
and necrosis or apoptosis. These initial tissue responses may induce compensatory regenerative hyperplasia and inflammation-induced aberrant expression
of endogenous activation-induced cytidine deaminase (AID). AID facilitates B-cell
maturation via mutagenic and recombinogenic mechanisms and is potentially
associated with the C-to-T mutational signature seen in PDC-exposed Japanese
CCA patients. Overall, the evidence indicates that at high PDC exposure levels,
tumors may form at the site of metabolism or tissue injury. However, based on the
estimated quantity of PDC that is detoxified versus converted into potential reactive
intermediates, it is expected that there will no increased cancer risk in humans at
exposure levels below those causing CYP2E1 saturation and GSH depletion.

3169

Downregulation of Stem-Loop Binding Protein by Nicotine and
Its Role in Nicotine-Induced Cell Transformation

D. Chen, Q. Sun, and C. Jin. New York University School of Medicine, New York, NY.
The use of electronic-cigarettes (e-cigarettes) has increased substantially in recent
years among the younger population in particular. The liquid nicotine is the main
component of the e-cigarette. Mice exposed to e-cigarette smoke (ECS) generated
by heating the liquid nicotine developed lung adenocarcinoma and bladder hyperplasia. This implicated a potential role for ECS/nicotine in cancer development, while
the underlying mechanisms are not fully understood. Here we report that nicotine
reduces the protein level of Stem-loop binding protein (SLBP), a critical factor for
the 3’ processing of canonical histone pre-mRNAs, in both human lung epithelial
BEAS-2B cells and normal human bronchial epithelial NHBE cells. The canonical
histone mRNAs typically do not end with a poly(A) tail and instead with a highly
conserved stem-loop structure. Exposure of BEAS-2B cells to nicotine induced
polyadenylation of canonical histone mRNAs probably through downregulation of
SLBP protein level. Interestingly, an inhibitor for nAChRs (nicotinic acetylcholine
receptors) reversed nicotine-induced SLBP depletion, suggesting that the loss of
SLBP by nicotine is nAChR-dependent. Moreover, the nicotine-mediated depletion
of SLBP was attenuated by both the inhibitors and siRNAs specific for CDK1/2
and CK2, the kinases required for SLBP degradation. Importantly, nicotine-induced
anchorage-independent cell growth was rescued by overexpression of SLBP.
These results suggest that activation of nAChR and a series of signal transduction pathways are involved in nicotine-mediated SLBP reduction that may play an
important role in nicotine-induced cell transformation and carcinogenesis.

3170

Pimavanserin: A Novel Autophagy Modulator for Pancreatic
Cancer Treatment

S. Ramachandran1, S. Gaikwad2, and S. K. Srivastava2. 1HiFiBiO Therapeutics,
Cambridge, MA; and 2Texas Tech University Health Sciences Center, Abilene, TX.
Pancreatic tumors exhibit high basal autophagy compared to that of other cancers.
Several studies including those from our laboratory reported that enhanced autophagy leads to apoptosis in cancer cells. In this study, we evaluated the autophagy and apoptosis inducing effects of Pimavanserin tartrate (PVT). Autophagic
effects of PVT were determined by Acridine Orange assay and Transmission
Electron Microscopy analysis. Clinical significance of ULK1 in normal and pancreatic cancer patients was evaluated by R2 and GEPIA cancer genomic databases.
Modulation of proteins in autophagy signaling was assessed by Western blotting
and Immunofluorescence. Apoptotic effects of PVT was evaluated by Annexin-V/
APC assay. Subcutaneous xenograft pancreatic tumor model was used to evaluate
the autophagy-mediated apoptotic effects of PVT in vivo. Autophagy was induced
upon PVT treatment in pancreatic ducal adenocarcinoma (PDAC) cells. Pancreatic
cancer patients exhibit reduced levels of autophagy initiator gene, ULK1, which
correlated with reduced patient survival. Interestingly, PVT induced the expression
of autophagy markers ULK1, FIP200, Atg101, Beclin-1, Atg5, LC3A/B, and cleavage
of caspase-3, an indicator of apoptosis in several PDAC cells. ULK1 agonist
LYN-1604 enhanced the autophagic and apoptotic effects of PVT. On the other
hand, autophagy inhibitors chloroquine and bafilomycin blocked the autophagic
and apoptotic effects of PVT in PDAC cells. Notably, chloroquine abrogated the
growth suppressive effects of PVT by 25% in BxPC3 tumor xenografts in nude
mice. Collectively, our results indicate that PVT mediated pancreatic tumor growth
suppression was associated with induction of autophagy mediated apoptosis.
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Flavonoids Kaempferol and Quercetin Are Nuclear Receptor 4A1
(NR4A1, Nur77) Ligands and Inhibit Rhabdomyosarcoma Cell
and Tumor Growth

R. Shrestha1, K. Mohankumar1, G. Martin1, A. Hailemariam1, S. Lee2, U. Jin1, R.
Burghardt1, and S. Safe1. 1Texas A&M University, College Station, TX; and 2Keimyung
University, Daegu, Korea, Republic of.
Flavonoids exhibit both chemopreventive and chemotherapeutic activity for
multiple tumor types, however, their mechanisms of action are not well defined.
Based on some of their functional and gene modifying activities as anticancer
agents, we hypothesized that kaempferol and quercetin were nuclear receptor 4A1
(NR4A1, Nur77) ligands and confirmed that both compounds directly bound NR4A1
with KD values of 3.1 and 0.93 µM, respectively. Moreover, in transactivation assays,
kaempferol and quercetin decreased NR4A1-dependent transactivation in Rh30 and
Rh41rhabdomyosarcoma (RMS) cells, thus acting as NR4A1 antagonists. NR4A1
is a pro-oncogenic factor in RMS and regulates cell growth, survival, migration
and invasion, and treatment with kaempferol or quercetin inhibits these pro-oncogenic pathways acting as NR4A1 antagonists.NR4A1 regulates pro-oncogenic
PAX3-FOXO1 and G9a gene expression, mTOR signaling and gene products associated with cell adhesion and migration in RMS cells; these pathways and genes are
also inhibited by kaempferol and quercetin. Moreover, at a dose of 50 mg/kg/day,
kaempferol and quercetin inhibit tumor growth in athymic nude mouse xenograft
model bearing Rh30 cells. These results demonstrate the clinical potential for
repurposing these flavonoids for clinical application as precision medicine for
treating RMS patients that express NR4A1 in order to increase the efficacy and
decrease dosages of currently used cytotoxic drugs.

the 72 diverse agents evaluated since the KCs approach has been implemented has
shown that more than 50% of the agents exhibited strong mechanistic evidence.
A total of five agents were classified as carcinogenic to humans (Group 1), 17 as
possibly carcinogenic to humans (Group 2A) and 16 as probably carcinogenic to
humans (Group 2B). Recently, for the first time, the IARC Monographs classified two
agents in Group 2B solely based on strong evidence that these agents exhibited
multiple KCs in experimental systems and human primary cells, despite inadequate
evidence of carcinogenicity in humans and less-than-sufficient evidence in experimental animals. To better characterize the relationship between the KCs and their
impact on the assessment of mechanistic evidence, we conducted a network
analysis of the 38 agents that exhibited strong mechanistic evidence. The analysis
indicated that these agents exhibited diverse KCs. A total of 8 out of 10 KCs were
represented. These agents exhibited KC2 (is genotoxic), KC10 (alters cell proliferation, cell death or nutrient supply), and/or KC5 (induces oxidative stress) more
frequently than the other KCs. Interestingly, although the combination of two or
more KCs has contributed to the overall classification, for 30% of these agents, data
relevant to only one KC was enough to evaluate the mechanistic evidence as strong.
The gaps and imbalance observed among the KCs may be explained by factors
such as the availability of mechanistic data, confidence in the measured endpoints,
and/or nature of the supporting evidence (i.e., whether it is derived from exposed
humans or human primary cells, experimental systems in vivo or in vitro). The
analysis of how the KCs influence the mechanistic evaluation is important to drive
further research on cellular and molecular mechanisms of carcinogens, contribute
to the development of new assays to provide more comprehensive coverage of the
10 KCs, and expedite cancer hazard assessment.

3174
3172

Current Thoughts on Risk Assessment Methodologies Used
to Assess the Carcinogenic Risk of N-Nitrosodimethylamine
(NDMA) and N-Nitrosodiethylamine (NDEA)

N. Achtar-Zadeh1, S. E. Brown1, E. J. Wu1, and D. J. Paustenbach2. 1Paustenbach &
Associates, Boulder, CO; and 2Paustenbach & Associates, Jackson, WY.
N-Nitrosodimethylamine (NDMA) and N-Nitrosodiethylamine (NDEA) are two
nitrosamines that have been classified as potent animal carcinogens. In the late
1970s, a new analytical device known as a thermal energy analyzer allowed for
the detection of nitrosamines at very low concentrations. Food, cosmetics, and
pesticides were found to contain nitrosamine impurities at concentrations that,
prior to this, were immeasurable. NDMA and NDEA were also found to be produced
endogenously in the human stomach. In 2018, many products, including medications, were tested, among them the blood pressure medication valsartan, which
was found to contain trace amounts of nitrosamines, including NDMA and NDEA.
Random lots were tested, and a recall was immediately issued in the US, Canada,
and Europe. To guide the pharmaceutical industry, regional regulatory agencies
conducted risk assessments for NDMA and NDEA using the ICH M7(R1) guidelines.
They suggested that 96 ng/day of NDMA and 26.5 ng/day of NDEA would approximate a 1 in 100,000 theoretical increased cancer risk. These values were adopted
as the Acceptable Daily Intakes (ADIs) by various agencies. Interestingly, these
ADIs are generally lower than potential daily intakes of NDMA and NDEA from food
and beverages and can be several orders of magnitude lower than the amounts
produced endogenously, which can range from 23,000 to up to 2,500,000 ng/day.
Furthermore, although these chemicals are potent carcinogens in animals, there is
no reliable evidence that NDMA or NDEA increases the cancer risk in humans, even
though the doses can be quite high. In this paper, we present the current state of
knowledge of NDMA and NDEA, including concentrations in food and beverages
and amounts formed endogenously. We suggest improvements to cancer risk
assessment methods for these two compounds. Sensitive new testing methods
will likely detect nitrosamines in products over time, so agencies may benefit from a
more sophisticated approach in making decisions about these compounds. Recent
advances to in vitro and in silico test methods may allow scientists reduce the
safety factor of 50,000 currently applied to the TD50 from animal bioassays, which
the WHO, the US FDA, Health Canada, and other agencies have adopted to estimate
the 1 in 100,000 risks for many carcinogens. We also suggest that in the future, the
application of advanced statistical methods to epidemiological data to determine
the doses of NDMA and NDEA might give a more accurate representation of cancer
risk in large human populations.

3173

The Impact of Strong Mechanistic Evidence Based on the
“10 Key Characteristics of Carcinogens” for the Overall
Classification of Carcinogens by the IARC Monographs
Programme

A. de Conti, L. Benbrahim-Tallaa, B. Reisfeld, F. El Ghissassi, S. Kühnle, W. Gwinn,
Y. Grosse, and M. Schubauer-Berigan. IARC, Lyon, France.
Mechanistic evidence has gained increased prominence in recent years within the
IARC Monographs Programme of cancer hazard identification. The “10 key characteristics (KCs) of carcinogens” are currently used to assess the strength of the
mechanistic evidence that contributes to the overall evaluation. Data extracted from

Hexavalent Chromium Induces Numerical Chromosome
Instability via Securin Disruption in Human Cells but Not in
Whale Cells

J. H. Toyoda, R. M. Speer, I. Meaza, H. Lu, J. Kouokam, A. R. Williams, and
J. P. Wise, Sr. University of Louisville, Louisville, KY.
Due to heavy industrial use Cr(VI) is pervasive in air, water, and soil, causing
exposure risks to humans and wildlife. Cr(VI) is a well-established human lung
carcinogen. Whale skin samples show high levels of chromium accumulation, but
whales have few reports of cancer. We seek to clarify the mechanisms of Cr(VI)induced carcinogenesis and we use the One Environmental Health approach to
gain insights into how humans, wildlife, and ecosystems are affected. This study
examined the mechanism of Cr(VI)-induced carcinogenesis in human and whale
lung cells. A key effect of Cr(VI) exposure is chromosome instability (CIN) including
changes in chromosome number, which may be explained by its ability to induce
centrosome amplification. Our hypothesis is Cr(VI) disrupts securin, a key centrosome regulator, leading to centrosome amplification, which drives numerical CIN.
Cells were exposed to acute (24 h) and prolonged (120 h) zinc chromate concentrations of 0.1, 0.2, and 0.3 ug/cm2. In human lung cells, 120 h exposure induced
securin protein reduction to 48.5%, 31%, and 15.3%, relative to control. However,
in bowhead whale lung cells, no significant securin reduction occurred. In human
cells, securin mRNA levels decreased to 52%, 14.3%, and 7.9% of control levels,
indicating Cr(VI) targets securin via gene expression. Meanwhile, 120 h exposure in
human cells caused securin failure indicated by increased separase autocleavage,
increased kendrin cleavage, and increased premature centromere division. This
was accompanied by up to 46% centrosome amplification in mitotic cells, and up
to 32% numerical CIN in metaphases. In contrast, bowhead whale cells retained
low levels of numerical CIN (7% over control metaphases) and displayed no change
in centrosome number or premature centromere division. These data support the
conclusion Cr(VI)-induced numerical CIN is caused by centrosome amplification
that arises from securin disruption in humans, an outcome that does not occur in
whale cells. Ongoing work with securin knockdowns will confirm the role of securin
in Cr(VI)-induced carcinogenesis in human and whale cells. Supported by NIEHS
grants R01ES016893 and R35 ES032876 (J.P.W.) and T32-ES011564 (J.H.T. and
J.P.W.).

3175

Comparative Analysis of Historical Control Data from Vehicle
and Water Control Groups on Preclinical Carcinogenicity Studies

D. Ashwarya Kuttappan1, J. Pellman1, C. Mintie2, and J. Herman2. 1Labcorp Early
Development Laboratories Inc., Greenfield, IN; and 2Labcorp Early Development
Laboratories Inc., Madison, WI.
The identification of possible carcinogenic properties of a chemical, resulting in an increased incidence or proportion of neoplasms, or a reduction in the
time to appearance of neoplasms, compared with concurrent control groups is
crucial in drug development and are required by relevant regulatory agencies in
order to assess the relevant risk in humans for pharmaceuticals that are regularly
administered for a significant duration. Potential background clinical observations
in healthy animals can affect the interpretation of test article-related effects in
preclinical toxicology studies. The purpose of the current study was to determine
the prevalence of incidental clinical observations and /or survival in control
animals which could be interpreted as vehicle control related. We compiled clinical
observations, the incidence of masses, and survival data documented in vehicle
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or water control animals from GLP-compliant carcinogenicity studies which were
conducted between 2010 and 2020 at Labcorp Early Development Laboratories
Inc. These studies consisted of control animals (both males and females) belonging to multiple strains of Han Wistar and Sprague-Dawley rats and CByB6F1Tg(HRAS)2Jic (rasH2 tg/wt, model 1178) from Taconic Biosciences Inc., used in
carcinogenicity studies. All control animals across these studies were administered
an appropriate vehicle consistent with the drug formulation vehicle and route of
administration of their drug-treated counterparts. In some studies, water control
was also included, often at the request of the appropriate regulatory agencies. Here,
we present the incidence proportion and rate of clinical/ adverse changes observed
across the different control species, which could allow for a better interpretation of
the effect of vehicles on background levels of tumor potential in control animals.
Further, we propose the use of historical data as justification to reduce the need
for water controls and thus reduce the number of animals requested for carcinogenicity studies.

3176

A Novel Anti-Parasitic Drug Suppresses Pancreatic Cancer by
Modulating the Immune Microenvironment

S. Gaikwad, and S. K. Srivastava. Texas Tech University Health Sciences Center,
Abilene, TX.
Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive carcinoma and
is predicted to be the 2nd leading cause of cancer-related deaths in the USA by
2030 with the death toll rising to approximately 800,000 worldwide. The biology of
PDAC, being a solid tumor is complex and has been one of the most difficult to treat
tumors. Successful therapeutic developments against PDAC have been limited
due to factors such as drug resistance, low drug infiltration, and adverse effects
of therapies affecting the patient’s performance status. Recently, immunotherapy
has shown surprisingly positive results in cancers such as melanoma, however, it
majorly failed in PDAC clinical trials. The stiff desmoplasia and reduced infiltration
of immune cells has been purported to be a critical factor for this failure. Using drug
repurposing strategy, we identified immunomodulatory effects of MBO, an anti-parasitic drug in the PDAC tumor microenvironment. We observed concentration-dependent growth inhibition of PDAC cell lines AsPC-1, MiaPaca-2, BxPC3, Panc-1,
and murine PDAC cell line PancO2. The IC50 of MBO in PDAC cell lines ranged from
4-6 μM. MBO induced 3-4-fold apoptosis in PDAC cells and its apoptotic activity
was monitored using Annexin/APC assay. Next, we studied the anti-cancer activity
of MBO in a subcutaneous PDAC model wherein we observed 70-80% tumor growth
suppression. We also observed an 80% tumor growth suppression in an orthotopic PDAC model in C57/BL6 mice. In the orthotopic PDAC model, we performed
immune analysis and observed an interestingly higher infiltration of cytotoxic CD8 T
cells within the MBO treated tumor groups as compared to control. Additionally, we
observed a stimulatory activity of MBO on CD8 T cells. Subsequently, we analyzed
the effect of MBO on isolated human peripheral blood mononuclear cells (PBMC)
and did not observe any toxic effect. The proliferation of PBMC’s was monitored
using CFSE dye and flow cytometry analysis. The immunomodulatory effect of
MBO in PDAC is a novel identification and is critical for therapeutic development
against PDAC. The failure of immunotherapy in PDAC can be addressed by combining immune checkpoint inhibitors such as anti-PD-1/PD-L1 with immunomodulatory
compounds such as MBO. This new approach might prove beneficial for reviving
the failed immunotherapeutic development against PDAC.

3177

The Role of the Aryl Hydrocarbon Receptor in Adipose TissueStimulated Malignant Transformation

R. Gonzalez-Pons, J. D. Diedrich, and J. J. Bernard. Michigan State University, East
Lansing, MI.
Obesity is a risk factor for triple-negative breast cancer (TNBC), an aggressive
subtype with a high rate of mortality that is increasing in incidence. Management
of TNBC is challenging due to few treatment options. TNBC lacks the estrogen and
progesterone receptors, and lacks the expression or amplification of human epidermal growth factor receptor 2 (HER2)- three primary therapeutic targets. Although
estrogen released from adipose tissue promotes carcinogenesis, this mechanism
is not the primary driver of obesity-associated TNBC. Our aim is to determine how
excess adiposity increases the risk of this high histological grade subtype. We
developed a model system to test the effects of adipose tissue on the malignant
transformation of estrogen receptor negative, non-tumorigenic mammary epithelial
cells (MCF-10A). We published that MCF-10A cells cultured with factors released
from adipocytes demonstrate anchorage-independent growth, a surrogate marker
for malignant transformation (tumorigenicity). We measured anchorage-independent growth by utilizing the 3D growth in soft agar assay. We demonstrated that,
in the presence of an aryl hydrocarbon receptor (AhR) antagonist (CH-223191),
MCF-10A growth in soft agar was inhibited. The AhR is a ligand activated transcription factor that induces gene expression of phase I and phase II metabolizing
enzymes. Interestingly, many environmental AhR agonists are carcinogens and AhR
expression has been shown to be upregulated in breast cancer. Our data suggests
a role for AhR activation in adipose tissue-stimulated malignant transformation.
Additionally, we found that AhR protein is elevated in MCF-10A cells co-cultured
with adipocytes. These adipocytes were derived from bone marrow stromal cells

cultured with an adipokine cocktail. Since the AhR ligand, benzo(a)pyrene [B(a)P],
is a known risk factor for breast cancer, future studies will determine how dietary
B(a)P in a high-fat diet will influence malignant transformation in vitro and tumor
burden in vivo.

3178

Detection of 1,2-naphthoquinone and 1,4-naphthoquinone in the
Plasma and Tissues of Mice Exposed to Naphthalene

E. Uwimana1, M. Shi1, L. Yin1, Q. Zhang1, R. Turesky2, and L. S. Van Winkle3. 1University
of Arizona, Tucson, AZ; 2University of Minnesota, Minneapolis, MN; and 3University of
California Davis, Davis, CA.
There is widespread human exposure to naphthalene (NA), an acute respiratory
toxicant and a potential human lung carcinogen. The mechanism of NA carcinogenicity, which may involve both genotoxic and non-genotoxic events, is not yet clear.
The non-genotoxic mechanism of NA carcinogenicity is thought to involve repeated
cycles of injury and repair related to acute cytotoxicity following NA bioactivation
by P450 enzymes; whereas, the genotoxic mechanism may involve DNA adduct
formation. Both mechanisms require the production of reactive NA metabolites,
including 1,2-naphthoquinone (1,2-NQ) and 1,4-naphthoquinone (1,4-NQ). Recent
studies showed that acute NA toxicity in the respiratory tract can involve NA
reactive metabolites produced locally as well as those produced in the liver and
transported through systemic circulation. The aims of this study are to obtain direct
evidence for the presence of free NQs in the systemic circulation and to compare
their levels among various tissues of NA-treated mice. Analytical methods were
optimized to detect the NQs either directly or as methoxy-derivatives (MeO-NQs),
using ultra-high-performance liquid chromatography-electrospray ionization-tandem mass spectrometry (UHPLC-ESI-MS/MS). C57BL/6 mice were treated with NA
intraperitoneally at 200 mg/kg. Plasma, liver, lung, kidney, and brain were obtained
at various times up to 24 hours after dosing for analysis. Both 1,2-NQ and 1,4-NQ
were detected as MeO-NQs in all tissues examined up to 24 hours, though 1,2-NQ
appeared to be more abundant. 1,2-NQ was also directly detected in the plasma,
without derivatization, but 1,4-NQ was below the limit of detection. Thus, this study
reports for the first-time detection and quantification of free NQs in the plasma in
vivo. Further quantitative analyses of the toxicokinetics and tissue distribution of
the NQs, relative to other NA metabolites, in mice exposed to NA via inhalation, are
underway. Supported in part by NIEHS grant ES020867.

3179

Differential Effects of Arsenic on Distinct Cell Types from the
Normal Ovary

C. M. Andrade-Feraud, E. R. Coats, A. M. Acanda De La Rocha, N. Hu, T. R. Guilarte, and
D. J. Azzam. Florida International University, Miami, FL.
Arsenic (As)-contaminated drinking water is a global environmental health problem.
Chronic As exposure is associated with cancer stem cell (CSC) formation and
increased mortality. However, the underlying mechanism(s) and the type of cells
acquiring the first genetic “hit” leading to CSC formation is unknown. Work from
our lab has shown that chemo-resistant CSCs are characterized by a unique
morphological multinucleated giant cancer cell (MNGCs) phenotype. Our present
study investigates whether As transformation of neighboring epithelial cells (stem
versus other cell types), residing within the same organ and from the same donor,
results in different tumor types with differential CSC expression. Matched sets of
isogenic primary cultures from the normal ovary [OCE: ovarian surface epithelial
& FNE: fallopian tube epithelial], derived from the same donor, were used. These
primary cultures have been well characterized and shown to resemble the genomic
landscape, histopathology, and molecular features of their respective tissue of
origin. Cultures were grown with or without sodium arsenite [100 nM & 1 µM] for 6
weeks, followed by an assessment of cellular and nuclear alterations and detection
of MNGCs. Our preliminary results show that chronic As exposure significantly
increased size of nuclei and percentage of MNGCs compared to controls in the
OCE1 cells by week 3 while these changes occurred in the FNE1 cells by week 6
of As exposure. RNA sequencing analysis implicated a role for genes involved in
nuclear division, including activation of the SPANX-A/D protein subfamily, known
to play a role in nuclear organization. Importantly, these genes were significantly
upregulated by week 3 in the OCE cells and by week 6, in FNE cells, coinciding with
the differential morphological changes observed in the OCE versus FNE cell types.
RT-PCR showed increased expression of stem cell genes in the As-exposed cells
compared to controls. Our findings show, for the first-time, differential effects of
As exposure on distinct cell types derived from the same organ. Ongoing work
includes identifying and characterizing the As-induced transformed cells. Our work
may not only illuminate novel mechanisms governing As-induced CSC formation
but could present SPANX as a novel target to ultimately develop therapies for
As-induced tumor and metastasis formation.
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3180

Proteomics Analysis of the Effects of UCP2 Knockdown on
Gallbladder Cancer Cells

C. Combs1, V. Bradford2, X. Shen2, and Y. Zhao2. 1University of North Dakota, Grand
Forks, ND; and 2Louisiana State University Health Sciences Center Shreveport,
Shreveport, LA.
Uncoupling protein 2 (UCP2) plays an important role in maintaining energy and
redox balance and is often upregulated in human cancers. Our early studies have
demonstrated that UCP2 is highly expressed in human gallbladder tumor tissues,
and knockdown of UCP2 suppresses gallbladder cancer cell growth in vitro and
in vivo. To identify which cellular pathways are regulated by UCP2, we performed
proteomics analysis using UCP2 knockdown and control gallbladder cancer
G415 cells. Our results showed that there were 269 proteins upregulated and 261
proteins downregulated based on the abundance ratio of the samples (p < 0.05). 33
pathways were affected by UCP2 inhibition including glycolysis, phosphorylation,
and glucose and lipid metabolism. We further performed Western blot analysis
and the data confirmed some of the proteomics results. Overall, our results have
identified pathways that are regulated by UCP2 which will be studied in future
experiments.

3181

Pimavanserin Suppresses the Growth of Medulloblastoma by
Inhibiting Lyn/STAT3/MBSC Signaling Axis

S. Ramachandran1, S. Gaikwad2, and S. K. Srivastava2. 1HiFiBiO Therapeutics,
Cambridge, MA; and 2Texas Tech University Health Sciences Center, Abilene, TX.
Medulloblastoma (MB) is one of the most frequently occurring malignant brain
tumors in children, which accounts for 20% of all pediatric brain tumors and 40%
of posterior fossa tumors. Despite advancements in the understanding of MB
pathogenesis and identification of novel therapeutic targets, MB has emerged to be
one of the most lethal pediatric diseases with peak incidences occurring in children
aged between 5 and 7 years old. Numerous factors have been identified to hamper
the management of several brain tumors including MB. However, the presence of
medulloblastoma stem cells (MBSCs) and impermeability of drugs to cross the
blood brain barrier (BBB) are identified as the major obstacles in MB management.
MB is highly enriched with MBSCs, a subpopulation of MB cells that imparts therapy
resistant, invasive and recurrent characteristics to MB. In our study, we evaluated
the effects of Pimavanserin (PVT) in MB. Our results demonstrated that PVT
treatment suppressed the proliferation of various MB cells by inducing apoptosis
as shown by AnnexinV APC-PI assay. At molecular level, PVT inhibits Lyn/STAT3/
MBSCs signaling axis. Additionally, chronic administration of PVT significantly
suppressed the growth of subcutaneous and intracranial tumor xenografts without
causing major side effects. Taken together, our study provides convincing evidence
that PVT could serve as a novel treatment option for MB patients in the future. Ours
is the first study to report to report the anti-cancer effects of PVT.

3182

Discerning Whether the Brominated or Organophosphate
Component Classes of the Firemaster 550 (FM 550) Flame
Retardant Mixture Have the Greatest Impact on Neonatal Rat
Cortical Development

H. B. Patisaul, S. K. Witchey, J. Fredenberg, Y. Zhou, G. St. Armour, B. Horman, D. Aylor,
and E. Baker. North Carolina State University, Raleigh, NC.
The commonly used fire retardant (FR) FireMaster 550 (FM550) is a mixture of
brominated flame retardants (BFR), 2-ethylhexyl-2,3,4,5-tetrabromobenzoate
(EH-TBB) and bis(2-ethylhexyl) 2,3,4,5-tetrabromophthalate (BEH-TEBP), and
organophosphate flame retardants (OPFR), triphenyl phosphate (TPHP) and
numerous isopropylated triarylphosphate isomers (ITPs). As an additive FR to
treat foam-based furniture, baby products, and car seats, components of FM550
readily leach and detectable levels found globally in indoor dust, indoor/outdoor air,
aquatic biota and food, resulting in widespread human exposure. Previously, our
lab demonstrated that developmental FM 550 exposure disrupts endocrine, inflammatory and neurotransmitter signaling pathways. Additionally, in a related, prior
study using Wistar rats, we found perinatal exposure to FM 550 or its component
classes (BFRs and OPFRs), differentially alter a suite of adult behaviors in both
sexes suggesting each class impacts the brain via different modes of action. The
present studies were conducted to begin to understand the underlying mechanisms
driving these differences and identify possibly unique outcomes of exposure to the
full FM 550 mixture on the developing brain. Using PND1 cortices from siblings
of the animals used for our previously published behavioral study, we employed
transcriptomics in parallel with lipidomics to determine the possible pathways
each chemical class disrupts. The animals were gestationally exposed to 1000
µg of the BFR mixture, 1000 µg of the OPFR mixture or 2000 µg FM 550. We began
the transcriptomics analysis by approaching the data through co-expression and
pathway analyses then interrogated that data within sex and direction of expression
change to identify genes of interest. Lipidomics were also analyzed as a full data
set and within sex. Weighted gene correlation network analysis (WGCNA) revealed
that four of the top 6 modules were associated with OPFR exposure suggesting
that the OPFRs are the most biologically significant drivers of gene expression

change. When analyzed within sex, clear sex specific effects were observed with
>500 differentially expressed genes (DEGs) found in all male exposed groups,
but only the OPFR exposed females. In males, 24 FM 550, 31 BFR and 42 OPFR.
Transcriptomics revealed OPFR exposure alters aspectis of axon guidance and
cellular respiration while lipidomics suggested choline disruption. These data
confirm that the BFRs and OPFRs have different neurodevelopmental effects with
the OPFRs of greater concern, particularly for males.

3183

Desflurane Exposure Induces Gene Expression Changes in the
Infant Monkey Brain

L. E. Latham, B. Gong, S. Liu, T. A. Patterson, W. Slikker Jr., C. Wang, and F. Liu.
US FDA/NCTR, Jefferson, AR.
Desflurane, a volatile anesthetic, is often used in young children during surgical
procedures. Animal experiments have demonstrated that neonatal desflurane
exposure induces neuroapoptosis, inhibits neurite outgrowth, and produces
neuronal mitochondrial dysfunction. The present study aimed to understand if
desflurane exposure changes the gene expression profile in the infant monkey
brain, which may help to better understand the observed histological and functional
changes. Monkeys (Rhesus macaques) were exposed to 5.7% desflurane or room
air for 8 hours on either postnatal day 5 or 6 (n=5/treatment). Four hours after
the exposure, animals were euthanized, and brains were collected. Total RNA was
extracted from the frontal cortex for microRNA (miRNA) profiling using next-generation sequencing (NGS). Differentially expressed miRNAs (DEMs) in the desflurane-exposed monkey brain were identified based on a P-value < 0.05 and a fold
change of ≥ 1.5. Five DEMs met these criteria and were analyzed with Ingenuity
Pathway Analysis (IPA) software using the miRNA target filter. The DEMs targeted a
total of 3,433 mRNAs, which were filtered to only include mRNAs with relevance to
the brain that were experimentally observed or had high confidence to interact with
the five DEMs. This produced 142 mRNAs of interest in areas such as, apoptosis,
synaptogenesis, axonal guidance, neuroinflammation, and opioid and dopamine
signaling pathways. Additional experiments are in progress to verify each DEMs
impact on the dysregulation of these mRNAs and their translated proteins.

3184

High Ambient Temperature Exposure during Pregnancy Is
Associated with Early Preterm Birth Less than 34 Weeks’
Gestation

C. Jensen, L. Eaves, J. Daniels, R. Fry, and T. Manuck. University of North Carolina at
Chapel Hill, Chapel Hill, NC.
Preterm birth (PTB, delivery <37 weeks) affects 11.1% of US births and is the
leading cause of neonatal morbidity and mortality; outcomes are worse at earlier
delivery gestational ages. Heat exposure has been associated with PTB in population-based studies. However, limited studies include clinical data. Further, the most
detrimental timing and extent of heat exposure during pregnancy is unknown. This
was a retrospective cohort of 14,615 patients at high risk for PTB delivering at a
single healthcare system in North Carolina, 2016-2019. We included those whose
geocoded home address at their first prenatal visit was <40km from a meteorologic
station reporting daily ambient temperature data. The primary outcomes, PTB <37
and <34 weeks, were common (18.7% and 6.5%, respectively). We determined the
maximum temperature (Tmax), median daily maximum temperature (Tmedian),
and % of days with a maximum daily temperature ≥86oF (Tmax86), in the 7, 30,
and 90 days prior to delivery for each patient. The Tmax, Tmedian, and Tmax86
during each time period prior to delivery were compared among those with and
without PTB <37 and <34 weeks. Patients lived a median 8.9 km (IQR 5.1, 13.2)
from the nearest meteorologic station; 145 different stations were represented.
Regression models included factors associated with PTB: tobacco use during
pregnancy, chronic hypertension, pregestational diabetes, short cervix, twins,
prior PTB, and male sex. No temperature parameters were associated with PTB
<37 weeks. However, Tmax during the 30 and 90 days prior to delivery (p=0.011
and p=0.001), Tmedian during the 30 and 90 days prior to delivery (p=0.016 and
p=0.001), and Tmax86 during the 7, 30, and 90 days prior to delivery (p=0.021,
p<0.001, and p<0.001) were associated with an elevated aOR of PTB <34 weeks.
For example, for Tmax86, the aOR of PTB <34 weeks was 1.25 (95% CI 1.03-1.50),
1.44 (95% CI 1.18-1.75), and 1.54 (95% CI 1.21-1.95) for the 7, 30, and 90 days
prior to delivery, respectively. Of concern, all temperature parameters worsened
(indicating warmer daily maximum temperatures, median daily temperatures, and
more frequent temperature excursions ≥86oF) between 2014 and 2019. Analyses
integrating ambient humidity and wet bulb temperature and the evaluation of
associations between temperature and suspected PTB etiology (e.g., idiopathic
preterm labor, preeclampsia, etc.) are underway. These data suggest that exposure
to high ambient temperatures in the weeks prior to delivery is an independent risk
factor for early PTB and highlight the negative impact of climate change on birth
outcomes.
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3185

High-Resolution MALDI Imaging Mass Spectrometry of Mouse
Fetuses to Assess Mechanisms of Neural Tube Defects after
Maternal Opioid Exposure

A. Inselman, D. Barnette, P. Kaldhone, R. Beger, and E. Jones. US FDA/NCTR,
Jefferson, AR.
In 2015, FDA released a Drug Safety Communication regarding the possible link
between opioid exposure during early pregnancy and an increased risk of neural
tube defects (NTDs). At the time, FDA did not make new recommendations for
opioid use during pregnancy due to limitations in both human and animal studies
and incomplete maternal toxicity data. Recently, FDA scientists have confirmed
that administration of opioids induces NTDs in association with maternal toxicity
in mice, specifically related to hypoxia in response to drug exposure. This study
seeks to investigate potential mechanisms of opioid-induced NTDs using high
resolution MALDI (matrix assisted laser desorption imaging) mass spectrometry
of mouse fetuses following maternal exposure to opioids in comparison to controls
with and without NTDs. CF-1 mice were administered single doses of opiates, a
vehicle control, or a positive control for neural tube closure defects, via subcutaneous injection at gestation day (GD) 8 of pregnancy. At GD 18, mice were sacrificed
by C-section and fetuses were collected for external teratological evaluations,
noting which individuals had developed exencephaly and which did not. Whole body
mouse fetuses were sectioned sagittally at 12 µm for MALDI imaging and pathology staining. Whole-body tissue sections were sprayed with 2,5-dihydroxybenzoic
acid matrix at 40 mg/mL and analyzed in positive and negative ion mode with a 7T
FTICR mass spectrometer. All images were collected in broadband mode to assess
the parent drug, metabolites, and lipids in the fetal tissue. High resolution images
were also captured to assess specific central nervous system (CNS) regions, such
as spinal cord and brain. Initial assessments indicate that glycerophospholipids
localize to drug-induced NTDs in and near the brain and spinal cord. For example,
in exencephalic fetuses compared to healthy specimens, phosphatidylcholine 32:1
and sphingosine-1-phosphate could be detected with lower concentration distributions in the neural tissue, whereas phosphatidylcholine 32:0 showed higher concentrations. Other interesting lipid distributions could also be detected across the
groups. Unsurprisingly, parent drug and known metabolites were not detected in the
fetal tissues at 10 days after dosing, indicating that the transient drug exposures
during the period of organogenesis were associated with prolonged changes in
glycerophospholipids. Our findings represent the earliest MALDI IMS study to date
to assess whole body sections of mouse fetuses exposed to opioids.

3186

Pharmacological Blockade of ß-Adrenergic Receptors during
Gestational Intermittent Hypoxia Exposure Differentially
Modulates Cognitive Function in Adult Male Offspring

A. Knutson, A. Vanderplow, I. Dorval, M. Cahill, T. Baker, and J. Watters. University of
Wisconsin–Madison, Madison, WI.
The in utero environment has immense influence on the developing fetus, and
perturbations during this critical developmental window can have long lasting
consequences on offspring physiology. Intermittent hypoxia, a hallmark of obstructive sleep apnea, increases sympathetic activity in otherwise healthy adults, and
is common during the third trimester of pregnancy. Our lab has previously identified cognitive impairments in novel object recognition (NOR) and social interaction in adult male rat offspring exposed to gestational intermittent hypoxia (GIH)
and increased dendritic spine density in the medial prefrontal cortex. These data
suggest an impairment in synaptic pruning, activities that are carried out by microglia, central nervous system resident phagocytic immune cells. Microglial surveillance is modulated in part by the ß2-adrenergic receptor, and increased norepinephrine reduces microglial volume and ramification. Our overarching hypothesis
is that GIH exposes developing fetal microglia to a bolus of maternal norepinephrine during a critical neurodevelopmental period that ultimately reduces microglial
surveillance and pruning capabilities, leading to cognitive deficits in adulthood. To
test this hypothesis, rat dams were exposed to intermittent hypoxia (2 minutes
alternating between 21% O2/10.5% O2; GIH) or normoxia (alternating between 21%
O2/21% O2; GNX) for 8hrs/day from gestational days 10-21. To block fetal ß-adrenergic receptors dams were administered 20mg/kg/day propranolol or vehicle during
this same gestational period. Propranolol is one of the most widely prescribed
drugs in the world and is generally considered safe to use during pregnancy.
However, its long-term effects on offspring cognition and behavior have never
been explored. Adult offspring underwent behavior tests postnatal weeks 9 and
11. Prefrontal cortical neurons were labeled for dendritic spines and analyzed using
Neuronstudio. While impaired social interaction in GIH offspring was corrected by
prenatal propranolol administration, deficits in NOR were unaffected. Surprisingly,
prenatal propranolol appeared to create deficits in NOR in GNx offspring. Together,
these data suggest that prenatal modulation of ß-adrenergic receptor signaling
may differentially affect adult offspring neural function.

3187

In Utero Exposure to Arsenic Disrupts Glucose Homeostasis of
Offspring Leading to Metabolic Disorders

S. Shukla1,2, S. Gangopadhyay2,3, A. Chauhan2,3, D. C. Sharma1, and V. Srivastava2,3.
1Dr Shakuntala Misra National Rehabilitation University, Lucknow, India; 2CSIR-Indian
Institute of Toxicology Research, Lucknow, India; and 3AcSIR, Ghaziabad, India.
The intrauterine environment supports fetal growth and development which may
impact the long-term health consequences in the offspring. Perturbations in the
intrauterine environment may have pathological consequences during adulthood.
Transplacental exposure to arsenic at an environmentally relevant dose may have
metabolic consequences during adulthood and may cause pathological alterations
in major sites of metabolism such as liver, adipose and kidneys of the offspring. In
the present study, pregnant Balb/c mice were exposed to environmentally relevant
dose of arsenic (0.04 and 0.4 mg/kg body weight) from 15 days prior to conception
until delivery indicated arsenic accumulation in the placenta and organs of 2-weekold pups. Increased body mass, hyperinsulinemia, hyperglycaemia and hyperleptinemia was observed in the progeny which led to decreased glucose tolerance
and insulin resistance at 40 weeks of age. Apoptotic cell death, micro vesicular
lipid accumulation and inflammatory cell infiltration was seen in the liver while the
kidneys showed proximal tubular and glomerular damage. Adipocyte hypertrophy
marked by a substantial increase in cellular volume was observed in the treated
groups. Elevation of systemic cytokine and adipokine was seen along with activation of JNK1/2 pathway in epididymal adipose tissue. These observations suggests
that in utero arsenic exposure may alter fetal reprogramming of metabolic pathway
and may lead to dysfunctional and pathological outcomes in liver, adipose and
kidney.

3188

Prenatal and Postnatal Dietary Exposure to Tin Dioxide and
Copper Oxide Nanoparticles Did Not Lead to Morphological
Abnormalities or Changes in Allograft Inflammatory Factor-1
in Pubescent Rat Kidney

S. R. Antonopoulos, J. Pedersen, and P. L. Durham. Missouri State University,
Springfield, MO. Sponsor: P. L. Durham, American Association for the Advancement
of Science
Prolonged environmental or occupational exposure to heavy metals is potentially
harmful to the kidney by causing injury to glomeruli, which play an important
role in blood filtration, reabsorption, and accumulation of toxins. In the glomeruli, podocytes are specialized cells that determine the size and charge characteristics of the filtration barrier and are essential to normal kidney function. Direct
exposure to high levels of environmental toxins promotes damage and/or apoptosis of podocytes leading to renal diseases. To date, most studies investigating
the harmful effects of heavy metal nanoparticles have focused on cellular and
molecular changes in the adult kidney. The goal of our study was to investigate the
effects of ingestion of moderate levels of tin dioxide (35-55 nm; SnO2) and copper
oxide (40 nm; CuO) on the developing kidney in Sprague-Dawley rats. Nanoparticles
were administered at 2 mg/L via drinking water to male and female animals during
mating, to the females during pregnancy, and to the females and pups after parturition. Control rats were provided with tap water. Dam weight, food and liquid intake,
and pup weight were monitored throughout the study. Pups were nursed on their
respective dams until 21 days at which time the animals were sacrificed and
several organs including the kidney were removed and immediately frozen in liquid
nitrogen. Kidney tissue sections were prepared via cryosectioning and stained with
hematoxylin and eosin or the nuclear dye DAPI to evaluate morphological changes.
To investigate potential changes in glomeruli structure, other kidney sections were
stained for allograft inflammatory factor-1 (AIF-1), which is used as a podocyte
biomarker. There were no significant changes in dam weight, food or liquid intake,
or pup weight in day 21 offspring exposed to tin or copper nanoparticles when
compared to control animals. Similarly, no gross morphological changes, as
assessed by hematoxylin/eosin or DAPI staining, were observed between control
and nanoparticle exposed offspring in the cortex, medulla, or renal pelvis regions.
In the control kidney, expression of AIF-1 was readily detected in podocytes in both
male and female animals. Exposure to tin or copper nanoparticles did not cause
a change in the intensity or distribution of IAF-1 immunostaining of podocytes in
day 21 offspring. Based on our findings, prenatal and postnatal exposure of tin
and copper nanoparticles at ppb levels via drinking water did not cause notable
changes in kidney morphology or the number of glomerular podocytes.

3189

Maternal Engineered Nanomaterial Exposure during Gestation
Affects Body Mass, Ovarian Weight, and Reproductive
Outcomes in F1 Females

E. Bowdridge1,2, K. Garner1,2, J. Griffith1,2, E. DeVallance1,2, T. Batchelor1,2, K. Wix1,2, M.
Seman1,2, A. Lusk1,2, K. Schafner1,2, W. Goldsmith1,2, and T. Nurkiewicz1,2. 1West Virginia
University, Morgantown, WV; and 2Center for Inhalation Toxicology, Morgantown, WV.
We have reported that maternal inhalation exposure to nano-titanium dioxide
(nano-TiO2) during gestation severely reduces estrogen and compromises placental efficiency at gestational day (GD) 20 in Sprague Dawley (SD) rats. Perturbations
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to the normal gestational milieu that neonates are subjected to during development
has been shown to significantly contribute to the developmental origins of health
and disease. The objective of this study was to determine the effects of gestational
exposure on juvenile growth and other adult health outcomes. Female, SD rats
were housed in the West Virginia University Inhalation Facility under a regulated
temperature and 12:12 hour light-dark cycle. F0 dams were randomly assigned to
the sham-control or nano-TiO2 exposure groups and acclimated for 48-72-hours
before mating. Inhalation exposures lasted for 6 days after GD 10 to decrease
animal stress. Pregnant rats were exposed to an average target concentration of
12 mg/m3. This exposure paradigm (12 mg/m3, 6 h/exposure, 6 days) produced
a calculated lung burden of 584±19 µg. Dams gave birth and F1 females were
weaned, sexed, and separated at 21 days postnatally. F1 females were weighed
weekly from 1-8 weeks of age. At 8 weeks of age females were euthanized and
spleen, liver, epidydimal fat, ovary and plasma were harvested. F1 nano-TiO2
females weighed significantly less than F1 sham-control females from 5 until
8 weeks of age. Additionally, nano-TiO2 F1 females had significantly decreased
liver (7.4±0.3 g) and epididymal fat mass (1.6±0.3 g) and increased ovarian mass
(0.7±0.04 g/g bw) when normalized to body weight compared to sham-control F1
dams (8.8±0.4 g; 2.8±0.2 g; 0.6±0.05 g/g bw; respectively). Circulating levels of
xanthine oxidase were significantly elevated in F1 nano-TiO2 females (15.3±1.6 mU/
ml) compared to F1 sham-control females (1.9±1.4 mU/ml), which could contribute
to vascular and endocrine disruption that we have previously shown in F1 nano-TiO2
females. These results provide evidence that maternal nanomaterial inhalation
exposure during gestation leads to decreased growth and body fat deposition as
well as increased ovarian mass, enzymatic activity for generating reactive oxygen
species in F1 females. Support: ES015022 (TN) GM104942-05 (EB), HL152534-01
(ED), ES031253 (SH).

3190

Prenatal and Postnatal Dietary Exposure to Silver or Palladium
Nanoparticles Causes an Increase in Iba1 Positive Macrophages
in Pubescent Rat Colon

C. S. Satterfield, J. Pedersen, and P. L. Durham. Missouri State University, Springfield,
MO. Sponsor: P. L.Durham, American Association for the Advancement of Science
The use of heavy metal nanoparticles in many different research and manufacturing applications has significantly increased recently and this trend is expected
to continue. This dependency comes with an increased risk of environmental
contamination in drinking water during the manufacturing, use, and disposal of
these products. Data on the harmful effects of ingestion of nanoparticles have
primarily focused on cellular and molecular changes to adult digestive tract organs
and tissues. In the colon, macrophages play an important role in maintaining tissue
homeostasis, in controlling inflammation, and promoting resolution after inflammation. The goal of this study was to investigate the effects of silver (Ag) and palladium
(Pd) exposure on the colon in pubescent Sprague-Dawley rats. Nanoparticles were
administered at 0.1 mg/L (Ag, 20 nm) or 2 mg/L (Pd, 15 nm) via drinking water
to male and female animals during mating, to the females during pregnancy, and
to the females and pups after parturition. Control rats were provided deionized
water. Pups were nursed on their respective dams until 21 days at which time the
animals were sacrificed and several organs including the colon were removed and
immediately frozen in liquid nitrogen. Descending colon tissues were cryosectioned
and then stained for the presence of ionized calcium-binding adaptor protein-1
(Iba-1), which is a biomarker of activated macrophages. Tissues were also stained
with hematoxylin and eosin or the nuclear dye DAPI to evaluate morphological
changes. An increase in the number of Iba1 positive cells was observed in the
mucosa of colon tissues from nanoparticle exposed male and female offspring
when compared to colon tissue from control animals. No significant differences
were observed in Iba1 expression in the submucosa, tunica muscularis, or serosa in
Ag or Pd exposed animals compared to control. Our results provide evidence that
prenatal and postnatal exposure to Ag and Pd nanoparticles caused an increase
in the number of macrophages in the colon mucosa of day 21 male and female
rat pups. Furthermore, the increased number of macrophages, which is indicative
of inflammation, in the nanoparticle exposed offspring may increase their risk of
developing chronic dysbiosis and/or irritable bowel disorder later in life.

3191

Reproductive and Developmental Toxicity of the Aprotic Solvent
n-Butylpyrrolidone in Rats and Rabbits

S. M. Green1, C. R. Millard2, M. T. Herberth2, and P. S. Coder2. 1Eastman Chemical
Company, Kingsport, TN; and 2Charles River Laboratories Ashland LLC, Ashland, OH.
Aprotic and diprotic solvents are essential to the synthesis and formulation of a
number of chemical substances and consumer products, especially water-based
polymer dispersions. Many aprotic/diprotic solvents such as n-methylpyrrolidone
(NMP), formamide, dimethyl formamide and dimethylacetamide are associated with
developmental toxicity. n-butylpyrrolidone (NBP) was a candidate from a project to
develop a low-toxicity NMP replacement. Developmental toxicity was evaluated
via OECD 414 studies in rats following oral, dermal and inhalation exposures and
in rabbits following oral exposure. Doses in rats were set by range-finding studies
and a 90-day repeat-dose oral toxicity study. Rabbit doses were selected based on
published oral NMP studies in rabbits. NBP was generally well-tolerated in maternal

animals at all doses with limited effects on body weights and food consumption.
In fetuses, the only significant NBP-related findings were minimally lower fetal
weights in rats and at the highest doses tested. No NBP-related effects were noted
on intrauterine survival by any exposure route. There were no NBP-related changes
in external, visceral, or skeletal fetal morphology in any of the studies. Reproductive
toxicity of NBP was evaluated in an OECD 421 reproductive toxicity screening study
in rats. NBP was well tolerated by the parental males and females. The only findings
noted in the offspring were a shorter mean anogenital distance in comparison to
the control group, in the high dose male pups, as measured on PND 1. These were
considered non-adverse given the lack of effect on the attainment of landmarks
of sexual development in male rats (balanopreputial separation) or in female rats
(vaginal opening). A rat pharmacokinetic study (OECD 417) showed that 94.1%
of the oral dose was eliminated in the urine, with an oral half-life of 7.96 hours.
The primary metabolites were ring hydroxylated NBP. No NMP was detected. The
only joint NMP metabolites were mono/di-hydroxylated desbutyl NBP at ~1.1%.
Extensive developmental toxicity testing in OECD 414 studies, varying by species
and route, has demonstrated the NBP does not cause adverse effects on fetal
survival or developmental morphology, with the exception of minor, reversible and
nonadverse changes in fetal/pup weights. In comparison, other pyrrolidones are
associated with fetal death and developmental malformations.

3192

Evaluation of Developmental and Reproductive Toxicity of
Suvecaltamide in Rats and Rabbits

K. Kim1, S. Markova1, L. Tan1, J. Huang2, and D. Manca1. 1Jazz Pharmaceuticals, Palo
Alto, CA; and 2Charles River Laboratories Ashland LLC, Ashland, OH.
Suvecaltamide (JZP385; CX-8998), is a selective, T-type calcium channel (Cav3)
modulator currently in clinical development as a once daily oral agent for the
treatment of moderate to severe essential tremor. In previous general toxicology
studies of suvecaltamide in rats and dogs for up to 6 and 9 months, respectively,
no effect on male or female reproductive organs was noted. Developmental and
reproductive toxicity of suvecaltamide was assessed in fertility studies in rats, and
embryo-fetal development (EFD) studies in rats and rabbits. In the male fertility
study, no effect on male fertility or embryonic parameters was observed after daily
administration for 63 days of up to 300 mg/kg/day. Slight to moderate, transient,
and nonadverse incoordination was recorded in all treated male rats following
administration of 75 to 300 mg/kg/day. In the female fertility study, after daily
administration for 28 days of up to 1000 mg/kg/day, rats were noted to have
decreased maternal body weight gain and food consumption during the premating
and gestation periods, which led to the early termination of 6/20 females at 1000
mg/kg/day. There were no maternal adverse effect at doses up to 100 mg/kg/day,
and no evidence of reproductive or embryonic toxicity at doses up to 1000 mg/
kg/day. In the rat EFD study, suvecaltamide was administered up to 250 mg/kg/
day on GD6 through GD17. Due to slight to moderate uncoordinated gait throughout the treatment period at 250 mg/kg/day, 125 mg/kg/day was considered the
NOAEL for maternal toxicity; no adverse effect on intrauterine parameters or fetal
morphology was seen up to 250 mg/kg/day. In the rabbit EFD study, suvecaltamide
was administered at up to 200 mg/kg/day on GD7 through GD19. Due to abortions,
body weight loss and decreased food consumption at 200 mg/kg/day, 60 mg/kg/
day was considered the NOAEL for maternal toxicity. There were no significant
effects on intrauterine parameters or fetal morphology up to 200 mg/kg/day. In
conclusion, no adverse developmental or reproductive effects were noted when
suvecaltamide was administered orally in male and female rat fertility studies at
doses corresponding to >7x and >35x the anticipated human maximum therapeutic
exposure (MHE), and in EFD studies in rats at doses corresponding to >17x MHE
and in rabbits at >5x MHE. These results support the enrollment of men and women
of childbearing potential in future clinical trials of suvecaltamide.

3193

Effects of Prenatal and Lactational Exposure to Iodoacetic Acid
on the F1 Generation of Mice

A. Gonsioroski1, D. M. Meling1, M. Plewa1,2, and J. A. Flaws1. 1University of Illinois at
Urbana-Champaign, Urbana, IL; and 2Safe Global Water Institute, Urbana, IL.
The presence of organic or inorganic matter in the water supply can lead to the
formation of toxic disinfection byproducts (DBPs) during the water disinfection
process. Iodoacetic acid (IAA) is one DBP that can be formed during the disinfection of drinking water. IAA has been shown to have teratogenic potential and to
be an ovarian toxicant in vitro and in vivo. However, it is unknown if prenatal and
lactational exposure to IAA affects reproductive outcomes in female offspring.
Thus, this study tested the hypothesis that prenatal and lactational exposure to IAA
adversely affect reproductive outcomes in F1 female offspring. Adult female CD-1
mice were dosed with only water (control) or IAA (10, 100, and 500 mg/L) in the
drinking water for 35 days and then mated with unexposed males. IAA exposure
continued throughout gestation. Dams were allowed to deliver naturally, and pups
(F1 generation) were continuously exposed to IAA through lactation until postnatal
day (PND) 21. Female pups were euthanized on PND 21 and subjected to measurements of anogenital distance, ovarian weight, and vaginal opening. Ovaries were
subjected to histological evaluation of healthy and unhealthy follicles. In addition,
sera were collected to measure pregnenolone, androstenedione, testosterone,
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estradiol, and follicle stimulating hormone (FSH) levels. IAA exposure decreased
vaginal opening rate (10 and 100 mg/L) in the female pups compared to control.
IAA exposure also increased the relative weight of the ovaries of female pups
(10, 100, and 500 mg/L) compared to control. Further, IAA exposure increased
anogenital index (500 mg/L) in the female pups compared to control. IAA exposure
significantly decreased the percentage of atretic ovarian follicles (100 mg/L) of
female pups compared to control. IAA exposure caused a borderline decrease
in the levels of progesterone (10 mg/L) and FSH (500 mg/L) and significantly
increased levels of testosterone (10 and 100 mg/L) in the female pups compared
to control. Collectively, these data show that prenatal and lactational exposure to
IAA in drinking water affects vaginal opening, anogenital index, relative weight of
the ovaries, and hormone levels in the F1 generation in mice. Supported by NIH R21
ES028963 and NIH T32 ES007326.

3194

Effects of Antisense Oligonucleotides (ASOs) with and without
Ligand Conjugate Antisense (LICA) in Reproductive and
Developmental Toxicology Studies in CD-1 Mice

C. M. Hoffmaster1, A. Logsdon2, R. Yu1, S. Henry1, and T. Kim1. 1Ionis Pharmaceuticals,
Carlsbad, CA; and 2Labcorp Early Development Laboratories Inc., Greenfield, IN.
Eplontersen, a ligand conjugated antisense (LICA) version of inotersen, an approved
antisense oligonucleotide (ASO) therapeutic, is expected to have improved efficacy
and reduced nonspecific effects. Eplontersen differs from inotersen in that it is
GalNAc3 conjugated and has a mixed phosphodiester/phosphorothioate backbone.
Although LICA modifications improved efficacy and toxicity profiles for eplontersen,
their effects on reproductive and developmental toxicity have not been investigated. Thus, we evaluated potential effects of eplontersen and a pharmacologically active LICA mouse surrogate on mating and fertility when administered via
subcutaneous injection. Males were dosed once weekly throughout the study, and
females were dosed once weekly during pre-mating and every other day during
pairing and gestation with eplontersen at 5, 25, or 75 mg/kg/week or 25 mg/kg/
week mouse surrogate. The surrogate reduced >90% of TTR mRNA levels in mouse
liver compared to control. The completed fertility and embryo-fetal development
study in mice with eplontersen or mouse surrogate demonstrated no reproductive or developmental toxicity at doses up to 75 mg/kg/week, which is consistent
with inotersen and other 2’-MOE ASOs with and without LICA conjugations. Tissue
concentrations of eplontersen in the maternal (pregnant dams) and paternal livers
were dose dependent following repeated subcutaneous administration before and
during gestation. Furthermore, there were no measurable levels of eplontersen in
the placenta or fetal liver, indicating eplontersen was not readily taken up by the
placenta or transported to the fetus. Thus, the completed fertility and embryo-fetal
development study with eplontersen in mice demonstrated that the nature and
dose-response of the toxicology findings as well as the target tissue exposures and
distribution were similar to inotersen regardless of LICA, indicating no effects of
LICA ASO on reproductive organs or function.

3195

Effect of Wattage with Maternal E-cigarette Vaping on Vascular
Health of Offspring at Three Months

A. Mills, S. Nassabeh, J. Frazier, M. Robinson, R. Plants, D. Kottapalli, S. Kincaid, P. D.
Chantler, and I. Olfert. West Virginia University, Morgantown, WV.
Emerging evidence reports rodent offspring have ~50% cerebrovascular impairment in post-natal life resulting solely from maternal vaping during pregnancy.
This study tested the hypothesis that higher wattage used with maternal vaping
would produce more severe vascular dysfunction in offspring. Female Sprague
Dawley rats (N=10) were time mated and then randomly assigned to the following
groups: 1) 5 watts (N=3), 2) 30 watts (N=3) and control (ambient air, N=4). Exposure
(consisting of 20 puffs, 1.5hr/day, 5 days/week) began on gestational day (GD)
2-3 until GD21 using whole-body chambers. The e-liquid was composed of 50%
vegetable glycerin (VG), 50% propylene glycol (PG) with no nicotine or flavoring.
Offspring were evaluated at 3-months of age, where 1 female and 1 male were
studied from each litter, and the middle cerebral artery (MCA) assessed using ex
vivo pressure myography. Isolated MCA vessel reactivity was measured using a
dose-dependent response to (10-9M to 10-4M) acetylcholine (ACh), serotonin (5-HT),
sodium nitroprusside (SNP). The offspring’s maximal MCA percent dilation to ACh
(10-4 M) was impaired in both the 5 and 30-watt groups compared to control (36±2%
and 38±0.8%, respectively, p<0.05), with no differences between those groups
(p=0.36). MCA vasoconstrictor response to 5-HT in 5- and 30-watt groups were
blunted compared to air controls (37±2%, and 39±4%, respectively, p<0.05); and
also showed no differences between wattage groups (p=0.66). Reactivity to SNP
(endothelial independent dilation) was reduced compared to controls in 5- and
30-watt groups (27±6%, and 25±6%, respectively, p<0.05), and again not different
between the 5- and 30-watt groups (p=0.79). These data show that maternal vaping
results in significant cerebrovascular impairment that involves both endothelial-dependent and endothelial-independent mechanisms in 3-month-old offspring
experiencing in utero e-cigarette exposure from maternal vaping during pregnancy.
Additionally, at this age, there are not significant differences in the magnitude of

blunting in MCA function based on the wattage setting used, suggesting that lower
watts may not be safer than higher watts. Supported by AHA Collaborative Science
Award 20CSA35320107, and NIH R21 ES033026-01.

3196

Lungs of Female Mice Exposed In Utero to Cool Mint-Flavored
Puff Bar Aerosol Have Increased Susceptibility to Th2-Mediated
Immune Responses and Greater Functional Decline following
House-Dust Mite Exposures

H. Stewart1, M. Schexnayder2, A. Penn1, and A. Noel1. 1Louisiana State University
School of Veterinary Medicine, Baton Rouge, LA; and 2Lincoln Memorial University,
Harrogate, TN.
While many people believe that electronic-cigarettes (e-cig) could be a safer
alternative to cigarettes, the health effects of vaping during pregnancy are mostly
unknown. The goal of this study was to assess the outcomes of pregnancy in mice
exposed to cool mint-flavored Puff Bar aerosols and the respiratory health status of
the offspring. Pregnant BALB/c mice (n = 8 per group) were exposed to either HEPA
filtered air or cool mint-flavored Puff Bar aerosols from days 1 to 20 of gestation
for 1 hour a day in a 5 L whole-body exposure chamber. The Puff Bar aerosol was
generated by connecting the disposable Puff Bar e-cig device to a peristaltic pump.
The offspring mice were exposed during fetal development to a total particulate
matter of 0.52 ± 0.21 mg/puff of Cool Mint Puff Bar aerosol. The female offspring
were sacrificed at 7 weeks of age following intranasal instillation of house dust
mite (HDM) or saline once a week for three weeks to induce asthmatic responses.
Lung function, broncho-alveolar lavage (BAL) cytology, and lung gene expression
were assessed. Our data show that in utero exposure to cool mint flavored-Puff
Bar aerosol plus HDM treatment alters lung function in 7-week-old female mouse
offspring. At baseline, respiratory system compliance was significantly decrease,
and following methacholine challenge, the maximum respiratory resistance as
well as the Newtonian resistance were significantly increased in offspring exposed
in utero to Puff Bar aerosol and that received HDM treatment compared to air
controls. Additionally, the HDM treatment significantly increased the percentage of
BAL neutrophils and decreased the percentage of macrophages in both the in utero
air and Puff Bar exposed offspring compared to their respective saline controls.
Ccl17, Ccl22, Il13, Il33, and Muc5ac were among the up-regulated genes in both the
in utero Puff Bar plus saline and in utero Puff Bar plus HDM groups, when compared
to the in utero air plus saline controls. Our data show that in utero exposures to Puff
Bar aerosols may predispose the lungs 1) to Th2-mediated immune responses, and
2) following exposure to an allergen, to greater lung function decline in childhood.
Thus, our data support the argument that e-cig use during pregnancy is not ‘safe’ for
the respiratory health of the offspring.

3197

In Vitro Exposure to E-cigarette (E-cig) Constituents and Aerosol
Condensate Is Cytotoxic to Cultured Trophoblast Cells

V. Goriainova1, M. Katsigeorgis1, J. P. Adragna1, C. Meakin2, L. M. Aleksunes2, and J. T.
Zelikoff1. 1New York University, New York, NY; and 2Rutgers, The State University of New
Jersey, Piscataway, NJ.
There are more than a billion tobacco users in the world. As of 2018, 41 million
people addicted to nicotine were using electronic cigarettes (e-cigs), including
about 150 thousand women during pregnancy. A recent study finds that about
4% of pregnant American women are vaping, and the rate of e-cig use is actually
higher among pregnant women than women who aren’t pregnant. As little is known
about the impact of e-cig aerosols on placental development, we hypothesized that
similar to constituents of cigarette smoke, trophoblast cell functions (viability and
proliferation) are adversely affected by e-cig constituents and heated aerosols at
environmentally relevant concentrations. Human extravillous trophoblast HTR8/
SVneo cells, seeded at 1x10^5 cells/well in 6-well plates, were treated 24-hr later
with media containing different concentrations of either: 1) 50:50 propylene glycol
+ vegetable glycerin (PG/VG); 2) nicotine alone (0.01 - 7 mg/mL; 3) 2.5% PG/VG
+ nicotine (0.1 - 1 mg/mL); 4) PG/VG + 24 mg/mL nicotine (0.1 - 3.5%); 5) PG/
VG + 24 mg/mL nicotine + 5 mg/mL menthol (0.1 - 3.5%); 6) aerosol condensate
prepared from heated group 4 or 5 constituents; and 7) media control. Condensate
was prepared using a Single Port E-cig Aerosol Generator. Forty-eight hours after
treatment, cell viability was determined by trypan blue exclusion and cell proliferation by microscopic observation. Cell viability in all treatment groups was
decreased in a concentration-dependent manner, and impairment of cell proliferation generally occurred at concentrations lower than those decreasing viability;
treatment with PG/VG alone reduced cell viability at concentrations >4%, whereas
concentrations >1% of PG/VG reduced proliferation. Treatment with nicotine alone
exhibited a similar pattern. Heated condensate (with or without menthol) were
cytotoxic at concentrations 100 times lower than the unheated precursors. These
findings suggest that e-cig constituents and heated aerosols are toxic to extravillous trophoblasts critical for establishment of uteroplacental exchange and proper
placentation. Supported by NYU GSoM Dept. of Environ. Med.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 118

3198

Prenatal Exposure to Snus Leads to Skeletal Deformities in
Adult Offspring Mice

R. J. Soh1, L. Walker2, N. Sparks1, and N. zur Nieden1. 1University of California Riverside,
Riverside, CA; and 2Rutgers, The State University of New Jersey, New Brunswick, NJ.
Maternal smoking during pregnancy (MSDP) has resulted in more than half a
million infants that are prenatally exposed per year. MSDP leads to low birth weight,
increased asthma and wheezing, behavioral abnormalities, and increased risk of
fracture in the offspring. In addition, despite studies illustrating the detrimental
effects of MSDP, 10-12% of women still smoke during pregnancy and often use
“harm reduction” tobacco products including combustion-free and smokeless
Snus. Although the effects of smoking have been studied, the ramifications of
maternal consumption of Snus tobacco on development of the skeleton are largely
unknown. To characterize the effects of prenatal Snus exposure on the developing
skeleton for the first time, pregnant mice were injected with Snus tobacco extract at
E6.5 and E8.5 and the offspring were grown to 14 months with the primary goal to
assess skeletal defects. This exposure resulted in dimensional changes to multiple
bone structures. Rib cage length was increased by 8.43% in females and 5.95% in
males. Rib cage angles were increased by 1.31% and 3.94% in females and males,
respectively. Barrel chest was observed at an average ratio of 0.62 (females)
and 0.58 (males). Bone densitometry of the adult skeleton further showed that in
utero-exposed mouse skeletons exhibited a decrease in mineralization in both the
rib cage and the skull. MicroCT analysis and reconstruction of femurs illustrated
a reduction in cortical bone tissue in Snus exposed mice. These novel, convincing results suggested that tobacco exposure during development may lead to a
hypomineralized phenotype in the bones later in life, at least in mice. To determine
whether these detrimental effects of tobacco exposure extend to human skeletal
development, we next used an in vitro osteogenic differentiation protocol from
human embryonic stem cells developed in our lab. Indeed, exposure to Snus during
differentiation inhibited calcification. Together, these findings illustrate that the
inhibition of normal osteogenesis elicited by in utero tobacco exposure that result
in rib cage deformities and hypomineralization in mice could translate to humans
as well.

3199

Development of a Novel Human Engineered Enzyme (AGLE0177) for the Treatment of Homocystinuria

C. L. Daige, J. F. Wiggins, L. Priddy, J. Van Cleef, S. Ferrati, L. Sloan, and S. Rowlinson.
Aeglea BioTherapeutics, Austin, TX. Sponsor: J. Stoudemire
AGLE-177 has been advanced for the treatment of the rare disease, Homocystinuria.
AGLE-177 has the unique ability to rapidly degrade both free homocysteine and
its oxidized or dimer form, homocystine, to affect total homocysteine (tHcy)
levels (PMID: 27778219). The metabolism of homocysteine and homocystine by
AGLE-177 in the blood produces the naturally occurring products ammonia, thio-homocysteine, alpha-ketobutyrate, and hydrogen sulfide. Thio-homocysteine is further
metabolized by AGLE-177 with the production of ammonia, alpha-ketobutyrate,
and hydrogen disulfide. Given the stability and high activity of AGLE-177 and the
potential for artefactually lowering tHcy plasma levels ex vivo (post blood collection), an inhibitor was added to the blood collection tube to ensure accurate assessment in efficacy and toxicology studies. To support initial clinical development, in
vivo efficacy of AGLE-177 was tested in a murine model of Homocystinuria (CBS-/-)
that presents with growth impairment and severe hepatopathy with 90% mortality
during the first 2 weeks of neonatal life (PMID: 7878023). The effect of treatment
on lifespan, pharmacodynamics, liver histopathology, alopecia, and bone formation
were assessed. In addition, AGLE-177 underwent assessment in 4-week toxicology studies in rats and monkeys at Charles River (Mattawan, MI). Treatment with
AGLE-177 markedly reduced tHcy levels in the plasma, liver, and brain in young CBS
-/- mice dosed with AGLE-177 and demonstrated an improved survival profile. The
reduction in mortality was accompanied by resolution of steatosis, improvement in
bone phenotype and alopecia in surviving animals. No accumulation of ammonia or
alpha-ketobutyrate was observed with chronic dosing of AGLE-177 in CBS-/- mice.
Dosing of AGLE-177 in the rat and cynomolgus monkey clearly demonstrated dose
dependent reductions of plasma tHcy allowing exploration of the toxicology of the
primary pharmacological effect. The favorable hematologic, clinical pharmacology
and histopathology profiles enabled the identification of a good margin of safety
for clinical evaluation. In summary, we have confirmed that AGLE-177 is highly
effective in lowering tHcy levels in a disease model of Homocystinuria, the CBS-/mouse, and in wild type rats and monkeys. The utilization of an inhibitor molecule to
the blood collection tube removed the artefactual ex vivo reduction of tHcy associated with the presence of AGLE-177. This enabled the accurate assessment of
the homocysteine lowering effects in both efficacy and toxicology studies, which
provided the basis for the initiation of FIH Phase 1/2 clinical trial in 2021.

3200

Investigating the Fetal Hepatic Proteomic Response to
In Utero Dimethylbenz[a]anthracene Exposure

I. Inyang, H. White, K. Timme, and A. Keating. Iowa State University, Ames, IA.
Exposure to environmental toxicants can negatively impact in utero fetal development. The impact of dimethylbenz[a]anthracene (DMBA), a polycyclic aromatic
hydrocarbon present in wildfires and cigarette smoke, on the developing fetal liver
remains unelucidated. This study investigated the hypothesis that in utero DMBA
exposure alters the fetal hepatic proteome in a sexually dimorphic manner. Lean and
hyperphagia-induced obese female mice were housed with males and the appearance of vaginal plugs was monitored and designated as gestation day (GD) 0.5.
Females were exposed to corn oil (CT) or DMBA (1 mg/kg) for 7d via intraperitoneal
injection (n = 10/treatment) from GD 7-14. On postnatal day 2, livers were collected
from male and female offspring with biological sex confirmation by the presence of
ovaries or testes and with litter considered as an “n = 1”. Total protein (n = 3) was
isolated and analyzed by LC-MS/MS. There were 34 and 21 differentially abundant
proteins (P < 0.05) in the liver of females and males exposed in utero to DMBA,
respectively. In females, the top five increased proteins were WAP, RPL6, LSM4,
LSM6, NDUFB8 and the five proteins decreased to the greatest extent were S100A8,
DDRGK1, ACAT1, FIP1L1, LAMTOR2 by DMBA exposure. In males, the abundance
of DDX21, KRT13, CD81, KRT78, TTC30B were the top five increased and RPL8,
SUB1, IVD, PSAT1, YWHAG were the five most decreased proteins due to DMBA
exposure. In addition, the abundance of YWHAG protein (P < 0.05) was decreased
in both female and male livers. In females, four metabolic KEGG pathways were
enriched (P < 0.05) and the abundance of three metabolic proteins (AGXT, ACAT1,
and GCAT) were reduced. However, immune-related proteins, including CD81, were
increased in males. Collectively, these findings support the hypothesis that the fetal
liver responds to DMBA exposure in utero and that a sexually dimorphic response
exists. Supported by R01ES030341-01 and R01ES030341-02S1 from NIEHS.

3201

Cytochrome P450 Enzymes in Human Fetal Membranes: An
Organ Capable of Metabolizing Environmental Toxins during
Pregnancy

A. Mosebarger, A. K. Kammala, and R. Menon. University of Texas Medical Branch at
Galveston, Galveston, TX.
Preterm birth (PTB; < 37 weeks of gestation) is a major pregnancy related complication of unknown etiology. Exposure to environmental pollutants during pregnancy
is one of the major risks. Dysfunctional status of the human fetal membranes
(FM) that surround the intrauterine cavity in response to toxicant exposure is one
of the pathogenic mechanisms associated with PTB. However, the role of fetal
membranes in metabolizing environmental toxins is unclear. Several reports state
that secondary metabolites of the environmental pollutants could cause more
severe harm than parent compounds. Metabolism of the toxins or drugs were
majorly carried out by cytochrome (CYP) P450 enzymes. We tested the hypothesis
that fetal membranes have functional CYP enzymes to metabolize the environmental toxins. Our objectives were 1. To determine the expression of CYP enzymes in
fetal membranes tissues and the membrane derived cell lines. 2. To assess the
functional activity of the CYP enzymes in fetal membranes. FM consist of amnion
epithelial cells (AEC), amnion mesenchymal cells (AMCs), and chorion trophoblast
cells (CTC) connected to the maternal decidual cells (DEC) and these cells were
isolated and immortalized for our studies. RNA was extracted from tissues and
FM cells and subjected to next generation gene sequencing to determine the CYP
enzymes. To test CYP enzyme functions in FM cells, each cell type was treated with
specific fluorescence substrates either with or without specific inhibitors for particular CYP enzymes (Ketoconazole-CYP3A4, Quinidine-CYP2D6, Terfenadine-CYP2J2
and α-naphthoflavone-CYP1A2). Presence of functional enzymes in cells will be
inhibited minimizing florescence release. Placental (BeWO) and liver microsome
cell lines were used as controls. FMs showed differential expression of the CYP
enzymes across different cell layers of FM. AECs and CTCs had higher expression
of CYP enzymes compared to AMCs and DEC. CYP 3A4, CYP 1A2, CYP 2J2 and CYP
2D6 were inhibited by treating with inhibitors in AECs and CTCs, but not AMCs and
DECs confirming their functional role in these cells. This is the first study to report
the presence of functionally active drug and toxicant metabolizing enzymes in the
FM tissues. Along with liver and placenta, fetal membranes are likely to play a major
role in clearing toxic and teratogenic substances during pregnancy.

3202

Sex-Specific Dose-Responses of Developmental PCB Exposure
on the Embryonic Brain and Placenta Transcriptome

K. Neier, B. I. Laufer, A. E. Valenzuela, D. H. Yasui, R. J. Schmidt, P. J. Lein, and J. M.
LaSalle. University of California Davis, Davis, CA.
As a master regulator of the fetal environment, the placenta can reveal molecular
signatures of neurodevelopmental disorders, such as autism spectrum disorder
(ASD). Thus, the placenta represents an opportunity to study neurotoxicity following
developmental exposures to environmental chemicals in human epidemiological
studies. We sought to investigate molecular signatures of developmental exposure
to the neurotoxicants polychlorinated biphenyls (PCBs) by measuring the transcrip-
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tome in placenta and embryonic brain from an established mouse model of
developmental PCB neurotoxicity. Dams were orally exposed from two weeks prior
to mating until tissue collection at embryonic day 18 (E18) to four doses (0, 0.1, 1,
or 6 mg/kg/day) of a PCB mixture comprised of the 12 most abundant congeners
detected in serum from pregnant women at increased risk of having a child with
ASD. Placenta and brain transcriptomes were assessed via RNA-seq (N=5-10/sex/
group) followed by differential expression analyses using limma in R. We found that
males were transcriptionally more sensitive to developmental PCB exposures than
females, and that dose-response patterns were sex-specific. The largest number of
differentially expressed genes (DEGs; FDR<0.05) in male brain was identified in 0 vs.
6 mg/kg-day (318 genes), and a similar number of DEGs were found in the placenta
for 0 vs. 1 mg/kg-day (393 genes), 0 vs. 6 mg/kg-day (360 genes), and 0.1 vs. 6 mg/
kg-day (393 genes). In contrast, the largest number of DEGs in females was from
0.1 vs. 6 mg/kg-day (126 genes) in brain and from 0 vs. 0.1 mg/kg-day (190 genes)
in placenta. To identify gene expression signatures associated with PCB exposures
in both placenta and brain, PCB dose was modeled as a continuous variable. A large
subset of genes was associated with PCB dose (p<0.05) in both tissues: 467 in
males, 311 in females, and 81 in both sexes. Together, our data suggest that males
are more transcriptionally sensitive than females to developmental PCB exposures
and display monotonic dose-response effects on the placenta and embryonic brain
transcriptome, whereas females display a non-monotonic transcriptional dose-response. Our findings also demonstrate that the placenta transcriptome can be
used as an indicator of developmental neurotoxicant exposures. This work was
supported by NIEHS (R01 ES029213).

3203

Comparison of Multicellular Organoid Models of Human Palatal
Fusion

C. J. Wolf1, C. Becker2, J. Smith2, and C. Wood1. 1US EPA, Research Triangle Park, NC;
and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.
Cleft palate (CP) is a birth defect that occurs in nearly 1 in 1000 human births
worldwide. The mammalian palate is formed by fusion of two palatal shelves
consisting of mesenchymal tissue surrounded by an epithelial layer. Disruption
of this fusion process can lead to CP. This process differs between human and
rodents and study in human requires an in vitro model. Our laboratory previously
developed a 2-cell type (2CT) organotypic model of human palatal shelves that
includes human mesenchymal stem cells (M) and human progenitor epithelial
keratinocytes (EK) to study palatal fusion. Here, we developed a 3-cell type (3CT)
model to include the endothelial component of the embryonic palate, and compared
their fusion responses to a test chemical and fusion signaling inhibitors. Spheroids
were generated by seeding M in M growth medium or a co-suspension of 2:1 M and
human umbilical vein endothelial cells (V) in 2:1 M:V growth media into agarose
dishes. The next day (d1), media was replaced by osteogenic differentiation
medium (O) or 2:1 O:V medium. Osteogenic differentiation in cultured spheroids
was confirmed by alkaline phosphatase activity. Spheroids were cultured for 7 days
and coated with EKs overnight to become organoids. Newly formed organoids
were placed in contact with each other (d0 of fusion), cultured with chemical for
2 days, and imaged on days 0, 1, and 2 for fusion analysis. Untreated organoids
were collected for PCR analysis and immunohistochemistry. Cell types and fusion
signaling components in the 2CT and 3CT organoids were confirmed by expression of cell type markers vimentin, cytokeratin17, PECAM-1; osteogenic marker
RUNX2; and signaling components BMP2, E-Cadherin, Irf6, ROCK1, TGFβ3 and
TGFβr2. Vimentin, cytokeratin 17, PECAM-1, and collagen IV were also identified
by immunocytochemistry. Fusion was inhibited by an FGFr inhibitor (CH5183284)
and a TGFβr2 inhibitor (LY2109761) in 3CT organoids at lower concentrations
compared to 2CT organoids (10 µM vs 20 µM and 4.5 µM vs 9 µM, respectively) by
day 2. Fusion was also inhibited by Valproic Acid in 3CT organoids at lower concentrations (1 µM) compared to 2CT organoids (10 µM). These results suggest the 3CT
model may be a more sensitive model for the study of human palatal fusion. This
work does not necessarily reflect US EPA policy.

3204

Oxidative Metabolism Effects on the Activity of the Sonic
Hedgehog Pathway Inhibitor Piperonyl Butoxide

K. S. Rivera González, and R. J. Lipinski. University of Wisconsin–Madison, Madison, WI.
Disruption of the Sonic Hedgehog (Shh) pathway during critical periods of development can result in birth defects including holoprosencephaly, limb malformations
and orofacial clefts, which are multifactorial and etiologically complex outcomes
thought to result from gene-environment interactions. Identifying interacting factors
that contribute to risk susceptibility is a key step towards designing birth defect
prevention strategies. Genetic polymorphisms in metabolizing enzyme genes like
the cytochrome P-450 (CYPs) enzyme family are primary drivers of inter-individual responses to xenobiotics. Here, we investigate how changes in the metabolism of the pesticide synergist piperonyl butoxide (PBO) influence its antagonistic
activity against the Shh pathway. Traditional microsomal stability assays using
human female microsomes are coupled with HPLC-MS and a Shh-responsive
mouse embryonic fibroblast assay to detect the impact of metabolism on PBO
activity. The results of this assay demonstrate that, as PBO undergoes metabolism,
its antagonistic activity against the Shh pathway is reduced. Ongoing studies are

incorporating recombinant human CYP enzymes to define specific isoforms that
metabolize PBO and to determine how CYP-specific PBO metabolites impact Shh
signaling. These studies focus on CYP isoforms with common human polymorphisms (CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4) as a first but critical
step in determining how common genetic predispositions may modulate the
developmental impact of PBO exposure.

3205

Refinements to Infusion Systems for Improved Animal Welfare
on Rat Fertility, Embryo/Fetal, and Pre/Postnatal Development
Studies

T. Gleason, S. Gledhill, B. Zillig, M. Buchanan, S. Ray, D. Harrison, J. Bultman, and
P. Coder. Charles River Laboratories, Ashland, OH.
Continuous Intravenous (IV) infusion is a challenging route of administration on
developmental and reproductive studies in the rat. Dosing duration varies from
12 days on embryo/fetal development studies to up to 9 weeks on male fertility studies. Traditional rodent infusion systems include subcutaneously exteriorized femoral vein catheters with tethers secured to jackets that require frequent
adjustments during the study. Additional measures taken to protect catheters from
damage include the use of stainless-steel mesh reinforced jackets during cohabitation as well as restriction of cohabitation to when room lights are on instead of the
traditional method of overnight breeding. A pilot study was conducted to evaluate
the feasibility of using femoral vein catheters and transcutaneous buttons with
magnetic connections, including vendor-prototype magnetic tethers with aluminum
sleeves. Twelve male and 12 female rats, surgically implanted by the vendor with
femoral vein catheters bonded to transcutaneous buttons in the scapular area, were
procured. Ten males were dosed with 0.9% sterile saline via continuous IV infusion
at a rate of 2 mL/kg/hour for 28 days prior to mating and continuing during mating
(to naïve untethered females) until the day prior to euthanasia (total of 64 days).
10 females were similarly dosed for 14 days prior to mating and continuing during
mating (to naïve untethered males) and gestation until lactation day 20. Clinical
observations, body weights, food consumption, estrous cyclicity, reproductive
performance, parturition, litter viability and survival, and macroscopic findings were
evaluated in addition to catheter placement, patency, and dose syringe weights.
Clinical observations included mild irritation at the exteriorization site that was
transient and did not impact overall animal health. In general, all animals gained
weight during the study. Maternal and paternal endpoints, including reproductive
performance, were unaffected and within the range of laboratory historical control
data. In addition, no remarkable findings were noted for F1 offspring. All catheters
were patent at study termination and the use of transcutaneous buttons with
magnetic connections proved successful in this study. This technique provided
an improvement to animal welfare and study efficiency as it eliminated the use of
jackets and the system updates significantly reduced the need for infusion system
repairs during the course of the study.

3206

Techniques and Modalities Used in Daily Test Item
Administration to Neonatal and Juvenile Rats

B. Attalla, and J. Younan. ITR Canada, Montréal, QC, Canada. Sponsor: W. Lee
As regulatory agencies require that the safety of drugs aimed at treating medical
conditions affecting pediatric patients be assessed in juvenile animals, there is
an increasing need for neonatal and juvenile animal models of relevant age to be
used as test systems in non-clinical studies. However, administering test materials to neonatal and juvenile rats is very challenging due to the animals’ size, their
fragility, and the personnel’s ability to handle and identify them. Our laboratory
developed techniques to administer dose formulations intravenously, intramuscularly or subcutaneously to rats as young as two days of age, and as often as twice
daily, and by oral gavage to rats as young as four days of age. For IV injections, the
temporal vein can be used from two to eight days of age. From nine to 14 days of
age, the jugular vein can be used, while from 15 days onwards, the tail vein can be
used for dose administration. Given the small size and the fragility of the rats at
such a young age, animals are identified using a unique tattoo system that employs
indelible digit ink. For dosing, animal movement is usually restrained using wet ice,
which also serves as anesthetic. Animal handling prior to and during dose administration, as well as the animals’ recovery following dosing are critical to the success
of the techniques. Special attention is paid towards these areas.

3207

Supernumerary Lumbar Vertebrae in Sprague-Dawley Rats:
Assessment of Reversibility and Effect on Mobility

D. S. Harischandra, A. K. Tatiparthi, C. D. Qualls, C. K. John, S. L. Daugherty, L.
Snyder, L. A. Champion, K. G. Hilbish, and P. B. Bushdid. Labcorp Early Development
Laboratories Inc., Greenfield, IN.
Axial skeletal abnormalities are routinely examined as a standard component of
developmental toxicology testing and have proven to be sensitive to many chemical
agents. Although these assessments occur in near-term fetal skeleton in laboratory
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animals, growth, remodeling, and ossification continue during the post-natal period
before the adult skeleton is fully formed. As such, classification of such abnormalities as a skeletal malformation or variation should be assessed by carefully reviewing how such an abnormality would impact the organism’s survival and post-natal
development. In this study, we have evaluated the impact of the supernumerary
lumbar vertebrae on growth and survival of Sprague-Dawley (SD) rats to provide
scientific evidence to support its classification as a skeletal variation. Here, timed
mated SD rats were administered 0 (vehicle control article) or 2000 mg/kg/day
ethylene glycol via oral gavage from gestational day (GD) 6 through 17 to induce
supernumerary lumbar vertebrae formation. These animals were allowed to give
birth, and in-vivo Micro-Computed Tomography (micro-CT) examination was
performed on all F1 pups on post-natal day (PND) 4 to identify supernumerary
lumbar vertebrae. Maternal exposure to ethylene glycol resulted in a mélange of
pups with some displaying supernumerary lumbar vertebrae while other pups had
normal number of vertebrae. During the maturation phase, clinical observations and
body weight measurements were also conducted on F1 pups to identify possible
growth retardation. To evaluate possible reversibility of the supernumerary lumbar
vertebrae, longitudinal micro-CT Imaging was conducted on these F1 pups at
PND 30 and 60. Assessment of spontaneous locomotor activity and exploration
assessed via open-field locomotor assessment on PND 63 revealed no significant
differences between control and ethylene glycol exposed pups with or without
vertebrae anomalies. Additionally, assessment of the Straight Channel Swimming
task on PND 63 indicated supernumerary lumbar vertebrae anomaly had no impact
on conducting strenuous tasks such as swimming. Together, our study indicates
that supernumerary lumbar vertebrae is a permanent structural abnormality in rats
yet have no impact on viability, development, or function, thus providing evidence to
classify it as a skeletal variation.

3208

Assessment of a Dam/Litter Co-exposure Model for Whole-Body
Inhalation Toxicity Studies in Rodents

S. Schleappi, J. Randazzo, and M. Herberth. Charles River Laboratories Ashland LLC,
Ashland, OH.
On rodent developmental and reproductive toxicity studies via the inhalation
route of administration that contain a littering phase, maternal dams are typically
not exposed from Gestation Day (GD) 21 through Lactation Day (LD) 4 to avoid
confounding effects on parturition, and nesting and nursing behavior; exposures are
typically reinitiated on LD 5. During the remainder of the lactation exposure period,
the dams are separated from their litters during exposure, and pups are potentially
indirectly exposed to the test substance through maternal milk until the day of
weaning, typically Postnatal Day (PND) 21 or 28. Recently, regulatory agencies have
been requiring that dams and litters be exposed to the test substance beginning as
early as LD 1. Further, the timing of blood collection relative to the end of exposure
is critical for inhaled test substances with potentially rapid clearance rates. In order
to meet the growing demand, traditional whole-body techniques were reviewed,
and a new co-exposure model was developed and investigated. This included an
assessment of a manifold delivery system coupled to individualized whole-body
exposure chambers to co-expose the dams with their litters during lactation. As
part of the testing, system stability and homogeneity were evaluated. The system
setup was then validated in a toxicokinetic study with the dual goal of confirming
the utility of individualized exposure chambers with the logistics of post-exposure
blood sample collections. This new model allowed for exposures beginning as
early as LD/PND 1 and blood collections within 5 and 10 minutes for dams and
pups, respectively, following the end of their respective exposure. In conclusion,
individualized whole-body exposure chambers successfully co-exposed dams and
litters to the test substance without causing effects on maternal or pup nursing and
nesting behavior, or on pup growth and survival, and is recommended for use where
co-exposures are warranted.

information supports the use of embryo-fetal toxicity data in KO models as part of
weight of evidence approaches in the communication of developmental toxicity risk
of pharmaceutical compounds.

3210

N. Brown, B. Gartland, E. Tudge, L. Branton, D. Barnes, and J. Freeth. Charles River,
High Peak, United Kingdom. Sponsor: A. Hoberman
Pregnant women are often underrepresented in clinical trials and so there is a
tangible need for an assessment platform which prioritizes the safety of these
vulnerable patients. In collaboration with large pharmaceutical partners, we used
bioinformatics assessments to develop a library of 1138 cell surface proteins
present during 10 - 18 weeks of pregnancy to screen for off-target effects, accounting for >98% of the human surfaceome and secretome represented during this
stage of pregnancy. The Retrogenix Cell Microarray Screen is a novel approach
to de-risk biotherapeutics in pregnant women early in the Discovery pipeline, and
a valuable addition to Development and Reproductive Toxicology (DART) studies.

3211

Knockout Mouse Models Are Predictive of Malformations or
Embryo-Fetal Death in Drug Safety Evaluations

N. R. Catlin, C. Stethem, C. J. Bowman, S. N. Campion, W. S. Nowland, and G. D.
Cappon. Pfizer Inc., Groton, CT.
Traditionally, understanding potential developmental toxicity from pharmaceutical
exposures has been based on the results of ICH guideline studies in two species.
However, support is growing for the use of weight of evidence approaches when
communicating the risk of developmental toxicity, where the intended pharmacologic mode of action affects fundamental pathways in developmental biology or
phenotypic data from genetically modified animals may increasingly be included
in the overall assessment. Since some concern surrounds the use of data from
knockout (KO) mice to accurately predict the risk for pharmaceutical modulation
of a target, a deeper understanding of the relevance and predictivity of adverse
developmental effects in KO mice for pharmacological target modulation is needed.
To this end, we compared the results of embryo-fetal development (EFD) studies
for 86 drugs approved by the FDA from 2017-2019 that also had KO mouse data
available in the public domain. These comparisons demonstrate that data from KO
mouse models are overall highly predictive of malformations or embryo-fetal lethality (MEFL) from EFD studies, but less so of a negative outcome in EFD studies. This

Embryo/Fetal Development Study in Rabbits via Continuous
Intravenous Infusion: Refinements to Infusion Systems and
Procedures to Increase Study Efficiency and Improve Animal
Welfare

T. Gleason, N. Harrison, G. Murphy, B. Zillig, A. Gaitan, A. Evans, D. Harrison, P. Coder,
and J. Bultman. Charles River Laboratories, Ashland, OH.
Continuous Intravenous (IV) Infusion in pregnant rabbits is a challenging route of
administration. Traditional methods include surgical placement of the catheter
in a femoral vein with a side access vascular port placed subcutaneously in the
scapular area. Maintenance of the port requires transcutaneous needle introduction and dose administration requires placement of a dosing catheter via a large
introducer needle into the port in unanesthetized pregnant rabbits. A pilot study
was conducted to evaluate the feasibility of using jugular vein catheters attached to
transcutaneous buttons with magnetic connections. As the button protrudes out of
the back of the rabbit, the first step was collaborating with vendors on refinements
to the jackets and magnetic injectors for dosing. Twenty-one female New Zealand
white rabbits were surgically implanted with round tip jugular vein catheters bonded
to transcutaneous buttons which were placed in the scapular area. Following a
14-day recovery period, twenty females were bred (1:1) with naïve resident males.
The females were dosed with 0.9% sterile saline via continuous IV infusion at a rate
of 0.5 mL/kg/hour from gestation days 7 through 20, inclusively. Clinical observations, body weights, food consumption, macroscopic examinations, gravid uterine
weights and external fetal morphology were evaluated in addition to catheter
placement, patency, and dose syringe weights. Minimal body weight losses and/or
gains, with corresponding minimal changes in food consumption, were noted for all
females during the dosing period. At necropsy, 19 (of 20) females were gravid and
intrauterine growth, survival and external fetal morphology were within the range
of laboratory historical control data. Clinical observations including mild jacket-associated irritation that was transient and did not impact overall animal health. All
animals had patent catheters throughout the dosing period. The use of transcutaneous buttons with magnetic connections proved successful in this study.
This technique provided an improvement to animal welfare and study efficiency
because it eliminated transcutaneous needle introductions and the button could be
accessed quickly with minimal restraint and handling of the animals.

3212
3209

Off-Target Assessment of Biotherapeutics for Use during
Pregnancy via Retrogenix Cell Microarray Technology

A Positive Control Validation of the Comparative Thyroid Assay
in Sprague Dawley Rats

J. L. Mesnard1, C. A. Picut2, E. A. Groeber1, S. Denham3, and P. S. Coder1. 1Charles River,
Ashland, OH; 2Charles River PAI, Durham, NC; and 3Charles River, Mattawan, MI.
The Guidance for Thyroid Assays was put forth by the US EPA (2005) as a mechanistic approach to generate data for pesticides with the potential to adversely impact
thyroid structure and/or thyroid homeostasis, perturbations which can adversely
affect the developing nervous system. This study was designed to generate positive
control data, using 6-propylthiouracil (6-PTU), and to understand the sensitivity of
the measured endpoints. Fifty-five (55) time-mated Crl:CD(SD) rats (per group) were
administered 6-PTU (0, 1, 3, or 10 ppm) continuously in the diet. Thyroid hormones
(TH; T3, T4 and TSH) were measured and tissues preserved for histopathological
examination from maternal dams (Gestation Day [GD] 20 and Lactation Day [LD]
21) and offspring (GD 20 fetuses; Postnatal Day [PND] 4 and 21 pups); numbers
of animals selected for hormone analysis at each interval were based on statistical power calculations. There were no notable effects of 6PTU administration on
dams or offspring, with the exception of lower mean pup birth weights at 10 ppm,
followed by lower pup body weight gains during the preweaning period. Pup survival
was unaffected by 6-PTU administration. Perturbations in thyroid homeostasis,
as evidenced by higher thyroid gland weights, lower liver weights, alterations in
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TH levels (lower T3, T4 and higher TSH) with corresponding changes in thyroid
histopathology (increased follicular cell height and decreased colloid amount) were
noted at all life stages at all concentrations of 6-PTU tested, with a few exceptions.
Overall, TH analysis proved to be of similar or greater sensitivity to 6-PTU induced
alterations in thyroid gland weights or histopathology at all life stages, with the
exception of LD 21 dams where histopathology was the most sensitive. In conclusion, following dietary administration of 6-PTU (a known thyrotoxicant), the
endpoints evaluated in the Comparative Thyroid Assay, including the analytical
methods for thyroid hormone evaluation, were able to successfully detect changes
in thyroid function and homeostasis, even at the lowest exposure level tested.

3213

Coupling Microphysiological and Computational Models of
Thyroid Homeostasis to Test Chemicals and Mixtures

B. P. Johnson1, Q. Zhang2, L. Terrian1, and K. Gardner1. 1Michigan State University,
Lansing, MI; and 2Emory University, Atlanta, GA.
Thyroid hormones (TH) act to regulate energy balance throughout the body
by controlling energy expenditure inside each cell. Circulating levels of TH are
controlled through hormone production and feedback in the hypothalamic-pituitary-thyroid (HPT) axis with the liver also playing a significant role. Diverse
classes of chemicals cause TH imbalance through modulations of molecular
targets involved in TH synthesis, transport, reception, metabolism, recycling, and
feedback. Neurodevelopmental deficits, developmental hearing and vision dysfunction, metabolic disorders, and cancer among other harms are attributed to TH
imbalance. Environmentally persistent chemical pollutants including polychloronated dibenzodioxins and dibenzofurans (PCDD/Fs), polychlorinated biphenyls
(PCBs) and per- and polyfluorinated alkyl substances (PFAS) that contaminate sites
around the world cause imbalance in TH kinetics in animal models and human
populations, but for many of these the mechanism is unresolved. For example,
the long-standing mechanistic paradigm whereby PCDD/Fs activate the aryl
hydrocarbon receptor (AHR) in hepatocytes inducing TH-glucuronide formation and
clearance has recently been put into question based on data generated in glucuronidation deficient rodent models. Here, we set out to design, construct and evaluate
a microphysiological model by which PCDD/F exposures disrupt human thyroid
kinetics and action. Model design was anchored in the adverse outcome pathway
(AOP) framework. Computational modeling was used to prioritize inclusion of
biological components (i.e. serum binding proteins) as well as to support risk-assessment by enabling the extrapolation of experimental data from the human
based culture system to a population level understanding of potential effects on
human health models from NHANES datasets. The developing model recapitulates
thyroid catabolism and action in human hepatocytes and is responsive to PCDD/F
exposure. We are expanding the assay to a high-throughput thyrocyte/hepatocyte
model that incorporates TH synthesis. Future applications of the model are to
determine the potential for synergistic effects between PCDD/Fs and commonly
co-exposed chemicals acting through alternate molecular initiating events. The
improved predictive potential of microphysiological in vitro chemical testing linked
through computational modeling to population health outcomes is a critical step
toward supporting PCDD/F risk-assessment. Improved risk-assessment can
then guide targeted intervention strategies that prevent adverse health effects in
sensitive populations.

3214

Visualization and Statistical Analysis of Endocrine-Sensitive
Pubertal and Developmental Endpoints

S. J. McBride1, V. L. Sutherland2, B. S. McIntyre2, K. R. Shockley2, and H. C. Cunny2.
1DLH Corporation, Durham, NC; and 2NIEHS, Research Triangle Park, NC.
In National Toxicology Program (NTP) developmental and reproductive toxicology
studies, developmental marker data are collected to assess endocrine-sensitive
and pubertal effects of exposure to environmental toxicants. In typical experiments,
attainment of balanopreputial separation (BPS) is evaluated in F1 males beginning
on PND 35, and attainment of vaginal opening (VO) is evaluated in F1 females
starting on PND 23, with continued observation up to 60 days. Features of attainment data include potential non-normality of attainment day distributions, litterbased correlation, and censoring of attainment day values if attainment extended
beyond the study observation period, or if there were reproductive tract deformities or moribund animals. Censoring of values may also be clustered by litter or
may occur at particular dose levels. Growth retardation, reflected in the weaning
weight, is an important covariate in analysis of BPS and VO given the relationship between normal day of expected attainment and body weight. Approaches in
the literature vary in terms of normality assumptions and treatment of censored
values. We propose a robust procedure to analyze developmental endpoint
data that reflects the features of the data. Two types of statistical models are
proposed, mixed models and Cox proportional hazards models, chosen depending on the degree of censoring and the distribution of the attainment times, with
both approaches allowing for adjustment for weaning weight. Using data from
four previously published NTP studies of environmental toxicants (2-Hydroxy-4methoxybenzophenone, 2-Ethylhexyl p-Methoxycinnamate, Butylparaben and
4-Methylimidazole), typical features of attainment data are shown, including skew,
non-normality and correlation with weaning weight. Visualizations of dose-related

delays in attainment include plotting cumulative response percentage, obtained
using the methods of Kaplan-Meier, against time to attainment adjusted for
weaning weight. For these datasets, the assumptions and interpretations of mixed
models and Cox proportional hazards models are compared. We also illustrate
potential bias in results when censored observations are omitted from analysis; in
one example, a mixed model yielded the misleading result that more rapid attainment (~1 day) occurred with dosing relative to controls, while the Cox proportional
hazards model showed no dose effects. The analytic procedures described here
tailor the statistical modeling approach to features of individual datasets, resulting
in more robust inference.

3215

OECD 443 Study Design and ECHA Requested Changes

J. K. Passage. Labcorp Early Development Laboratories Inc., Greenfield, IN. Sponsor:
V. Marshall
In 2002, the World Summit of Sustainable Development, which included over 100
participating countries, committed to the goal of sound chemical management by
2020 to ensure that chemicals are produced and used in ways that lead to minimizing adverse effects on human health and the environment. The EU responded by
enacting Registration, Evaluation, Authorisation, and Restriction of Chemicals
(REACH) in 2007. REACH aims to protect human health and the environment from
risks posed by chemicals, as well as enhance the competitiveness of the chemical
industry. It strives to reduce animal testing and to create a comprehensive chemical
database. To meet these REACH goals, the OECD 443 (Extended One Generation
Reproduction Toxicity Study [EOGRTS]) study was designed to reduce animal usage
by combining several study designs (repeat dose, reproductive toxicity, developmental neurotoxicity, and developmental immunotoxicity) into one large study. The
European Chemical Agency (ECHA), the governing body over the REACH mandate,
has begun reviewing OECD 443 study reports in an ongoing EOGRTS review project.
Review has identified seven issues they consider critical in terms of how the studies
were designed and conducted: 1) dose-level selection must be based on effects on
sexual function and fertility, and be sufficiently high, 2) histopathological analysis
of organs and tissues in Cohort 1B, 3) organs/tissues of low and mid-dose must be
subjected to full histopathology if treatment-related changes are observed in the
organs/tissues at high dose, 4) investigations on F1 and F2 pups must be identical,
5) increased statistical power to investigate sexual maturation in F1, 6) immunotoxicity testing in P0 and Cohort 1A animals is mandatory, and 7) methods need to
be described in sufficient detail. These issues may compromise data analysis and
interpretation, and could raise questions regarding compliance with legal requirements and may result in requests for additional testing. This poster will discuss
these issues, and describe recommended changes to be made to the current OECD
443 study design. This poster will also demonstrate how Labcorp is assisting
clients to ensure that current and future studies are fully compliant and support
timely product registration.

3216

An Integrated Approach for Testing Developmental and
Reproductive Toxicity (DART) Endpoints for Next-Generation
Risk Assessment (NGRA)

I. Muller1, M. Baltazar1, E. Barrett1, D. Basili1, L. Flatt2, M. Dent1, G. Hendriks2, J.
Houghton1, A. Jamalpoor2, K. Predrag1, H. Li1, A. Middleton1, T. Osterlund2, R.
Rajagopal1, A. White1, and P. Carmichael1. 1Unilever, Bedford, United Kingdom; and
2Toxys B.V., Leiden, Netherlands.
The continued development and application of NAMs in a decision-making context
will play an increasing role in fulfilling the ambition to assure the safety of novel
ingredients without the need for animal testing. Previously, using coumarin as a
case study, we showed how currently available NAMs can be integrated to make
a safety decision without using any in vivo animal data for a hypothetical safety
assessment (Baltazar et al., 2020). Points of departure (PoDs) derived from
different NAMs were compared to exposure estimates (plasma Cmax) obtained
using PBK modelling to calculate a bioactivity-exposure ratio (BER), with associated uncertainty, which was used in the risk assessment decision. The core set
of NAMs being evaluated to assess bioactivity are a cell stress panel (CSP),
high-throughput transcriptomics (HTTr) and in vitro pharmacological profiling
(IPP). Developmental toxicity is one area where additional NAMs may be needed to
ensure that a NGRA approach is protective. The ReproTracker® assay is a human
stem cell-based assay that rapidly and reliably identifies developmental toxicity
hazards of new drugs and chemicals (Jamalpoor et al., submitted). The assay
captures the key cellular events of stem cell differentiation and early embryonic
development and was therefore identified as a potentially useful addition to our
toolbox. Together with the development of a PBK model including maternal and
fetal ADME parameters, we are in the process of evaluating this exposure led NGRA
approach composed of the ReproTracker® assay, IPP, CSP and HTTr. Points of
departure have been calculated using the ReproTracker® assay for 20 compounds
and then have been compared to PoDs obtained from the other assay platforms.
Overall, ReproTracker® demonstrated good results in predicting teratogenicity of
the first 20 compounds tested. Differences in the outcome between HTTR and IPP
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endpoints and ReproTracker® readout were observed, demonstrating the overall
use of and integrated approach for DART endpoints and the additional value the
ReproTracker® assay provides for predicting developmental toxicity.

3217

A Fit-for-Purpose Animal Model for Endocrine Studies in Female
Rats

L. Wang, J. Huang, T. Gleason, and P. Coder. Charles River, Ashland, OH.
Ovariectomized females implanted with silastic capsules containing estradiol have
been widely used in mechanistic endocrine studies in rats. With the elimination of
endogenous estradiol, and supplementation with exogenous estradiol, this model
allows for evaluation of treatment-related effects in females that are synchronized
in proestrus. As reproductive hormones are also responsive to stress, handling of
animals during the study is critical. This study was designed to evaluate the use
of Vascular Access Buttons (VAB) in lieu of traditional methods of blood collection and to determine if measurable levels of estradiol were maintained for up
to 10 days post-surgery. Young adult Crl:CD(SD) female rats (16) with surgically
implanted femoral vein catheters, exteriorized with VABs, were purchased, and
subjected to bilateral ovariectomy with subcutaneous implantation of a silastic
capsule containing Estradiol Benzoate (4 mg/mL in Sesame oil). Beginning 3 days
following surgery, animals received deionized water by oral gavage for 7 days to
mimic handling during dosing. Blood samples for measurement of circulating
levels of estradiol were collected on Day 4 and 10 post-surgery. Catheter patency
was maintained for all females for the duration of the study. Fifteen females
survived surgery and through scheduled euthanasia. Measurable levels of serum
estradiol were noted for 14 (of 15) surviving females on both Day 4 and 10 post-surgery, demonstrating the use of this model for at least 10 days post-surgery. In
summary, female rats with surgically implanted femoral vein catheters and VABs
were successfully ovariectomized and implanted with estradiol containing silastic
capsules and maintained high levels of estradiol for up 10 days following surgery.
This model allows for minimal handling of surgically modified animals which is
important when evaluating stress responsive hormones on mechanistic endocrine
and reproductive toxicity studies.

3218

A Systematic Assessment: The Potential for Developmental and
Reproductive Toxicity from QUATs

J. M. DeSesso1,2, S. B. Harris3, A. R. Scialli4, and A. L. Williams1. 1Exponent, Alexandria,
VA; 2Georgetown University School of Medicine, Washington, DC; 3Stephen B. Harris
Group, San Diego, CA; and 4Scialli Consulting LLC, Washington, DC.
Quaternary ammonium compounds (QUATs) are commonly found in cleaning
products, disinfectants, hand sanitizers, and personal care products. Although in
use for >50 years and considered safe when handled according to directions, recent
studies have alleged reduced fertility and neural tube defects in rodents after low
level QUATS exposures. To ascertain whether QUATs exposure causes developmental and reproductive toxicity (DART) in mammals, a systematic assessment
of all available data was conducted. A methodologic search of the literature identified 789 potentially relevant publications. These were pared down to 8 pertinent
studies, including 2 dissertation chapters, through review of titles and abstracts.
An additional 10 unpublished, guideline-compliant DART studies of QUATs were
included. All 18 studies were assessed for data quality using ToxRTool and the
results of the studies evaluated according to data quality level. Eight (8) studies
were judged “not reliable” due to various deficiencies including, for example,
failure to fully describe methods and/or endpoints; use of unquantified/unverified
exposures and/or non-standard test methods; and incorrect reporting on endpoints
and/or assessment at inappropriate time points. Some (not all) of these studies
reported adverse DART effects after 7.5 mg QUATs/kg/day in mice, though findings
were inconsistent. In contrast, QUATs exposures ≥100 mg/kg/day (rats) produced
no test article-related, adverse DART findings in the 6 studies scored as “reliable
without restriction” and 4 studies considered “reliable with restriction.” (The
restrictions were mainly due to small group sizes in rabbit studies.) In conclusion,
the available weight of evidence indicates no adverse DART effects after QUATs
exposures at anticipated concentrations and normal use. This effort was sponsored
by the Household & Commercial Products Association.

3219

Application of In Silico and In Vitro Approaches for Evaluating
Developmental and Reproductive Toxicity in Botanical Products

V. Sutherland1, L. Reinsalu2, M. C. Huang1, M. T. Cronin3, M. Embry4, S. Fitzpatrick5, C.
L. Galli6, A. Inselman7, Q. Jia2, J. Larson8, C. Mahony9, R. Pieters10, P. Ranganathan11,
C. Rider1, J. Rogers12, and C. A. Mitchell4. 1NIEHS, Research Triangle Park, NC; 2Procter
& Gamble, Mason, OH; 3Liverpool John Moores University, Liverpool, United Kingdom;
4HESI, Washington, DC; 5US FDA, Bethesda, MD; 6Università degli Studi di Milano, Milan,
Italy; 7US FDA/NCTR, Jefferson, AR; 8Herbalife Nutrition, Torrance, CA; 9Procter & Gamble
Technical Centre, Reading, United Kingdom; 10Universiteit Utrecht and University of
Applied Sciences, Utrecht, Netherlands; 11PepsiCo, Purchase, NY; and 12ToxStrategies
Inc., Research Triangle Park, NC.
Botanical dietary supplements are widely used to address menopausal symptoms,
pre-menstrual pain, pregnancy complications and infertility or as general health
supplements. Others are marketed to enhance sexual function, treat erectile
dysfunction, or improve behavior in children. To address the large quantity and
diversity of botanical products and a dearth in developmental and reproductive
toxicity (DART) data for botanicals, a cross-collaborative effort is developing a
toolkit of in vitro and in silico screening strategies to reliably identify DART liabilities. The suitability of in silico tools was investigated with known botanical constituents. The P&G Profiler, which identifies potential DART-active chemicals by integrating chemical structure with known DART modes of action, was applied to 100k
phytochemicals identified in a large database of natural chemicals, COCONUT.
Alerts were identified for 7% of structures and 81% of structure scaffolds. Only
10% of the phytochemicals screened did not yield an alert. The P&G DART Profiler
was also used to screen 252 unique phytochemicals derived from 13 botanicals
with well-documented safety or toxicity profiles. Of these, 59 phytochemicals were
flagged for potential teratogenicity. To compare the multiple platforms, blue cohosh,
a plant with reported teratogenic effects, had 14 known constituents run through
the models. Of these, 5 compounds were flagged as a toxicant with good reliability.
In the P&G profiler, 8 were identified as DART positive. On the VEGA platform, 12
of the 14 constituents were flagged as a DART toxicant, albeit with varying levels
of reliability (from low to high). These discrepancies suggest a Weight of Evidence
approach using in silico and in vitro data for botanicals to assess safety. Next steps
in developing the DART toolkit involve testing selected in vitro assays with a set of
botanicals that have been shown to have DART. The combination of in silico and in
vitro approaches will enhance throughput and relevance of DART safety data which
is much needed for botanicals. The views expressed are those of the authors and do
not necessarily reflect the position/policy of PepsiCo.

3220

Development of a Putative Adverse Outcome Pathway for
Neonatal Mortality in Rodents: Implications for Human Health
Risk Assessments of PFAS

J. M. Rogers1, M. M. Heintz2, C. M. Thompson3, and L. C. Haws4. 1ToxStrategies Inc.,
Raleigh, NC; 2ToxStrategies Inc., Asheville, NC; 3ToxStrategies Inc., Houston, TX; and
4ToxStrategies Inc., Austin, TX.
Studies indicate some poly- and per-fluorinated alkyl substances (PFAS) cause
neonatal offspring mortality following exposure of pregnant rodents. The etiology
of PFAS-induced neonatal mortality is unknown and the mode of action may differ
among PFAS. Some studies indicate activation of peroxisome proliferator-activated receptor-α (PPAR-α) is required to elicit neonatal death. Conley et al. 2021
(PMID: 33126064) reported hypoglycemia and low liver glycogen in rat neonates
following bolus exposure via gavage to HFPO-DA (GenX) in utero and suggested
that these findings were implicated in the observed neonatal mortality. Glycogen
normally accumulates in fetal liver of rodents a few days before birth and deficient
glycogen can cause mortality within hours after birth. A putative Adverse Outcome
Pathway (AOP) for neonatal mortality in rodents was constructed based on
PPAR-α and PPAR-γ activation as molecular initiating events (MIEs) and placental
toxicity, fetal nutrient deprivation, inadequate neonatal hepatic glycogen stores
and neonatal hypoglycemia as key events (KEs) leading to neonatal mortality. A
critical component of this rodent based AOP is the elaboration of key event relationships (KERs) and evaluation of the literature germane to each KER. Relevance to
humans of each KER was evaluated for potential implications for human toxicity via
this AOP. Most KERs were well-supported by canonical knowledge and/or empirical data from the literature, forming a blueprint to a biologically plausible AOP for
rodents. The MIEs and KEs in this putative AOP can also occur in humans. However,
relevance of the KERs for humans is attenuated by known species differences in
PPAR structure, function, activation, and target gene regulation, and differences in
the ontogenetic timeline of liver development and fetal hepatic glycogen accretion.
Preliminary evidence related to species differences in KERs suggest that humans
may be less susceptible to this putative AOP. Additional research is needed to
assess the relevance of this putative AOP for PFAS-induced neonatal mortality in
rodents and for human risk assessment of PFAS compounds.
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Beyond AOPs: A Mechanistic Evaluation of NAMs in DART
Testing

R. Rajagopal, M. Baltazar, P. Carmichael, M. Dent, J. Head, H. Li, I. Muller, J. Reynolds,
K. Sadh, W. Simpson, S. Spriggs, A. White, and P. Kukic. Unilever, Sharnbrook,
United Kingdom.
New Approach Methodologies (NAMs) offer a unique opportunity to enable
human-relevant safety decisions to be made without the need for animal testing
in the context of exposure-driven Next Generation Risk Assessment (NGRA).
Protecting human health against the potential effects a chemical may have on
embryo-foetal development and/or aspects of reproductive biology using NGRA
is particularly challenging. These are not single endpoint or health effects and risk
assessments have traditionally relied on data from Developmental and Reproductive
Toxicity (DART) tests in animals. There are numerous Adverse Outcome Pathways
(AOPs) that can lead to DART, which means defining and developing strict testing
strategies for every AOP, to predict apical outcomes, is neither a tenable goal nor
a necessity to ensure NAM-based safety assessments are fit-for-purpose. Instead,
a pragmatic approach is needed that uses the available knowledge and data to
ensure NAM-based exposure-led safety assessments are sufficiently protective.
To this end, the mechanistic and biological coverage of existing NAMs for DART
were assessed and gaps to be addressed were identified, allowing the development
of an approach that relies on generating data relevant to the overall mechanisms
involved in human reproduction and embryo-foetal development. Using the
knowledge of cellular processes and signalling pathways underlying the key stages
in reproduction and development, we have developed a broad outline of endpoints
informative of DART. We then compared the existing NAMs against this outline
to determine whether they provide comprehensive coverage when integrated in
a framework. The application of this safety assessment framework is illustrated
using an exposure-led case study.

3222

Systems-Based Exposure Modeling of Endocrine-Disrupting
Chemical Exposure: Exploring Mode of Action of EDCs and
Interactions with the Circadian Clock

L. Bottalico1, A. Bansal2, R. Velazquez-Aponte3, A. Briskin4, D. Malik1, A. Sengupta1,
A. Sehgal1, G. Grant1, R. Simmons1,5, and A. Weljie1. 1University of Pennsylvania,
Philadelphia, PA; 2Australian National University, Canberra, Australia; 3Recinto
Universitario de Mayagüez, Mayaguez, Puerto Rico; 4The diaTribe Foundation, San
Francisco, CA; and 5Children’s Hospital of Philadelphia, Philadelphia, PA.
Endocrine-disrupting chemicals (EDCs) disrupt hormone action and are linked to
development of metabolic disease. In parallel, the circadian clock is a critical regulator of metabolic homeostasis. While extensive crosstalk exists between circadian
and endocrine systems, the potential for EDCs to disrupt circadian-driven cellular
metabolism or physiology is not well characterized. Mass spectrometry-based
metabolomics was utilized to assess biochemical impacts of EDC exposure in a
mouse liver clock model and in C57BL/6J mice. A LC-MS based polar metabolomics workflow was used to assess EDC-driven impacts on cell and organ-specific
metabolite profiles. In vitro studies were conducted in Met murine hepatocytes
(MMH-D3) containing a high-amplitude luciferase reporter of the molecular clock
(Per2-dLuc). 340 metabolites were assayed from MMH-D3 cell lysate following
24 h exposure to Bisphenol A (BPA), di-2-ethylhexyl phthalate (DEHP) and perfluorooctanoic acid (PFOA), and from liver and adipose tissues harvested from
C57BL/6J mice following direct or gestational exposure to BPA. The impact of EDC
exposure on Per2-dLuc expression in MMH-D3 was assessed via real-time bioluminescence tracing, with additional inclusion of the herbicide glyphosate in the EDC
panel. Quantitative real-time PCR (qRT-PCR) was conducted in MMH-D3 to assess
expression level of select nuclear receptor and core molecular clock genes in
the presence of EDCs. Multivariate statistical modeling using orthogonal partial
least squares discriminant analysis (OPLS-DA) revealed dose-specific metabolic
signatures of EDC exposures in MMH-D3 cell lysate. BPA, DEHP and PFOA did not
directly impact Per2-dLuc cycling in MMH-D3. A trend towards decreased amplitude
of Per2 cycling was observed following exposure to glyphosate. Analysis of
qRT-PCR experimental results is ongoing. In C57BL/6J mice, multivariate modeling
revealed generation, gender, and dose-specific metabolic fingerprints of BPA
exposure in liver and adipose tissues. Across datasets, BPA perturbed a range of
redox, nutrient and energy metabolism-related biochemical pathways. EDC-induced
biochemical pathway impacts and potential interactions with circadian genes
warrant further investigation in the context of diabetogenic and obesogenic mode
of action of EDCs.

3223

Optimizing Concentration Setting for In Vivo EndocrineDisrupting Chemical Identification Studies

N. Burden1, M. Embry2, R. Puglisi2, and F. Sewell1. 1NC3Rs, London, United Kingdom; and
2HESI, Washington, DC.
There is growing regulatory demand for fish and amphibian in vivo data to support
identification of chemical-induced endocrine activity and disruption. To ensure that
only endocrine-specific effects are detected and aid data interpretation, improve-

ments to concentration-setting guidance are needed. This will help avoid triggering unnecessary further vertebrate tests and the use of concentrations that cause
unnecessary suffering in test animals. Determining the most appropriate highest
concentration - or maximum tolerated concentration (MTC) - for these studies is
problematic, e.g. there is inconsistency in how this is defined and recommended
within different Organisation for Economic Co-operation and Development (OECD)
test guidelines. This work aims to provide a consensus definition of the MTC for
fish and amphibian endocrine tests and develop an optimised strategy for concentration setting. It has been conducted by an NC3Rs/HESI-led expert working
group comprising of scientists from regulatory agencies, academia and industry.
Preliminary analysis of regulatory fish (rainbow trout) acute toxicity data on 22
substances assessed the appropriateness of setting the MTC using 1/3rd of the
acute LC50 value or 1/10th of the acute LC50 value. These values were compared to
the no observed effect concentration (NOEC) and lowest observed effect concentration (LOEC) to evaluate if (sub)lethal symptoms of toxicity were observed in
proximity to the selected MTCs. Comparing acute outcomes with the MTC derived
from 1/3rd LC50, in 5/22 (23%) of cases the MTC would not be appropriate as it
exceeded the LOEC for (sub)lethal effects. In 7/22 cases (32%) the MTC may
not be appropriate as it fell between the NOEC and LOEC values for sublethal
effects. Comparing acute outcomes with the MTC derived from 1/10th LC50, in
1/22 (5%) of cases the MTC would not be appropriate as it exceeded the LOEC for
sublethal effects. In 4/22 (18%) of cases the MTC may not be appropriate as it fell
between the NOEC and LOEC values for sublethal effects. These results highlight
the potential for confounded outcomes in fish endocrine tests depending on how
the MTC is selected. Next steps include: 1) conducting the same comparisons
for fathead minnow data; 2) conducting the same analysis for amphibians; and 3)
comparing different approaches for MTC setting with endocrine-relevant endpoints
in fish short term reproduction and amphibian metamorphosis assays to determine
a) whether overt toxicity was observed in the test concentration range, and b) if this
range was sufficient to allow for detection of endocrine activity.

3224

The Effects of PFOS on the Hypothalamic-Pituitary-Thyroid
(HPT) Axis Using a Multi-organ Transcriptomics Approach

N. Davidsen1, L. Ramhøj1, C. A. Lykkebo1, A. K. Rosenmai1, B. Evrard2, M. Iain Bahl1, T.
Rask Licht1, F. Chalmel2, and T. Svingen1. 1DTU Fødevareinstituttet, Danmarks Tekniske
Universitet, Kgs. Lyngby, Denmark; and 2Université de Rennes, Inserm, EHESP, Irset
(Institut de Recherche en Santé, Environnement et Travail), UMR_S 1085, F-35000,
Rennes, France.
Animal studies have shown that perfluorooctanesulfonic acid (PFOS) decrease
levels of circulating thyroid hormones (TH) such as thyroxine (T4) and triiodothyronine (T3), without associated change in thyroid stimulating hormone (TSH).
However, the molecular mechanisms driving these effects are highly debated.
Disruption of the hypothalamic-pituitary-thyroid (HPT) axis may have detrimental
effects on metabolism, cardiac and reproductive function, growth and development. In addition, disruption of TH metabolism early in life may have severe
consequences on neural development. Also the intestinal microbiota has been
shown to affect TH metabolism by affecting enterohepatic cycling of TH, iodine
uptake and excretion. Here, we examine the effects of PFOS exposure on the
HPT-axis to obtain a situational image of the hypothyroid state. We also examine
if a disturbed microbiota may interact with these effects. We exposed adult male
rats to either vehicle (control), 8 mg vancomycin/kg/day, 3 mg PFOS/kg/day, or
8 mg vancomycin/kg/day + 3 mg PFOS/kg/day for 7 days. Key organs involved
in TH metabolism, hypothalamus, pituitary, thyroid, and liver, were collected for
transcriptomics analysis. In addition, weight, TH, and TSH was measured, and liver
was collected for histological assessment. PFOS induced a signatory hypothyroid
state, with PFOS associated lipid accumulation in the liver. In the PFOS-only group,
we detected 155, 277, 273, and 733 Differentially Expressed Genes (DEGs) for
the hypothalamus, pituitary, thyroid, and liver, respectively. In the hypothalamus,
multiple genes related to axon elongation, vesicle transport, GABA and glutamate
signaling were affected (Myo5a, Sema3a, Gad2, Slc38a1). Few genes of interest
were identified in the pituitary and thyroid. In the liver, genes involved in trafficking and oxidation of fatty acids and cholesterol (CD36, Crot, Apoa1, Vnn1) were
affected. Multiple phase I (Cyp2a1, Cyp3a2) and phase II (Sult1e1, Ugt2b1) enzymes
were upregulated. Decreased TH may be attributed to an increases expression in
a number of proteins altering trafficking and excretion. The microbiota does not
seems to play a major role in PFAS induced hypothyroidism.

3225

Transcriptional Footprint of Hypothyroidism and Thyroid
Hormone System Disrupting Chemicals in Livers of Perinatally
Exposed Rat Offspring

L. Ramhøj1, T. Svingen1, B. Evrard2, F. Chalmel2, and M. Axelstad1. 1Danmarks
Tekniske Universitet, Kgs. Lyngby, Denmark; and 2Université de Rennes, Inserm, EHESP,
Rennes, France.
During development, the thyroid hormone (TH) system is required for tissue growth
and differentiation, including the brain. The TH system is also susceptible to
disruption by environmental chemicals in different tissues and steps of the regulatory pathway. One common target site for chemical disruption is the liver. Here,
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chemicals can affect the liver directly but also work through TH system disruption
to cause liver TH deficiency and induce compensatory mechanism to counteract
hypothyroidism. However, it is still unclear how effects of hypothyroidism and
TH-system disrupting chemicals are reflected in the transcriptome in reproductive
toxicity studies. Herein, we used bulk-RNA-barcoding and sequencing (BRB-seq) to
profile the transcriptome of livers from 16-days old rat pups perinatally exposed to
TH disrupting chemicals. Rats were exposed from gestation day 7 to postnatal day
16 to control (corn oil, n = 14), propylthiouracil (PTU, 1 and 2.5 mg/kg/day, n = 8-10),
methimazole (MMI, 8 and 16 mg/kg/day, n = 11), amitrole (25 and 50 mg/kg/day, n
= 11), octyl-methoxycinnamate (375 and 500 mg/kg/day, n = 6-8) or DE-71 (mixture
of polybrominated diphenyl ethers, 20 and 40 mg/kg/day, n = 8-10). Transcriptional
signatures of PTU and MMI-exposed pups were used to define a signature profile of
hypothyroidism distributed over effects related to decreased TH-signaling and the
compensatory processes, within the TH-system, to counteract this. The signature
was validated by comparing to effects induced by the pesticide amitrole, which
also causes a pronounced hypothyroid state by inhibiting TH synthesis. Additional
signature comparisons were obtained with effects caused by two other TH-system
disrupting compounds: OMC targeting the central regulation of the TH-system and
DE-71 targeting the liver. Our results show that DE-71 caused pronounced dose-dependent changes indicative of activation of the nuclear receptors aryl hydrocarbon
receptor, constitutive androstane receptor and pregnane X receptor, yet not many
transcriptional changes that could be related to a hypothyroid state. Our study
provides a robust data-source to improve our understanding of the TH-system and
effects by environmental chemicals and is an important step towards improved
regulation of thyroid hormone system disrupting chemicals.

3226

An In Vitro Human Thyroid Model to Screen and Classify
Thyroid-Disrupting Chemicals with Various Modes of Action

E. Rogers1, K. Wolf2, T. Stone2, P. Balbueno2, and E. LeCluyse2. 1LifeNet Health
LifeSciences, Virginia Beach, VA; and 2LifeNet Health LifeSciences, Research
Triangle Park, NC.
Perturbation of thyroid hormone synthesis by pesticides and other environmental agents are known to cause numerous developmental, metabolic and cognitive
disorders in humans. Data collected from animal studies may or may not reflect
the potency and duration of compound-induced effects due to species differences
in thyroid stimulating hormone receptor (TSHR), sodium/iodide symporter (NIS)
and thyroid peroxidase (TPO) sensitivity to exposure. Deisenroth et al. recently
described a novel 3D human thyrocyte microtissue culture platform for identifying thyroid disrupting chemicals (TDCs) whose toxicity may occur through
various modes of action (Toxicol. Sci. 2020;174:63-78). The aim of this study was
to identify characteristics of qualified thyrocyte lots and further optimize assay
conditions including plating format, seeding density, microtissue size and exposure
period for compound testing. Cryopreserved human thyroid cells (passage 1) from
healthy adult donors of both genders ≤55 y.o. and a body mass index of ≤35 were
cryopreserved in a serum-free bio-preservation medium. Thyroid cells from multiple
batches were thawed in human thyrocyte plating medium (HTPM) with an average
yield per vial of ≤0.5x106 cells and an average viability of 80%. Thyroid cells were
plated on Matrigel-coated 96-well culture plates at a seeding density between 7500
and 2500 cells/well and maintained in human thyrocyte culture medium containing
1mIU/mL bovine thyroid stimulating hormone (HTCM). 3D microtissue formation
occurred over the initial 4 days after which a stable size (50-200 μm) was observed.
Cultures were then treated with HTCM and media samples collected at day 7 and
14 for TG or T4 measurements, respectively, by ELISA. The results showed that
thyroid microtissues seeded between 5000-7500 cells per well produced suitable
levels of T4 with sufficient dynamic range for TDC screening (≥3.3 µg thyroglobulin/
day/106 cells on day 7 and ≥6.6 ng T4/day/106 cells on day 14). Some thyrocyte
batches in 3D culture and all batches plated as 2D monolayers exhibited suitable
TG production levels at day 7 but reduced or no T4 levels at day 14. Inhibition of
T4 synthesis was determined after a 120-h treatment with TPO inhibitors methimazole and 6-propyl-2-thiouracil between days 9 and 14 (n=3). Half-maximal inhibitory
concentrations (IC50) for methimazole and 6-propyl-2-thiouracil were 0.4 µM and
0.75 µM, respectively. In conclusion, cryopreserved primary human thyrocytes may
be a valuable tool to evaluate and prioritize potential TDCs for human health risk
assessment.
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Developing a Quantitative AOP for Liver-Mediated Thyroid
Modulation after Prenatal Exposure to a Xenobiotic Compound
in the Rat

A. Piersma1, M. Beekhuijzen2, A. Boelen3, S. Bressers2, E. Gremmer1, M. de
Groot2, T. Hamers4, E. Hessel1, K. van Dycke2, and M. Wenker2. 1Rijksinstituut voor
Volksgezondheid en Milieu (RIVM), Bilthoven, Netherlands; 2Charles River Laboratories,
Den Bosch, Netherlands; 3AUMC, Amsterdam, Netherlands; and 4Vrije Universiteit,
Amsterdam, Netherlands.
Xenobiotic-induced hepatic metabolism induces phase I and phase II enzymes,
which in turn may cause enhanced clearance of thyroid hormones. In humans,
thyroid hormone is needed for orderly brain development during the first trimester of pregnancy, when the fetus is entirely dependent on the maternal transfer

of triiodothyronine (T3) and thyroxine (T4). This project aims to monitor relevant
maternal and offspring liver and thyroid parameters after prenatal exposure to a
model liver enzyme inducer in rats using BMD modelling in order to define quantitative relationships early in the AOP. A broad dose range up to 300 mg/kg bw/day
of pregnenolone-16α-carbonitrile (PCN), a model pregnane-X-receptor agonist and
UGT1A isozyme inducer, was administered orally to female rats (Wistar Han) from
gestational day (GD) 6 to GD 20. Upon the completion of dosing on GD 20 pregnant
rats in each treatment group were evenly divided into two cohorts. One cohort
was terminated at GD21 and maternal and fetal parameters assessed. The other
cohort was terminated at weaning, and dam and pup parameters were assessed.
Dose-response analyses were performed using PROAST software (Slob, 2002).
Pregnancy rate, body weight and food consumption were unaffected throughout
the study. Dam liver and thyroid weight were dose-relatedly reduced at GD21, and
this effect had disappeared at weaning. In general, responding parameters showed
full sigmoid dose-response curves with effects appearing at the mid dose range
and plateauing at the higher dose levels. Litter size and pup body weight gain until
weaning were unaffected by treatment. At GD21, liver T3 decreased in the dams
while liver T4 concentrations were increased, accompanied by upregulation of
relevant Cyp enzymes, glucuronidases, sulfatases, and D3 activity. Serum T3 and
T4 decreased at GD21, with no effect on TSH. These parameters had all returned to
control values at weaning. Fetal brain at GD21 and pup blood and brain at weaning
did not show changes in thyroid hormone concentrations. The data confirm that
PCN acts as a strong phase II liver enzyme inducer in adult rats, followed by
secondary modulation of the thyroid axis. The effects on offspring brain development in this study cannot as yet be excluded and this requires further analyses.
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Validation of a Human Microsome-Based DIO1 Inhibition In Vitro
Assay

A. Weber1, B. Barbara1, C. Herrmann1, H. Huener1, S. Schneider1, K. Renko2, S. Coecke3,
D. Funk-Weyer1, and R. Landsiedel1. 1BASF SE, Ludwigshafen am Rhein, Germany;
2Bundesinstitut für Risikobewertung (BfR), German Centre for the Protection of
Laboratory Animals (Bf3R), Berlin, Germany; and 3European Commission Joint Research
Centre, Ispra, Italy.
Several adverse effects have been associated with disruption of thyroid hormone
homeostasis. The European Union Reference Laboratory for alternatives to animal
testing (EURL ECVAM) is coordinating the validation of multiple in vitro methods
addressing different modes of action (MOA) of thyroid hormone disruption by
cooperating with the network of EU laboratories for the validation of alternative
methods (EU-NETVAL). Deiodinases (DIO) are important, local regulators of TH
action by enzymatically activating or inactivating TH via deiodination. DIO1, one of
the three isoforms and mainly expressed in thyroid, liver, and kidney tissue, serves
as one main source for circulating T3 via deiodination of T4 and plays a role in
recycling of iodide. A method to determine DIO1 inhibition based on enzymatic
activity in human liver microsomes using the Sandell-Kolthoff reaction was
transferred to our laboratory [1] and further developed following Good in Vitro
Method Practice, GIVIMP [2, 3]. Testing results of six known DIO1 inhibitors were
used to examine reproducibility (part 1) and define acceptance criteria. Then 40
blinded test items were tested (part 2). 22 of these test items were de-blinded
and the results were compared to published in vitro data. Reproducibility was
demonstrated for all six test items of part 1 (e.g., IC50: 6-Propyl-2-thiouracil: 3.8
µM in this study, compared to [4]: 5.4 µM). High concordance with in vitro data
obtained in recombinant enzyme [4] is given for 22 substances: Morin hydrate, a
natural occurring yellow dye, with known DIO1 and DIO3 inhibition in recombinant
enzyme has shown full DIO1 inhibition in human liver microsomes. The improved
DIO1 inhibition assay using human liver microsomes is a robust and reproducible in
vitro assay to assess potential DIO1 inhibition of chemicals. Integrated testing and
assessment strategies considering other thyroid-related MOA are needed to assess
the biological relevance of assay results for thyroid hormone disruption. [1] https://
doi.org/10.1210/en.2011-1863 [2] https://doi.org/10.1787/9789264304796-en [3]
https://doi.org/10.14573/altex.2102261 [4] https://doi.org/10.1093/toxsci/kfy302.
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Nonylphenol and Octylphenol Are Unlikely to Perturb the
Mammalian Thyroid Pathway

J. Klapacz1, S. Marty1, B. Losey2, D. Wilson1, and T. Auernhammer1. 1Dow, Midland, MI;
and 2RegNet Environmental Services, Washington, DC.
Interferences in thyroid hormone signaling by exogenous chemicals is an emerging
regulatory concern based on the potential for neurodevelopmental and other
adverse outcomes in humans and wildlife. In order to assess 4-Nonylphenol,
branched (NP) and 4-t-Octylphenol (OP) effects on mammalian thyroid pathways,
available in vivo and High Throughput Screening (HTS) ToxCast data have been
collated from the public domain and analyzed for any potential perturbations of
the thyroid function and pathways organized into the Adverse Outcome Pathway
(AOP) frameworks. Specifically, the in vitro HTS data evaluate a chemical’s
potential interaction with the molecular targets that can activate the downstream
events and lead to adverse outcomes. Overall, most available HTS thyroid axis
assays have been found to be either inactive or lie above the cytotoxicity levels of
NP and OP. Only three assays (2 on activation of hepatic xenobiotic nuclear PXR
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receptors and 1 on zebrafish developmental toxicity) show activity AC50 values
below their respective cytotoxicity limits; these three outcomes are judged to be
non-specific to the thyroid pathway perturbations. Data from three in vivo repeat
dose studies investigating the effects of NP or OP on the thyroid hormones and
histopathology endpoints likewise have not indicated a specific interaction with
the adult mammalian thyroid pathway; effects noted are observed at levels associated with systemic toxicity. Finally, a two-generation reproductive toxicity study
with NP has evaluated significant thyroid-related and hormonal information in
parents and offspring. Effects reported include accelerated vaginal opening in the
female high-dose offspring indicative of a weak estrogen activity, an absence of
reproductive changes in rats of the F0 and F1 generations, and no adverse changes
in behavior or learning of the offspring. No histopathological abnormalities of the
thyroid gland have been observed. T4 was not altered in the presence of increased
liver weights; other thyroid hormone changes in the offspring have been judged to
not be toxicologically and biologically significant in this study. Overall, no effects
on investigated thyroid endpoints have been found below the systemic study
NOAEL level that would be indicative of thyroid disruption potential of NP. Putting
all the available evidence together, NP and OP are unlikely to adversely affect the
mammalian thyroid hormone pathway.

3230

Lessons from an International Collaboration Building Estrogen
Receptor Computational Models

J. He1, F. Wu1, S. Marty2, T. Auernhammer2, A. Parks2, S. Wijeyesakere2, J. Chai2, and D.
Wilson2. 1State Key Laboratory of Environmental Criteria and Risk Assessment, Beijing,
China; and 2Dow, Midland, MI.
Predicting estrogen receptor (ER) binding can help minimize use of compounds with
potential endocrine activity. In 2018, a collaboration was launched between the State
Key Laboratory of Environmental Criteria and Risk Assessment (SKLECRA) and the
Dow Chemical Company to develop ER computational models. The models provide
a qualitative assessment of ER binding (yes/no) for chemical screening and can
identify the most relevant substructures for ER binding. A database was compiled
and curated from two publicly available datasets: US EPA ToxCast and ChEMBL,
using human and murine ER-alpha (ESR1) binding data wherein compounds with
half maximal effective concentrations (EC50) ≤ 50 μM were considered positive
for ER interactions (specific binders), whereas compounds that have EC50 values
≥ 200 μM were considered negative for ER interactions. Intermediate compounds
(50 μM ≤ EC50 ≤ 200 μM) were not included in the training set. Both models were
trained/tested on 90%/10% of available data selected randomly for each model run.
SKLECRA’s model used Partial Least Squares (PLS) based on chain fragmentation
using commercial software (Algorithm Builder); the final model used 37 fragments
to predict ER interactions. Dow’s model also was based on structural fragments
identified by conjoining publicly available, predefined keys (PubChem) and fingerprints (Morgan) within a KNIME-based random-forest decision tree workflow. The
Dow model used 11 runs to assess statistical performance with results of each
run based on the majority classification of 101 decision trees with each decision
tree node using 65% of the data in a bootstrapped fashion. The final Dow production model used 100% of the data. Both models identify common substructures
that likely contribute to positive ER binding; dominant among these structures are
hydroxyl-substitutions on a benzene ring. Both SKLECRA and Dow models obtained
good predictivity to discern compounds capable of interacting with ER (Sensitivity ≥
94%; Specificity ≥ 94%; Balanced Accuracy ≥ 94%). This collaboration demonstrates
the value of a curated database in generating consistent model outputs and verified
the transferability of the conjoint model using KNIME.
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Cadmium-Induced Changes in Serum Testosterone Level in
Male Serbian Population: Benchmark Dose Approach

A. Buha Djordjevic1, K. Baralic1, D. Javorac1, M. Andjelkovic1, S. Mandić-Rajčević2,
E. Antonijevic Miljakovic1, B. Antonijevic1, D. Djukic-Cosic1, and Z. Bulat1. 1University
of Belgrade, Belgrade, Serbia; and 2University of Belgrade School of Medicine,
Belgrade, Serbia.
Cadmium (Cd), one of the most widespread environmental pollutants, is often
referred to as an endocrine disruptor and suggested to affect male reproductive
function. Hence, the aim of this research was to determine the presence of the
dose-response relationship between the measured blood Cd concentration, as
internal dose, and serum testosterone level, as hormonal response. The sample
collection was conducted at Clinical Center of Serbia and Clinical-Hospital Center
“Bežanijska kosa” (Belgrade, Serbia) from January 2019 to May 2021 and included
207 male participants. Blood sample preparation was carried out by the microwave
digestion with HNO3 and H2O2 (Milestone START D, SK-10T, Milestone Srl, Italy).
Graphite furnace atomic absorption spectrophotometry (GTA 120, 200 series AA,
Agilent technologies, USA) was used for Cd determination, while serum testosterone level was measured with electro-chemiluminescent immune-assay (Cobas
e411 analyzer, Roche Ltd., Switzerland). Benchmark dose-response modeling
analysis was conducted in PROAST software version 70.1 created by the Dutch
National Institute for Public Health and the Environment, RIVM. Testosterone and
Cd levels were analysed as quantal data (0 - testosterone level within reference
range, 1 - testosterone level outside the reference range). 2.49-8.36 ng/ml was

used as a testosterone reference range for men aged 20-49, while 1.93-7.40 ng/
ml was used for men over 50 years of age. The averaging technique was applied
to compute the Benchmark dose (BMD) interval, benchmark response was set at
10%, whereas Akaike information criteria was used to evaluate the model. The
mathematical relationships between Cd blood concentration and serum testosterone level have been confirmed, with 0.273 and 3.62 µg/L calculated for BMD
lower confidence limit (BMDL) and upper confidence limit (BMDU), respectively.
Considerably low obtained BMD values indicate that even Cd blood levels higher
than 0.273 µg/L could lead to a 10% higher risk for a substantial change in testosterone serum levels. Although further research is needed on this issue, the observed
findings also demonstrate that the BMD approach may play a key role in the dose
response analysis of the data from human studies.
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Genetic Background in the Rat Impacts Metabolic Outcomes of
Post-wean BPF Exposure

V. A. Wagner1, K. C. Clark1, K. L. Holl1, J. J. Reho1, L. C. Solberg Woods2, H. Lehmler3,
J. L. Grobe1, and A. E. Kwitek1. 1Medical College of Wisconsin, Wauwatosa, WI; 2Wake
Forest School of Medicine, Winston-Salem, NC; and 3University of Iowa, Iowa City, IA.
Bisphenol F (BPF) is a common substitute for bisphenol A (BPA), an endocrine
disruptor (ED) associated with cardiometabolic disease, and is found in consumer
products. Interindividual variation in human bisphenol levels suggests that
gene x environment interactions (GxE) influence cardiometabolic disease risk
from bisphenol exposure. BPF is a potent ED with effects on thyroid, reproductive health, and neuroendocrine functions. Traditional in vivo toxicity studies are
performed in isogenic or genetically undefined outbred rodents, leading to conflicting results possibly due to GxE. This limitation can be avoided by studying the
N/NIH Heterogeneous Stock (HS) rats, an outbred population derived from 8
founder inbred strains readily amenable to genetic study. Our overall hypothesis
is that BPF-induced cardiometabolic disease has underlying genetic risk, which
can be identified using the HS rat and its founding inbred strains. We previously
demonstrated that 5 weeks postwean BPF exposure significantly impacts body
growth and adiposity in male HS rats. The goal of this project was to evaluate the
metabolic impact of postwean BPF exposure in a subset of HS founding inbred
strains. Weanling littermate pairs of male and female ACI, BN, F344, and WKY rats
were randomly exposed to either vehicle (0.1% EtOH) or 1.125 mg BPF/L in 0.1%
EtOH for 10 weeks in drinking water. Cardiometabolic measures, tissues, urine,
and feces were taken. Feeding efficiency was significantly increased in BPF ACI
females compared to vehicle ACI females. BN, F344, and WKY females showed
no impact from BPF exposure. Digestive efficiency was decreased in BPF ACI
males compared to all other males. Preliminary data indicate that BPF ACI and
F344 males have decreased metabolic rates compared to vehicle exposed males
of the same strains. BPF male endocrine gland masses were affected compared
to vehicle males of the same strain: ACI males had increased thyroid glands, BN
males showed a trend in increased pituitary glands, and WKY males had increased
adrenal glands. Analysis of pituitary-secreted hormones suggests disruption of
the hypothalamic-pituitary-gonadal (HPG) and -adrenal axis in BPF WKY males and
the HPG axis in BPF ACI males compared to vehicle males of the same strain. Our
preliminary data suggest that postwean BPF exposure has numerous effects on the
endocrine system and metabolic rate depending on genetic background. This work
supports BPF exposure as a cardiometabolic disease risk factor and indicates that
the HS rat will be a useful model for dissecting GxBPF interactions on metabolic
health.
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Specific Binding of Bisphenol S to the Extracellular Domain of
the Epidermal Growth Factor Receptor Modulates Invasion of
Placental Trophoblast Cells

E. Ticiani, J. Villegas, C. Murga-Zamalloa, and A. Veiga-Lopez. University of Illinois at
Chicago, Chicago, IL.
Bisphenol S (BPS) is an endocrine-disrupting chemical and the second most
abundant bisphenol detected in humans. Our preliminary work supports the fact
that in vitro exposure to BPS reduces human extravillous trophoblast cell invasion
by interfering with epidermal growth factor (EGF)-dependent EGF receptor (EGFR)
activation. Using a molecular docking approach, we have recently identified three
putative binding sites for BPS in the extracellular domain on EGFR. To test whether
EGFR mutations at the predicted BPS binding sites (Arg255, Lys454, and Arg297)
could prevent BPS’s interference on EGFR activation, mutations for each EGFR
target amino acids (R255A, R297A, and K454A) were introduced. QuikChange
Site-directed Mutagenesis Kit was used to incorporate the specific mutations.
Thereafter, HEK293t cells (which lack EGFR) were transfected with either wild type
EGFR, or one of the three different EGFR substituting amino acids, with over 80%
transfection efficiency. After 24 hours, cells were exposed to 1) vehicle, 2) BPS
(10,000 ng/ml), 3) EGF (300 ng/ml), or 4) BPS+EGF for 15 min. EGFR phosphorylation was not affected by BPS exposure in any of the EGFR mutated cell lines. In
the EGFR wild type, EGF exposure increased EGFR phosphorylation ~7.8-fold. This
effect was partially (~25%) reduced when EGF was co-exposed with BPS. In the
R255A EGFR mutation, BPS was also able to reduce (~30%) EGF-mediated EGFR
phosphorylation. However, for mutations at the R297A or K454A sites, BPS did
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not affect the EGF-mediated EGFR phosphorylation, suggesting that Lys454, and
Arg297 residues are needed for the BPS antagonism effect on EGFR phosphorylation. Using the same exposure treatments, we tested whether the mutation
at the residues R297A or K454A would also block BPS+EGF phenotype to cell
invasion. We used HEK293t EGFR transfected cells seeded in matrigel pre-coated
transwell inserts. As expected, EGF upregulated invasion in HEK293t transfected
with R297A or K454A EGFR (~2.5 and ~1.9 times, respectively), but BPS did not
affect EGF-mediated cell invasion. These results demonstrate that R297 and K454
amino acid residues are needed for BPS to exert its antagonistic effect on EGFR.
Supported by NIEHS R01 ES027863 to A.V-L.
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The Effects of Contraceptive Chemicals and Mixtures on
Adipogenesis and Hormone Receptor Signaling

Y. T. Chiang, and C. Kassotis. Wayne State University, Detroit, MI.
Approximately 65% of women aged 15-49 in the US use birth control. A common
reported side effect associated with birth control use is weight gain. In some
instances, this side effect is sufficient to deter women from using birth control
altogether. This is especially problematic for those who suffer from endometriosis
or irregular menstruation, where birth control is often used as a treatment. We
investigated whether progestins and estrogens used in birth control formulations
were potentially disrupting adipocyte development. If they did disrupt adipocyte
development, we tested to determine the mechanisms promoting the effects seen
in the adipocytes. To test this, we conducted a literature search and compiled a list
of ten progestins, three estrogens, and seven progestin-estrogen combinations, all
of which are found in commonly used birth control formulations. We tested these
hormones and mixtures for agonistic and antagonistic activity with the progesterone, estrogen, glucocorticoid, retinoid X, thyroid, and peroxisome proliferator
activated receptors using transient transfection reporter gene assays in human
cells. We also assessed pro-adipogenic activity using the 3T3-L1 murine pre-adipocyte model, and after ten days of exposure, measured triglyceride accumulation and cell proliferation. We found that nearly all the progestins tested, both
individually and in combination with estrogens, promoted substantial triglyceride accumulation. Medroxyprogesterone Acetate, Etonogestrel, and Nesterone
promoted >100% total triglyceride accumulation relative to the maximal positive
control response. Additionally, every progestin also promoted cell proliferation.
Medroxyprogesterone Acetate, Etonogestrel, and Nesterone promoted >50% cell
proliferation relative to differentiated solvent controls at 1 μM. Estrogens were
overall less active in promoting effects than progestins, and when combined,
muted effects were observed relative to individual progestin responses. These
data suggest that commonly used progestins may interfere with adipocyte development and could promote weight gain through triglyceride accumulation and cell
proliferation. Weight gain, a common concern for women taking birth control, has
insufficient information available to appreciate potential risk. These data provide
improved insight into which contraceptives may have less undesirable effects on
weight management.
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Metabolic Consequences of Polyethoxylated Surfactant
Exposure in Early Developing Zebrafish

M. K. LeFauve, R. Berube, Y. T. Chiang, and C. D. Kassotis. Wayne State University,
Detroit, MI.
Alkylphenol ethoxylates (APEOs), such as nonylphenol ethoxylates (NPEOs),
and alcohol ethoxylates (AEOs), such as cetyl alcohol ethoxylates (CetAEOs),
are high-production volume nonionic surfactants. Both NPEOs and CetAEOs are
generated via ethylene oxide reactions with the base hydrophobe alkylphenol or
alcohol, resulting in variable length ethoxylate chains. These chemicals are used
widely in consumer products such as detergents and hard-surface cleaners and are
commonly reported environmental contaminants. Both APEOs and AEOs can act as
endocrine disruptors and can modulate metabolic function and lipid accumulation.
Previous work has shown that exposure to NPEOs and CetAEOs promoted triglyceride accumulation in 3T3-L1 preadipocytes. These effects appeared to be associated with the ethoxylate chain length, with the medium chain length ethoxylates
promoting the greatest effects and adipogenic activity decreasing with shorter and
longer ethoxylate chains. Building on the preadipocyte work, this study aimed to
determine if the NPEOs and CetAEOs induced metabolic disruption in a vertebrate
model, and whether this would also be associated with ethoxylate-chain lengths.
Zebrafish embryos were exposed to APEOs and AEOs of varying ethoxylate chain
lengths from 24 hours post fertilization (hpf) through 6 days post fertilization
(dpf). After the exposure, energy expenditure was measured using an alamar blue
assay and activity was measured using a light-dark movement tracking program.
The alamar blue assay is a fluorescent measurement of NADH2 production and
is a measurement of ATP production and overall metabolic activity. Preliminary
metabolic results suggest that exposure to NPEOs and CetAEOs impacts cellular
respiration. The light-dark task is a measurement of activity in an open field during
periods of illumination and darkness. Our results suggest that CetAEO exposed
larvae traveled more in the light-dark task compared to the DMSO-exposed
controls. At 30 dpf, gross body weights, morphometrics, and adiposity of the fish
were measured through fluorescence quantification to gain a better understand-

ing of how the exposure to the polyethoxylated surfactants may alter long-term
metabolic health. Our analysis of NPEO exposures suggests that medium chain
length NPEOs promoted greater body mass and adiposity relative to the controls,
with decreasing effects with longer and shorter ethoxylate chains. Our analysis of
CetAEO results is ongoing. This work supports that NPEO and CetAEO exposures
during early larval zebrafish development may have long-term effects on metabolism and energy expenditure, even after exposures end.
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Evaluation of Endocrine-Disrupting Effects of Graphene Oxide in
Japanese Medaka (Oryzias latipes) Larvae

A. K. Dasmahapatra, A. Myla, T. A. Asala, and P. B. Tchounwou. Jackson State
University, Jackson, MS.
Graphene oxide (GO) has become a topic of increasing concern for its environmental and health risks. However, studies on the potential toxic effects of GO, especially
as an endocrine-disrupting chemical (EDC), are very limited. In the present study
we have used Japanese medaka fish as a model to assess the endocrine disruption potential of GO by evaluating its toxic and histopathologic effects on gonads
(testis and ovary), thyroid follicles and interrenal gland (adrenal homolog) during
larval maturity. One day post-hatch (dph) starved medaka fries were exposed to GO
(2.5, 5.0, 10.0, and 20 mg/L) for 96 h, followed by 6 weeks depuration in a GO-free
environment with feeding. Larvae were sacrificed and histopathological evaluation of testis, ovary, thyroid follicles, and interrenal gland was done microscopically. Phenotypic sex was determined by gonad histology, and genotypic sex was
determined by genotyping Y-chromosome-specific male sex determining gene dmy.
We observed testis in both XY and XX genotypes with active spermatogenesis, and
ovary only in XX genotypes which remained immature and filled with nonvitellogenic
oocytes. Both Sertoli and Leydig cells were found in testis, however, granulosa
cells are rarely observed in the peripheral layers of oocytes. In teleost fish, thyroid
gland is not encapsulated, while in medaka, spherical/oval shape thyroid follicles
containing PAS positive colloids surrounded by single-layered squamous/cuboidal
epithelium, were scattered predominantly throughout the pharyngeal region near
the ventral aorta. The interrenal gland was found adjacent to the endothelium of the
cardinal vein and its branches within the kidney, consisting of both steroidogenic
and chromaffin cells. The larvae exposed to different concentrations of GO during
first fry stage showed minimal EDC effects with no apparent effects on sex reversal.
The observed histopathological effects on gonads, thyroid, and interrenal gland are
mostly related to the toxic effects of GO, probably due to agglomeration/accumulation of the nanoparticles directly on the endocrine organs. Supported by: NIH/
NIMHD grant G12MD007581 (RCMI Center for Environmental Health). NIH/NIMHD
grant #5U54MD015929-02 (RCMI Center for Health Disparities Research), NSF grant
#HRD 1547754 (CREST Center for Nanotoxicity Studies) at Jackson State University,
Jackson, MS, USA.
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Vitellogenin and Intersex in the Silver Catfish, Chrysichthys
nigrodigitatus from Two Lagoon Systems, Lagos and Epe
Lagoons

O. A. Akangbe1, A. V. Chukwuka2, O. R. Ibor3, A. Arukwe4, and A. O. Adeogun1.
1University of Ibadan, Ibadan, Nigeria; 2National Environmental Standards and
Regulations Enforcement Agency (NESREA), Osogbo, Nigeria; 3University of
Calabar, Calabar, Nigeria; and 4Norwegian University of Science and Technology,
Trondheim, Norway.
Vitellogenin expression, plasma sex hormone and gonadal alterations are effective
biomarkers of endocrine disruption in male and juvenile fish exposed to environmental estrogens. These biomarkers, although largely applied, are still relatively
less reported in developing countries like Nigeria. Samples (n=195) of a commercially important fish, Chrysichthys nigrodigitatus were collected from Makoko in
Lagos (n=105) and Oluwo market from Epe (n=90) lagoons between November
2020-May 2021. Fish gonad were examined using standard methods. Vitellogenin
(Vtg) protein and two sex hormones (testosterone and 17 β-estradiol (E2) were
measured using ELISA. Levels of four heavy metals (including Mercury, Arsenic,
and Chromium) were analyzed in sediment and fish muscle using AAS. Data
were analyzed using descriptive statistics, one-way ANOVA and student’s t-test.
Intersex was observed in 3.81% of Lagos (males: 50%; females 50%) and Epe
3.33% (males: 33.3%; females: 66.7%) of C. nigrodigitatus population and varying
degrees of gonadal alterations including empty seminiferous tubules and distorted
ovaries were recorded in male and female fish respectively. Testosterone levels
(ng/μL) in females (2.20±0.36) were higher than males in Lagos Lagoon and was
significantly higher levels in females (3.00±0.71) than males (1.94±0.48) from Epe
Lagoon. 17-β estradiol (E2) levels (ng/μL) were generally higher in females than
males from both Lagoons. Lagos Lagoon population showed a higher E2 levels
than those of Epe Lagoon. Vtg levels (ng/μL) in males (0.28±0.08) were higher
than females (0.23±0.02) in samples from Lagos Lagoon showing significant
difference, while fish from Epe Lagoon, although higher in males (0.31±0.03) than
females (0.28±0.05) showed no significant difference. Sediment levels of mercury
(0.08±0.01; 0.04±0.01), arsenic (0.21±0.02; 0.14±0.01) and chromium (0.07±0.0;
0.03±0.01) were higher in Lagos than Epe Lagoon. Metal levels in fish muscles were
generally higher in females than males and were above the limits specified for food
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by WHO. Occurrence of intersex, altered hormone and vitellogenin levels coupled
with gonadal alterations in Chrysichthys nigrodigitatus indicate that Lagos and Epe
lagoons may be polluted by endocrine-disrupting chemicals.
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Endocrine Disruption Potentials of Indoor Dust: Effects of
Bioaccessible, Polar, and Nonpolar Dust Extracts

F. Pinto-Vidal, J. Novák, S. R. Jílková, L. Melymuk, T. Rusina, and K. Hilscherová.
Masaryk University, Brno, Czech Republic.
The concern about the potential toxicity caused by the presence of chemicals
in indoor dust has drawn attention from the scientific community over the past
decades. These potentially harmful compounds can be released from goods
(furniture, building materials, appliances, etc.) and be absorbed through oral, dermal
or inhalation exposure. Once these contaminants are taken up, undesired effects on
health might be triggered, such as interference with the hormonal system. The
current work has assessed the potential endocrine-disrupting effects following the
exposure to dust sample-derived chemical mixtures from seven microenvironments
(cars, flats, houses, kindergartens, offices, schools) sampled in the Czech Republic.
The samples were obtained by vacuuming and sieving to obtain two different
particle size fractions (<0.25 mm and <2 mm). Following that, the dust samples
were extracted to obtain polar (methanol) and nonpolar fractions (hexane:acetone
1:1). The extracts were tested using a battery of human cell line-based bioassays
with reporter genes under the control of thyroid hormone receptor (TR), estrogen
receptor (ER), androgenic receptor and aryl hydrocarbon receptor (AhR) to address
the effects on the signaling of these receptors. The effect on the thyroid hormone
axis was also tested with a bioassay assessing the displacement of thyroxin from
transthyretin, plasma protein transporter. The data confirmed that the extracts
exerted significant endocrine-disrupting potential across all tested endpoints. The
distribution of the potentials was not homogeneous, neither with respect to particle
size nor the polarity of the extracts. There were also clear differences among the
patterns of potentials from extracts from the different microenvironments. The
assessment of the bioaccessible fractions showed significant potentials across
studied endpoints, though lower than in organic extracts. These data suggest
that the complex mixtures of chemicals in indoor dust can possess significant
endocrine-disrupting potential. Supported by the grant 19-20479S from Grant
Agency of the Czech Republic.
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Endocrine-Disrupting Activities Associated with Liquid Crystal
Monomers and Their Mixtures

S. Heldman, and C. Kassotis. Wayne State University, Detroit, MI.
Mixtures of liquid crystal monomers (LCMs) are an essential part of liquid
crystal devices such as televisions, computers, and smartphones. Several LCMs
are predicted to be persistent and bio-accumulative, and have been reported in
household dust and other environmental samples, suggesting potential human
exposure. To determine potential mechanistic effects, we investigated the activity
of a subset of LCMs on hormone receptors involved in adipogenesis. 10 LCMs (5
fluorinated, 5 non-fluorinated) as well as two mixtures containing: all fluorinated
(F) and all non-fluorinated (NF) LCMs, were tested at environmentally relevant
concentrations for either agonism or antagonism of thyroid receptor beta (TRβ),
peroxisome proliferator activated receptor gamma (PPARγ), retinoid X receptor
alpha (RXRα), and androgen receptor (AR) using luciferase reporter gene assays
in human cells (HEK-293T/17, HepG2). At 10 M, 4-methyl-4’-pentyl-1,1’-biphenyl
exhibited significant (13%) PPARγ agonism and weak (3%, 2%, and 0.3%) TRβ,
RXRα, and AR agonism (percent activation relative to maximal positive control
responses), with enhanced additive agonism (60%, 43%, 37%, and 57%, respectively) when co-exposed with half maximal concentrations of receptor agonists.
Weak AR agonism (≤1%) was observed for two other LCMs. Additive agonism for
PPARγ and ΤRβ (18% and 10% respectively) was also observed with one other
NF-LCM. Significant TRβ antagonism (≤10% inhibition of added agonist) was
observed for most F-LCMs and one NF-LCM. Significant PPARγ or RXRα antagonism (≤20% inhibition of added agonists) was observed for two NF-LCMs. Other
than for agonism of AR, neither the F- nor NF-LCM mixtures exhibited significant
agonism, additive agonism, or antagonism for PPARγ, TRβ, or RXRα. Several LCMs
individually and in mixtures exhibited significant agonism, additive agonism, or
antagonism of key receptors involved in adipogenesis. Testing is still ongoing for
direct effects on adipogenesis, using the murine 3T3-L1 pre-adipocyte model, as
well as for receptor disruption of the glucocorticoid, estrogen, and aryl hydrocarbon receptors. These results suggest that LCMs deserve further investigation as
potential contaminants of concern, particularly given likely co-occurrence with
diverse mixtures of other endocrine active contaminants.
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Hexavalent Chromium Inhibits Myogenic Differentiation of
Mouse C2C12 Myoblast Cells

S. Park, S. Liu, B. Yan, M. Costa, and H. Sun. New York University Langone Health,
New York, NY.
Hexavalent chromium [Cr(VI)] is widely used in industrial processes such as
stainless steel production, electroplating, textile manufacturing, wood preservation, and leather tanning. Occupational or environmental exposures to Cr(VI) have
been associated with a variety of adverse respiratory, cardiovascular, gastrointestinal, hematological, and hepatic effects. However, the impact of Cr(VI) exposure
on musculoskeletal development and regeneration is largely unknown. Here we
report that acute exposure of mouse C2C12 myoblast cells to Cr(VI) inhibits
myogenic differentiation in a dose-dependent manner. While exposing cells to
2 uM Cr(VI) resulted in delayed myotube formation - as evidenced by a significant decrease in myogenic fusion index and reduced expression of myogenic
markers such as myosin heavy chain and muscle creatine kinase - exposure to
5 uM Cr(VI) completely abolished myogenic differentiation of C2C12 cells.
Moreover, the expression patterns of key myogenic regulatory factors including
myoblast determination protein 1 (MyoD), myogenin (MyoG), myogenic factor 5
(Myf5), and myogenic factor 6 (Myf6) were significantly altered in Cr(VI)-treated
cells. Furthermore, whole transcriptome profiling using RNA-seq was performed to
elucidate the molecules and pathways that mediate Cr(VI) inhibition of myogenic
differentiation. Ingenuity Pathway Analysis (IPA) revealed that the top canonical
pathway affected by Cr(VI) exposure is calcium signaling, an essential pathway for
the activation and differentiation of muscle stem cells. Upstream regulator analysis
further confirmed that transcriptional activity of MyoD and MyoG were significantly
compromised in Cr(VI)-treated cells compared to untreated cells. Conclusively, our
results demonstrate an inhibitory effect of Cr(VI) in myogenic differentiation and
provide insight into a novel mechanism by which Cr(VI) adversely affects skeletal
muscle development and regeneration.

3241

Copper Modulates Adult Neurogenesis in the
Subventricular Zone: Evidence from Copper Chelation by
Intracerebroventricular Infusion of D-Penicillamine

L. L. Liu, and W. Zheng. Purdue University, West Lafayette, IN.
Early studies from this group provide strong evidence for selective Cu enrichment in
adult brain subventricular zone (SVZ) as compared to the rest of brain regions. Our
more recent data further reveal an increased neural proliferation in the SVZ, but with
impaired olfaction, in experimentally Cu-deficient adult rats. However, the question
as to whether Cu directly affected SVZ adult neurogenesis remained unanswered.
This study was designed to investigate if reducing SVZ Cu level by Cu chelation
altered the SVZ neurogenesis in adult mice. An intracerebroventricular (icv)
infusion technique was established to deliver Cu chelator D-Penicillamine (D-Pen),
which was stored in a pump reservoir implanted under back skin, directly into the
cerebrospinal fluid (CSF) by lateral ventricle cannulation. AAS analyses verified the
efficacy of icv infusion of D-Pen, showing that the Cu levels in SVZ were reduced
by 7.5% (p=0.17) and 21.4% (p<0.05), when adult mice received icv-infusions of
D-Pen at low (0.075 μg/h) and high (0.75 μg/h) doses for 28 days, respectively, as
compared to saline-infused controls. Confocal immunohistochemical studies into
the SVZ-rostral migratory stream (RMS)-olfactory bulb (OB) axis revealed that the
7-day low-dose D-Pen infusion significantly increased Ki67(+)/Nestin(+) cell counts
in SVZ by 28% (n=3, p<0.05). Quantification of BrdU(+)/DCX(+) neuroblasts in the
RMS and OB further revealed that the short-term, low-dose D-Pen infusion resulted
in more BrdU(+)-neuroblasts in OB; however, the high-dose D-Pen infusion showed
fewer labeled neuroblasts in OB but with more in the RMS (n=3, p<0.05) compared
to controls. The long-term (28-day) infusion studies revealed similar outcomes, i.e.,
a significant increase of the newly generated neurons in OB by 37.8% (p<0.05) in
the low-dose D-Pen group but no changes in the high-dose group. Additionally, the
long-term, low-dose D-Pen infusion upregulated the activation ratio of NPSCs in
the SVZ. Further investigation on critical Cu regulatory proteins indicated that both
CTR1 and MT3 expressed as clusters in SVZ and their expression was altered in
response to Cu chelation. Noticeably also, CTR1 expression in the choroid plexus, a
tissue nearby SVZ modulating CSF Cu homeostasis, was upregulated by long-term
D-Pen infusion. In conclusion, this study provides first-hand evidence that a reduced
Cu level in SVZ by Cu chelation appears likely to activate adult neurogenesis in this
largest neurogenic zone in adult brain. Supported by NIEHS R01ES027078.
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Essential and Non-essential Element Bioaccumulation,
Distribution, and Elimination in Stranded Odontocete Whales
in Florida

C. M. Hay1, W. Marks2, S. Burton2, and A. Page-Karjian2. 1US Coast Guard Academy, New
London, CT; and 2Harbor Branch Oceanographic Institute, Florida Atlantic University, Fort
Pierce, FL. Sponsor: J. Gray
Bioaccumulation of metals in large, long-living marine mammals such as whales
can impact their organ function, reproduction, behavior, and immune systems.
Although living whales are difficult to study directly for logistical and ethical reasons,
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deceased whales that were stranded on shore due to disorientation, traumatic
injuries, disease, or other reasons provide a robust source of materials. This project
analyzed tissues of deceased whales for the presence of 12 analytes, including
essential (Co, Cu, Fe, Mn, Mb, Se, and Zn) and non-essential (As, Cd, Pb, Hg, and Tl)
elements. Using mass spectrometry, these analytes were measured in six different sample types (blubber, feces, kidney, liver, muscle, skin) for nine odontocete
whale species: Kogia breviceps (n=53), Kogia sima (n=15), Mesoplodon eropaeus
(n=5), Grampus griseus (N=4), Globicephala melas (n=4), Physeter macrocephalus
(n=4), Peponocephala electra (n=3), Mesoplodon densirostris (n=1), and Pseudorca
crassidens (n=1). The original data set consists of 318 tissue samples collected
from 90 whales that stranded along the eastern coast of Florida and Georgia during
2007-2021. Only 13 of the 60 statistical tests utilizing the Mann-Whitney U-test and
the Student’s t-test showed significant difference between Kogia sima and Kogia
breviceps (Blubber: Co p=0.044, Cu p=0.022, Hg p=0.022; Kidney Pb p=0.005, Mb
p=0.008, Zn p=0.029; Liver As p=0.004, Cu p=0.409, Fe p=0.026, Pb p=0.005, Hg
p=0.014; Muscle Cd p=0.033; Skin Se p=0.033); therefore these two species were
grouped as Kogia spp. for analysis. Within Kogia spp., t-tests and U-tests were
used to compare the analyte concentrations in tissues between males and females,
between adults and juveniles, and the difference in total body burden of analytes in
adult males compared to females. Males had significantly higher concentrations of
Fe in kidney (p=0.002) and liver (p=0.002), while females had significantly higher
concentrations of As in the kidney (p=0.008). While a linear relationship (R2=0.78)
was found in the liver between Hg and Se in Kogia spp., consistent with previous
studies, no correlation was found between Se and Pb or Se and Cd (p>0.05).
Interestingly, feces contained over 50% of the total body burden of As, Cd, and Pb,
in Kogia spp. Taken together, these data show that strandings yield key data on age,
gender, and species differences in metal bioaccumulation and elimination in whale
populations.

3243

Use of Unmodified Croaker Fish Scale (Micropogonica furnieri)
for Cadmium (II) and Cobalt (II) Ions Removal from Aqueous
Solution

C. T. Onwordi1, I. O. Muritala1, C. V. Abiaziem2, B. E. Ojarikre1, C. C. Uche3, and L. O.
Osifeki1. 1Lagos State University, Lagos, Nigeria; 2Federal Polytechnic, Ilaro, Ogun State,
Nigeria; and 3Federal University of Technology, Owerri, Nigeria.
Fish scales (FS), a by-product of the fish processing industry, are often discarded
carelessly. In this present study, FS was used as a biosorbent for the removal of
Cd (II) and Co (II) ions from an aqueous solution. The optimal conditions of the
variables: pH, adsorbent dosage, initial metal concentration, contact time, and
temperature by batch process achieved. Experimental data were subjected to the
Langmuir, Freundlich, Dubinin-Kaganer-Radushkevich (DRK) isotherms while the
linear equation form of pseudo-first-order and pseudo-second-order was used for
the kinetic studies. The optimal removal of Cd (II) ions with FS was obtained at
pH 2.0 (99.46%); 0.3 g adsorbent dosage and 50 mg/L initial concentration, 10
min contact time, and temperature 313K (94.88%) and for Co (II) at pH 4.0 (100%),
0.5 g adsorbent dosage and 50 mg/L initial concentration, 10 min contact time
and temperature 298K (96.91%). Equilibrium Dubinin-Kaganer-Radushkevich (DRK
) isotherm gave better conformity for FS for the removal of both Cd (II) and Co(II)
ions. The metals studied fitted the pseudo-second-order kinetic model well for the
FS. The adsorption thermodynamic study showed that the adsorption process for
the removal of Cd(II) and Co(II) ions using FS is endothermic and spontaneous. The
FS gave about 97.5% removal of Cd (II) ions and, gave about 92.5% removal of Co
(II) ions at the optimum conditions in an aqueous solution. It was concluded that
the adsorption process of Cd (II) and Co (II) on the fish scales was highly feasible.
The study has shown that the fish scale, an absorbent, can serve as a cost-effective
material for the removal of Cd (II) and Co (II) ions, from wastewater laden with the
studied ions before being discharged into the environment.

3244

Comparative Metabolism of Arsenic in Mice Carrying Mouse
and Human As3mt/AS3MT

M. A. Miller1, C. Douillet1, P. Cable1, J. Snouwaert1, L. Jania1, H. El-Masri2, D. Thomas2,
B. Koller1, and M. Styblo1. 1University of North Carolina at Chapel Hill, Chapel Hill, NC;
and 2US EPA, Raleigh, NC.
Chronic exposure to inorganic arsenic (iAs), a common drinking water contaminant,
is a public health concern due to the broad range of iAs-associated diseases. The
methylation of iAs is facilitated by the enzyme arsenic (3+ oxidation state) methyltransferase (AS3MT) and is important for the elimination of arsenic from the body.
However, iAs methylation is more efficient in mice than humans, raising questions
about the translatability to humans. A new mouse strain carrying human AS3MT
has been established to address this problem. The profiles of arsenic metabolites in urine of the humanized (Hu) mice exposed to a high level of iAs (400 ppb)
were consistent with those reported in human populations (5-11% iAs, 35-47%
MAs, and 48-55% DMAs), which differs significantly from wildtype (WT) mice (trace
iAs and MAs with >97% DMAs). The goal of the present study is to compare iAs
metabolism in WT and Hu mice exposed to a high (400 ppb) and low (25 ppb)
level of iAs (sodium arsenite) in drinking water for four weeks. At both exposure
levels, Hu mice excreted less total arsenic (tAs) and retain more tAs than WT mice.

Further, the distribution of iAs and its methylated metabolites differs significantly
between genotypes and were sex-dependent. Female mice, regardless of genotype,
appear to have reduced efficiency in the second methylation step, though results
were inconsistent across exposure levels and in different tissues. Urinary arsenic
profiles suggest that iAs exposure levels affect the rate of both iAs methylation
steps, regardless of genotype, where high exposure is stimulatory. In WT mice,
this stimulatory effect was similarly seen in the arsenic retained in tissues. At 400
ppb iAs exposure, the liver of WT mice contained >90% DMAs with trace %iAs and
%MAs, while the liver of mice exposed to 25 ppb iAs contained >50% DMAs with
23-37% iAs and 9-12% MAs. In contrast, the tissues of Hu mice seem to reflect a
higher methylation efficiency at the low exposure level. At 400 ppb exposure, the
liver of Hu mice contained >80% iAs with >15% MAs and trace DMAs, while the
liver of mice exposed to 25 ppb iAs contained >70% iAs with 21-30% MAs and 2-4%
DMAs. In addition, compared to WT mice, Hu mice showed more tissue-specific
arsenical distribution patterns, regardless of exposure level. In general, the pattern
of iAs metabolism in Hu mice, as manifested by both excreted and retained arsenic
species, differ from that in WT mice. More importantly, As contents in tissues of
Hu mice seem consistent with those predicted by PBPK model for human tissues.
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Accumulation and Toxicity of Mercury-Cyanide Complexes

E. G. Ford1, E. H. Pittman1, L. Joshee1, R. Surani1, R. Brownlee1, A. Dave1, A. M. Kiefer2,
C. S. Seney2, and C. Bridges1. 1Mercer University School of Medicine, Macon, GA; and
2Mercer University, Macon, GA.
Artisanal and small-scale gold mining (ASGM) utilizes elemental mercury (Hg0)
for extraction of gold from ore. This process is inefficient and leaves a significant amount of gold in the tailings; therefore, Hg-contaminated tailing may be
reprocessed with cyanide (¯CN) to extract residual gold. During this process, Hg0
reacts with ¯CN to form Hg(CN) complexes, which are released into the environment with discarded tailings. These complexes have the potential to create
numerous environmental and health problems. The purpose of the current study
was to assess the disposition and toxicity of Hg(CN) complexes in mammalian and
aquatic systems. First, Wistar rats were injected with 0.5 μmol/kg HgCl2, Hg(CN),
or NaCN. Each injection solution contained radioactive mercury [203Hg] and/or
radioactive cyanide [14C]-NaCN. After 24 h, animals were euthanized and organ
samples were collected for determination of Hg(CN) content and for histological
analyses. To assess the disposition of Hg(CN) complexes in an aquatic organism,
zebrafish (Danio rerio) were exposed to various concentrations of Hg(CN) and
accumulation in whole fish and specific organs was measured. The current data
show that the disposition of Hg(CN) is similar to that when rats were exposed to
HgCl2. Interestingly, when rats were exposed to NaCN alone, the uptake was significantly less than that of rats exposed to Hg(CN). Experiments using adult zebrafish
showed that accumulation of Hg(CN) is greater in males than females with the
greatest accumulation in the skin, heart, and muscle. Zebrafish embryos exposed
to Hg(CN) experienced alterations in developmental processes. The current
data provide important information about the handling of Hg(CN) complexes in
mammalian systems and aquatic organisms. Data from the current study may
inform regulatory agencies when deciding on guidelines for gold mining practices.

3246

Effects of Arsenic on Host Susceptibility to Bacterial Infection

Mathur1,

A.
K. Gokulan2, and S. Khare2. 1Johns Hopkins University, Baltimore, MD; and
2US FDA/NCTR, Jefferson, AR.
Arsenic is a toxic metal that is highly prevalent in the natural environment and
affects more than 200 million people worldwide through contamination of groundwater sources and food crops. Arsenic is associated with numerous biological
complications of major organs such as the skin, lung, bladder, kidney, and liver.
While there is sufficient research on understanding the biological complications
associated with arsenic contamination, there is limited research exploring the
effects of acute arsenic exposure on host susceptibility to bacterial infection.
Previously, research from our lab characterized the uptake of serovar Heidelberg,
a strain of Salmonella enterica attributed to approximately 7% of all Salmonellarelated deaths. Bacterial invasion of epithelial cells by serovar Heidelberg isolates
was affected by the presence of VirB4/D4 type IV secretion and Inc A/C plasmid.
This research intends to further the current understanding of Salmonella infection
by elucidating how arsenic exposure may affect bacterial invasion. To study host
susceptibility to infection, bacterial invasion assays were performed. Briefly, T84
Intestinal Epithelial Cells were grown in DMEM/F-12 media containing 2.5 mM
L-glutamine supplemented with 10% FBS, in an atmosphere of 5% CO2, at 37°C.
Cells were then treated with 10 ug/L arsenic solution in the form of sodium
arsenate, which is the Acceptable Daily Intake as defined by the World Health
Organization. Arsenic treatments occurred for 1, 4, 24, and 48 hour time points. The
treated cells were infected with S. Heidelberg and incubated for 1 hour. Following
the incubation period, epithelial cells were lysed to release invaded bacteria, and the
cell suspension was collected, and plated on LB Agar plates. The colony forming
units (CFUs) were counted to show the mean and standard deviation. Among
cells infected, longer periods of arsenic exposure decreased host susceptibility
to bacterial infection compared to control cells. However, the rates of bacterial
invasion in arsenic treated cells were not significantly different from control cells.
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Research suggests that bacterial uptake in arsenic treated cells may be impacted
by both autophagy and mucin secretion, both which are self-defense mechanisms
in response to arsenic exposure. Future research may evaluate autophagy in epithelial cells or mRNA expression of mucin secretion genes. A longer exposure of cells
to arsenic in vitro would be important to best simulate the impact on susceptibility
to infection. This research was conducted by Ms. Aakriti Mathur at the NCTR/US FDA
as a part of the Summer Student Research Program, 2021.
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Arsenic Exposure and Risk of Human Papillomavirus in the US
Male Population

D. Niemann1, S. Jeon2, Z. Akinjobi2, and H. H. Rahman2. 1Burrell College of Osteopathic
Medicine, Las Cruces, NM; and 2New Mexico State University, Las Cruces, NM.
Arsenic is a known carcinogen and is a naturally available earth crust. Inorganic
arsenic is an environmental pollutant with immunosuppressive properties. Human
papillomavirus (HPV) infection is considered the most common sexually transmitted disease in the United States. HPV is linked with several types of cancers in
males, including oral cancer, anal cancer, and penile cancer. However, limited
information is available on low and high-risk HPV prevalence in the male population. The purpose of this study was to examine the association of urinary arsenic
species (speciated and total) and the risk of HPV infection in the male population.
HPV prevalence in men was analyzed using the 2013-2014 and 2015-2016 National
Health and Nutrition Examination Survey (NHANES) dataset. Logistic regression
analysis was used to examine associations of seven types of urinary arsenic
species [total arsenic acid, arsenobetaine, arsenocholine, monomethylarsonic acid
(MMA), dimethylarsinic acid (DMA), arsenous acid, arsenic acid] with HPV risk for
male participants aged 18-59 years (N=1,625). Subject demographic characteristics were included in the logistic regression model for each arsenic variable. All
statistical analyses were conducted by using the software R (version 4.1.0). The
prevalence of low-risk HPV was associated with increasing DMA acid [odds ratio
(OR)=1.041, 95% confidence interval (CI) =1.001, 1.077] and the sum of total toxic
arsenic species (TUA1) including arsenous acid, arsenic acid, DMA and MMA was
(OR=1.035, 95% CI=0.998, 1.068). The high risk of HPV was found to be positively
associated with arsenic acid (OR=1.961, 95% CI=1.163, 4.429). Total arsenic minus
the sum of the two organic arsenic species (TUA2), which includes arsenobetaine
and arsenocholine, ranged between the first quartile (Q1) and median showed a
higher prevalence of high-risk HPV compared to TUA2 values below Q1 (p=0.024).
The logistic regression models also showed that race, marital status, and alcohol
status were significant factors related to a high-risk HPV. Our study reported that
DMA, TUA1 and arsenic acid are associated with low and high-risk HPV infections
in males. Future research in humans is required to confirm or refute this finding.
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Longitudinal Dynamic Transcriptome Changes in a HaCaT Cell
Line Model of Arsenic-Induced Squamous Cell Carcinogenesis

M. Banerjee, A. F. Cardoso, L. Al-Eryani, T. Kalbfleisch, S. Srivastava, J. Pan, S. N. Rai,
and J. C. States. University of Louisville, Louisville, KY.
Chronic exposure to inorganic arsenic (iAs) affects 225 million people globally
leading to multiorgan cancers. Cutaneous squamous cell carcinoma (cSCC) is the
most common, but its molecular etiology is poorly understood. The objective of this
study was to determine how gene expression changes during the transformation
process. Stepwise changes in miRNA and mRNA expression patterns leading to
genesis of cSCC were investigated using a well-established HaCaT cell line model
of arsenic-induced cSCC, longitudinal exposure regime and RNA-seq. Independent
quadruplicates were maintained with 0 or 100 nM iAs. Total RNA and whole cell
lysates were prepared at 7, 19 and 28 weeks. Cell growth was monitored, and
transformation was assessed by immunoblot for epithelial-mesenchymal transition
(EMT) markers. Pairwise RNA-seq analyses was performed to determine effects of
chronic iAs exposure and the effect of passaging time. For effect of iAs exposure,
differential miRNA and mRNA expression were defined by p<0.05 (t-test) and
p<0.01 (t-test); log2(Fold Change)>I1I, respectively. For effect of passaging time,
differential miRNA and mRNA expression were defined by p<0.05 (t-test); log2(Fold
Change)>I1I) and p<0.001; log2(Fold Change)>I1I, respectively. Ingenuity Pathway
Analysis was performed to identify dysregulated pathways [-log(p-value)>1.3
and Z-score>I1I] and miRNA-mRNA interactions. iAs-exposed cells grew slower
than passage matched unexposed cells initially, but faster after 19 weeks and
underwent EMT by 28 weeks. iAs exposure led to differential expression of >50
miRNA and >530 mRNA molecules at each time point compared to passage
matched unexposed controls. Several differentially expressed mRNA molecules
were targeted by differentially expressed miRNA molecules at each time point.
iAs exposure dysregulated 42, 32 and 6 pathways at 7, 19 and 28 weeks respectively, of which ER stress pathway predictions were validated by immunoblotting.
Passaging time was found to lead to differential expression of >25 miRNAs, >1800
mRNAs and >40 pathways for each longitudinal comparison. Pathways affected by
iAs exposure and passaging time were mostly distinct, suggesting that passage
matching was effective, and this model can distinguish effects of both exposure
and time. Dynamic transcriptomic changes contributing to the iAs induced
transformation of human keratinocytes were elaborated. Supported by NIH grants
R01ES027778 and P30ES030283.
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Arsenic Impairs the Lineage Commitment of Hematopoietic
Progenitor Cells through the Inhibition of GATA-2

L. V. Santos-Medina1, S. Medina1, H. Zhang2, G. Wan2, A. M. Bolt2, X. Zhou2, S. W.
Burchiel2, and K. J. Liu2. 1New Mexico Highlands University, Las Vegas, NM; and
2University of New Mexico, Albuquerque, NM.
Arsenic exposure is known to produce significant hematotoxicity in vitro and in vivo.
Our previous work shows that arsenic (in the form of arsenite, As3+) interacts with
the zinc finger domains of GATA-1, inhibiting the function of this critical transcription factor and resulting in the suppression of erythropoiesis. In addition to GATA-1,
GATA-2 also plays a key role in the regulation of hematopoiesis through its activities
in the regulation of GATA-1 expression and through cooperative interactions with
GATA-1 to repress the myeloid-specific transcription factor, PU.1, both of which are
critical functions for the normal lineage commitment and differentiation of hematopoietic progenitor cells (HPCs). Intriguingly, GATA-1 and GATA-2 have similar zinc
finger domains (C4-type) that are structurally favorable for As3+ interactions. Taking
this into consideration, we hypothesized that early stages of hematopoietic differentiation that are dependent on the function of GATA-2 may also be disrupted As3+
exposure. We found that in vitro As3+ exposures of primary mouse bone marrow
HPCs disrupts the erythroid differentiation of HPCs causing an aberrant accumulation of cells in early stages of hematopoiesis. In addition, arsenic significantly
accumulated in the GATA-2 protein resulting in the disruption of GATA-2 function,
as measured by chromatin immunoprecipitation and the expression of GATA-2
responsive genes. Taken together, our results show that the inhibition of GATA-2
function is an important mechanism contributing to the aberrant lineage commitment and differentiation of early HPCs. This work was supported by the National
Institutes of Environmental Health Sciences RO1 ES029369, R01 ES029369-03S1
(K.J.L) and by an Institutional Development Award (IDeA) from the National Institute
of General Medical Sciences of the National Institutes of Health under grant number
P20GM103451 (S.M. and L.V.S-M.).
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Zinc Prevents Arsenic-Induced Dysregulation of ZRANB2 Splice
Function

J. C. Bastick, M. Banerjee, and J. C. States. University of Louisville, Louisville, KY.
Chronic arsenic exposure in drinking water is a global issue that affects over
225 million people. Arsenic is a Group I carcinogen and is directly linked to both
basal and squamous cell carcinomas. There are multiple hypotheses for the
mechanism(s) of arsenic-induced carcinogenesis, one of which being dysregulation
of alternative splicing. An apical protein involved in alternative slice site regulation
is ZRANB2. Previously, we showed that arsenic could displace the zinc in the zinc
fingers of ZRANB2. This displacement led to upregulated ZRANB2 protein levels and
disrupted ZRANB2 splice function in HaCaT cells. Additional data from that project
showed that zinc could displace arsenic and restore ZRANB2 folding in a cell-free
environment. Taken together, these data suggest an equilibrium between zinc and
arsenic for the binding of the two zinc finger motifs of ZRANB2. For this study, we
hypothesized that zinc supplementation could shift the equilibrium between zinc
and arsenic in favor of zinc binding to the zinc fingers of ZRANB2 in HaCaT cells,
restoring its structure and function. To investigate this hypothesis, HaCaT cells
were supplemented with 1 μM zinc acetate one hour prior to acute exposure with
100 nM sodium arsenite (iAs). Cell lysates were obtained six hours after arsenic
exposure. ZRANB2 and TRA2B protein levels were evaluated by immunoblotting.
RNA isolation and Reverse Transcription PCR using primers for TRA2β transcript
were used to evaluate ZRANB2 splice function. PCR products were eluted from
the gel and cloned in a TA vector. Clones were screened using PCR and the inserts
sequenced. Immunoblotting and RT-PCR data were analyzed via two-way analysis
of variance (ANOVA) followed by Tukey’s post hoc test. p-values less than 0.05
were considered significant. Immunoblotting experiments showed that zinc supplementation significantly reduced the arsenic-induced expression of ZRANB2. Zinc
supplementation restored the β3:β1 TRA2β isoform ratio, which was lowered after
iAs exposure alone. Sequencing results from the cloning experiment confirmed β1
and β3 mRNA isoforms of TRA2β. In conclusion, we saw that zinc supplementation prevented arsenic-induced dysregulation of ZRANB2 expression and splice
function.

3251

Arsenic Enhances the Expression of the Angiotensin-II Receptor
Type 1 Receptor in Mouse RAW 294.7 Macrophages

E. Hossain1, H. Tasnim2, B. T. Rogers1, R. Rosby1, and O. D’auvernge1. 1Southern
University and A&M College, Baton Rouge, LA; and 2Louisiana State University, Baton
Rouge, LA.
Chronic arsenic exposure is a well-known risk for cardiovascular diseases (CVDs),
including atherosclerosis; however, the molecular mechanisms underlying arsenic
exposure-induced atherosclerosis remain poorly understood. Angiotensin II (Ang
II), a vasoactive peptide and key component of the renin-angiotensin system, has
been shown to accelerate atherogenesis. Although there are several receptors
expressed in multiple cell types, most of Ang II-induced proatherogenic effects
are mediated by Ang II type 1 (AT1) receptor in macrophage. This cell and its AT1
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receptor play a crucial role in the accelerated progression of atherosclerosis. Our
previous study indicated that arsenic exposure increases AT1 receptor levels in
mouse aortic endothelial cells during the pathogenesis of hypertension. In this
study, we explored the effect of sodium arsenite (SA) on AT1 receptor expression in
mouse macrophages. Mice have two copies of the AT1gene each with a divergent
specialized regulation To delineate the mechanism, we first examined whether SA
affects AT1AR and AT1BR mRNA expressions in RAW 264.7 macrophages using
qRT-PCR. Both AT1AR and AT1BR mRNA expressions were found to have significantly increased at 24 h of SA exposure. We next examined the effect of SA on
AT1 receptor protein expression. Western blot analysis indicated that the total AT1
receptor protein level was found to be specifically increased following 12 h and 24
h of SA treatment. We also found that SA increased both AT1AR and AT1BR mRNA
levels in a dose-dependent manner. All experimental evidence so far obtained
strongly suggested that arsenic upregulates the AT1 receptor expression at both
the mRNA and the protein levels in RAW264.7 macrophages, thus raise the possibility that arsenic-induced enhanced AT1 receptor signaling may contribute to the
pathogenesis of atherosclerosis. Additional in vivo and in vitro studies are certainly
warranted to gain a deeper understanding of these effects.

3252

Proteomic Alterations within the MCF10A Human Breast
Epithelial Cell Line from Chronic As3+- or Cd2+ -Transformation

A. Mehus, N. Bergum, P. Knutson, S. H. Garrett, D. A. Sens, and S. Somji. University of
North Dakota, Grand Forks, ND.
Arsenic (As) and cadmium (Cd) are environmental carcinogens. Exposures
primarily occur through contaminated food and water sources but smoking is
an alternative route. Epidemiological studies have established an association of
breast cancer (BC) development with exposures to these metals. Triple-negative/
basal-like BCs (TNBC) do not express ER (estrogen receptor) or PR (progesterone receptor), and lack overexpression of receptor tyrosine-protein kinase erbB-2
(HER2). TNBC accounts for nearly 1/5th of all BC cases and is more aggressive
than the ER-positive subtypes. The MCF10A cells are considered to be basal-like
and are a non-tumorigenic immortalized human breast epithelial cell line that is
ER/PR-negative and HER2-low. We have previously transformed these cells by
long-term environmentally relevant exposures to As3+ and Cd2+ (1µM). These
transformed cells display elevated proliferation rates (As-MCF10A most elevated)
and readily form colonies in soft agar, a hallmark of carcinogenesis. We sought
to determine proteomic alterations within MCF10A cells that arise from chronic
As3+- or Cd2+-transformation. Tandem mass tag (TMT) quantitative proteomic
profiling was performed on parent MCF10A, As-MCF10A, and Cd-MCF10 cells
followed by pathway analysis. Real-time qPCR and Western blotting were used to
validate genes and proteins, respectively, of specific disrupted pathways identified with TMT proteomics. A total of 6,349 proteins were quantified and pathway
analysis identified similarities but also intriguing differences between the As3+and Cd2+-transformed cells in comparison to the parent MCF10A. Cell division
and adhesion were the main pathways disrupted when comparing As-MCF10A to
parent while cell division and cell cycle were top pathways altered when comparing
Cd-MCF10A to parent. When comparing As- to Cd-transformed cells, key pathways
dysregulated were migration, proliferation, and adhesion. Data highlighting the
molecular changes that occur between a normal breast epithelial cell and one that
has been transformed with As3+ or Cd2+ is limited. These results present a unique
opportunity to exploit pathways that may aid the development of therapeutics or
discover prognostic biomarkers for TNBC that has developed from As3+ or Cd2+
exposures.

3253

Uptake of Cisplatin and Dichloro(ethylenediamine)platinum (II)
in Human Embryonic Kidney Cells (HEK293) and Melanoma
Cells (SKMEL5)

A. Miller, A. Salifu, A. Baker, E. Nole, J. Schlabach, M. Hall, S. Olajuwon, and B. Williams.
Western Kentucky University, Bowling Green, KY.
Divalent platinum-based chemotherapeutic drugs are used to treat many types
of cancer. FDA-approved platinum-based compounds are prescribed to approximately 10 to 20 percent of all cancer patients in the US; these drugs effectively
induce apoptosis by covalently attaching their central platinum atom to guanine,
distorting the DNA, and leading to p53 mediated cell death. It is well established
in the literature that there is a negative correlation between platinum concentration and cell survival. However, the mechanism by which these compounds cross
the cellular membrane is unclear, but platinum may enter the cell through other
metal transporter systems such as transferrin, which moves iron. If this is the case,
platinum would compete with regular iron transport, resulting in lower iron levels
as more platinum enters the cell. To test the hypothesis that platinum compounds
are entering through the iron uptake system, HEK293 (human embryonic kidney
cells) and SKMEL5 (melanoma cells) were exposed individually to cisplatin
and dichloro(ethylenediamine)platinum (II) (Pt(en)Cl2). Importantly, these two
compounds have different non-leaving ligand structures. The non-leaving ligands
remain attached to the central platinum atom after entering the cell and alter
toxicity. These studies will also examine the role of these structures in impacting platinum uptake through transferrin. MTT assays were used to determine cell

survival after exposure to the individual compounds in each cell line, establishing the IC50 for each combination of cell line and compound. The data indicates
an IC50 of 36.67 μM for Pt(en)Cl2 in HEK293 and 30 μM inSKMEL5. Meanwhile,
cisplatin has an IC50 of 6.67 μM in HEK293 and 12.5 μM in SKMEL5. To determine
the relationship between cell survival and platinum uptake, four plates of each cell
line were exposed individually to increasing concentrations of platinum. The cells
were then harvested and divided into a 100 μL sample for BCA protein analysis and
a 400 μL sample for atomic absorption analysis. The intracellular platinum and
iron levels for each treatment are expressed as a ratio of platinum to protein and
iron to protein (n=1). Each experiment was done in triplicate. Initial data suggests
a positive correlation between concentrations of platinum that the cells were
exposed to, and intracellular levels of platinum.

3254

Acute Mercury Exposure Inhibits Carcinogen-Metabolizing
Enzymes Cyp1a1 and Cyp1a2 in C57Bl/6 Mice

M. Alqahtani, and A. El-Kadi. University of Alberta, Edmonton, AB, Canada.
Cytochrome P450 1A (Cyp1a) subfamily is involved in the metabolic activation
of several xenobiotics to more reactive metabolites that may lead to carcinogenesis. Mercury (Hg+2) and polycyclic aromatic hydrocarbons (PAHs), typified
by 2,3,7,8-Tetrachlorodibenzodioxin (TCDD), are persistent environmental pollutants involved in the modulation of aryl hydrocarbon receptor (AhR) gene battery,
including cytochrome P450 (CYP) genes. We previously investigated the effect
of co-exposure to Hg+2 and TCDD in vitro. Thus, in the current study we examined
the effects of Hg+2 in th presence and absence of TCDD on AhR-regulated genes,
Cyp1a1 and Cyp1a2 in vivo. Therefore, male C57BL/6 mice were injected intraperitoneally with Hg+2 (2.5 mg/kg) in the presence and absence of TCDD (15 μg/
kg) for 6 h and 24 h. Real-time PCR, Western blot analysis, 7-ethoxy-resorufin
O-deethylation (EROD) and 7-methoxy-resorufin O-demethylation (MROD) assays
were used to determine hepatic Cyp1a1 and Cyp1a2 mRNA, protein expression
and enzymatic activity, respectively. TCDD caused a pronounced induction of
Cyp1a1/1a2 expression at all levels, while Hg+2 alone showed no effect. However,
Hg+2 significantly downregulated the TCDD-mediated induction of Cyp1a1/1a2
mRNA levels. Also, Hg+2 inhibited TCDD-mediated induction of Cyp1a1/1a2 protein
and catalytic activity. The current study demonstrates that Hg+2 can modulate
the TCDD-induced AhR-regulated genes (Cyp1a1/1a2) at different transcriptional
levels in C57BL/6 mice liver. This work was supported by the Natural Sciences and
Engineering Research Council of Canada (NSERC) Discovery Grant RGPIN 250139 to
A.O.S.E. MA is the recipient of Saudi Government Scholarship.

3255

Role of MLH1 and Hypermethylation of H3K9me2 in the
Induction of Nickel and Cobalt Cytotoxicity

E. Sanvee, and M. Reynolds. Washington College, Chestertown, MD.
Nickel (Ni) and Cobalt (Co) are heavy metals usually found in industrial worksites;
however, environmental exposure can result from industrial release into water,
soil, air and food supplies or through medical devices. Excessive exposure to both
metals can lead to a toxic accumulation within the body. Research has suggested
that Ni and Co are carcinogenic, and epidemiologists have linked chronic
exposure to respiratory cancers, asthma, and respiratory inflammation. Studies
have demonstrated that cells co-exposed to Ni and Co exhibit a dose-dependent
decrease in cell survival as compared to cells exposed to one metal at a time;
however, the mechanisms for this toxicity are still unknown. This study investigated
the effects of dual and single exposure to Ni and Co in V79 hamster cells, on MLH1
expression, cell cycle progression, and epigenetic mechanisms. For dual exposure,
cells were exposed to a constant dose of 150 μM nickel or cobalt which is a dose
that was determined to be relatively nontoxic through single exposure experiments,
with CoCl2 and NiCl2 exhibiting approximately 66 or 76% toxicity, respectively. For
single exposure, cells were exposed to a dose of 50, 100, 200, 400 μM with a control
of 0 μM. The results showed that there was increased MLH1 expression following simultaneous exposure to NiCl2 and CoCl2 in comparison to single exposure.
In addition, increased methylation at H3K9me2 following co-exposure was also
observed. Overall, the cell cycle showed minimal changes in progression; however,
Sub G1 did show a noticeable change in co-exposure with more cells going into
apoptosis. There was also a noticeable decrease in cell synthesis for co-exposed
cells during S phase that requires further investigation. Preliminary experiments
indicate increased hypermethylation of H3K9me2 leads to decreased MLH1 expression, but additional experiments are needed for confirmation. Lastly, CRISPR/Cas 9
MLH1 deficient cells, co-exposed to Co and Ni, exhibited a 3-fold increased survival
as measured via colony formation assay. The results of this study suggest the
importance of functional MLH1 in protection against Ni and Co induced toxicity.
Additionally, co-exposure results in the hypermethylation of H3K9me2 potentially at
the MLH1 promoter which could lead to selection of MLH1 deficient cells resulting
in enhanced carcinogenicity.
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Cadmium Exposure Results in Activation of EGFR Signaling
Transduction via the STAT-5 Pathway

A. Stavrou, A. Ortiz, and M. Costa. New York University Grossman School of Medicine,
New York, NY.
Cadmium (Cd) is a heavy metal and a known carcinogen, categorized as Group 1
“human carcinogen” by IARC. Cd has been widely used industrially from making
batteries to alloys for electroplating. Moreover, Cd is found in cigarette smoke, and
in the air and drinking water due to the prolific use of fossil fuels. Cd, a highly toxic
metal, upon entering the body (via inhalation or ingestion) has adverse effects on
various organs, such as the respiratory system. Acute exposure to low doses of Cd
is cytotoxic, as it chelates calcium from calcium-dependent adhesion molecules
and induces apoptosis. However, prolonged Cd exposure via inhalation can also
result in malignant transformation of cells and thus cancer. The mechanism of Cd
induced carcinogenesis remains unclear. This study examines low concentrations
of Cd exposure on BEAS-2B human bronchial epithelial cells activate pathways
that contribute to carcinogenesis. Based on these data we hypothesized that cells
exposed to low doses of Cd survive loss of E-cadherin cell-cell adhesion via activation of EGFR. To test that, we did short-term and long-term exposures on BEAS-2B
cells with two different doses (0.4uM and 1.6uM) of Cadmium chloride hemipentahydrate (CdCl2.2.5H2O) and looked for activation of EGFR via the STAT5 pathway
through immunofluorescence (IF) for protein expression and localization and
RT-qPCR to examine changes in EGFR/STAT5 inducible genes. Our results showed
an increase in EGFR and phospho-STAT5 (p-STAT5) expression in the protein level
with 1.6uM of Cadmium having the highest expression in both 24 hour and 9-week
exposures. Moreover, the IF analysis also demonstrated an increase of total STAT5
in both short-term and long-term exposure, with 0.4uM having the highest expression in the 24-hour mark. Finally, via Western blot analysis we showed that there
is a dose dependent decrease of E-Cadherin protein expression and increased
N-Cadherin in cells treated for 9 weeks with low doses of CdCl2. These data
demonstrate that BEAS-2B cells can overcome Cd chelation and toxicity at high
doses via activation of EGFR pathway to induce cell proliferation and survival.

3257

Diabetogenic Effects of Cadmium in db/db Mice at Clinically
Relevant Levels of Exposure

A. Gensburg1, R. Bokhari1, A. Patel2, P. Lamar1, and J. Edwards1. 1Midwestern University,
Downers Grove, IL; and 2Midwestern University, Glendale, AZ.
Cadmium (Cd) is a ubiquitous environmental pollutant that is associated with
impaired fasting glucose or type II diabetes mellitus in epidemiological and experimental studies. In previous reports, we show that after 12 weeks of Cd exposure
in rats there was an increase in blood levels of glucose-dependent insulinotropic
polypeptide (GIP) and a decrease in the level of the satiety hormone, leptin. Based
on these observations we conducted a pilot study using db/db mice (diabetic
mouse model) and lean mice. All animals were given daily subcutaneous injections
of Cd at a dose of 0.6 mg/kg/day for two weeks then given no Cd for another
two week period. At the end of the study, all animals underwent an oral glucose
tolerance test (OGTT). In the OGTT, Cd had the greatest effect on db/db mice,
with all but 4 animals exceeding the limit of 600 mg/dl glucose concentration and
a mean blood glucose value of 596 ± 4 mg/dl 30 min following an oral dose of
glucose (2g/kg). At the same 30 min time point, the non-Cd treated db/db mice
had an average blood glucose value of 507 ± 19 mg/dl. In contrast to our previous
report, mean serum GIP levels were lower with Cd treatment in the db/db mice 20.2
± 4 and 11.9 ± 5 ng/ml for control and Cd treated, respectively; as well as the lean
mice 4.8 ± 1.6 and 2.1 ± 0.05 for control and Cd treated, respectively. Pancreatic
sections were examined for possible changes in islet morphology. No significant
changes in the following morphological parameters were observed in islets: area,
diameter (minimum), diameter (maximum), diameter (mean), perimeter, roundness,
cell count or cell number per islet surface area. Cd content of the renal cortex from
Cd-treated mice were 46.3 ± 5.7 and 45.4 ± 3.6 µg/gram tissue wet weight for db/
db and lean animals, respectively. This study shows that a clinically relevant level of
Cd exposure causes further diabetogenic effects in db/db mice that may be due to
changes in modulators of islet function such as GIP rather than structural changes
to islets.

3258

Acute Renal Injury Markers in Veterans with Embedded
Fragments: An Updated Analysis

J. Gaitens1,2, C. H. Brown2, S. E. Hines1,2, K. Cavanaugh3, P. S. Sriram4, L. Beck5, J.
Duch6, P. Permana7, S. Aguayo7, M. Reback1,2, and M. McDiarmid1,2. 1Baltimore VA
Medical Center, Baltimore, MD; 2University of Maryland School of Medicine, Baltimore,
MD; 3Tennessee Valley Healthcare System VAMC, Nashville, TN; 4Malcolm Randall
VAMC, Gainesville, FL; 5Oklahoma City VAMC, Oklahoma City, MD; 6Audie L. Murphy VA
Hospital, San Antonio, TX; and 7Phoenix VA Health Care System, Phoenix, AZ.
Retained metal fragments from war-related injuries can oxidize in situ, resulting
in ongoing systemic metal exposure and raising concern about adverse effects in
target organs, such as the kidney. Population-based studies have found that chronic
metal exposure, even at relatively low levels, can result in altered kidney function.

Presented here are final study results examining the presence of kidney injury in a
subset of Iraq and Afghanistan Veterans enrolled in the Department of Veterans
Affairs (VA) Embedded Fragment Registry who reported having an embedded
fragment. 421 Veterans, receiving care at six VA medical facilities, completed a
health and exposure questionnaire and submitted a spot urine sample for measurement of 14 metals often found in fragments. Urine renal injury markers were
available for only 359 participants, due to factors associated with the COVID-19
pandemic. Creatinine-adjusted urine metal results were dichotomized based on
upper limits of normal in unexposed populations. Linear regression was used to
examine associations between presence of an elevated urine metal concentration
and measured kidney injury markers while controlling for factors associated with
chronic kidney disease (CKD). Excluding Veterans with a fragment injury prior to
2001, the sample (n=394) was mostly male (95.4%), white (63.6%), and had served
in the Army (76.8%). Mean age was 41.6 years. Over half (56.1%) had an elevated
metal concentration, with zinc being the most common. Excluding zinc, only 24.6%
of Veterans had a urine metal elevation. Due to this difference, and variability of
zinc upper limit definitions, data were analyzed with and without zinc. Renal injury
markers mostly fell within normal ranges. After controlling for CKD risk factors, the
presence of an elevated urine metal concentration was significantly associated
with effects in six renal markers. However, after excluding zinc, significant associations only remained for alpha-1 microglobulin, total protein, and albumin. Although
most renal injury markers fell within normal ranges, these findings suggest surveillance for kidney injury in Veterans with embedded fragments may be warranted.

3259

Heavy Metal Transport and Toxicity Assessment Using
Numerical and Gene-Network Graphical Modeling for
Remediated Surface Waters

J. C. Morales1, L. Lagos1, A. Deoraj1, Q. Felty1, C. Yoo1, B. Looney2, and D. Roy2. 1Florida
International University, Miami, FL; and 2Savannah River National Laboratory, Aiken, SC.
The Tims Branch watershed at Savannah River Site (SRS) presents difficulties in
determining the regulating and toxicological variables involved in surface water
cleanup. Heavy metal contaminated soils are mobilized during periodic rain events,
changing water chemistry, and their increased concentrations can harm human and
environmental health. Metal-bound sediment remobilization is largely reliant on the
severity of a rain event, and characteristics like pH and organic carbon content in
sediments can alter mobility. To address this issue, the MIKE 11 ECO Lab, a water
quality model, was developed, calibrated, and validated to measure heavy metal
transport during periods of excessive rainfall. The river’s profile was examined,
and uranium flux was calculated in critical places of the stream for (1-500 year)
ARI rain episodes. We used transcriptome databases in zebrafish to investigate
gene expression levels in response to heavy metal exposures to determine the
toxicity of the remediated levels of heavy metals in a biological model. The gene
expressions were normalized and pre-processed using the R-Studio software. The
transcription factor nuclear respiratory factor 1 (nrf1), which is involved in a variety
of toxicity pathways, was chosen as the target gene. After that, the nrf1 target
genes were prioritized and discretized based on gender, organ specificity, and
exposure doses. The ranked nrf1 target genes were then modeled and verified using
GeNIe sensitivity analysis utilizing Banjo, a machine learning (ML) approach. The
study’s findings give crucial information for understanding the governing factors
in heavy metal transport caused by episodic rain events, as well as novel dose-response toxicity mechanisms modeled using nrf1 -gene surrogate indicators. Such
assessment models are required for making educated decisions and detecting
significant regions of heavy metal deposition in Tims Branch after excessive rains.
Additionally, these estimates can be utilized to aid in the Tims Branch watershed’s
environmental health risk assessment, planning, and decision-making.

3260

Overexpression of miR-186 Accelerates Chromosomal
Instability in Arsenic-Exposed Human Keratinocytes

A. P. Ferragut Cardoso, A. N. Nail, M. Banerjee, S. S. Wise, and J. C. States. University of
Louisville, Louisville, KY.
Chronic inorganic arsenic (iAs) exposure in drinking water is a global issue affecting >225 million people. Skin is a major target organ for iAs. miR-186 is overexpressed in iAs-induced squamous cell carcinoma relative to iAs-induced hyperkeratosis. miRNA dysregulation and chromosomal instability (CIN) have been proposed
as mechanisms of iAs-induced carcinogenesis. DIANA-miRPath analysis indicates
that miR-186 targets mRNA of important cell cycle regulators, such as mitotic
checkpoint serine/threonine kinase B (BUB1) and cell division cycle 27 (CDC27).
We hypothesized that miR-186 contributes to iAs-induced transformation of keratinocytes by targeting cell cycle regulators leading to induction of CIN. Ker-CT cells, a
human keratinocyte cell line that exhibits a near diploid phenotype, were transduced
with miR-186 overexpressing or scrambled control lentivirus. Stable clones were
isolated after puromycin selection. Four clones with highest and four with lowest
miR-186 expression were maintained with 0 or 100 nM iAs for 4 weeks. The clones
unexposed to iAs were considered as passage matched controls. Total RNA was
purified and miR-186 expression levels were assessed by RT-qPCR. Cell lysates
were collected and western blot was performed to evaluate BUB1 and CDC27 levels.
Cytogenetic assays were conducted to analyze aneuploidy. Data were analyzed by
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2-way ANOVA followed by Tukey’s multiple comparison test; p<0.05 were considered significant. miR-186 levels remained upregulated in miR-186 transduced
clones. miR-186 overexpression significantly reduced CDC27 levels irrespective
of iAs of exposure. BUB1 levels remained unchanged. The percentage of cells
showing aneuploidy or endoreduplication was significantly increased in miR-186
transduced clones exposed to iAs when compared to the other groups. CDC27 is a
component of the anaphase-promoting complex, a major regulator of mitosis and
chromosome segregation. Suppression of CDC27 by elevated miR-186 may lead to
impairment of mitotic checkpoint complex formation and its ability to maintain the
cell cycle arrest to repair chromosome misalignment, resulting in incorrect chromosome segregation and CIN. These data suggest dysregulation of cell cycle events
leading to aneuploidy may be involved in iAs-induced carcinogenesis.

3261

Chromosome Instability and Cellular Transformation of Human
Lung Cells Chronically Treated with Particulate Hexavalent
Chromium

S. S. Wise, J. H. Toyoda, H. Lu, I. I. Meaza, and J. P. Wise. University of Louisville,
Louisville, KY.
Hexavalent chromium (Cr(VI)) compounds are known human lung carcinogens; but
the carcinogenic mechanism is poorly understood. Cr(VI) is known to induce DNA
damage and prolonged exposure has been shown to affect homologous recombination repair. It is unknown what happens to cells that experience chronic DNA
damage as well as chronic DNA repair inhibition. We exposed human lung cells to
low concentrations of zinc chromate for 6 months (0.0125, 0.025 and 0.05 ug/cm2)
in 3 separate experiments. All 3 experiments showed an initial growth delay up to
50 days of treatment followed by increased survival. Chromosome instability was
compared at the end of the 6-month treatment. All experiments showed significant
increases in CIN for the 0.025 and 0.05 ug/cm2 zinc chromate concentrations.
Aneuploidy was observed in 64-100% of cells with severe aneuploidy (greater than
60 chromosomes) occurring in 30-100% of cells. Structural abnormalities were
observed in 58-100% of cells. Chromosome 1 was the most frequently affected
chromosome with deletion of the q-arm being the most common abnormality.
In addition, chromosomes 3, 7, and 14 were frequently altered structurally in all
experiments. Time course analysis was performed for the first experiment and
showed increases in CIN were observed beginning at day 10 and increased
with time; increases in numerical chromosome instability were observed before
increases in structural instability. Cells were also placed in soft agar to evaluate
cellular transformation. Soft agar colony formation correlated with degree of CIN
for all experiments. These data support a hypothesis that Cr(VI)-treated cells can
evade cell death and transform into chromosomally unstable cells. This work was
supported by NIEHS grant R01ES016893 (J.P.W.), R35ES032876 (J.P.W.) and the
University of Louisville School of Medicine Basic Grant Program (S.S.W).
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Iron Chelation Potentiates the Efficacy of DNA Damaging Agents
in Colorectal Cancer Treatment

X. Xue. University of New Mexico, Albuquerque, NM. Sponsor: X. Xue, American
Physiological Society
Colorectal cancer (CRC) is the third most prevalent cancer and the third leading
cause of cancer-related deaths in the USA. Moreover, it is projected that the global
CRC incidence will rise to the first place among all cancers by 2040. Thus, there is
great need for mechanistic studies into CRC to propel the development of novel
effective and safe treatment strategies. Increased tissue iron in both human
patients and mouse models is associated with greater colon tumorigenesis. Iron
starvation does not alter normal colon proliferation, whereas cancer cells display
iron addition. Therefore, iron starvation provides an ideal strategy for CRC therapy.
We have previously found: (1) iron increases, whereas iron chelation inhibits, the
growth and proliferation of tumor colonoids derived from CRC patients; (2) a
high-iron diet increases, whereas a low-iron diet reduces, tumor growth in mouse
models of CRC; and (3) intratumoral iron accumulation is essential for sustaining
nucleotide biosynthesis. However, significant gaps still exist in our ability to target
iron metabolism for CRC treatment. A previous report showed that a metal chelator,
tachpyridine, induces G2 cell cycle arrest via ATR-dependent activation of CHK1,
and sensitizes cancer cells (not noncancer cells) to ionizing radiation induced
DNA damage. In the current study, we found that an FDA approved iron chelator
deferoxamine (DFO) treatment dose-dependently increased apoptosis marker
cleaved caspase 3, DNA damage signaling markers p-CHK1 Ser317 and γH2AX in
human CRC HCT116, SW480 and RKO cells. Furthermore, a combination of DFO
with a potent CHK1 inhibitor UCN-01 or Prexasertib had a better inhibition efficacy
on cell growth than either treatment alone in SW480 cells. The combination of a
next generation orally administered iron chelator deferasirox (DFX) with a low dose
of Prexasertib or an ATR inhibitor VE-822 had similar effects in SW480 cells and
mouse CRC MC38 cells. Consistently, DFX potentiated the level of Prexasertib or
VE-822-induced γH2AX, which was used as a bioactivity marker for CHK1 inhibitors.
Importantly, 5-fluorouracil (5-FU), a standard first-line DNA damaging chemotherapy
drug for CRC, potentiated the growth suppressive effect of DFX on MC38 cells in
vitro. The combination of 5-FU and DFX at low doses also synergistically activated
the DNA damage marker γH2AX. Strikingly, the synergistic effect was recaptured in

vivo using a syngeneic xenograft tumor model. We concluded that a combination
of iron chelators and DNA damaging agents caused a synergistic effect in inducing
DNA damage response and reducing colon tumor cell growth in vitro and in vivo.
This may also provide a better strategy to reduce drug-related toxicity in the clinical
CRC treatment.

3263

Mercury Exposure in Miners from Vulnerable Communities: A
Cross-Sectional in the Collective Territory of Afro-Descendent
Populations at the Colombian Pacific Region

N. Alvarez-Ortega, J. Olivero-Verbel, A. Calderon-Ocoro, J. Palomares-Bolaños, K.
Fuentes-Lopez, J. Galvis-Ballesteros, and K. Caballero-Gallardo. Universidad de
Cartagena, Cartagena, Colombia.
Mercury (Hg) is an environmental pollutant that targets populations living in gold
mining and riverside areas. The aim of this research was to evaluate the levels
of total-Hg (T-Hg) in hair and blood in artisanal gold miners, usually exposed to
Hg vapors, belonging to socially vulnerable Afro-descendant communities from
the Colombian Pacific region, as well as their relationships with hematological, biochemical, and genetic susceptibility markers. The Ethics Committee of
the University of Cartagena approved the study, and each participant signed an
informed consent. Hair and blood samples (n=104) were collected for all individuals, together with socio-demographic information. T-Hg levels were measured
using a direct mercury analyzer; hematology was assessed using an Automated
Hematology Analyzer; biochemical parameters were quantified in serum utilizing
commercial kits; relative gene expression was determined from blood RNA by
RT-PCR; and metallothionein 2A (MT2A) and glutathione S-transferase pi 1 (GSTP1)
polymorphisms were characterized by RFLP. The mean concentrations of T-Hg
in hair and blood for all participants were 0.65 µg/g and 1.42 µg/L, respectively.
Miners had greater T-Hg levels in hair (0.97 µg/g) and blood (2.24 µg/L) than those
non-exposed. About 30% of the miners displayed Hg concentrations above the
WHO threshold. Mean values for aspartate aminotransferase, low-density lipoprotein cholesterol, and high-density lipoprotein were significantly greater in miners
than in non-miners. In contrast, white and red blood cell counts, mean corpuscular
hemoglobin concentration, and lymphocyte percentage were higher in non-miners.
T-Hg levels in hair were positively correlated with those in blood (ρ=0.18; p<0.02).
The mRNA expression of MT1X was up-regulated in participants with T-Hg concentrations >1 µg/g. Genotypic characterization showed that individuals with greater
T-Hg values belong to the MT2A GG genotype, compared to the MT2A CC genotype.
The same pattern was observed for the GSTP1 GG variant. In short, miners experience some Hg exposure that may provoke small alterations in blood cell composition, lipid profile and hepatic health, with the SNPs displaying some relevance on
the exposure. 11107100874437 (943-2019); BB2019-02; 727-2015.
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Metal Exposome Influenced by Fishing Activity Reveal
Differences in Metabolomic Association Networks in Cheyenne
River Sioux Tribal Community

J. Fernandes1, H. Zhong1, R. M. Smith2, V. Tran2, M. Orr2, C. Accardi2, Y. Go2, D. P.
Jones2, K. Enright3, M. O’Leary3, J. A. Henderson4, and E. Erdei5. 1University of Oklahoma
Health Sciences Center, Oklahoma City, OK; 2Emory University, Atlanta, GA; 3Missouri
Breaks Industries Research Inc., Eagle Butte, SD; 4Black Hills Center for American
Indian Health, Rapid City, SD; and 5University of New Mexico Health Sciences Center,
Albuquerque, NM.
Decade long concern exists that environmental metal mixture exposures may
contribute to chronic disease development through toxicological molecular pathways that negatively affect health in tribal communities. We applied an
unrestricted exposome analytical framework approach in an environmental health
study examining mercury, arsenic, and other metal exposures in Cheyenne River
Sioux Tribal Community (CRST) members who regularly fish on the Cheyenne
River and its tributaries. Plasma samples (N= 60) were utilized to characterize
25 nutritional and toxic metals measured using inductively coupled plasma mass
spectrometry analysis and a global metabolomic profile was determined using
ultra-high-resolution orbitrap mass spectrometry. Results showed CRST participants who reported increased fish consumption had increased detectable levels of
toxic metals irrespective of age, sex, or smoking status. Multivariable regression
modeling to examine associations among fishing subgroups and metal exposure
predictive variables, resulted in distinct subsets of metals-metabolite clusters
demonstrating closely associated networks of toxic metal exposure groups
(|ρ|>0.4, P<0.05). As, Hg, Pt, W clustered with lipid and oxidant pathways such
as glycosphingolipid and methionine and cysteine metabolism, while a toxic and
nutritional metal cluster, Cd, Mg, and Mo associated with inflammatory pathways
such as histidine metabolism. Mn and Ni were linked to fatty acid and carnitine
shuttle indicating an alteration in mitochondrial fat metabolism. Cesium and
tellurium were tightly associated with selenoamino acid and glutamate metabolism suggesting an alteration in neurotransmitter and antioxidant capacity. Co, Pb,
Sb, formed clusters with hormonal and inflammatory pathways such as estrogen
and prostaglandin metabolism. This work demonstrates that utilization of a global
exposome analytical approach is capable of identifying metal exposed CRST tribal
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community members. That analytical framework not only confirms biomonitoring
information but successfully showed pathway activations possibly linked to metal
mixtures originating from environmental mining waste.

3265

Pregnancy Trimester and Arsenic Species in Urine from
Pregnant Women in Tacna, Peru

M. O. Gribble1, D. Fano2, D. B. Barr3, C. Vásquez-Velásquez2, J. Aguilar4, C. Ramírez4, J.
K. Wickliffe1, M. Lichtveld5, and G. F. Gonzales2. 1University of Alabama at Birmingham,
Birmingham, AL; 2Universidad Peruana Cayetano Heredia, Lima, Peru; 3Emory University,
Atlanta, GA; 4Universidad Nacional Jorge Basadre Grohmann, Tacna, Peru; and
5University of Pittsburgh, Pittsburgh, PA.
Arsenic species in urine reflect the level of exposure to specific arsenic compounds
(e.g., arsenate and arsenite) as well as human biological processes (e.g., metabolism and elimination of arsenic, and urine dilution). The relative contributions
of inorganic arsenic species (As III and As V, collectively referred to as iAs),
monomethylarsonic acid (MMA) and dimethylarsinic acid (DMA) in a urine sample,
calculated as the % of their sum, are a Dirichlet-multivariate (the triad %iAs, %MMA,
%DMA must sum to 1) measure of arsenic toxicokinetics that controls both for
urine dilution and for arsenic exposure by conditioning on the urine sample. In
this study, we evaluated differences by pregnancy trimester (2nd or 3rd) in %iAs,
%MMA, %DMA among pregnant women ages 18-40 years old (n=138) in Tacna,
Peru. Arsenic species (As III, As V, MMA, DMA) were measured in first morning void
urine using ICP-MS. We modeled population distributional changes from 2nd to 3rd
trimester in %iAs, %MMA, %DMA using Dirichlet regression with robust standard
errors, modeling both the mean and the dispersion as a function of trimester,
with predictive margins used to summarize differences. We tested within-person
changes from 2nd to 3rd trimester using conditional logistic regression models
matching on person, with %iAs, %MMA or %DMA in separate models predicting
3rd vs. 2nd trimester. There was a population difference of +1 (standard error
[SE]: <1) %iAs, +2 (SE < 1) %MMA, and -3 (SE < 1) %DMA between the 2nd and 3rd
trimester, but no statistically significant change (p = 0.32) in variability between
women in 3rd trimester compared to 2nd trimester. There were statistically significant within-woman increases in %iAs (p<0.001) and in %MMA (p<0.001) and a
decrease in %DMA (p<0.001) from 2nd to 3rd trimester. These results are inconsistent with the shift toward greater %DMA over the course of pregnancy reported in
several previous studies of other cohorts, which may suggest that the impacts of
pregnancy on arsenic toxicokinetics could vary across populations.

3266

Tungsten-Enhanced Breast Cancer Metastasis to the Bone Is
Associated with Alterations in the Bone Niche

C. Chock, C. M. McVeigh, S. Templeton, and A. M. Bolt. University of New Mexico,
Albuquerque, NM.
Tungsten is an emerging environmental toxicant due to increased human
exposure and a lack of knowledge of human health risks. One large research gap
is our knowledge of the potential carcinogenic/tumorigenic effects of tungsten,
despite some compelling epidemiological data. Due to a cohort of breast cancer
patient’s accidentally exposed to tungsten during intraoperative radiotherapy, our
lab is investigating how tungsten exposure affects breast cancer progression and
risk of metastasis. We have previously shown that oral tungsten exposure can
significantly enhance breast cancer metastasis to the lung niche by altering the
metastatic microenvironment, using the 66Cl4 orthotopic breast cancer model.
Importantly, tungsten accumulates in the bone making it a site of long-term storage
and toxicity. The bone is also a known site of breast cancer metastasis. This study
was initiated to investigate the effect of tungsten on breast cancer metastasis
to the bone niche, using the 4T1 orthotopic breast cancer model. Similar to what
was found in the 66Cl4 model, in the 4T1 model, oral tungsten (15 ppm) exposure
did not affect primary tumor growth. However, following tungsten exposure there
were marked changes in the bone niche, including increased metastasis of 4T1
tumor cells and increased osteolysis. Further analysis of the bone niche indicates
enhanced metastasis is associated with a pro-tumorigenic immune suppressive
environment, including increased number of granulocytic myeloid derived suppressor cells and increased gene expression of the pro-inflammatory cytokine IL-1β and
the activated fibroblast marker α-smooth muscle actin (Gene name: ACTA-2). These
results could indicate that tungsten accumulation in the bone is changing the bone
niche to create a pro-tumorigenic immune suppressive environment. Alternatively,
the increased number of breast cancer cells in the bone, in the tungsten exposed
animals, could be altering the microenvironment in the bone niche. Current work
is focused on dissecting what is driving these alterations in the bone following
tungsten exposure and investigating if tungsten targets the 4T1 breast cancer
cells to enhance their homing to the bone niche. Funding: P20GM130422-01A1 and
IRG-17-178-22.

3267

Acute Inhalation of Tungsten Particles Results in Early Signs of
Diastolic Cardiac Dysfunction

S. Templeton, C. M. McVeigh, R. Hunter, G. W. Herbert, E. B. Barr, B. E. Bleske, M. J.
Campen, and A. M. Bolt. University of New Mexico, Albuquerque, NM.
Epidemiological studies have established a link between exposure to tungsten
and increased risk of developing cardiovascular disease and stroke. However,
no studies have investigated how tungsten affects cardiac function or the risk of
developing cardiovascular disease. Inhalation of tungsten particulates is relevant in
numerous occupational settings. Inhaled particulate matter has a known causative
role in driving cardiovascular disease. We have previously shown that a single
4-hour inhalation exposure to tungsten particles (1.7 ± 0.28 mg/m3) alters the lung
microenvironment, including increased IL-1β-mediated inflammation and fibroblast
activation. The present study examined if acute inhalation to tungsten affects
cardiac function and the heart microenvironment. Female Balb/c mice (N=10/gp)
were exposed to Filtered Air or 1.5 ± 0.32 mg/m3 tungsten metal particles (< 1
µm) using a whole-body inhalation chamber for 4 hours, 4 times over the course
of 2 weeks. Tungsten exposure increased macrophage counts in the bronchoalveolar lavage fluid, suggesting sustained inflammation; however, no effect on
lung function (resistance or compliance) was observed. Cardiac output (mg/
mL) was significantly decreased in the tungsten-exposed group. Additionally, A’
(mm/s), an indicator of the amount of work required by the atria to fill the heart was
elevated; coupled with a decreasing trend in the E’/A’ ratio, an indicator of diastolic
relaxation. Further cardiac gene expression analysis revealed that tungsten
exposure increased expression of pro-inflammatory cytokines IL-1β and TNF-α;
key markers of remodeling and fibrosis TGF-β1, TGF-β2, Col1, and MMP-9; and
the reactive oxygen species (ROS) responsive genes HIF-1α, HMOX1 and NQO1.
These data strongly suggest that subacute exposure to tungsten results in early
signs of diastolic dysfunction including stiffening of the ventricle walls, diminishing
filling volume and potentially requiring increased atrial workload to fill the heart.
Functional findings are in parallel with generation of cardiac ROS, inflammation,
and early fibrotic changes. Current work is focused on determining the effects of
chronic exposure to tungsten on cardiac function and development of cardiovascular disease and the role of IL-1β-mediated inflammation in disease pathogenesis.

3268

Lead Concentrations and Isotope Ratios in Blood, Breast
Milk, and Feces: Contribution of Both Lactation and Soil/Dust
Exposure to Infants in a Lead Mining Area—Kabwe, Zambia

S. M. Nakayama1, H. Toyomaki1, J. Yabe2, Y. Beyene1, K. Muzandu2, T. Mufune3, H.
Nakata1, Y. Ikenaka1, T. Kuritani1, M. Nakagawa1, K. Choongo2, and M. Ishizuka1.
1Hokkaido University, Sapporo, Japan; 2University of Zambia, Lusaka, Zambia; and
3Ministry of Health, Zambia, Kabwe, Zambia.
Lead (Pb) poses a serious public health concern. Breastmilk may be a possible
source of Pb exposure in infants, as Pb can be transferred from the maternal blood
to breastmilk. The present study was undertaken to determine the Pb exposure
and the contribution of lactation as one of the exposure pathways to infants in
a Pb mining area, Kabwe, Zambia. This study was approved by the University of
Zambia Research Ethics Committee (UNZAREC; REF. No. 012-04-16). Further
approvals were granted by the Ministry of Health through the Zambia National
Health Research Ethics Board and the Kabwe District Health Office. Mothers and
guardians were encouraged to participate in the study, and were asked to take
their breastfed infants under the age of 1 year and 6 months to the selected health
centers for sample collection. Only infants with mothers/guardians that willingly
agreed to participate and signed the informed consent were included in the present
study. After informed and written consent were obtained from the mothers/
guardians, blood, breastmilk and infants’ feces were collected from 418 pairs of
infants and mothers in 2017. The Pb concentrations, isotope ratios in the samples,
and biochemistry in mothers’ plasma were analyzed. The overall mean of blood
lead levels (BLLs) in infants and mothers were 18.0 and 11.3 μg/dL, respectively.
High Pb concentration in breastmilk (range: 0.4-51.9, mean: 5.3 μg/L) above the
WHO acceptable level between 2 and 5 μg/L were found and could be one of the
sources of Pb exposure in infants. The Pb isotope ratios in infants’ feces were
the most similar to Pb ratios in the soil samples. The results suggest that infants
are also exposed to Pb from the environment. Pb exposure in infants through
breastfeeding and soil ingestion could potentially exceed daily intake of Pb which
causes neurodevelopmental toxicity. In contrast to the high BLLs in mothers, the
plasma biochemical profiles of most analyzed parameters were interestingly within,
or close to, the standard reference values. Our data suggest that environmental
remediation is urgently needed to reduce the Pb exposure in infants and mothers
from the environment in Kabwe in parallel with chelation therapy.
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The Association of Elevated Zinc Levels from Local Mines to the
Increased Prevalence of Alzheimer’s Disease among Alaskan
Natives

E. Kouch, M. Hwang, M. Zink, K. Shawhan, V. Huynh, and D. E. Johnson. University of
California Berkeley, Berkeley, CA.
Alzheimer’s disease (AD) is a common neurodegenerative disease affecting 6.2
million people in the United States and is most persistent in adults over the age
of 65. Despite Alaska having one of the lowest elderly populations in the United
States, Alaska has the highest prevalence of Alzheimer’s Disease. This may be
attributed to a higher genetic predisposition to AD in the American Indian and
Alaska Native communities. Alaska’s general population is 18% American Indian
or Alaska Native, and this group is found to have a higher number of carriers of
the deleterious form of apolipoprotein E: APOE4. APOE is important in axonal
growth and synaptic reformation and a mutation in this gene increases the risk of
AD. The purpose of this study was to explore how specific environmental toxins
affect APOE and how this relationship could lead to the higher prevalence of AD in
Alaska. The results propose an association with AD to the geographical proximity
to one of the largest harvesters of Zinc in the United States, the Red Dog Mine. Zinc
affects 51 genes related to AD and when bound with APOE4, causes an adverse
reaction that negatively affects zinc homeostasis, which increases the risk of AD.
Geographically, Alaska has the highest zinc concentration near the Red Dog Mine;
although, there is a higher concentration of zinc throughout the state compared to
other states in the US. There is a higher prevalence of AD in the Fairbanks area of
Alaska and 831,000 lbs of zinc was released in this area in 2019. It was concluded
that the widespread presence of zinc, along with the genetic predisposition the
Native population has to the deleterious APOE4 allele, has caused Alaska to have
the highest prevalence of AD.

3270

Evaluation of Chemical Elements in Used and Unused Aged
First-Generation Electronic Cigarette Fluid

M. Williams, O. Ikegbu, and P. Talbot. University of California Riverside, Riverside, CA.
Metals are present in e-cigarette (EC) atomizers and aerosols; however, the
effect of use and storage on metal accumulation in EC fluids is not well characterized. Our purpose was to compare the concentration of elements/metals in
the fluid of used and unused first generation ECs that were stored for 10 years.
Metal analysis of the fluids from unused, gently used, and heavily used ECs was
measured using inductively coupled plasma optical emission spectroscopy. For
each group, at least three different ECs were studied. Of the 22 elements analyzed,
10 (aluminum, chromium, copper, iron, lead, nickel, selenium, silicon, tin, zinc) were
often found in EC fluids from all groups. The concentration of individual elements
varied between and within brands, and with use. Five elements that were found in
the highest concentrations in EC fluids were: copper (1749.64 mg/L), zinc (528.67
mg/L), tin (420.41 mg/L), nickel (102.49 mg/L), and lead (93.38 mg/L). The highest
concentrations of aluminum, chromium, iron, nickel, and tin were measured in
Greensmoke. Copper, lead, and zinc were highest in NJOY NPRO. Across the 10
elements, two brands (Greensmoke, Vype) often had elemental concentrations that
were higher in the gently/heavily used ECs versus the unused samples. In contrast,
the concentrations of most elements in BluCig, BluCig Disposable, SafeCig were
lower in gently used products. The fluids of stored unused and used first generation
ECs contain numerous elements, and in some cases their concentrations increased
with use. However, results were variable among brands reflecting the heterogeneity
often found in EC products. Our quantitative data on metal concentrations in EC
fluids show these concentrations increase after use in some products. Leachates
from discarded ECs could contribute toxic metal contaminants to the environment
supporting the need for better quality control and regulation of atomizer design,
composition, and disposal.

3271

Effects of Gestational Low-Dose Perfluorooctanoic Acid on
Maternal and “Anxiety-Like” Behavior in Dams

A. K. Merrill, K. Conrad, E. Marvin, D. A. Cory-Slechta, and M. Sobolewski. University of
Rochester, Rochester, NY.
Pregnant women are ubiquitously exposed to low concentrations of endocrine-disrupting chemicals, such as per- and poly-fluoroalkyl substances (PFAS). Animal
research suggests that PFAS compounds disrupt hypothalamic-pituitary-adrenal
axis function in offspring, with some evidence of altered “anxiety-like” behavior, but
little is known about the potential consequences on maternal health. Evaluating
the consequences of gestational PFAS exposures on maternal health is essential,
because approximately 1 in 10 women experience postpartum depression, often
with increased anxiety. To address this gap, dams were orally exposed to either a
low dose, 0.1 mg/kg, of perfluorooctanoic acid (PFOA) or vehicle from gestational
day 0 to birth. Maternal behavior was then observed from postnatal days (PNDs)
5 to 9 and “anxiety-like” behavior was measured using open field spontaneous
locomotor behavior and elevated plus maze following weaning. No difference was
observed in the litter size or sex of offspring. Gestational PFOA exposure altered
maternal behavior. Despite similar nursing durations, PFOA dams spent more

time nursing in a flat posture and on their side, and less time in kyphosis than
vehicle dams. Furthermore, PFOA dams had marginally lower nest quality scores
and reduced pup retrieval latency following first contact. At weaning, PFOA dams
displayed increased “anxiety-like” behaviors in the elevated plus maze with a significantly lower mean duration and entries into the closed arms, and a significantly
lower number of entries in the open arms. There were no overall differences in
locomotor activity levels. Pregnancy exposure to PFOA altered both maternal and
“anxiety-like” behavior in dams. Further research on the effects of EDC exposures
during pregnancy on maternal and “anxiety-like” behavior is necessary for the public
health protection of women. Supported by P30 ES001247 and T32 ES007026.

3272

Evaluation of Neurotoxicity of Graphene Oxide to 3D Human
Organoids Derived from iPSCs

Y. Cao1, J. Fan2, Y. Yan2, X. Zhu2, B. Zhao2, H. Ma2, and L. Zhang3. 1University of South
China, Hengyang, China; 2Hopstem Biotechnology Co. Ltd., Hangzhou, China; and
3Soochow University, Suzhou, China.
The potential use of graphene-based nanomaterials (NMs) in various areas of
biomedicine, particularly in the field of neuroscience, will lead to the contact of
graphene-based NMs with central nervous system. Previous studies showed that
exposure to graphene-based NMs induced neurotoxicity in animals or cultured
neurons, but these models are different from human brains and might not
completely predict the responses of human brains. In this project, a novel 3D brain
organoid model based on human iPSCs was used to investigate the mechanisms
of neurotoxicity of graphene oxide (GO). We found that 50 μg/mL GO induced
cytotoxicity, and consistently, RNA-sequencing data supported that GO altered
gene ontology terms related with neuron cell death. In addition, by analyzing gene
ontology terms and KEGG pathways, we found that GO exposure altered biological molecule metabolism including lipid metabolism. This was further supported
by lipidomics analysis, which confirmed that GO dose-dependently altered lipid
profiles. Interestingly, co-exposure to GO and endoplasmic reticulum (ER) stress
inhibitor 4-phenylbutyric acid (4-PBA) decreased most of the lipid classes compared
with the exposure of GO only. We further verified that exposure to GO promoted ER
stress marker GRP78 proteins, which in turn activated IRE1α/XBP-1 axis, and these
changes were partially or completely inhibited by 4-PBA. The results from single cell
RNA-sequencing influenced the functions of GABAergic and glutamatergic neurons.
By using fluorescence micro-optical sectioning tomography, we confirmed that
exposure to GO induced the rearrangement and morphological changes of these
neurons, especially for the neurons locating at the surface of organoids. Combined,
the results from this study suggested that exposure to GO induced cytotoxicity, lipid
profile changes and functional changes of GABAergic and glutamatergic neurons.

3273

Intranasal Treatment with Nicotine-Derived Nitrosamine Ketone
(NNK) Alters Microglia Activity and Causes Disruption of BloodBrain Barrier (BBB) on Mice

L. F. Ochoa, P. P. Villarreal, O. Solomon, M. Motamedi, and G. Vargas. University of
Texas Medical Branch at Galveston, Galveston, TX.
NNK is a toxin and nicotine metabolite found in Cigarette Smoke (CS). CS continues to be a leading cause for decline of quality of life as well as deaths globally.
Epidemiological assessments have suggested CS has an association with neuroinflammation and several neurological disorders including Alzheimer’s disease,
stroke, and multiple sclerosis. While direct links have not been fully understood,
studies in a humanized flow-based in vitro blood-brain barrier model used CS
extract to show that CS can have pro-inflammatory effects and promote loss of
BBB function and viability. NNK was suggested to induce glial activation sustained
from 4 to 12 days when given IP in mice. Little is known about specific effects of
NNK on the BBB or microglial dynamics particularly as they relate to the vasculature
and across multiple areas. Here we show that NNK when given through an intranasal route, both in acute (4 days) and chronic (12 weeks) exposures, leads to both
disruption of the BBB and vessel-localized microglia activity. To investigate microglial and vascular responses to NNK in vivo, we combined the use of transgenic
mouse line (CX3CR1-GFP) with intravital neuroimaging. Single volumetric images
and time series of up to an hour were taken to assess spatial and dynamic observations. A machine learning algorithm was employed to segment microglial soma
from processes. Results indicate that microglia activation was found to be heterogeneous; that is activated microglia and ramified microglia existed within the
same field of view. Moreover, NNK treated animals displayed an increase in vessel
associated microglia (VAM) compared to control. Temporal analysis in those sites
showed VAM microglial sustained an ameboid appearance over time and clustered
near the vessels. An increase in vascular events, including vasoconstriction,
vasodilation, and microbursts, were observed in NNK treated animals suggesting a
pronounced effect of NNK in vasculature. Taken together, these results suggest an
immunomodulatory effect of NNK marked by sporadic and highly localized microglia activity accompanied by vascular events.
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Inhalation of 3-Dimensional-(3D)-Printing Fumes Affect the
Expression of Markers Associated with Neural Injury

K. Krajnak1, M. Farcas1, W. McKinney1, S. Waugh1, M. Jackson1, J. Matheson2, T.
Thomas2, and Y. Qian1. 1NIOSH, Morgantown, WV; and 2Consumer Product Safety
Commission, Rockville, MD.
Inhalation of fumes and particulate generated by 3D-printing with plastics has been
shown to induce mild systemic inflammation and oxidative stress. One plastic
used for printing is polycarbonate (PC). PC contains organic solvents, bisphenols,
and other chemicals that are known neurotoxicants. These neurotoxicants can be
released as respirable fumes when PC feed material is heated during printing. The
goal of this study was to determine if inhaling fumes and particulate generated
when printing with PC resulted in changes in inflammation, oxidative stress and
transcripts and proteins involved in the formation of synapses in the central
nervous system (CNS). Male Sprague Dawley rats (n = 60, 200-250 g at arrival)
were exposed to filtered air or black PC particulate and fumes generated by 3
desktop-3D-printers (exposure 4 h/day (d)). The 4 h average particle concentration
delivered to the animals breathing space was 500 µg/m3. Animals were exposed
for 1d or 4 d/week until they had been exposed for 1, 4, 8, 15 or 30 d. The morning
after the last exposure animals were euthanized and brain tissue was collected.
Tissue from the left side was used for qRT-PCR and tissue from the right side was
sectioned and used for immunohistochemistry. Cellular injury (fluorojade staining)
was increased in the hippocampus and basal ganglia after 1 day of exposure to
3D fumes. However, staining returned to baseline levels in all groups after 4-30
d of exposure. Glial fibrillary acetic protein staining was also increased in these
regions of the brain in 3D-exposed animals on all days of the experiment. In the
basal ganglia, there was an increase in the transcription of inflammatory cytokines
and anti-oxidant associated genes in 3D fume-exposed animals. Inhalation of 3D
printing fumes resulted in an increase in the level of GFAP staining in both the
hippocampus and the basal ganglia on all days of the experiment. There were also
transient increases in markers of inflammation and oxidative stress. These finding
are consistent with studies showing that bisphenol-A (a component of PC) induces
oxidative stress and markers of oxidative damage and cellular injury.

3275

Development of Rat DRG Model for Predicting Peripheral
Neuroinflammation and Neurotoxicity of Therapeutic Agents

N. Mishra, G. Papadopoulos, L. Friedman, E. Galbreath, Y. Dragan, M. Wagoner, and J.
Cohen. Takeda Pharmaceutical Company Limited, Cambridge, MA.
Dorsal root ganglion (DRG) toxicity is one of the major concerns for several
therapies including adeno-associated viruses (AAVs), oligonucleotides, and
chemotherapies. Many AAVs are discontinued due to DRG toxicity but no optimized
in vitro DRG model is available for predicting DRG or peripheral neurotoxicity of
therapeutic agents. In this study, we have developed an in vitro DRG model using
whole rat DRG cultures incorporating satellite cells, DRG neurons and resident
fibroblasts. The neuroinflammatory and neurotoxicity responses are predicted for
(i) DRG toxicity, using whole DRG culture and (ii) spinal nerve/root injury, using
DRG-microglia co-culture model. Validation of rat DRG-microglia co-culture has
been done using (i) inflammatory agents LPS and LPS + IFNy and (ii) marketed
tool compounds, paclitaxel and colchicine. Following LPS and IFNy treatments,
microglia were activated (as indicated by iNOS induction) and neurites became
disorganized. Paclitaxel, which is known to cause peripheral neuropathy in patients,
showed disorganization of neurites without any microglial activation. Colchicine,
which is known to cause gliosis, showed microglial activation (iNOS induction),
and decreased processes dose dependent manner. We have found that this model
has utility in detecting oligonucleotide and AAV-mediated toxicities as well. For
predicting oligonucleotide mediated DRG toxicity, delivery of oligonucleotide in
DRG culture is being optimized and gymnotic method has been chosen as most
optimum route of delivery in rat DRG cultures. With AAVs, we’ve evaluated AAV9
viral vectors expressing GFP for predicting toxicity and efficiency of AAV transduction in DRG culture. Dose dependent increases in AAV transduction, as well as dose
dependent increase in cellular death and increased satellite cells activity surrounding DRG neurons have been observed. In conclusion, we have developed a rat DRG
model for predicting DRG toxicity and for use as a surrogate to predict spinal nerve
injury for therapeutic agents. These models are in the process of further development and validation across drug modalities.

3276

An Investigation of Anxiety-Like Behavior in Male and Female
Mice That Were Prenatally Exposed to Endocrine-Disrupting
Chemicals (EDCs), Specifically a Mixture of Phthalates

A. Avila Oropeza1, S. Soriano2, and M. Mahoney2. 1California State University San
Marcos, San Marcos, CA; and 2University of Illinois at Urbana-Champaign, Urbana, IL.
Phthalates are substances added to plastic to make it more flexible and are
examples of endocrine-disrupting chemicals. Items that contain phthalates are
soaps, shampoos, and cosmetics products. Being exposed to phthalates can
cause serious health problems to a person and even types of birth defects. There is
various research done on the damages phthalates could cause to the reproductive

system but relatively little research on behavior. We conducted a series of tests to
research if there are anxiety-like behaviors in mice that were prenatally exposed to
an environmentally relevant mixture of phthalates. We treated pregnant CD-1 dams
with vehicle (tocopherol-stripped corn oil) or an environmentally relevant phthalate mixture (20, 200 µg/kg/day, and 200 mg/kg/day) daily from gestational day
10.5 to birth. The mixture was composed of 35% diethyl phthalate, 21% di(2-ethyhexyl) phthalate, 15% dibutyl phthalate, 15% diisononyl phthalate, 8% diisobutyl
phthalate, and 5% benzylbutyl phthalate. The tests included an open field and a
light/dark box test which were then analyzed through video tracking software. The
data demonstrated no change of anxiety behavior in mice in the open field test in
contrast to the light/dark test which revealed a significant change in transitions
between the two zones. More specifically, control animals had fewer transitions
than 200 µg or 200 mg group despite showing similar levels of time spent in the
light or dark box areas. This then suggests that prenatal exposure to phthalates
negatively alters behavior.

3277

Delayed Treatment with Midazolam, Allopregnanolone, and
Perampanel Is Superior to Midazolam Alone in Reducing
Spontaneous Recurrent Seizures and Neuroinflammation but
Does Not Improve Long-Term Behavioral Deficits in the Rat
Model of Acute DFP Intoxication

D. A. Bruun, A. Valenzuela, M. Guignet, Y. Tsai, E. Gonzalez, J. Calsbeek, J. Vu, D.
Tancredi, D. Harvey, A. Dhir, M. Rogawski, and P. J. Lein. University of California Davis,
Davis, CA.
Organophosphate (OP) nerve agents are potent neurotoxicants. OPs can trigger
seizures that rapidly progress to status epilepticus (SE). If not terminated within
minutes, OP-induced SE leads to extensive neuropathology and neurological
deficits. We have previously shown in a rat model of acute intoxication with the OP
diisopropylfluorophosphate (DFP), that treatment with the standard-of care anti-seizure drug midazolam in combination with allopregnanolone (a neurosteroid that
acts as a positive allosteric modulator of the GABAA receptor) and perampanel (a
selective non-competitive AMPA receptor antagonist) more effectively terminated
acute electrographic seizures than midazolam alone. To determine whether
improved seizure control mitigated chronic morbidity, adult male Sprague Dawley
rats were dosed with DFP (4 mg/kg sc) immediately followed by atropine sulfate (2
mg/kg im) and 2-PAM (25 mg/ml im). At 40 min post-DFP, rats received midazolam
(1.8 mg/kg im), allopregnanolone (6 mg/kg im) and perampanel (2 mg/kg im).
Neuropathology was assessed by immunohistochemistry (IHC) at 1, 3, 7 and 28
d post-exposure; behavioral testing was performed at 1 and 2 mo post-exposure.
The combined treatment was superior to midazolam alone in reducing spontaneous recurrent seizures (SRS) and neuroinflammation (GFAP and IBA-1 IHC).
In contrast, the combined treatment was no better than midazolam in protecting against neurodegeneration (FluoroJade C staining) or in mitigating reactivity
(Irwin reactivity test) or cognitive deficits (novel object recognition and contextual
fear conditioning). In summary, the combined treatment was effective in improving some but not all long term outcomes, and suggests that neuroinflammatory
responses may contribute to OP-induced SRS, but not cognitive deficits. Supported
by NIH CounterACT Program (NS079202).
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Proteomic Analysis of Brain Regions of Adult Long-Evans Rats
Exposed to Kainic Acid

E. M. Pitzer1, G. L. Jung1, W. T. Padgett1, W. M. Winnik1, C. K. Ganta2,3, N. Clayton2, H.
Jensen2, R. Herbert2, and D. W. Herr1. 1US EPA/CPHEA, Research Triangle Park, NC;
2NIEHS/NTP, Research Triangle Park, NC; and 3Integrated Laboratory Systems Inc.,
Research Triangle Park, NC.
We are using proteomics to measure changes in protein signatures produced by
prototypical neurotoxicants, allowing better understanding of the molecular events
produced by these compounds. Adult male Long Evans rats were treated with
kainic acid (KA; 6 mg/mL, s.c., chosen not to produce myoclonic seizures), vehicle
(VC; buffered saline, 0 mg/mL), or were non-injected (cage controls, CC). At 3 or
24h post-exposure, the rats were perfused with DPBS and brain regions collected
and stored at -80°C. Hippocampal samples were assessed for proteomic content
using Orbitrap LC-MS, and proteins were identified and processed using Proteome
Discover. Pathway analysis was performed using Ingenuity Pathway Analysis (IPA)
software (differential protein cutoff: ≤ log2(0.8), ≥ log2(1.2), FDR p-value ≤ 0.05).
A total of 1894 and 1770 proteins were identified for mapping with IPA, at 3 and
24 h respectively. Of those proteins, 199 and 103 were altered by KA treatment
at 3 and 24h, respectively. At 24h the top proteomic inhibited pathways included
synaptogenesis signaling pathway, G Beta Gamma signaling, and Ephrin receptor
signaling. Activated pathways at 24h included PTEN signaling, semaphoring
neuronal repulsive signaling pathway, and autophagy. Proteins impacted in these
pathways included, RAC (Rho family)-alpha serine/threonine-protein kinase (AKT;
downregulated, in all above pathways), Ras GTPase (RAS; downregulated, in all
above pathways except autophagy), and Growth factor receptor-bound protein 2
(GRB2; upregulated, pathways: synaptogenesis signaling, G Beta Gamma, ephrin
receptor, PTEN), as well as additional up- or downregulated proteins. An additional
set of rats were treated and sacrificed at 3, 24, or 48h following KA exposure (0 or 6
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mg/mL), perfused with DPBS then 4% paraformaldehyde (PFA) and fixed in situ with
4% PFA. Hematoxylin and Eosin-stained hippocampal sections revealed no significant microscopic lesions. The proteomic signature revealed several pathways,
including neuronal signaling and cell death to be impacted, in the absence of overt
histological changes. This is an abstract of a proposed presentation and does not
necessarily reflect US EPA policy.

understudied environmental toxicants. Advances in the applications of automated
image identification and capture methods offer opportunities to standardize results,
generate detailed cellular level information, and quickly screen large numbers of
compounds in future studies.
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Characterization of Acid Valproic Pharmacokinetic Model in a
Context of Brominated Flame Retardant Exposure

C. Morel1, C. Emond1,2,3, R. Ducan4,5, F. Debaugnies4, P. Borde4, J. Paoli1, E. Hardy4, A.
Van Nieuwenhuyse4,5, H. Schroeder1, and N. Grova1,6. 1Calbinotox, Université de Lorraine,
Nancy, France; 2PKSH Inc., Mascouche, QC, Canada; 3Université de Montréal School
of Public Health, Montréal, QC, Canada; 4Laboratoire National de Santé, Dudelange,
Luxembourg; 5Katholieke Universiteit Leuven, Leuven, Belgium; and 6Luxembourg
Institute of Health, Esch-sur-Alzette, Luxembourg.
Valproic acid-exposed rat is widely recognized as a validated model to assess
Autism Spectrum disorders (ASD-VPA model). However, this model had never
been studied for a co-exposure to pollutants like brominated flame retardants (e.g.
α-hexabromocyclododecane, α-HBCDD). Both compounds interact on the same
xenobiotic metabolism pathway resulting for VPA in the formation of delta-4 VPA,
a reactive metabolite known to induce hepatic toxicity. Before assessing the role
of α-HBCDD as a factor of susceptibility in the ASD-VPA model, it was essential
to characterize VPA pharmacokinetic in α-HBCDD-co-exposure context. The aim
of this work was thus to assess the pharmaco- and toxicokinetic involving the
VPA/α-HBCDD co-exposure in rat. A sub-acute oral dose of α-HBCDD in oil (100 ng/
kg/day) was administered in Wistar female rats for 12 days followed by a single
intraperitoneal VPA dose (IP, 500 mg/kg bw) at D12 or a daily oral VPA dose for 3
days (PO, 500 mg/kg bw/day, D10-12). Sequential blood samplings were carried
out from 20 min to 18 h after the last VPA administration. The results showed that
α-HBCDD did not influence the VPA kinetic independently of the administration
mode. The consecutive PO administration of VPA for 3 days did not allow to reach
the IP Cmax and was 3.75 times lower than the IP one. In parallel, the toxicokinetic
of α-HBCDD was carried out using the same sequential time points. Comparable
Cmax values were observed for α-HBCDD only or α-HBCDD-VPA exposed rats by
IP whereas a 3-fold increase in α-HBCDD Cmax was highlighted in rats administered with VPA PO. Such discrepancy could suggest an inhibition of CYP3A4 by the
delta-4 VPA when VPA is administered for 3 days. A lag time seems therefore to be
required to inhibit the metabolic pathway of α-HBCDD. A similar protocol was then
carried out to demonstrate the efficiency of VPA/α-HBCDD co-exposure in pregnant
rats. This preliminary study enabled to valid the usefulness of the VPA model in a
context of α-HBCDD co-exposure, and pointed out, for the first time, the ability of
VPA to enhance the internal effective dose of α-HBCDD.

A. M. Araújo, S. I. Marques, H. Carmo, P. G. Pinho, F. Carvalho, and J. P. Silva.
Universidade do Porto, Porto, Portugal.
Ciprofloxacin (CPX) is a fluoroquinolone antibiotic widely used in the treatment of
respiratory, urinary, gastrointestinal and abdominal infections. Although accumulating case reports correlate CPX with mood and cognitive adverse effects, the
putative neurotoxic pathways activated by therapeutic doses of this drug remain
unclear. Here, we aimed to investigate the early metabolic alterations caused by
CPX in SH-SY5Y dopaminergic-differentiated human neuroblastoma cells, through
a non-target metabolomic approach using gas chromatography-mass spectrometry (GC-MS). We then performed an endometabolome analysis of cells exposed for
4, 24, 48 and 72h to three pharmacologically relevant CPX concentrations (0.1, 1
and 10μM). Of note, none of these test conditions caused a significant reduction of
metabolic activity (MTT reduction assay) or apoptotic/necrotic cell death (Hoechst
33342/propidium iodide labeling). A multivariate analysis was able to discriminate
cells exposed to CPX from the control in a concentration- and time-dependent
manner. Importantly, our results also revealed significant metabolic changes in
control cells at the longest time-points (48h and 72h) compared to the earlier ones
(4 and 24h). These seemed to be associated with the cells’ dedifferentiation, as
they began to lose their dopaminergic phenotype. Thus, the metabolic changes
observed after 24h-exposure seem to be the most informative profile, revealing
that CPX, even at the lowest concentration tested (0.1 μM), induced a significant
dysregulation of several metabolites involved in the tricarboxylic acid cycle, amino
acids biosynthesis and metabolism, glycolysis/gluconeogenesis and aminoacyl
tRNA biosynthesis. Overall, these data indicate that GC-MS-based endometabolome analysis provides valuable metabolic information, allowing the evaluation of
the early neurotoxicity events associated with CPX exposure. Funding: This work
was funded by the Innovative Medicines Initiative (IMI) 2 Joint Undertaking under
grant agreement No 821528 (NeuroDeRisk), which is supported by EU’s H2020
Research Framework and the European Federation of Pharmaceutical Industries
and Associations (EFPIA). It is also funded by national funds from FCT through
projects UIDP/04378/2020 and UIDB/04378/2020 of the UCIBIO Research Unit and
LA/P/0140/2020 of the i4HB Associate Laboratory.
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Automated Method to Improve the Ex Vivo Quantification of ABC
Transporter Activity at the Blood-Brain Barrier in Response to
Emerging Environmental Toxicants

R. E. Cannon1, J. N. Alagar2, C. E. Peters1, and L. S. Birnbaum1. 1National Cancer
Institute, Research Triangle Park, NC; and 2Williams College, Williamstown, MA.
The blood-brain barrier (BBB) is a network of specialized brain vasculature that
separates the central nervous system from peripheral circulation. Barrier function
relies on important physical and biochemical features that are represented by
tight junction proteins and ABC transporters, respectively. The BBB is important
because it restricts the passage of harmful endogenous and exogenous molecules
to the brain while maintaining homeostasis. Some well-studied members of the
ATP-binding cassette (ABC) transporter family, including P-glycoprotein (P-gp,
ABCB1), Breast Cancer Resistant Protein (BCRP, ABCG1) and Multidrug Resistant
Protein (MRP2, ABCC2), are highly expressed at the BBB and efflux a multitude of
environmental toxins. We have shown that xenobiotics can disrupt and modulate
ABC transporters, which leads to BBB dysfunction. The present method of examining the effects of xenobiotics on important ABC transporters measures the luminal
accumulation of fluorescent transporter-specific substrates in freshly isolated
rat brain capillaries by confocal microscopy. Steady-state luminal fluorescence
is quantified in digital images to assess transport activity, but this procedure is
time-intensive and subject to human bias. To measure luminal fluorescence in rat
brain capillaries, we have developed an alternative method using a programable
automated confocal instrument. Freshly isolated male rat brain capillaries were
cotreated for 4 hours with the P-gp fluorescent substrate, Cyclosporin A, with or
without the inhibitor PSC833 (10 mM) or the environmental contaminant GenX
(100nM), to compare the performance of the automated method to the manual
confocal method. Both methods detected a significant reduction in transport
activity of treated capillaries (P<.0001). A direct comparison of the methods based
on percentage change in transport activity relative to normalized controls (100%)
indicates the automated (PSC833: 48.60; GenX: 61.01) exhibits a slightly higher
background than the manual (PSC833: 35.64; GenX: 42.67); however, the ability
of the machine to accommodate larger sample sizes (n = 15 vs 55) offsets this
deficiency. The importance of utilizing an automated method is underscored by
the need to rapidly measure transport activity at the BBB given the prevalence of

Can Fluoroquinolones Affect the Brain? A GC-MS Metabolomics
Approach Reveals Early Neurotoxicity Events Triggered by
Ciprofloxacin

Adeno-associated Viral Vector-Mediated Labeling of Dendrites
for Morphometric Assessment following Neurotoxic Exposures

R. J. Wilson, and P. J. Lein. University of California Davis, Davis, CA.
Dendrites are the primary site of synaptic input to a neuron and the shape of
dendritic processes determines the distribution of information in neural circuits.
Neurotoxic exposures can alter dendritic morphology, and structural changes in
dendritic arborization are linked to neurobehavioral deficits in animal models and
clinical symptoms observed in patient populations with neurological and neuropsychiatric diseases. The current “gold standard” for quantifying dendritic morphology in vivo or ex vivo is the Golgi stain. Golgi staining leverages the stochastic
precipitation of metal in neurons. Metal precipitate that fills the cell body and
dendritic arbor provides exceptional contrast of labeled neurons in intact fixed brain
tissue. However, the Golgi stain is a lengthy process that involves the use of toxic
chemicals. Moreover, labeling with the Golgi stain is inconsistent, often resulting in
incompletely filled dendrites and/or significant overlap of stained dendrites from
adjacent neurons, which makes it challenging to distinguish the dendrites of individual neurons. Adeno-associated viral (AAV) vectors are an alternative method for
visualizing the dendritic arbor of single neurons via expression of cDNA encoding
fluorescent probes. AAV vectors are widely used tools for gene transfer in rodent
models that enable long-lasting gene expression with low toxicity and high efficacy.
AAV-mediated labelling permits more directed targeting of neurons and allows
for the use of multiple fluorescent probes that enable analysis of overlapping
dendritic arbors. In this study, postnatal day (P) 1 C57BL6/J mice were injected with
varying titers of AAV encoding one of two fluorescent probes, mCherry or EGFP.
We compared labeling efficacy of cortical and hippocampal pyramidal neurons
following AAV injection into intracisterna magna vs. intracerebroventricular sites.
Criteria for evaluating labeling efficacy included complete filling of dendritic tips
with minimal overlap of neighboring neurons and minimal background fluorescence
as assessed using confocal microscopy. Multiple parameters of dendritic arborization were quantified, including dendritic complexity, number of primary dendrites,
and length of dendrites. Our data support the use of AAV-mediated labeling for
analysis of effects on dendritic arborization in the brains of rodents developmentally exposed to environmental chemicals. Support provided by NIEHS (R01
ES014901 and R01 ES031098).
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A Novel, High-Throughput Electrophysiology Platform for
Screening Neurotoxic Compounds with a Peripheral Nerve
Microphysiological System

C. Rountree1, M. Metea2, M. Moore3,1, and L. Curley1. 1AxoSim, New Orleans, LA;
2Preclinical Electrophysiology Consulting LLC, Boston, MA; and 3Tulane University, New
Orleans, LA.
Microphysiological systems (MPS) have the potential to better inform preclinical
stages of drug development by enabling toxicity screening with systems that mimic
in vivo physiology. These systems are attracting attention from the pharmaceutical
industry in the hope they will curb attrition rates, lower costs, and reduce reliance on
animal models. AxoSim has developed an innovative MPS, the NerveSim platform,
for screening neurotoxic compounds using an embedded electrode array (EEA)
to record compound action potentials (CAPs) from peripheral nerve cultures. The
efficacy of this system was demonstrated by recording from cultured rat sensory
dorsal root ganglia (DRG) exposed to Paclitaxel (PTX), a chemotherapeutic known
to cause peripheral neuropathy. The NerveSim EEA platform is a custom 24-well
tissue culture plate with an integrated circuit board to allow high-throughput
electrophysiological recordings. Each well contains a cell-restrictive outer layer
and a growth-permissive inner gel that together guide axonal growth into a 3D
nerve-like bundle. At the bottom of the inner gel are a series of 10 widely spaced
microelectrodes that can be used for recording or stimulation. Dissociated DRG
spheroids were placed into the inner gel and cultured for 4 weeks to ensure growth
along the EEA. The cultures were exposed to 3 doses of PTX (10 to 500 nM) for 7
days before recording the electrophysiology. Using a proprietary system, multiple
NerveSim EEA cultures were stimulated in parallel at multiple distal sites with a
stimulation current ramp (1 to 71 µA) while recording the CAPs at the DRG body
and axons. From these data, we collected the conduction velocity (CV), peak
response amplitude (AMP), and threshold stimulus strength (TSS), which are all
clinically relevant electrophysiological metrics. Dosing with higher concentrations
of PTX (>10 nM) resulted in slower CV, lower AMP, and higher TSS compared to the
vehicular control, consistent with the axonal degeneration expected with high dose
PTX. Fluorescent microscopy confirmed that robust axonal growth was present for
lower doses (<500 nM), suggesting that this system can detect subtle pathological changes in electrophysiology that occur before the loss of cell viability. These
data demonstrate the feasibility of using AxoSim’s NerveSim EEA platform as a
high-throughput preclinical screening model for peripheral neuropathy.

3284

Neurotoxicity of Lower Chlorinated Biphenyls and Their HumanRelevant Metabolites with a Focus on Astroglial Cells

N. N. Paranjape1, B. S. Cagle1, R. B. Tjalkens2, H. J. Lehmler1, and J. A. Doorn1.
1University of Iowa, Iowa City, IA; and 2Colorado State University, Fort Collins, CO.
Exposure to polychlorinated biphenyls (PCBs) is associated with developmental neurotoxicity and, more recently, with neurodegenerative disorders. However,
the underlying mechanisms yielding such adverse outcomes remain unknown.
Because normal brain function is largely astrocyte-dependent, we hypothesize that
astrocytes play an important role in PCB-mediated neurotoxicity. We assessed
the toxicity of four PCB congeners, 4-chlorobiphenyl (PCB3), 3,3’-dichlorobiphenyl
(PCB11), 2,3’,4-trichlorobiphenyl (PCB25) and 2,2’,5,5’-tetrachlorobiphenyl (PCB52)
and their corresponding human-relevant hydroxylated and sulfated metabolites, in
C6 cells (rat glioma cell line) or primary glial cells (from C57BL/6 mice) at a concentration range of 0.5 to 50 μM for 24h. The MTT assay was employed to determine
cell viability. Reactive oxygen species (ROS) generation was analyzed using fluorescent probes, MitoSoxRed and CellRox Green in C6 cells. PCB52 and both its metabolites were the most toxic in C6 cells at LC50 concentrations of 8.4 μM (PCB52),
2.2 μM (4-OH-PCB52), and 8.8 μM (4-PCB52-sulfate). Therefore, further studies
were focused on PCB52 and metabolites. ROS generated in response to PCB52
metabolites was largely mitochondria targeted. Further studies performed using a
Seahorse analyzer demonstrated that C6 cells exposed to PCB52 and metabolites
caused proton leak in mitochondria indicative of energetic crisis. In addition, when
C6 cells were exposed to LC50 concentrations of PCB52 and its metabolites, it was
found that 4-OH-PCB52 and PCB52 induce apoptosis as assessed by Caspase-Glo
3/7 assay. PCB52 and its metabolites were similarly cytotoxic to primary glia as
observed in C6 cells. These findings demonstrate that key cellular processes in
astrocytes are impaired in a structure-dependent manner following PCB exposure
with unique outcomes for human relevant metabolites. Future studies will assess
the functional implications of these findings in PCB-mediated neurotoxicity. This
work was funded by ES005605, ES013661, ES 029035.

3285

Aryl Hydrocarbon Receptor Ligands Induce Parkin Expression
and Rescue SH-SY5Y Differentiated Cells from Rotenon-Induced
Cell Death

R. Garcia Aguilar, G. Elizondo, and L. Vega. Cinvestav, Mexico City, Mexico.
Rotenone is a highly lipophilic pesticide associated with the development of
Parkinson’s disease. This pesticide inhibits complex 1 of the electron transport
chain, resulting in the loss of the mitochondrial membrane potential and,

consequently, decreasing neuronal viability. Parkin is an E3 ubiquitin ligase enzyme
that has an important role in neuroprotection through promoting mitochondrial
integrity. Recent evidence demonstrates that Parkin gene (PRKN) expression is
under Aryl Hydrocarbon Receptor (AHR) control, a ligand dependent transcription
factor. Due to the above, is essential to evaluate whether the overexpression of
Parkin, through the AHR activation, attenuated the toxic effects of Rotenone. To
achieve this goal, SH-SY5Y neuroblastoma cells were differentiated with 50 ng/mL
of brain neurotrophic factor (BDNF) and 10 μM of retinoic acid (RA) for 18 days and
exposed to Rotenone to evaluate the effect of AHR agonists on Parkin levels and
cell viability. Our preliminary results show that AHR is distributed homogeneously
in the cytoplasm of differentiated cells and its activation results in the induction
of PRKN and CYP1A1 mRNA after 2 h of treatment with 10 nM of tetrachlorodibenzo-p-dioxin (TCDD). Additionally, treatment with 200 µM of kynurenine, an
endogenous ligand of AHR derived from tryptophan metabolism, increased Parkin
protein levels. Moreover, through the use of annexin V-IP staining, we showed that
kynurenine pretreatment rescued differentiated SH-SY5Y cells from the Rotenoneinduced cell death. Funding: CONACyT 231717 and CONACyT 280897.
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The Effect of Exercise on Recovery from Neurotoxicity from
6-hydroxydopamine in Caenorhabditis elegans

J. A. Johnson, K. R. Misare, and J. H. Hartman. Medical University of South Carolina,
Johns Island, SC.
Regular exercise reduces the risk of chronic conditions such as diabetes, cancer,
heart disease, neurological diseases and improves overall health. Exercise is
proposed to be the best lifestyle mediation for healthy aging patients and those
with neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease.
Although the prevention and protection of these diseases, as well as recovery of
neurons can clearly be observed, the cellular mechanisms are not well understood.
Our lab previously published a new swimming exercise model in Caenorhabditis
elegans nematodes to understand the cellular mechanisms behind these protections. In the current study, we used strains of C. elegans that express green
fluorescent protein in the dopaminergic neurons, of which adult hermaphrodite
animals have 8. Included in the study was an exercise and non-exercise (control)
group of each strain. We hypothesized that exercise would allow recovery from
toxicant-induced neuronal damage. Before exercise, C. elegans were exposed to
50 mM 6-hydroxydopamine, a neurotoxin that damages dopaminergic neurons
in the brain. The nematodes exercised for 90 minutes twice a day for four days
and was observed in between exercise sessions each day. We hypothesized that
the exercised nematodes’ neurons would recover better over time compared to
controls. Our preliminary results show that by the second day, over half of the
neurons in both control and exercise groups (n.s.) were severely damaged (broken
or missing dendrites). The control group showed some recovery by day 4, with 36%
of neurons still showing severe damage, while the exercise group showed significantly more recovery, with only 9% of neurons exhibiting severe damage (p<0.0001,
Chi squared test, compared to non-exercise exposed worms). In ongoing experiments, we are using strains of C. elegans that express fluorescent biological
sensors for ATP and reactive oxygen species. We are also genetically interrogating
the mechanism underlying the recovery using findings from our recent RNA-seq
experiments. The findings of this study will lead to a better understanding of the
cellular mechanisms behind these protections and recovery.

3287

Development of a Neural MEA Co-culture Assay for
Seizurogenic Risk Assessment Featuring Human iPSC-Derived
Cell Types

C. B. Carlson, K. Czysz, K. Tomotoshi, M. K. Livingston, R. Fiene, J. Ma, and S. Hilcove.
Fujifilm Cellular Dynamics Inc., Madison, WI.
Just as drug-induced proarrhythmia is a prominent cardiac safety issue, drug-induced seizurogenic events also result in significant risk to compound attrition
during the drug development process. While rodent primary neuronal cultures have
traditionally been used for in vitro testing of neurotoxicity, their lack of translatability to the human condition has prompted the search for alternative models. To
overcome this gap, differentiation of human induced pluripotent stem cells (iPSC)
into various cell types of the brain has emerged as a reliable method to generate
physiologically relevant material. Numerous examples of cell-based assays for
neurotoxicity testing using iPSC-derived neurons have been published, including
neurite outgrowth, calcium flux, and cell health (apoptosis, oxidative stress, etc.),
but a robust, high-throughput, electrophysiological method to screen for seizure
liabilities with iPSC-derived neural cell types has not yet gained mainstream
establishment. Microelectrode array (MEA) has become the preferred technology to
record spontaneous electrical activity from networks of cultured neurons, however
a standardized iPSC-based neuron MEA assay has not yet been implemented in
the way that cardiac MEA assays with iPSC-derived cardiomyocytes have been
used for toxicity testing. Here, we dive deep into the development of a neuron MEA
assay that uses human iPSC-derived glutamatergic (excitatory) neurons in co-culture with human iPSC-derived astrocytes and investigate the numerous factors that
influence the success or failure of such an experiment. Additionally, we showcase
the robustness of this assay system as it relates to response of positive (GABA-A
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antagonists) and negative control (APAP or DMSO) compounds, as well as the
potential predictivity for a diverse array of neuroactive compounds. Overall, we
present the extensive optimization of an iPSC-derived neural co-culture model and
MEA-based assay workflow for advanced neurotoxicity testing paradigms, and
demonstrate the value of a consistent, high-throughput, human-based system for
risk evaluation of drug-induced seizurogenic events.

3288

Neuroinflammatory Response to Chronic Cigarette Smoke
Exposure: Effects of Concentration and Sex

A. S. Parra1, C. S. Tellez2, S. A. Belinsky2, and M. J. Campen1. 1University of New Mexico,
Albuquerque, NM; and 2Lovelace Respiratory Research Institute, Albuquerque, NM.
Exposure to first- and second-hand smoke are significant risk factors for diseases
such as lung cancer, emphysema, and cerebrovascular disorders. Links between
smoking and neuropsychiatric diseases such as dementia, depression, anxiety and
cognitive decline have been suggested by epidemiological literature, but much of
the pathophysiological mechanism for such outcomes remains unclear. To address
this question in a control exposure model, male and female rats were exposed to
varying levels of cigarette smoke for two weeks at concentrations of 0 (control),
200, 500, and 750 mg/m3. The frontal cortex was isolated from harvested rat brains
followed by transcriptional analysis by RT-PCR. Levels of common neuroinflammatory markers (Vcam1, Tnfa) were assessed and compared between exposure levels
in both male and female animals. The results support the notion that the brain
elicits a neuroinflammatory response against perceived toxins in the cigarette. This
response was complex in relation to exposure concentration, with potentially a
bi-phasic inflammation at the low and medium concentration groups, and reduced
levels in the high concentration. Interestingly, the male rats exhibit a more robust
pro-inflammatory response compared to the female group in both low and high
levels of smoke. Complex emission components, including particulate matter and
carbon monoxide, may induce interactive pathways at different doses, potentially
explaining the complex concentration-response relationships. This preliminary data
points to a transcriptional response, consistent with neuroinflammation, following
exposure to cigarillo smoke. Furthermore, these studies provide insight into the
neurological response to smoking that may contribute to the various brain diseases
and cognitive decline reported.

3289

Identifying Seizures with MEA: Complementary Human and Rat
Neuronal Models Enhance Predictivity

C. Strock, Y. Feng, J. Bradley, and S. Viatchenko-Karpinski. Cyprotex US LLC,
Watertown, MA.
Predicting the seizurogenic and neurotoxic potential of test compounds using
microelectrode array (MEA) platforms is an important tool for in vitro neurotoxicity screening. Much of the early work for this model involved isolated rat cortical
neuron cultures. Responses to known seizurogenic and neurotoxic pharmacological agents targeting many different receptors have been robust and consistent
using the rat cortical model. There are, however, certain targets that have not
responded definitively or reliably, such as muscarinic receptor agonists. An alternative screening model using human iPSC-derived glutamatergic neurons co-cultured
with human iPSC-derived astrocytes (FCDI) demonstrates a highly active and
organized neural network that is also effective in identifying compounds with CNS
liabilities. In most cases, this model overlaps with the rat cortical model in the
successful identification of seizurogenic and neurotoxic compounds. Furthermore,
the human model has also demonstrated the ability to identify chemical agents
targeting the muscarinic receptor, which is not definitively identified in rat cortical
neuron models. However, the human model fails to identify GABAA antagonists
definitively, which is consistently identified by the rat cortical model. With further
evaluation and comparison of each of these models and their predictive abilities,
it was determined that the response patterns observed for both models are often
complementary and when used together provide a robust and accurate in vitro
model for predicting CNS liabilities.
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Multiplexed Structure-Function Assay for High-Throughput
Toxicology Testing on Human-Induced Pluripotent Stem CellDerived Cardiomyocytes and Neurons

H. Hayes, M. Clements, D. Sullivan, and D. Millard. Axion Biosystems Inc., Atlanta, GA.
The flexibility and accessibility of human induced pluripotent stem cell technology
has allowed complex human biology to be reproduced in vitro at high throughput
scales ideal for drug safety testing. Rapid advances in stem cell technology have
led to widespread adoption for the development of in vitro models of cardiomyocyte and neuron electrophysiology for screening applications in drug discovery and
safety. Specifically, international drug safety initiatives, such as CiPA and JiCSA,
underscore the interest and utility of human iPSC-derived cardiomyocytes, whereas
the HESI NeuTox consortium represents a collective interest in the development
and application of human iPSC-derived neuron models. The objective of this work

is to develop and validate a multiplexed structure-function assay as an efficient
approach for drug discovery and safety assessment on human iPSC-derived neuron
and cardiomyocyte models. A planar grid of microelectrodes embedded in the
substrate of each well interfaces with cultured cellular networks to continuously
monitor both the electrophysiological function and structural viability of cells.
Using the Maestro Pro, the electrodes detect the raw electrical activity from the
cells to identify changes in function, while structural changes, such as morphological changes and cell viability, are detected as changes in impedance at the
cell-electrode interface. Here, we characterized and validated this multiplexed
assay using known control compounds that differentially affected the cell structure
and function. Both cardiomyocytes and neurons were evaluated. For cardiomyocytes, beating arrest occurred with all compounds tested (Ouabain, Mexiletine,
Doxorubicin, Pentamidine, Astemizole), but only Ouabain and Doxorubicin had
significant affects on cell viability (Pentamidine caused cell death by 6 days
post-dose). For the neuronal evaluation, all compounds tested (TTX, tributylin,
sanguinarine, lidocaine, ionomycin) reduced functional spiking activity. Tributylin,
ionomycin, and sanguinarine also affected neuronal viability, as measured through
the microelectrode-based impedance and lactate dehydrogenase (LDH) viability
assay. Importantly, in both neurons and cardiomyocytes, decreasing functional
activity was a leading indicator of toxicity, with the long-term effects on cell viability
detected through impedance measurements. These results support the continued
development and use of human iPSC-derived cardiomyocyte and neural assays on
the Maestro Pro for high throughput drug discovery and safety assessment.

3291

VOC Metabolic Reprograming of Microglia in the Regulation of
the IKK/NF-κB Inflammatory Response

L. K. Debarba, H. S. Jayarathne, L. Koshko, D. C. Athanasiadis, J. J. Jaboro, A.
Mestareehi, Z. Yi, U. Klueh, and M. Sadagurski. Wayne State University, Detroit, MI.
Sponsor: C. Kassotis
There is growing evidence linking exposure to volatile organic compounds (VOC)
in ambient air with insulin resistance and metabolic disease in humans. Benzene
is a prominent VOC present in water, food, paint, detergents, vehicle exhaust,
tobacco smoke, and e-cigarette vapors. However, is not established a direct link
between VOC exposure and metabolic imbalance. Our recent studies provided
strong evidence that chronic exposure to benzene, modeling human exposure to
environmental pollution, induced significant insulin resistance and glucose intolerance in the mouse model. We further show that acute or chronic benzene exposure
promotes robust hypothalamic microglia and astrocytes activation and elevation
in the hypothalamic inflammatory IKKβ/NF-κB signaling pathway in microglia
followed by the induction of endoplasmic reticulum (ER) stress response. This
effect is associated with dysregulated insulin signaling in astrocytes and impaired
lactate-glutamate shuttle pathway in hypothalamic astrocytes exposed to VOC.
Reactive astrocytes also contributed to blunted responses to glucose stimulation
in hypothalamic glucose-sensing neurons. High-performance liquid chromatography-electrospray ionization tandem mass spectrometry (HPLC-ESI-MS/MS)-based
proteomics have identified 92 proteins in various pathways with changed protein
abundance, including inflammatory IKK/NF-κB and insulin signaling pathways in
the hypothalamic nuclei critical for regulation of glucose metabolism. To determine
the role of microglia inflammatory mechanism in a VOC-induced metabolic
imbalance, we genetically ablated IKK/NF-κB signaling specifically in microglia.
Selective inhibition of IKKβ in microglial cells leads to a massive improvement in
the astrocytes reactive state with reduced expression of inflammatory cytokines,
improved cellular morphology, and reduced neurotoxicity in response to VOC
exposure. Furthermore, hypothalamic inhibition of the microglia IKKβ pathway
protected from central insulin resistance and whole-body metabolic imbalance
induced by VOC exposure. Our data provide evidence that neuroinflammatory
responses of the hypothalamic microglia precede and mechanistically contribute
to whole-body metabolic imbalance and identify air pollution-induced cellular and
molecular targets in the hypothalamus that lead to metabolic disease.
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The Brominated Flame Retardant Hexabromocyclododecane
Systemically Alters Polyunsaturated Fatty Acid Metabolism
within Mouse Phospholipids

N. Kramer1, L. Barnett1, H. Xu1, T. L. Guo1, J. Wagner1, and B. S. Cummings1,2. 1University
of Georgia, Athens, GA; and 2Wayne State University, Detroit, MI.
Brominated flame retardants are used in many household products to reduce
flammability, but often leach into the surrounding environment over time.
Hexabromocyclododecane (HBCD) is one brominated flame retardant detected in
human blood across the world. HBCD exposure can result in neurological problems
and altered lipid metabolism, but to date the two remain unlinked. As lipids constitute ~50% of brain dry weight, lipid metabolism plays a critical role in neuronal
function and homeostasis. To determine the effect of HBCD exposure on brain
lipid metabolism, young adult male C57BL/6 mice were exposed to 1 mg/kg HBCD
every 3 days for 28 days. HBCD exposure altered lipid abundance of 8 major lipid
classes in the dorsal striatum, including fatty acids (FA), lysophosphatidylcholines
(LPC), lysophosphatidylethanolamines (LPE), phosphatidylcholines (PC), phosphatidylethanolamines (PE) alkylphosphatidylethanolamines (PEO), phosphatidyleth-
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anolamine plasmalogens (PEP), and sphingomyelins (SM). The liver, as a major
lipid metabolism hub, and blood were also examined to determine whether these
alterations correlated to systemic changes in lipid metabolism. Although several
lipid classes changed in the liver and blood, only PE was consistently altered
between organs. Despite the lack of commonalities between lipid class alterations
of different organs, phospholipid fatty acid tails displayed a consistent enrichment
of polyunsaturated fatty acids (PUFAs) such as arachidonic acid (AA) and docosahexaenoic acid (DHA) across lipid classes and organs. Free AA was enriched in the
blood as well as AA contained within phospholipids of the liver (in PE), blood (in
LPC, PEO, and PEP), and dorsal striatum (in PE, PEO). Additionally, although free
DHA was unchanged in the blood, DHA-containing phospholipids were enriched
in the liver (in PE), blood (in LPC, LPE), and dorsal striatum (in PE, PEO, PEP, PS).
These studies indicate that HBCD can cause systemic alterations in PUFA metabolism. Further study is necessary to determine the mechanisms underlying the lipid
alterations and their functional consequences.

3293

Diglycolic Acid Chelates Calcium in SH-SY5Y Neuronal Cells In
Vitro, Resulting in Decreased Mitochondrial Membrane Potential
and ATP Production

K. J. Reed, and G. M. Landry. Massachusetts College of Pharmacy and Health Sciences,
Boston, MA.
Diglycolic acid (DGA) is the final metabolite of diethylene glycol (DEG), a common
industrial solvent with a history of fatal mass poisoning events dating back to the
1930s. Isolated poisoning events continue to occur due to accidental or intentional
ingestion of DEG-containing consumer products. Previous literature has shown
the ability of DGA to chelate calcium (Ca2+) in renal mitochondrial preparations,
which likely results in subsequent nephrotoxicity; however, the precise mechanism
of DGA-induced neurotoxicity has yet to be determined. SH-SY5Y neuroblastoma
cells (50,000-100,000 cells/well in 96-well plates) were treated for 2, 4, 6, 24, or 48
h with increasing DGA concentrations (3.125-50 mmol/L). Intracellular Ca2+ was
measured using the fluo-8 AM Ca2+ binding dye, mitochondrial membrane potential
using JC-10, and ATP concentrations using CellTiter-Glo One Solution. As a direct
measure of apoptosis, cells were grown to confluence in flasks and treated for
2, 4, or 6 h with DGA (3.125-50 mmol/L). Lysates were subsequently collected to
measure caspase-3 activation. At 2 and 6 h, DGA treatment induced significant
decreases in intracellular Ca2+ at 50 mmol/L and at concentrations ranging from
6.25 to 50 mmol/L after 4 h. Mitochondrial membrane potential was also significantly reduced in SH-SY5Y cells treated with DGA as low as 12.5 mmol/L after 2
h and as low as 6.25 mmol/L after 4 and 6 h. Caspase-3 activation significantly
increased following 2h of treatment with 3.125 and 6.25 mmol/L DGA with no
significant increase at higher concentrations or longer time points. After 24 and
48 h, 50 mmol/L DGA significantly decreased ATP production with no significant
decrease at the earlier time points. Taken together these data show marked early
DGA-induced neurotoxic events as evidenced by rapid and significant intracellular
Ca2+ chelation with accompanying increase in activated caspase-3 and decreased
mitochondrial membrane potential. As apoptosis requires ATP production, significant decreases in ATP concentrations were not detected until 24 and 48 h post
DGA exposure. In summary, these results indicate that early DGA-mediated intracellular Ca2+ chelation initiates an apoptotic event cascade, indicated by mitochondrial
membrane potential collapse and caspase-3 activation followed by delayed significant ATP depletion.

3294

Sex-Specific Responses of Primary Microglia and Astrocytes
from Humanized APOE3 and APOE4 Mice to Inflammatory
Stimuli

I. Mhatre-Winters, A. Eid, Y. Han, and J. Richardson. Florida International University,
Miami, FL.
APOE4 genotype is the strongest genetic risk factor for Alzheimer’s disease (AD),
and females have an increased risk of developing AD at a younger age which is
modified by the APOE genotype. Neuroinflammation, a complex response modulated
by microglia and astrocytes, is implicated in the progression and pathology of AD.
Primary microglia (PMG) and astrocytes (PMA) from APOE4 humanized mice have
consistently been shown to have a higher response to inflammatory stimuli than
APOE3 PMG and PMA. However, all studies to date have been performed in mixed
sex cultures. Here, we sought to assess the response of sex-specific APOE3 and
APOE4 PMG and PMA in comparison to traditional mixed sex cultures. Mixed sex
and sex-specific PMG and PMA were generated from neonatal targeted replacement APOE3 and APOE4 pups. PMG were treated with 10 ng/mL LPS or a combination of LPS and IFNg. PMA were treated with a cytokine mix containing IL1b (5 ng/
mL), TNFa (5 ng/mL) and IFNg (10 ng/mL). Mixed sex APOE4 PMG and PMA were
found to have higher basal mRNA expression of pro-inflammatory cytokines including TNFa and iNOS compared to APOE3 PMG (p<0.0001), which was accompanied
by increased levels of secreted TNFa, but not nitric oxide. In sex-specific cultures,
basal expressions of IL1b, TNFa, IL6, and iNOS were 2 to 3 fold higher in PMG
and 1.5 to 2-fold higher in PMA of APOE4 females compared to APOE4 males
(p<0.0001), with both being higher compared to APOE3 cells. Similar results were
found for protein levels of these cytokines. Following inflammatory stimulus, the

expression of pro-inflammatory genes was upregulated in the order E4 female > E4
male > E3 female > E3 male. Pro-inflammatory cytokines were increased 1.5-fold
higher in female APOE3 and APOE4 PMG and PMA compared to their male counterparts (p<0.001). Comparison between female cultures of APOE3 and APOE4 PMG
and PMA revealed a 1.5 to 2-fold higher increase in APOE4 female pro-inflammatory
mRNA levels (p<0.001). Similar results were found with secreted cytokine levels.
These data indicate that the APOE4 genotype and female sex together contribute to
a greater inflammatory response in both PMG and PMA. Further, sex-specific PMG
and PMA may provide a platform for exploring mechanisms of genotype and sex
differences in AD related to neuroinflammation and neurodegeneration. Supported
in part by R01ES02605, R01ES024288-03S1.

3295

Development of Human iPSC-Derived Blood Brain Barrieron-Chip to Assess Antibody-Triggered Receptor Mediated
Transcytosis

G. D. Fewell1, Y. Li2, C. Sodja2, E. Baumann2, J. Huang2, A. Helser3, C. Charlebois2, B.
Pandian3,1, D. Stanimirovic2, and A. Jezierski2,4. 1SynVivo Inc., Huntsville, AL; 2National
Research Council of Canada, Ottawa, ON, Canada; 3CFD Research Corporation,
Huntsville, AL; and 4University of Ottawa, Ottawa, ON, Canada. Sponsor: S. Ali
The Blood-Brain Barrier (BBB) is the most important biological barrier between
the blood circulation and the central nervous system (CNS), it functions as a
physical barrier and plays a major role as a transport and metabolic barrier. In vitro
models of the human BBB are highly desirable for drug development and studies
of neurovascular pathology. Human induced pluripotent stem cell (iPSC) derived
brain endothelial-like cells (iBECs) have demonstrated a substantial advantage over
primary and immortalized brain endothelial cells for BBB modeling. We developed
a 3D human BBB-on-Chip co-culture model using the SynVivo microfluidic platform
and iPSC derived cells to model critical components of the BBB. We established
iBEC microvessel lumens under physiological in vivo shear stress conditions (5
dynes/cm2) in the apical channel of the chips, while human primary astrocytes
and pericytes were cultured on the basolateral side separated by a porous 3 μm
barrier. We deployed this BBB-on-Chip model to study antibody-triggered receptor
mediated transcytosis by perfusing the iBEC lumens with a well characterized
single domain BBB-carrier FC5-Fc and non-crossing A20.1 control. Leveraging Wes
(ProteinSimple), we established protocols for on-chip BBB permeability quantification, using anti-Fc and anti-His antibodies, in small sample volumes extracted
from the microfluidic channels. Astrocyte, pericyte and endothelial cell co-cultures,
coupled with in vivo hemodynamic shear stress, enhanced tight junction formation
by increased membrane expression of ZO-1 and decreased sodium fluorescein
permeability across the iBEC monolayer. We observed similar FC5-Fc transcytosis
under 3D static conditions compared to conventional 2D transwell assays; however,
a significant increase in FC5-Fc transcytosis was observed under physiological
shear stress conditions. Similar BBB crossing of FC5-Fc was observed in in vivo
brain exposure experiments. These findings suggest that 3D BBB-on-Chip technology can recapitulate the physiological characteristics of the BBB in vivo and offer
a more predictive platform for assessing antibody transcytosis across the BBB.

3296

LRRK2 Kinase Inhibition Protects Dopaminergic Neurons from
Parkinson’s Disease-Associated Environmental Toxicants

N. M. Ilieva, I. Shin, and B. R. De Miranda. University of Alabama at Birmingham,
Birmingham, AL.
Environmental toxicants that induce mitochondrial dysfunction are associated
with increased risk Parkinson’s disease (PD), such as the pesticides rotenone
(ROT) and paraquat (PQ), and the organic solvents trichloroethylene (TCE) and
tetrachloroethylene (PERC). Recently, we reported that the protein kinase LRRK2,
the most commonly inherited mutation in familial PD, exhibited aberrant kinase
activity within dopaminergic neurons of the substantia nigra (SN), in rats exposed
to rotenone or TCE. Toxicant induced increases in LRRK2 kinase activity resulted in
neuronal pathology that mirrored inherited mutations in LRRK2, such as vesicular
trafficking impairment, and oxidative damage. Based on these data, we hypothesized that inhibition of LRRK2 kinase activity may attenuate oxidative stress-induced damage to dopaminergic neurons, a common feature of PD-associated
environmental toxicants. To investigate this, rat dopaminergic neural (N27-A) cells
were exposed to 500 nM ROT, 100 µM PQ, 500 µM TCE or PERC, which significantly
increased reactive oxygen species (ROS) quantified using the fluorescent indicator dye dihydroethidium (DHE; p<0.001). Conversely, co-treatment with a LRRK2
kinase inhibitor (MLi2) potently reduced ROS (p >0.05) in N27-A cells caused by
each PD-associated toxicant. To further confirm the role of LRRK2 in toxicant-associated ROS production, we measured DHE intensity in CRISPR-edited 293 HEK
cells that express the common G2019S LRRK2 mutation. ROS production was
elevated at baseline in LRRK2-G2019S HEK cells, and significantly exacerbated
with ROT, PQ, TCE, or PERC compared to wildtype (p < 0.0001). Interestingly, LRRK2
knockout cells were robustly protected from toxicant-induced ROS production (p
<0.0001). We postulated that mitophagy may be a convergence point for LRRK2
and environmental toxicants, therefore we assessed LC3B (an autophagosome
marker) with TOM20 (outer mitochondrial membrane marker) as a correlate for
mitophagy in N27-A cells treated with ROT, PQ, TCE, or PERC, with and without
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MLi2. We observed a marked loss of mitophagy in toxicant exposed N27-A cells
that was ameliorated by MLi2 treatment, suggesting that LRRK2 kinase inhibition
improved clearance of toxicant-damaged mitochondria, which likely reduced ROS.
Collectively, these data indicate that wildtype, endogenous LRRK2 kinase activity
plays a role in toxicity caused by environmental contaminants linked to PD risk,
which may be exacerbated in individuals with LRRK2 mutations. Pharmacological
LRRK2 kinase inhibition may be protective against dopaminergic neurotoxicity by
improving mitophagy function and reducing oxidative stress.

3297

Role of NLRP3 in Mediating Neuroinflammation in Primary
Microglia from Humanized Targeted Replacement APOE3 and
APOE4 Mice

N. Blum, I. Mhatre-Winters, C. Kim, and J. Richardson. Florida International University,
Miami, FL.
Alzheimer’s disease (AD) is a neurodegenerative disease of unknown etiology, with
over 95% of cases occurring as late-onset AD (LOAD). Out of the several genetic
variants associated with LOAD, studies have consistently confirmed that the
apolipoprotein ε4 (APOE4) is the strongest genetic risk factor for LOAD. Clinically,
40-80% of AD patients have at least one APOE4 allele, and homozygous carriers
have over a 12-fold increased risk of developing AD. Pathologically, AD is characterized by extracellular amyloid-beta plaques, intracellular neurofibrillary tangles,
neuronal death, and robust neuroinflammation. Several studies in humans and mice
have reported that APOE4 is associated with higher levels of neuroinflammation.
In AD, neuroinflammation is primarily driven by microglia and mediated through
the release of proinflammatory cytokines, including IL-1b. IL-1b production is
mediated by the NLRP3 inflammasome, which is found on microglia and has been
previously implicated in neuroinflammation and AD. The current study sought to
investigate the differences between humanized APOE3/3 and 4/4 targeted replacement primary microglia (PMG) in engaging NLRP3 inflammasome activation. PMG
were treated with LPS (10 ng/mL), ATP (5mM) or with ATP after LPS priming.
Immunofluorescent staining revealed increased NLRP3 protein levels after LPS
(115%), ATP (334%) and LPS + ATP (390%) treatments in APOE3 PMG compared to
control. Similarly, NLRP3 protein levels increased in APOE4 PMG after treating with
LPS (120%), and were much higher in APOE4 microglia following ATP (440%) and
LPS + ATP (489%). We next measured and confirmed increased secretion of the
proinflammatory cytokine IL-1b in APOE4 PMG compared to APOE3 PMG by ELISA.
IL-1b levels were 2-fold and 3.6-fold higher in APOE4 PMG post LPS and LPS+ATP
treatments, respectively. Collectively, these data indicate that the APOE4 genotype
contributes a greater neuroinflammatory response through activation of NLRP3
in PMG. Further, these data may elucidate the mechanisms that underlie neuroinflammation in AD and help identify potential therapeutic avenues for high-risk AD
populations. Supported in part by R01ES02605 and R01ES024288-03S1.

3298

Identifying a Standard Proinflammatory Activator of Human
Microglial Clone 3 Cells

B. N. Schackmuth, G. V. Aquino, and E. D. Bruce. Baylor University, Waco, TX.
The human microglial Clone 3 (HMC3) cell line was initially established in 1995
and has since then been authenticated by the American Type Culture Collection
(ATCC®). Since its establishment, HMC3 cells have been used in a multitude of
studies to assess neuroinflammation and microglial activation. Due to their cost-effective culturing methods and thorough characterization, HMC3 cells have been
used and referenced in over 134 different articles. Given these characteristics,
HMC3 cells are considered an optimal model of human embryonic microglial cells
until a more cost-effective, simpler method can be developed to generate induced
Microglial-like (iMGL) Cells from stem cells. However, despite their widespread use
and reported sensitivities to activation by various stimuli, such as lipopolysaccharide (LPS) and Phorbol 12-myristate 13-acetate (PMA), there is a large discrepancy
on the reported effects of such stimuli on these cells. Several studies report using
LPS, a potent pro-inflammatory stimulus, as an effective M1 activator, while others
find that interferon-gamma (IFN-y) induces a greater M1 activation both alone and
in combination with interleukin-1B (IL-1B). The goal of this study was to compare
widely used chemical and biochemical pro-inflammatory activators to identify which
one(s) are able to effectively induce activation of the M1 phenotype in HMC3 cells.
HMC3 cells were briefly exposed to varying concentrations of LPS, IFN-y, and PMA.
To ensure that pro-inflammatory responses were not transient, dosing schemes
were run at both 24-hour and 4-hour exposure times. HMC3 cells were then stained
for CD86 and IL-6, two classic markers for pro-inflammatory phenotypes. Cells were
then evaluated using the BD FACSVerseTM flow cytometer. Initial results show
that at 24-hour exposure times, 10 ng/mL LPS, 100 nM PMA, 10 ng/mL IFN-y, and
serum-free media resulted in significantly (p < 0.05) increased activation of microglia, compared to the unstimulated microglia. At the 4-hour exposure mark, there
was a significant increase in activation when stimulated with serum-free media;
however, no other stimuli caused M1 activation. This study is significant as it identifies an effective M1 activator for HMC3 cells to be used as a control stimulus for
proinflammatory phenotypes in further studies on neuroinflammation.

3299

Rabbit as a Model Species for AAV Gene Therapy-Mediated
Dorsal Root Ganglion Degeneration

E. Tien, B. Grubor, M. Kirkland, D. Gianni, P. Trapa, J. Fikes, J. Suh, and D. Morris.
Biogen, Cambridge, MA.
Adeno associated virus (AAV) mediated degeneration of sensory neurons in
the dorsal root ganglia (DRG) and trigeminal ganglia (TG) has been consistently
observed in non-human primates (NHP) following IV and IT delivery. Effectively
screening for and mitigating this toxicity risk is hindered by the ethical and technical
difficulties of utilizing NHPs. Administration of an AAV containing a human protein
transgene construct via a single intra-cisterna magna injection in New Zealand
white rabbits resulted in DRG and TG sensory neuron degeneration/necrosis and
mononuclear cell infiltration accompanied by axonal degeneration of the dorsal
spinal nerve roots, dorsal funiculi of the spinal cord, trigeminal nerve, and peripheral
nerves, comparable to that observed in NHPs at similar dose levels when scaled for
brain weight. TG and trigeminal nerve appeared to be slightly more severely affected
in rabbits compared to NHPs. Based on histopathologic features, incidence and
severity as well as a lack of tolerability accompanied by clinical signs including
hypoactivity, wet fur at the lower jaw, liquid discharge from the mouth, decreased
body weight and food consumption, abnormal gait, limited use of hindlimbs, incoordination starting from Day 10-12 post-injection, these results indicate that rabbits
are at least equally if not more sensitive to AAV mediated DRG and TG toxicity. In a
follow up rabbit study with direct comparison of the human and rabbit (self-protein)
transgene construct at similar dose levels, comparable DRG and TG degenerative
changes were observed, suggesting that the effects are not due to recognition of a
non-self transgene protein. While the rabbit has not been characterized sufficiently
to be considered as a species for general toxicity testing of AAVs, their value as
a new species to test for DRG degeneration opens up additional possibilities for
preclinical screening paradigms and mechanistic studies to support novel and
future AAV designs to overcome and mitigate this toxicity.

3300

A Systematic Review of COVID-19 Literature: Neurological
Effects and SARS-CoV-2

K. Tsaioun1, H. Hogberg1, J. Breidenbach2, B. Elmore3, J. Filipovska4, N. GarciaReyero5, A. Hargreaves6, O. Joshi7, D. S. Macmillan8, E. Omeragic9, S. Plant10, R.
Ram11, and J. Waspe12. 1Johns Hopkins University Bloomberg School of Public Health,
Baltimore, MD; 2University of Toledo, Toledo, OH; 3Sciome LLC, Research Triangle
Park, NC; 4Independent Scientist, Ohrid, Macedonia, The Former Yugoslav Republic of;
5US Army Engineer Research and Development Center, Vicksburg, MS; 6Nottingham
Trent University, Nottingham, United Kingdom; 7University of Mumbai, Mumbai, India;
8Humane Society International, Washington, DC; 9University of Sarajevo, Sarajevo, Bosnia
and Herzegovina; 10University of Sussex, Sussex, United Kingdom; 11Safer Medicines
Trust, Kingsbridge, United Kingdom; and 12Sheffield Teaching Hospitals, Sheffield,
United Kingdom.
Late 2019 marked the outbreak of the global COVID-19 pandemic, caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In response to
this, the CIAO project (Modelling the Pathogenesis of COVID-19 Using the Adverse
Outcome Pathway Framework) was established in mid 2020, bringing together
over 80 scientists worldwide to collaboratively investigate the underlying biological
mechanisms of COVID-19 and consolidate the data using the Adverse Outcome
Pathway Framework. Within CIAO, a sub-group was formed to conduct a systematic scoping review of the neurological effects of COVID-19, to summarise data
on known symptoms, and discover links between outcomes that could inform an
Adverse Outcome Pathway. On 6th January 2021, the entire LitCOVID database
https://www.ncbi.nlm.nih.gov/research/coronavirus/, an online curated literature
repository, containing 86,075 titles and abstracts on was downloaded and imported
into SWIFT-Review. Titles and abstracts lacking pre-defined keywords were filtered
out using SWIFT-Review’s internal search function, which left 10,244 papers to be
reviewed. Each of the remaining titles and abstracts were screened manually by
two reviewers to ensure concordant results. After the title and abstract review,
2,328 full texts remained, and were further reviewed using predefined inclusion
and exclusion criteria. The data from the 993 included publications are now being
extracted using Distiller-SR. Once complete, the results will be synthesised. The
subsequent systematic scoping review and underlying data will be published and
made easily available to the community, and the findings disseminated.

3301

Sulfur Mustard Vapor Alters Epidermal Growth and
Differentiation in Göttingen Minipig Skin

K. Ozkuyumcu1, P. Zhou1, C. R. Croutch2, D. J. Barillo3, D. E. Heck4, J. D. Laskin1, and L.
B. Joseph1. 1Rutgers, The State University of New Jersey, Piscataway, NJ; 2MRIGlobal,
Kansas City, MO; 3Argentum Medical, Geneva, IL; and 4New York Medical College,
Valhalla, NY.
Sulfur mustard (SM; bis (2-chloroethyl) sulfide) is a highly reactive bifunctional
alkylating agent known to be a potent skin vesicant. Depending on the dose and
duration of exposure, SM can cause inflammation, epidermal erosions, and blistering. We have been investigating mechanisms of skin injury and wound repair in the
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Göttingen minipig in response to SM. Saturated SM vapor caps were placed on the
dorsal flanks of 3-month-old male minipigs. Forty-eight hours post-SM, skin was
debrided for 7 days with wet-to-wet saline gauze soaks. Animals were sacrificed
9, 14, 28, and 60 days post-SM and full thickness skin biopsies prepared for histology and immunohistochemistry. H&E and Gomori’s Trichrome stains were used
to determine pathological changes caused by SM. Nine days post-SM exposure, a
well-formed eschar overlying a hyperplastic neoepidermis was observed, as well as
a dermal inflammatory infiltrate. Changes in epidermal thickness were transient,
increasing from 68 + 3 µm to 112 + 13 µm by 28 days, returning to control levels
by 60 days. Loricrin, a marker of cornified keratinocytes and terminal differentiation, was constitutively expressed in the stratum corneum of control skin. A 2-fold
increase in stratum corneum loricrin was observed 9 to 28 days post-SM which
returned to control levels by 60 days. Proliferating cell nuclear antigen (PCNA), a
DNA polymerase co-factor important in DNA replication and repair, was contiguously expressed in cells along the basal layer of control skin. Post-SM, PCNA
expression was upregulated in both supra-basal and basal layers which persisted
for at least 60 days. Epithelial cadherin (E-cad), a transmembrane protein essential
for cell-cell adhesion and communication, was expressed throughout the epidermis in control skin. SM transiently decreased E-cad expression 2 to 28 days post
SM returning to control levels by 60 days. These data indicate that SM alters cell
growth and differentiation following injury and wound healing. Persistent increases
in PCNA expressing keratinocytes suggest that by 60 days post-SM, cells continue
to proliferate during wound repair. Enhancing the wound healing process may be an
effective route for developing SM countermeasures. Supported by NIH AR055073,
ES020721.

3302

Phenol Skin Lesions and Injury Kinetics in an Established
Human Skin Explants Model

A. Hall1, L. Mathieu2, F. Burgher2, E. Lati3, L. Peno-Mazzarino3, and H. I. Maibach4.
1Toxicology Consulting and Medical Translating Service Inc., Azle, TX; 2Laboratoire
Prevor, Valmondois, France; 3Laboratoire BIO-EC, Longjumeau, France; and 4University of
California San Francisco, San Francisco, CA.
Phenol is a weak acid (pKa 9.95) and a corrosive substance. It can easily penetrate
into the skin and be absorbed, resulting in systemic toxicity. Reported here are the
results of a study of the histological effect of dermal contact with a 7.5% phenol
solution using an ex vivo human skin explants model. A filter paper saturated with
30 μL of a 7.5% aqueous phenol solution was applied on the surface of the explants
for periods of 1, 3, 5, 15, 30 min and 1, 2, 4 and 24 hrs. Histological analysis allowed
following the progression of cellular and tissue lesions from the epidermis into
the dermis. There was a latency period; no lesions were observed for the first 15
minutes. After a 30 min contact, 7.5% phenol diffusion penetrated to the inferior
suprabasal layers of the epidermis. After 4 hrs, the dermal-epidermal junction was
reached. After 24 hrs of contact, a zone of detachment at the dermal-epidermal
junction was noted, as well as numerous karyolitic nuclei in the suprabasal layers
with several pyknotic nuclei in the basal layer at the epidermis and altered cells in
the dermis. Phenol-induced lesions seem to evolve in liquefaction necrosis. The
first lesion was observed after a contact time of 30 min. Kinetics of skin penetration and injury will likely be more rapid for higher concentrations and/or if different
solvents are used, as is often the case in industrial phenol uses. Further studies will
be necessary to complete this evaluation.

3303

Cytotoxic, Genotoxic, and Toxicogenomic Effects of
Dihydroxyacetone in Human Primary Keratinocytes

A. Striz1, A. DePina2, R. Jones Jr.1, X. Gao1, and J. Yourick1. 1US FDA/CFSAN, Laurel, MD;
and 2US FDA/CFSAN (Former), Beltsville, MD.
Dihydroxyacetone (DHA) is the only ingredient approved by the FDA as a color
additive in sunless tanning products. It was originally thought to only interact with
dead skin cells in the stratum corneum; however, more recent research has shown
that it penetrates beyond the stratum corneum to reach living keratinocytes, the
predominant cell type in the epidermis. To address this finding, Normal Human
Epidermal Keratinocytes (NHEK) were used to determine the possible in vitro
toxicological effects of DHA in the epidermis. Purchasable consumer self-tanning
products contain 1% to 15% DHA. NHEK cells exposed to DHA concentrations up to
0.90% (100 mM) in dosing media were evaluated for viability, genotoxicity (Comet
Assay), and gene expression changes. Cell viability was significantly decreased
~50% after 3-hours exposure to DHA concentrations of 50 mM and 100 mM. DNA
damage was only found to be significantly increased in cells exposed to a cytotoxic
concentration of DHA. Significant changes in gene expression as determined by
microarray analysis were observed after NHEK cells were exposed to a subtoxic
dose of DHA. In particular, a ~50 to 70% decrease in expression of cyclin B1, CDK1,
and six other genes associated with the G2/M cell cycle checkpoint were observed,
which correlates well with a G2/M block reported in existing literature. Formation
of Advanced Glycation End Products (AGEs), a protein adduct induced by DHA
exposure, was found to be minimally increased after 3 hours but significantly
increased, up to four fold, after 24 hours of exposure to DHA concentrations at and
above 10 mM. These data show that DHA is cytotoxic above 25 mM and induced
genotoxicity, while lower doses induced gene expression changes and glycation

in NHEK cells. While notable, further studies would be needed to determine how
these results correlate with consumer exposure and the biological effect of DHA
in human skin.

3304

Assessment of Skin Sensitization Potential of Metal Oxide
Nanoparticles Used in Cosmetics through the Local Lymph Node
Assay: 5-Bromo-deoxyuridine Flow Cytometry Method

R. Gautam1, D. Lee1, A. Maharjan1, M. Acharya1, J. Jo1, J. Lee1, J. Shin1, Y. Yu1, C. Kim1,
Y. Heo1, Y. Heo1, and H. Kim2. 1Daegu Catholic University, Gyeongsan, Korea, Republic of;
and 2Catholic University of Korea, Seoul, Korea, Republic of.
Nanoparticles (NPs), fine particles ranging from 1 to 100 nm, are being used
extensively in various fields including industry, agriculture, engineering. NPs also
have become the imperative parts of cosmetic and dermal products owing to the
higher benefits over their counter bulk particles. Metal oxide NPs such as zinc
oxide (ZnO), aluminum oxide (Al2O3), manganese oxide (Mn2O3), and copper oxide
(CuO) are consistently used in cosmetics and dermal products to confer better UV
protection, antimicrobial properties or to make products transparent and aesthetically acceptable compared to their larger opaque counterparts. While the consideration for use of NPs is increasing, concerns have been raised regarding their
potential negative impacts. Although used in dermal products, the skin sensitization (SS) potential of metal oxide NPs has not been well investigated. In this study,
we employed local lymph node assay: 5-bromo-2-deoxyuridine flow cytometry
method (LLNA: BrdU-FCM) to screen the skin sensitization potential of NPs. LLNA:
BrdU-FCM is a modified non-radioisotopic method for screening of SS potential that
addressed the activation and proliferation of T-lymphocytes, key event-4 (KE-4), on
adverse outcome pathway (AOP) for SS. ZnO (10%, 25%, and 50%) and Al2O3 (10%,
25%, and 50%) were suspended uniformly in N,N-dimethylformamide (DMF) and
Mn2O3 (5%, 10%, and 25%) and CuO (5%, 10%, and 25%) were suspended in dimethyl
sulfoxide (DMSO) for experimentation. AOO (acetone: olive oil=4:1) and α-hexyl
cinnamaldehyde were used as negative and positive control respectively. ZnO,
Al2O3, Mn2O3, and CuO were classified as non-sensitizer with the maximum stimulation index of 2.1%, 1.3%, 1.4%, and 0.99% respectively. According to this study,
cosmetics or dermal products containing screened NPs are safe regarding skin
sensitization potential however cautious use is recommended as various studies
have revealed their toxicity in vitro. This study was supported by the Korea National
Research Foundation (grant number: 2020R1I1A3A0403650911) and the Ministry of
Environment-Educational training program for the management of information on the
hazards and risk of chemicals substances.

3305

Chronic Arsenic Exposure Reduces DNA Damage Response
Activation in Human Keratinocytes

A. N. Nail, L. McCaffrey, A. P. Ferragut Cardoso, M. Banerjee, and J. C. States.
University of Louisville, Louisville, KY.
An estimated >225 million people, including >2 million in the US, are exposed to high
inorganic arsenic (iAs) concentrations (>10 μg/L) in contaminated groundwater. iAs
does not directly interact with DNA, but does induce chromosomal instability (CIN)
which is a hallmark of cancer. The mechanism of iAs-induced CIN is not established
and arsenic is a human class I carcinogen. Illumina RNA sequencing analysis
from human keratinocytes (HaCaT cells) chronically exposed to iAs suggested
dysregulation of the DNA damage response (DDR) associated with homologous
recombination (HR, error-free) repair. To test the hypothesis that iAs exposure
results in CIN by suppression of HR and coordinated DDR signaling by ataxia
telangiectasia mutated protein (ATM), passage-matched, quadruplicate cultures
of human keratinocytes (HaCaT or Ker-CT cells) were chronically exposed to media
containing 0 or 100 nM iAs. Protein lysates collected at 7 (HaCaT) or 8 (Ker-CT)
weeks were examined by immunoblotting for activated DNA damage response
(DDR) proteins (i.e. MRE11-RAD50-NBS1 (MRN) complex, ATM and downstream
signaling proteins, ATR and downstream signaling proteins) and phosphatases
which resolve DDR signaling. Additionally, neutral COMET assays were performed
to assess DNA double-strand breaks (DSBs) in Ker-CT unexposed and iAs exposed
cells after 32 weeks of culturing. Statistical analyses of densitometric and COMET
assay data was performed in GraphPad Prism software using two-tailed unpaired
t-test; p-value <0.05 was considered significant. Neutral COMET assays detected
significantly higher DSBs occurring in human keratinocytes chronically exposed to
iAs. Activated ATM is significantly reduced in HaCaT and Ker-CT cells exposed to
toxicologically relevant iAs concentrations. Total RAD50 protein levels are reduced
in iAs-exposed Ker-CT and HaCaT cells whereas phosphatase expression was
significantly reduced or unaffected. Our combined results suggest that chronic iAs
exposure impairs DDR activation and DSB repair, possibly through reduced initial
DSB detection and activation of the MRN complex. Reduced DDR activation may
be a driving force for CIN and carcinogenesis in keratinocytes chronically exposed
to iAs.
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Skin Sensitization Potency Categorization of Fragrance
Ingredients Based on Weight of Evidence Approach

M. Na1, D. O’Brien1, M. Lavelle1, I. Lee1, G. Gerberick2, and A. Api1. 1Research Institute for
Fragrance Materials, Woodcliff Lake, NJ; and 2GF3 Consultancy LLC, West Chester, OH.
Skin sensitization potency determination is essential for the safe use of potential
skin sensitizers. For appropriate evaluation of new methods for skin sensitization
potency prediction, reliable reference potency data are essential. Previously, human
skin sensitization potency of fragrance materials was derived primarily using
human data (Api et al., 2017). However, human testing is not typically conducted
to explore the dose-response of a chemical. Rather, the purpose of human testing
is often confirmatory; human testing is mostly conducted at a single dose that is
expected to be safe. For this reason, the No Observed Effect Level (NOEL) from
the human test can be close to, or well below, the threshold of the induction of
sensitization. This means that human data alone may not correlate well with the
actual potency of a given material. Herein, a Weight of Evidence (WoE) approach for
potency categorization is proposed, where all existing data should be considered
collectively. To demonstrate this approach, human, animal, in vitro, in chemico,
and in silico data on 106 fragrance materials were evaluated to set skin sensitization potency categories (Extreme, Strong, Moderate, Weak, Very Weak and
Non-Sensitizer). None was considered an extreme sensitizer, while 6, 23, 41, and 26
materials were categorized as strong, moderate, weak, and very weak sensitizers,
respectively. Ten materials were categorized as non-sensitizers, as they lacked
evidence for the induction of skin sensitization. The skin sensitization potency
categories for fragrance materials based on the WoE approach are provided in this
work. The WoE-potency categories can serve as references for evaluation of the
new non-animal methods as well as for the quantitative risk assessment.

3307

The GARD Skin Assay: Investigation of the Applicability Domain
of Indirectly Acting Haptens

T. Lindberg, A. Forreryd, R. Gradin, and H. Johansson. SenzaGen AB, Lund, Sweden.
Sponsor: J. Schmidt
Hypersensitivity reactions in the skin, clinically manifested as Allergic Contact
Dermatitits (ACD), are caused by the ensuing immunological response to low-molecular weight compounds termed skin sensitizers. Such substances, often referred to
as haptens, have the inherent property to react with skin proteins and form immune
inducing complexes. However, indirectly acting haptens need to be transformed to
protein-reactive intermediates either through biotic (pro-hapten) or abiotic (pre-hapten) conversion in order to elicit an immune response. Conventionally, safety tests
of skin sensitizers have been done using animal experiments, but New Approach
Methodologies (NAMs) have been developed over the past decades to replace
the use of animals in such testing. However, one potential problem faced with the
in vitro and in chemico alternatives is the lack of metabolic and chemical activity
as compared to an in vivo system, which in turn may lead to false predictions for
pre- and pro-haptens. The GARDskin assay is a next-generation NAM for hazard
classification of skin sensitizers. The assay is based on a human dendritic-like cell
line and combines genomics and machine learning to achieve a high predictive
performance with a large applicability domain. Currently, the method is approaching regulatory acceptance as an OECD test guideline. The study presented here
aimed to explore the applicability domain of the GARDskin assay, specifically
the capability to predict indirectly acting haptens. Available data obtained from
GARDskin testing of indirectly acting haptens were compiled, resulting in a set of
28 substances. Further subcategorization identified 5 pro-haptens and 11 pre-haptens, while 12 substances were unable to be unambiguously assigned as either
exclusively a pro- or a pre-hapten, due to the dual nature of the protein-reactive
activity. Skin sensitizing hazard sensitivity of indirectly acting haptens (n=28) was
89% (25/28) while pro-haptens (n=5) and pre-haptens (n=11) were 80% and 100%,
respectively. These data support GARDskin applicability in the domain of indirectly
acting haptens, demonstrating that the method has the capacity to accurately
assess both pre- and pro-haptens.

3308

Skin Fibrosis following Exposure of Blistering Chemical
Nitrogen Mustard, Could Be Regulated by microRNA-21 in the
Mouse Keratinocyte Cell

H. Kim1, L. B. Joseph2, J. D. Laskin2, and D. E. Heck1. 1New York Medical College,
Valhalla, NY; and 2Rutgers, The State University of New Jersey, Piscataway, NJ.
MicroRNA is a potential multigene regulator in skin inflammation and in the wound
healing process during skin injury. It is well demonstrated that skin remodeling and
regeneration is associated with the efficacy of the wounding healing process on
skin lesion is delayed following exposure to physical and chemical threats including the blistering agent nitrogen mustard (NM). However, molecular mechanisms
underlying skin fibrosis remain poorly defined. We examined the potential role of
microRNA-21 signaling in vesicant-mediated remodeling such as the ECM protein
network and explored the molecular circuitry mediators like chemokines. We
measured the expression pattern of ECM molecules such as Col 1a1, col1a2, col3a,
and Col3a1 in NM treated pam212 keratinocytes cells utilizing RT-qPCR. A molecu-

lar network in the ECM structure responding to NM was modified by up-regulation
(Col1 1a1, and Col3a1) and down-regulation (Col 1a2, and Col 3a). In addition, many
cytokines and chemokines were changed followed by NM exposure in RT2 PCR
array assay, in particular, two chemokines like CCL20 and CXCL1 were increased
by 3.4-fold and 3.6-fold, respectively. Similarly, protease activation like Matrix
metallopeptidase 13 (MMP13) was increased by 2.0-fold in NM treated Pam212
cells. Interestingly, we found that the expression of microRNA -21 was significantly sensitized to NM in mouse keratinocyte Pam212 cells by dose- and time-dependent manner. To confirm the role of microRNA -21 on skin remodeling and
fibrosis processes including ECM molecules, cell mediators, and protease activation, we conducted transfection with siRNA microRNA -21 on mouse keratinocyte
pam212 cells. The pattern of ECM molecules was up-regulated as follows: Col1a1,
4-fold; Col1a2, 26-fold; Col 3, 20-fold; Col3a1, 5-fold, respectively. Chemokines
as mediators were also modified by up-regulation (i.e., CCL20, 5.6-fold; CXCL1,
8.8-fold). With regard to protease action, MMP 13 by up-regulation (2.08-fold) in
the presence of miR-21 was shifted to MMP8 by down-regulation (-2.01-fold) in
the absence of miR-21. Furthermore, down-regulated expression of Serpin 5 mRNA
in the presence of oxidative stress was reversed to an up-regulation by a dose-dependent manner in the presence of SB203580, p38 MAPK inhibitor. Taken together
our findings suggest that microRNA-21 may regulate skin remodeling processes
including ECM alteration, matrix metallopeptidase, peptidase inhibitor activation,
and signaling mediator like chemokines in the NM driven skin fibrosis. Supported
by NIH AR055073.

3309

Humidifier Disinfectants Exposed THP-1 and HaCaT Cell
Metabolite Profiling for Skin Sensitization

H. Kim, J. Lee, Y. Kim, H. Kim, J. Kim, H. Kim, and K. Kim. Dankook University,
Cheonan-si, Korea, Republic of.
Skin sensitization is immune response results in a red, itchy, bumpy rash by
sensitizer. Recently, the skin sensitization properties of humidifier disinfectants
have been reported. The purpose of this study was to identify metabolite changes
in cellular metabolism by sensitizing substances using the dendritic cell, THP-1,
and keratinocyte, HaCaT. First of all, in order to evaluate the haptenization reaction,
the first key event in skin sensitization, DPRA (Direct Peptide Reactivity Assay)
was performed on four humidifier disinfectants such as methyiosthiazolone (MI)
and chloromethylisothiazolone/methylisothiazolone (CMI/MI), polyhexamethylene guanidine (PHMG) and oligo (2-(2-ethoxy) ethoxyethyl guanidine (PGH). As
a result, MI and CMI/MI had high reactivity, PHMG was a moderate sensitizer, and
PGH was a non-sensitizer by DPRA prediction. To compare metabolite changes
in cell level, THP-1 and HaCaT cells were treated with 4 humidifier disinfectants
at high, medium, and low concentrations based on the cell toxicity for 24 hr. After
extraction, the cell extracts were analyzed using GC-MS. The clustering patterns of
those extracts were presented in PLS-DA score plots and changed metabolites were
selected by VIP value (>1.0). In THP-1 cells of medium concentration, the clustering pattern of MI, CMI/MI, and PHMG-treated cell metabolites have differed from
those of PGH-treated and control. In HaCaT cell of high concentration, MI and CMI/
MI-treated cell metabolites were discriminated with others. The related metabolites
to those clustering patterns were valine, isoleucine, glycine, serine, threonine and
some sugars in THP-1 and lactic acid, serine, fructose, and sucrose were different
metabolites in HaCaT cell. So, these metabolites might be the biomarkers of THP-1
and HaCaT cell for skin sensitization in GC-MS analysis.

3310

Dermal Absorption Modeling for In Vitro Experiments Using
Human Skin for Fragrance Chemicals: Insights Obtained When
Comparing Experimental Differences

H. A. Fisher1,2, M. V. Evans1, C. R. Eklund1, D. A. Vallero1, A. Bunge3, and E. A. Cohen
Hubal4. 1US EPA, Research Triangle Park, NC; 2Oak Ridge Associated Universities, Oak
Ridge, TN; 3Colorado School of Mines, Golden, CO; and 4US EPA, Chapel Hill, NC.
Dermal uptake is an important and complex exposure route for a wide range of
chemicals in the residential environment. In this study, a well-mixed model is applied
to predict dermal absorption for a set of chemicals used in cosmetic formulations.
The model uses mass-transfer coefficients and ordinary differential equations to
calculate the concentration of a given chemical over the exposure period in four
separate compartments: the vehicle, stratum corneum, living tissue, and receptor
fluid. Additional calculations were also included to account for evaporation from
the vehicle. To evaluate the model assumptions, we compare model predictions
for a set of 27 chemicals used in cosmetic formulations to experimental in vitro
measurements of penetration into and through human skin. The model was
parameterized to simulate important experimental system characteristics including
exposure area and receptor fluid transport. Chemicals were then grouped by how
well the model outputs agreed with experimental data. By looking at the properties
of the chemicals in each group, we attempt to better understand which parameters
may play an important role in model accuracy for a given chemical. In conclusion,
a well-mixed dermal absorption model predicted time-course penetration data
obtained for a set of chemicals from the same laboratory and was used to find
experimental explanations that can be used to refine future models. This abstract
does not represent policies of the US EPA.
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Analytical Method Development and Dermal Absorption of
2-amino-5-nitrophenol, a Hair Dye Ingredient under Oxidative
Condition

Y. Kim, H. Kim, H. Kim, J. Lee, and K. Kim. Dankook University, Cheonan, Korea,
Republic of.
2-Amino-5-nitrophenol (2A5NP) is one of the ingredients of hair dye and exposed
through skin. However, there has been no information on the dermal absorption
rate of 2A5NP. 2A5NP is managed at less than 1.5% in Korea and banned in
Europe. In this study, analytic methods were developed and validated using high
performance liquid chromatography (HPLC) in various matric of wash, swab, skin,
stratum corneum (S.C), dermis + epidermis, and receptor fluid. The validation
results were acceptable based on MFDS guideline. The HPLC analysis showed a
linearity (r2=0.9992 - 0.9999), accuracy (93.11-110.24%) and precision (1.08-8.05%)
in accordance with the in vitro validation guidelines. Franz diffusion cell method
was used to determine the dermal absorption of 2A5NP using mini pig skin. 2A5NP
(1.5%) was applied to mini pig skin at 10 μl/cm2. For certain cosmetic ingredients
with short exposure times, such as hair dye, an intermediate wash step (after 30
min) is added during the study. After application 30 min and 24 hr, skin was wiped
off with swab and S.C of the skin was collected using tape stripping. After cut the
skin into 8 pieces, all samples were extracted with ethanol and were analyzed. Total
dermal absorption rate of 2A5NP was 13.6 ± 2.9% and total recovery rate of 2A5NP
was 91.4 ± 3.9%.

3312

Compatibility Determination of Alternative Solvents in the
Human Cell Line Activation Test (h-CLAT) for the Assessment
of Skin Sensitization

H. Raabe, K. Hopkins, H. King, J. Phillips, M. Ramani, A. Islas-Robles, and G. E. Costin.
Institute for In Vitro Sciences Inc., Gaithersburg, MD.
A skin sensitizer refers to a substance leading to an allergic reaction after repeated
skin contact. The prediction of skin sensitization is recognized as an important
endpoint in toxicology, required by regulatory agencies for hazard identification, as
well as used for risk assessment. A battery of in vitro tests have been developed
based on the current knowledge of the key biological events leading to skin sensitization. The h-CLAT assesses the activation of monocytes and dendritic cells by
determining the expression of cell surface markers, CD86 and CD54, in a human
monocytic leukemia cell line (THP-1). Although the h-CLAT has been found to be
applicable to chemicals with diverse functional groups, its predictive performance
is limited to substances that are soluble in the assay solvents (DMSO and Saline)
specified in the validated method. Therefore, we aimed to determine the compatibility of various solvents with the h-CLAT and to evaluate its predictive capacity. The
h-CLAT was performed as previously described (OECD TG 442E, 2018). In addition to
the standard solvents, Acetone (ACE), Acetonitrile (ACN), Ethanol (EtOH), Methanol
(MeOH), and Isopropanol (ISO), were evaluated. All the solvents were determined
to be non-Sensitizers and non-Cytotoxic. Two test substances were selected for
assessment of their sensitization potential: the proficiency chemical lactic acid
(LA) and benzyl salicylate (BS), a known “difficult to work” chemical in h-CLAT. LA
was found to be soluble in all the solvents while BS was found to be soluble in all
the solvents except for Saline. LA was correctly predicted as a non-Sensitizer when
prepared in EtOH, ACE and MeOH, however, it was miss predicted in ACN and ISO.
BS was classified as a non-Sensitizer in DMSO, EtOH, MeOH while it was classified
as a Sensitizer in ACE and ISO. BS is regarded as a Sensitizer based on in vivo data,
however, results from human experiments suggest this is a false positive. Based on
the LA results, EtOH, ACE and MeOH appear to be appropriate alternative solvents
for the h-CLAT. Furthermore, EtOH and MeOH, classified BS consistently in line
with human data which is the most relevant dataset to compare our results to. Our
data indicate that the selected solvent has a profound effect on the results of the
h-CLAT. The inclusion of EtOH and MeOH as primary solvents may improve and
extend the applicability domain of the h-CLAT.

3313

Woodsmoke Components Alter Cornified Envelope Proteome by
Oxidative Cross-Linking

L. Lin, N. Karim, and R. H. Rice. University of California Davis, Davis, CA.
Air pollution poses a serious risk to human health. Recent epidemiological
studies suggest air pollution can adversely affect skin health, promoting aging,
inflammatory conditions, and cancers. Previous study from our lab reported that
woodsmoke extracts induced cornified envelope (CE) formation in keratinocytes
lacking transglutaminase activity (the enzyme that cross-links structural proteins
during CE formation). Here, we demonstrate that this phenomenon may arise from
oxidative stress and subsequent oxidative cross-linking. When cultured keratinocytes were exposed to woodsmoke extracts, the expression of ROS-related genes
was upregulated, and the presence of free thiols (measured by Ellman’s assay)
decreased in a dose-dependent manner. Catechol is a common component in
woodsmoke that once converted to o-quinone can undergo several reactions to
form covalent crosslinks. When incubated with cell extracts, catechol increased
crosslinked protein products. In the presence of dithioerythritol (DTE), a reduced

reaction environment prevented catechol-induced protein cross-linking. Treatment
with N-acetylcysteine (NAC), an antioxidant, protected the cells from smoke
extract-induced CEs. These findings suggested that through oxidative cross-linking, woodsmoke components can induce abnormal CE formation. In addition,
compared to control CEs, those induced by woodsmoke components had higher
protein content because the cross-linking was promoted not only between CE
structural proteins but also widely among other cellular proteins. As demonstrated
by proteomic profiling, the protein compositions of CEs induced by furfural and
syringol (also components of woodsmoke) were different from control CEs. Since
the structure and protein composition of CEs are critical for skin barrier function,
our study provides a new perspective by which pro-oxidative air pollutants can
adversely impair epidermal function.

3314

Validation of Skin and Ocular Irritation and Severe Damage
(Corrosion) Tests as Nonanimal Alternatives Using OECD
Guideline Evaluation Substances

P. Rawlinson, M. Tate, G. Henzell, and C. Stagg. Gentronix, Cheshire, United Kingdom.
Corrosive or irritating chemicals can pose significant risks to human health if
there is sufficient exposure to concentrated chemicals or mixtures. Safety assessments are focused on routes of likely exposure, which for industrial, cosmetic and
agrochemical materials typically result in the assessment of both skin and ocular
toxicity potential being required. Historically these endpoints have been assessed
using in vivo methods such as the acute dermal irritation/corrosion and Draize
eye tests using rabbits, which now have limited use given legislation changes
and societal pressures. Much progress has been made in developing non-animal
models for dermal and ocular irritation and corrosivity, and a number of such
methods have been validated with OECD guidelines adopted. Gentronix undertook
the establishment and generated proficiency data for the in vitro skin irritation test
(OECD test guideline 439) and reconstructed in vitro skin corrosion test (OECD
431) using the EpiDerm™ reconstructed human epidermis model. Subsequent work
was then undertaken to establish both the EpiOcular™ eye irritation test (OECD
492), and Bovine Corneal Opacity and Permeability test (BCOP 437), to differentiate
chemicals with ocular irritation and severe eye damage potential from those not
requiring classification. Proficiency across all assays was based on testing the list
of recommended substances in the corresponding OECD guidelines on multiple
occasions. Testing within the skin corrosion and irritation endpoints showed
excellent agreement with the expected outcomes (12 out of 12 and 10 out of 10
substances were overall correctly predicted for irritation and corrosion, respectively), with very few incorrect classification predictions using the established
prediction models (1 out of 70 experimental runs). In the case of the Epiderm™
irritation test, 1 run for 1-bromohexane resulted in a misclassification, thought to be
due to uneven application to the test system. This was resolved by use of spreading
aids resulting in 3 out of 4 runs for 1-bromohexane producing the expected irritant
prediction. Proficiency testing of all skin and ocular irritation and corrosion tests
achieved the expected outcomes for the OECD guideline recommended proficiency
substances. This exercise supports the adoption of a skin and ocular toxicology
workflow, providing a comprehensive safety assessment approach using non-animal test methodologies.

3315

hTERT Immortalized Neonatal Melanocytes: An Advanced In
Vitro Cell-Based Model for Pigmentation and Toxicity Studies

M. Maddox, M. Spencer, L. G. Rodriguez, J. Clinton, and W. Shu. ATCC, Gaithersburg,
MD. Sponsor: J. Clinton, American Association for Cancer Research
Pigmentation involves two main stages. First, melanocytes perform a myriad of
complex biochemical and physiological steps to produce, package, and exocytose
melanin-containing melanosomes. Second, the melanosomes are taken up by
neighboring keratinocytes where the stored melanin protects underlying tissues
from damaging UV radiation. This process of pigmentation involves a complex
interplay between genetic, endocrine, and environmental factors. Primary cells
offer one model system to study pigmentation and dermal agents that may disrupt
melanogenesis; however, they are hindered somewhat by donor-to-donor variability
and limited lifespan in culture. Here, we describe an immortalized melanocyte cell
model—hTERT neonatal melanocytes—created by retroviral transduction of human
telomerase (hTERT) into primary cells. In addition to enhanced longevity (up to 35
doublings), physiologic marker expression (tyrosinase positive, fibroblast marker
negative) and ability to create melanosomes in 3D organotypic co-cultures, the
cell model also showed expected levels of responses to several stimulators and
inhibitors of melanogenesis. The inhibitors hydroquinone and kojic acid resulted
in dose-dependent decreases in melanin content while the stimulators stem cell
factor and latanoprost resulted in a muted response. In summary, immortalized
melanocytes provided a versatile in vitro cell model for the study of skin toxicology
and melanogenesis regulation.
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Necroptosis Signaling in the Pathogenesis and Medical
Countermeasures of Arsenical-Mediated Skin Injury

J. Khan, S. Muzaffar, R. K. Srivastava, A. Agarwal, and M. Athar. University of Alabama
at Birmingham, Birminghm, AL.
Arsenicals are vesicating agents generated to be used as warfare chemicals in
World War I/II. Unused agents were buried or dumped in the ocean. These arsenicals possess a fearsome risk of being misused as a terrorist weapon or getting
accidentally exposed from burial dumps causing skin and other systemic injuries.
These factors make arsenicals agents of concern. Systematic efforts are devoted
to developing medical countermeasures (MCM) against human health hazards.
Skin exposure to arsenicals causes severe cutaneous lesions, however, molecular pathogenesis of injury is not fully developed. Employing an appropriate experimental murine model of arsenical toxicity and skin damage we demonstrated
that Phenylarsine oxide (PAO), a surrogate of warfare arsenical caused significant necrotic cell death which is associated with the upregulation of necroptosis regulating proteins, receptor-interacting protein kinase 3 (RIPK3), and mixed
lineage kinase domain-like pseudokinase (MLKL). These proteins participate in
many human inflammatory disorders. Initially, we utilized available inhibitors of
necrosis and inflammation, Necrosulphonamide (NSA) and Diacerein (Dia), respectively to study their protective effects in vitro. NSA and Dia significantly downregulated phosphorylated RIPK1, RIPK3, and MLKL in human HaCaT immortalized
keratinocytes cell line at 24h time-point. We also found that NSA and Dia act by
downregulating the expression of genes associated with inflammation and tissue
damage such as Cxcl13, SP2, Foxo3, and Bcl6. In vivo, ChIP-Seq data from arsenicals exposed to murine skin identified tissue damage and inflammation regulating genes that are significantly upregulated and can be utilized as therapeutic
targets. Topically administered NSA was also tested in vivo against PAO-induced
tissue injury and inflammation at 6h and 24h time-points at three different doses.
NSA treatment (0.5mg/mouse) post-PAO exposure significantly diminished the
upregulation of, Cxcl13, SP2, Foxo3, and Bcl6 genes. Additionally, NSA significantly
reduced the arsenical-induced phosphorylation of RIPK3 and MLKL in murine skin
in a time-dependent manner. Interestingly, this necroptosis inhibitor caused a
significant reduction in ROS production and oxidative damage in PAO-challenged
animals. Our data, we provide a novel mechanism of vesicants-induced cutaneous
injury and inflammation involving necroptosis regulating signaling pathway. Here,
we also identified mechanism-based therapeutic MCM of the cutaneous toxicity
of arsenicals.

3317

Leveraging Immunocompetent Human Skin and Artificial
Intelligence to Resolve Subcutaneous Injection Site Reactions

E. Pages, E. Braun, E. Merle, P. Descargues, and N. Gaudenzio. Genoskin, Salem, MA.
Sponsor: F. Moulin
Upon subcutaneous injection of therapeutic formulations, a fast and local inflammatory reaction typically characterized by erythema, swelling and pain can
develop at the injection site and is commonly named “injection site reaction” (i.e.,
ISR). Finding next-generation drugs that do not cause an ISR represents a major
challenge in this field. This study uses immunocompetent, healthy-looking human
skin explants from diverse donors of different ages and sexes to assess the likelihood of therapeutic molecules triggering mast cell-dependent or mast cell-independent ISR-like inflammatory responses. Upon subcutaneous infusion of therapeutic
formulations we 1) analyze the production of a broad panel of cytokines/chemokines using unsupervised algorithms enabling hierarchical clustering of similar
inflammatory signatures; 2) perform a bulk mRNA sequencing to profile genes
differentially expressed, and investigate probable molecular pathways involved in
ISRs; 3) analyze mast cell degranulation by immunofluorescence of the whole skin
section assisted with an unsupervised artificial intelligence (AI) image processing
platform to score the intensity of degranulation. Skin explants injected with different formulations are classically compared with internal clinically-relevant controls
such as PBS and Cetrotide which is a therapeutic molecule that causes ISR via mast
cell MRGPRX2. In the present study, we demonstrate that human skin explants from
multiple donors kept in an immunocompetent, functional survival state may be
utilized for the identification and selection of safer therapeutic formulations, by
predicting the extent to which candidate drugs could trigger immediate or delayed
ISR of moderate to severe intensity when injected in patients.

3318

Differences in Estradiol Levels after Burn Injury

Ngeve1,

S. J.
D. Soliman2, S. Wallet2, B. Cairns2, R. Maile2, and M. Willis2. 1North
Carolina Central University, Durham, NC; and 2University of North Carolina at Chapel Hill,
Chapel Hill, NC.
The American Burn Association estimates ~450,000 people in the United States
will suffer from burn injury each year, which results in ~3,500 deaths per year due
to severe immune dysregulation. Female burn patients suffer higher mortality rates
compared to males. Estradiol is involved in the regulation of local and systemic
interleukin-6 (IL-6) levels, which has been demonstrated by others to positively
correlates with poor outcomes following burn. We hypothesize that estradiol levels

increase after burn injury and contributes to local and systemic immune dysregulation. We utilized plasma from 1) human burn patients admitted to the North Carolina
Jaycee Burn Center and 2) our murine model of burn injury, in which C57BL/6 mice
are exposed to a 20% total body surface area burn injury. We measured human
estradiol levels 1-3 days after burn injury and murine estradiol levels 3 and 7 days
after injury by ELISA. In humans there were differences in levels at these timepoints
(p<0.05). In mice we observed a difference in the change in murine estradiol levels
between males and females 7 days after injury (p < 0.01). These data suggest burn
injury upregulates estradiol in both humans and mice following burn injury whereby
this is more robust in females at later stages of burn injury and thus contributing
to female-associated poor clinical outcomes. We are currently correlating estradiol
levels to IL-6 levels.

3319

Expansion of the Cosmetics Europe Skin Sensitization NAM
Database with New Substances and PPRA Data

M. Varcin1, N. Alépée2, N. Gilmour3, S. Hoffmann4, P. Kern5, and E. van Vliet6.
1Cosmetics Europe, Brussles, Belgium; 2L’Oréal, Aulnay-sous-Bois, France; 3Unilever,
Bedford, United Kingdom; 4SEH Consulting + Services, Paderborn, Germany; 5Procter &
Gamble Services NV, Strombeek-Bever, Belgium; and 6Innovitox Consulting & Services,
Houten, Netherlands.
Worldwide there is an ever-increasing desire to bring safe cosmetic products to
market without animal testing, which requires a new approach to how safety is
assessed. The cosmetic industry has been at the forefront of developing alternatives to animal testing for regulatory safety assessment for more than 30 years.
The assessment of skin sensitisation is a key requirement in all regulated sectors
around the globe with the European Union’s regulation of cosmetic ingredients
being one of the most challenging, since it calls for a risk assessment based on
non-animal new approach methodologies (NAM). To address this challenge, an
in-depth understanding to optimally inform and harmonise the use of NAM are
fundamental to consistently inform the assessment. Therefore, a database of NAM,
and in vivo (human and local lymph node assay) reference data was previously
compiled. Here, this database is expanded with 41 substances highly relevant for
cosmetic industry with the aim to explore the NAM applicability to these types
of chemistry. These structurally different substances were tested in six NAM
(Direct Peptide Reactivity Assay, KeratinoSensTM, human Cell Line Activation
Test, U-SENSTM, SENS-IS, Peroxidase Peptide Reactivity Assay). The data analysis
revealed that the substances could be tested without technical limitations but were
generally overpredicting the sensitization potential as compared to in vivo reference
data. When compared to previous results (Hoffmann et al., 2017), the accuracy of
the NAM to predict hazard classifications derived from animal studies was reduced
on average by 13%. In addition, NAM were compared pairwise showing that NAM
addressing the same AOP key event, such as the h-CLAT and the U-SENSTM, were
well correlated, suggesting that they could be used interchangeably. It is concluded
that more detailed understanding of how NAM apply to a wider range of substances
and of how it impacts on their strategic use in defined approaches is needed. This
would support a flexible and informed choice of NAM to be optimally applied in the
context of a next generation risk assessment framework, ultimately contributing to
the characterisation and reduction of uncertainty.

3320

A Species-Specific Metabolism Leading to Male Rat
Reprotoxicity of Cyclamen Aldehyde

V. Sa-Rocha1, G. Adamson1, L. Hostettler2, H. Laue2, and A. Natsch2. 1Givaudan, East
Hannover, NJ; and 2Givaudan, Kemptthal, Switzerland.
Cyclamen aldehyde (CA; 3-(4-isopropylphenyl)-2-methylpropanal) has been widely
used for the last 100 years as a muguet olfactive note in perfumery. The safe use
of this material, supported by a wide range of toxicology studies, is well established
through the understanding of exposure and based on quantitative risk assessment
confirmed by the RIFM Expert Panel. However, repeated dose studies in rats, mainly
conducted for the purposes of hazard identification for the REACH registration,
have revealed effects on sperm maturation at high doses leading to impaired fertility. The goal of the study is to investigate species specificity of the toxicity ate the
mechanistic and metabolic level. Different metabolism studies were performed
with suspended and plated hepatocytes from different species. In vivo metabolic
data in rats were obtained from a repeated dose study. Several repeated dose
studies in rats and rabbits are reviewed to characterize the fertility effects. The
effect on spermatogenesis appears to be linked to the main circulating metabolite, 4-isopropyl-benzoic acid (iPBA). Metabolism studies in rat, rabbit and human
primary cultures of suspended hepatocytes, indicated large metabolic differences
with iPBA readily formed by rat hepatocytes but below detection limit in cells
from rabbits and humans. In plated rat hepatocytes, iPBA is further conjugated
to Coenzyme A and this conjugate (iPBA-CoA) accumulates to rather stable levels
over 22 h. It has been shown, that in vitro accumulation of CoA conjugates is
a metabolic hallmark strongly correlated to male rat reproductive toxicity for a
number of related compounds. Indeed, iPBA-CoA was detected in vivo both in the
liver and in the testes of rats dosed with CA and a dose-dependent toxicity was
observed. iPBA-CoA does not accumulate in plated rabbit and human hepatocytes
where it is largely cleared within 22 h. In a rabbit in vivo study, no effects of CA on
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spermatogenesis were observed. Thus, a species specific metabolic fate linked
to CA toxicity in male rats can be postulated in vitro and in vivo in the liver, and in
male reproductive tissue in vivo. Furthermore, the strong evidence indicates that
this species specific metabolic fate in the rat is not relevant to the rabbit, which
is a non-responder species. Finally, lack of accumulation of iPBA-CoA in human
hepatocytes indicates that like the rabbit, humans are unlikely to be vulnerable to
iPBA hepatic and testicular toxicity.

3321

Bayesian Benchmark Dose Estimation with BBMD: Inference
from Genomic Data

C. Ji1, A. Weissmann2, and K. Shao1. 1Indiana University Bloomington, Bloomington, IN;
and 2DREAM Tech LLC, Bloomington, IN.
Recent studies have demonstrated that short-term genomic point of departure
(POD) estimates for non-bioaccumulative chemicals can approximate the counterpart derived from long-term apical endpoints. This finding evolves the practice of
toxicology from an observational science to an integrated science with systematically cellular responses analysis using transcriptomics. Existing software, like
BMDExpress, mainly utilizes maximum likelihood estimation and choose the “best”
model for biological potency estimates. This practice ignores model uncertainty,
which may result in over-confident inferences and predictions, leading to inadequate
decisions. To resolve this issue, we developed a web-based toxicogenomic analysis
module that was incorporated into our previously developed Bayesian benchmark
dose modeling (BBMD) system, which generally follows the National Toxicology
Program Approach to Genomic Dose-Response Modeling. Procedurally, responsive
genes are identified by signal detection filters and then fit with parametric dose-response models to identify biological potency estimates (e.g., BMD) using Marko
Chain Monte Carlo posterior sampling and Bayesian model averaging method to
account for the uncertainty. With estimated BMDs, genomic points of departure
with biological and mechanistic interpretations are derived by grouping genes into
different pathways. This system was tested and validated against 24 published in
vivo microarray datasets (GSE45892) and 64 molecules datasets from the Open
TG-Gates database. The results show that short-term transcriptional BMD values
for the median pathway in BBMD are highly correlated with the long-term apical
endpoints (R=0.78-0.91). By comparing the BMD estimates between BBMD and
BMDExpress, BBMD is shown to provide more adequate results in terms of less
extreme values and no failure in BMD (BMDL) calculations. Moreover, the pathway
analysis in BBMD provides a conservative estimate that a broader confidence
interval is established. Overall, this study demonstrates the feasibility of utilizing
genomic data for chemical risk assessment, and BBMD represents a robust and
user-friendly alternative for genomic dose-response data analysis with outstanding
functionalities to quantify uncertainty from various sources.

3322

Past, Present, and Future for Agrochemical Mode-of-Action
Assessments: Evolution of Best Practices from a Decade of
Liver and Thyroid MOA Programs

L. Murphy, K. Johnson, and J. LaRocca. Corteva Agriscience, Indianapolis, IN.
Agrochemical human health safety assessments require characterization of
numerous endpoints including, acute to subchronic toxicity and evaluation of rodent
chronic toxicity/carcinogenicity following a lifetime exposure. Nuclear receptor
activation is a well-characterized MoA for rodent liver and thyroid toxicity with
defined key and associative events. For rodent liver or thyroid effects, a proactive
and integrated assessment provides characterization of key events, confirmation of
the MoA, and a conclusion on human relevance before the carcinogenicity evaluation is completed. MoA endpoints are tailored to each agrochemical, which include
dose response and duration of exposure, sex sensitivity, assessment of multiple
target organs within an in vivo study (including gene expression, toxicogenomics, hormone evaluation and proliferation) and use of toxicokinetic and toxicodynamic data for human relevance assessment. Three case examples for proactively
conducted liver and/or thyroid MoA testing are evidence of how these assessments
have evolved with scientific advancements and acceptance of new approaches.
The MoA assessment for the herbicide, Halauxifen methyl, evaluated AhR mediated
rat liver effects along with toxicodynamic and toxicokinetic species differences.
The MoA program for the nitrification inhibitor, Nitrapyrin, included assessment
of potential sex differences in CAR activation for mouse liver effects, optimization of maximal proliferative and gene expression response vs. exposure duration,
and use of a receptor knockout mouse model. A recent study design for a liver
and thyroid MoA assessment of a triazole metabolite of an experimental fungicide
evaluated CAR/PXR mediated liver and thyroid apical endpoints as well as follicular cell and hepatocellular proliferation measured by BrdU incorporation, nuclear
receptor gene expression, thyroid hormone analysis, and T4-glucuronidaton. For
these case examples, the in vivo apical endpoints were complemented by in vitro
rodent and human hepatocyte data that bridge the in vitro response back to the in
vivo effects and support a conclusion on human relevance. As understanding of
MoA and human relevance have increased, along with experience in new scientific
tools, more relevant endpoints that robustly support these assessments have
been integrated and in certain instances, traditionally used endpoints have been
removed.

3323

Modeling of the Lifetime Cancer Risk Nonlinearity by Exposure
Duration

A. Korchevskiy. Chemistry & Industrial Hygiene Inc., Wheat Ridge, CO.
An apparent deviation from nonlinearity in cancer dose-response was reported for
various carcinogens. Some studies hypothesized that excess mortality of pleural
mesothelioma can be modelled as a supra-linear function of cumulative exposure
with exponent ranging from 0.6 to 1. Mathematical modelling can help to determine
the role of variable characteristics, including exposure intensity and duration, in
shaping the dose-response relationship. The study was performed, to develop a
mathematical model that would demonstrate a relationship between mesothelioma lifetime risk and exposure duration, with various assumptions about a hazard
rate function. Two different hazard rate functions - Peto model and the two-stage
clonal expansion (TSCE) model - were considered. The analytical formulas for
lifetime risk were developed, with and without a lifetable correction. For example,
for Peto hazard rate model, the lifetime risk was demonstrated to be proportional
to (V-Y-10)^4-(V-Y-10-d)^4, where d is the exposure duration, Y - the age of first
exposure, V - the maximum age for risk calculation (all variables in years). Standard
calculus methods were applied to test the shape of the lifetime risk curve: it was
assumed that the dose-response curve shape is supra-linear if the first derivative
of the risk function is positive and the second derivative negative (“downward
concavity”). The power function’s exponents were used as a metric of the extent of
the deviation of the dose-response curve from a linear relationship. For both Peto
and TSCE models, it was shown that the lifetime risk changes supra-linearly with
duration; the exponent of the power function, approximating this relationship, was
ranging from 0.68 to 0.89 for various models. The dose-response curve for cumulative exposure tended to linear shape with increasing exposure intensity. For Peto
model, the cancer risk is linear by cumulative exposure if the duration is constant.
However, the downward concavity (supra-linear shape) of the dose-response curve
by duration of exposure appears to be a universal characteristic, independent from
the choice of a hazard rate function. The model has been tested for chrysotile
asbestos cohorts, with a good agreement demonstrated with published pleural
mesothelioma excess mortality (R2=0.733, p<0.0041). In general, the deviation
from linearity by cumulative exposure in risk assessment models can be potentially
eliminated by standardizing the mortality data by duration of exposure.

3324

An Examination of Probabilistic Human Health Risks due to a
Traditional Subsistence Diet in the Indigenous Communities of
the Eeyou Istchee

R. J. Moriarity1, L. J. Tsuji1, and E. N. Liberda2. 1University of Toronto, Toronto, ON,
Canada; and 2Ryerson University, Toronto, ON, Canada.
Hunting, trapping and fishing are part of an Indigenous lifestyle in subarctic Canada.
However, it may be a route of exposure to contaminants, and this may pose a risk
for the people who rely on subsistence foods. Monte Carlo simulations for the
chemical concentration of nine species were carried out by randomly sampling
10,000 samples from contaminant measures for each species. We then calculated
a probabilistic non-carcinogenic hazard index or carcinogenic risk values to
estimate the human health risk probability of exposure to contaminants. Of the
species examined, ducks were of concern with respect to carcinogenic risk. There
was a modeled probabilistic 95th-percentile risk associated with the consumption
of ducks and polybrominated biphenyl congener 153 in boys, women and men (1.09
x 10-6, 1.57 x 10-6, 2.17 x 10-6, respectively), and to a lesser extent, with geese and
polychlorinated biphenyls congener 153 in men (1.19 x 10-6). The consumption
of water fowl may increase the exposure to organohalogens, however, there are
health and wellness benefits associated with the harvesting and consumption of
subsistence foods that must also be considered. We recommend follow-up species
specific studies focused on ducks to clarify and elucidate the results in the present
study.

3325

Assessment of Ethanol Exposure in Nursing Infants from
Maternal Hand Sanitizer Use and Potential for Developmental
Toxicity

A. A. Han1, A. N. Buerger2, H. Allen3, M. Vincent2, S. A. Thornton3, K. Unice3, A. Maier2,
and A. Quinones-Rivera4. 1Cardno ChemRisk, Boulder, CO; 2Cardno ChemRisk, Cincinnati,
OH; 3Cardno ChemRisk, Pittsburgh, PA; and 4GOJO Industries Inc., Akron, OH.
Ingestion of ethanol during pregnancy is known to have detrimental effects on
the fetus. Although the potential developmental effects of maternal ethanol intake
during lactation are less well characterized, public health guidelines recommend
either avoidance of alcohol or, if alcohol is consumed, to allow for 1-2 hours to
pass before nursing. An impending proposal by the Greek Competent Authority to
classify all ethanol exposures as potentially harmful to breast-fed children warrants
an investigation of the potential adverse neurodevelopmental effects from
low-dose ethanol exposure during lactation. The results of our literature search
demonstrated that there are no studies that have examined neurodevelopmental outcomes from lactational exposure to ethanol resulting from maternal use
of topical products that contain ethanol, such as alcohol-based hand sanitizers
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(ABHS). The published epidemiological literature of lactational ethanol exposures
from maternal alcohol consumption is limited in design, provides equivocal
evidence of neurological effects in offspring, and is insufficient to characterize a
dose-response relationship for developmental effects. Toxicological studies that
observed neurodevelopmental effects in pups from ethanol exposure via lactation
did so at exceedingly high doses that also caused maternal toxicity. In this investigation, physiologically based pharmacokinetic (PBPK) modeling was performed to
predict blood ethanol concentrations (BECs) of breastfeeding mothers following
typical-to-intense ABHS use, and the predicted BECs were compared to toxicological and public health benchmarks to quantify the risk for developmental outcomes.
Margins of 2.2 to 1,000 exist between BECs associated with typical-to-intense
ABHS use compared to BECs associated with neurotoxicity adverse effect levels
in the toxicological literature and BECs associated with suggested oral ethanol
intake for lactating mothers per public health guidelines. These findings suggest
that neurodevelopmental effects are not likely to occur in offspring due to ABHS
use by breastfeeding mothers, even when ABHSs are used at intense frequencies.

3326

Development of Provisional Health Guidance Values for
Community Air Risk Assessments

H. M. Bolstad, R. Novick Hirani, and J. B. Faust. California Environmental Protection
Agency, Oakland, CA.
Risk assessments of community air often require identification of health guidance
values (HGVs) for a large number of compounds. Traditional HGV development
requires substantial investment of time and resources. Methodology was developed
for the identification and adjustment of existing HGVs from multiple entities to
serve as provisional HGVs in a screening-level risk assessment for ambient air. The
first step was identification of the inhalation HGVs from diverse entities including
environmental and occupational health organizations. Second was evaluation of
the HGVs against the following ideal traits: HGV derivation is documented, peer
review is employed in HGV development, the program that produced the HGV is
active, the HGV is based on inhalation data, the HGV is intended to protect the
general population, the HGV is developed following established guidance, and
the HGV reflects the science policy that guides risk determinations in California.
Following this evaluation, the various HGV types were ranked to guide selection of
HGVs for the assessment. Those HGVs that did not satisfy enough of the evaluation criteria but were valuable sources of information were labeled “data sources.”
A decision tree with four tracks was used to identify a provisional acute and chronic
HGV for each compound. In Track 1, an Office of Environmental Health Hazard
Assessment (OEHHA) reference exposure level was selected if available. In Track 2,
a provisional HGV was selected from the remaining ranked HGVs through adoption
as is or adjustment for exposure route (e.g., ingestion to inhalation), duration (e.g.,
subchronic to chronic), or for sensitive populations (e.g., for occupational health
values which are intended for the healthy, adult worker). When a ranked value
was not available, the point of departure from a data source was used along with
OEHHA uncertainty factors to produce a provisional HGV (Track 3). If a data source
was not available, a structural analog approach was used (Track 4). Structural
analogs of the target compound with a Tanimoto structural similarity score of >0.8
were identified along with any ranked HGVs available for the analogs. The highest
ranked HGV for the analog with the highest similarity score was adopted as the
provisional HGV. If Tracks 1-4 did not produce an HGV, the compound was not
evaluated in the assessment. Using this methodology, an acute HGV was identified
for approximately 75% of the more than 100 compounds considered, and a chronic
HGV for approximately 90% of the compounds.

3327

IRIS Toxicological Review of ETBE: Kidney Toxicity, MOA
Analyses, and Derived Toxicity Values

J. Weaver1, K. Newhouse2, J. Lee1, and K. Salazar2. 1US EPA, Research Triangle Park,
NC; and 2US EPA, Washington, DC.
In August 2021, US EPA’s IRIS program finalized a health assessment for the fuel
additive ethyl tertiary -butyl ether (ETBE). ETBE is a man-made ether oxygenate
used primarily as a gasoline additive. ETBE is released into the environment through
gasoline leaks with potential exposure through contaminated groundwater or soil.
Animal studies demonstrate that exposure to ETBE is associated with noncancer kidney effects following oral and inhalation exposure. Dose-related changes in
several indicators of kidney toxicity were observed in male and female rats, including increased absolute kidney weight, histopathological changes, increased serum
biomarkers of kidney dysfunction, and increased severity of chronic progressive
nephropathy (CPN). An evaluation of whether ETBE causes alpha 2u-globulin-associated nephropathy was done using the EPA and IARC frameworks. ETBE induced
an increase in hyaline droplet accumulation and increased alpha 2u-globulin
deposition in male rats; however, most of the subsequent steps in the pathological
sequence were not observed, and animals did not develop kidney tumors. The US
EPA’s framework states that “[i]f a compound induces α2u-globulin accumulation
in hyaline droplets, the associated nephropathy in male rats is not an appropriate endpoint to determine noncancer (systemic) effects potentially occurring in
humans.” However, because alpha 2u-globulin nephropathy is strictly a male rat
phenomenon, the dose-related kidney effects in female rats are not confounded by

alpha 2u-globulin nephropathy. CPN also plays a role in exacerbating nephropathy
in rats of both sexes, though its etiology is unknown. Given that there is no definitive
pathogenesis for CPN, it cannot be fully ruled out that chemicals that exacerbate
CPN in rats may have the potential to exacerbate other disease processes in the
human kidney. Thus, kidney effects were identified as the strongest hazard for
ETBE and an RfD of 1 mg/kg-day, based on increased kidney weight in female
rats, was derived. Disclaimer: The views expressed in this abstract are those of the
author(s) and do not necessarily represent the views or the policies of the US EPA.

3328

A Novel Approach to Characterize Exposures and Health
Risks to Communities Surrounding Oil and Gas Operations in
Colorado: Utilizing Real-Time Handheld Air Quality Monitoring
and Analytical Air Sampling Methods

A. M. Bamber, M. Lumpkin, and T. McMullin. CTEH, Golden, CO.
Recent legislation has placed public health at center stage in upstream oil and gas
(OG) development (“fracking”) in Colorado (CO). A previous analysis of existing
ambient air measurements and findings from a modeling study indicate estimated
exposure of OG related volatile organic compounds (VOCs) near OG operations are
below levels expected to cause long-term health effects to people living near OG
wellpads. However, there exists data gaps in our understanding of how site-specific activities (primarily during pre-production) could result in transient changes
in air concentrations and potential acute and subchronic exposures. The objective
of the present studies was to use an innovative approach partnering high-resolution real-time monitoring with analytical air sampling near well pads and in the
surrounding communities to characterize public health risks of OG-related VOCs,
if any, during specific pre-production and production phases (drilling, hydraulic fracturing, flowback, production). Data were collected at 13 wellpads across
the Northern Front Range and Western Slope. Approximately 24,000 real-time
measurements of benzene, total VOCs, and other specific VOCs were collected in
communities surrounding the wellpads during all operational phases. Concurrent
with the real-time monitoring, over 650 analytical air samples were collected
continuously for 24-hour intervals at locations surrounding the perimeters of the
wellpads and within nearby communities. The analytical data were used to conduct
a screening-level public health risk evaluation to determine whether exposure
to the measured concentrations of individual and cumulative VOCs could pose
acute or subchronic health hazards. Benzene was never detected in any real-time
measurements and 98% of total VOCs were non-detects (< 1 ppb). In addition, all
individual and cumulative analyte concentrations from 24-hour average VOC analytical samples were below applicable health screening levels. These study findings
indicate that VOC emissions during discrete pre-production and production wellpad
activities in CO are not expected to 1) result in off pad migration of VOCs, including
benzene, at levels expected to cause acute adverse health effects and 2) cause
acute or subchronic adverse health effects to a maximally exposed hypothetical
individual living at the perimeter of a wellpad.

3329

The Role of Alpha 2u-Globulin and Chronic Progressive
Nephropathy in the IRIS Toxicological Review of tert-Butanol

J. Lee1, A. Weaver1, K. Newhouse2, C. Gibbons2, and K. Salazar2. 1US EPA, Research
Triangle Park, NC; and 2US EPA, Washington, DC.
The IRIS Toxicological Review of tert-Butanol (TBA) assessed the human relevance
of kidney effects observed in male and female rats. EPA and IARC frameworks were
used to evaluate whether TBA caused alpha 2uglobulinassociated nephropathy.
Evidence implies that an alpha 2uglobulin MOA is operative, although relatively
weak and is not solely responsible for the renal tubule nephropathy observed in
male rats. Chronic progressive nephropathy (CPN) also plays a role in exacerbating
nephropathy in male and female rats. While the etiology of CPN is unknown and
it has no known analog in the aging human kidney, it cannot be ruled out that a
chemical which exacerbates CPN in rats could also exacerbate disease processes
in the human kidney. Several other effects in the kidney unrelated to alpha 2uglobulin were observed in female rats, including suppurative inflammation, transitional
epithelial hyperplasia, and increased kidney weights. These specific effects
observed in female rats, not confounded by alpha 2uglobulinrelated processes, are
considered the result of TBA exposure, and therefore, relevant to humans and a
reference dose was derived. Concerning cancer, CPN and other effects induced by
both alpha 2uglobulin processes and TBA play a role in renal tubule nephropathy,
and the evidence indicates that CPN augments the renal tubule tumor induction
associated with TBA exposure in male rats. Poor doseresponse relationships
between alpha 2uglobulin processes and renal tumors in male rats and a lack
of renal tumors in female rats despite increased CPN severity, however, suggest
that other, unknown processes contribute to renal tumor development. Based on
this analysis, these renal tumors are considered relevant to humans but were not
considered suitable for quantitative analysis. Disclaimer: The views expressed in
this abstract are those of the author(s) and do not necessarily represent the views or
the policies of the US EPA.
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Quantitative Risk Assessment of Skin Sensitization Elicitation
following Use of Shampoo Products Containing FormaldehydeReleasing Preservative DMDM Hydantoin

C. Stewart1, J. A. Parker2, R. Hwang3, M. Vincent4, and E. S. Fung2. 1Cardno ChemRisk,
Chicago, IL; 2Cardno ChemRisk, Aliso Viejo, CA; 3Cardno ChemRisk, San Francisco, CA;
and 4Cardno ChemRisk, Blue Ash, OH.
Preservatives are routinely used in personal care products, including shampoos, to
extend their shelf-life. While the use of formaldehyde has been phased out due to
skin sensitization potential, formaldehyde-releasing preservatives, such as DMDM
hydantoin (DMDMH), are still widely used. A relationship has been established
between positive patch test results following exposure to DMDMH and previous
sensitization to formaldehyde. Recently, there have been reports of hair loss following use of certain shampoo products containing DMDMH. Hair loss is a multifaceted condition that can be caused by a variety of factors; while the mechanism is
unclear, immune-related conditions have been reported to contribute to hair loss.
The aim of this analysis was to conduct a quantitative risk assessment to assess
the risk of skin sensitization elicitation following use of shampoo products that
contain the maximum allowable concentrations of DMDMH in formulation (1% w/v).
Up to 2% of free formaldehyde is found in equilibrium with DMDMH, thus, 0.02%
formaldehyde concentration in shampoo was assumed. In order to determine a
margin of safety (MOS) for exposure to DMDMH from use of shampoo products,
consumer exposure levels (CEL) were estimated based on typical use scenarios
(1.11 applications/day; 10 mg shampoo/cm2/application) and then benchmarked
against an acceptable exposure level (AEL). The AEL was derived using a weight
of evidence approach where a range of no expected sensitization induction levels
(NESILs) was utilized, including one generated using benchmark dose modeling, to
account for variability in individual susceptibility. The resulting MOS values for a
shampoo product containing 1% DMDMH (0.02% formaldehyde) was above 1 for
the typical use scenario outlined above indicating there is a low likelihood of skin
sensitization elicitation among individuals expected to be otherwise healthy. Given
these results, it can be concluded that shampoo products containing DMDMH at or
below current allowable concentrations are not expected to increase the risk of skin
sensitization elicitation. More importantly, these methods can be applied to future
studies examining skin sensitization elicitation following exposure to other formaldehyde-releasing preservatives.

3331

Oral Risk Assessment of Dicyclohexylamine: Overcoming Data
Gaps, Poor Data Reporting, and Uncertainty Regarding Mode of
Action

S. L. Hamilton, B. J. Lampe, and K. A. Magurany. NSF International, Ann Arbor, MI.
As dicyclohexylamine (DCHA) has been detected in the extractant water from
drinking water filters, oral exposure to DCHA may occur via ingestion of drinking
water. Other applications of DCHA that may result in human exposure include
indirect food-contact use, contact with consumer products, or occupational
exposure. DCHA is a secondary amine with a genetic toxicity profile comparable
to other secondary amines. The dataset indicates low concern for mutagenicity,
but there is evidence of clastogenic properties. As only a pre-guideline carcinogenicity study investigating DCHA was identified, carcinogenicity data for other
secondary amines were considered. Collectively, despite the observation of clastogenicity, the chronic toxicity data for dimethylamine and diethylamine indicate that
aliphatic secondary amines, as a category, are not likely to be carcinogenic. As
such, non-cancer endpoints were the focus of this assessment. Although there
was poor data reporting in the available study summaries, the first clear adverse
effect reported as affected by exposure noted across studies was consistent
nervous system effects in the form of convulsions. Convulsions were observed in
acute toxicity studies, as well as three of the four repeated dose toxicity studies for
DCHA, at doses ranging from 30 mg/kg-day to 80 mg/kg-day. Potential modes of
action were investigated, including convulsions secondary to hyponatremia and a
stimulant mode of action. However, mode of action data sufficient to definitively
link the observed effects are not available. The selection of convulsions as the
critical effect is protective of the developmental effects observed in the prenatal
developmental study including increased number of resorptions and increased
intrauterine death after implantation. Therefore, the RfD is based on a human-equivalent NOAEL of 2 mg/kg-day identified from a 90-day gavage study in Wistar rats
administered DCHA at dose levels of 0, 10, 30, or 90 mg/kg-day. Convulsions were
observed at the LOAEL of 30 mg/kg-day. An overall uncertainty factor of 300x was
applied. This accounts for (10x) intraspecies and (3x) interspecies variability, as
well as (10x) database deficiencies that consist of a lack of neurodevelopmental
toxicity data, as well as uncertainty associated with the selected point of departure.
An RfD of 0.007 mg/kg-day was determined for DCHA, which corresponds to a
Total Allowable Concentration of 0.04 mg/L in drinking water.

3332

A Novel Alternative Method Using Kinetically Derived
Maximum Dose Levels in Risk Assessment: A Case Study with
Afidopyropen

A. Loccisano1, E. Freeman2, B. Riffle3, A. Doi3, M. Frericks4, I. Fegert4, and E.
Fabian5. 1Exponent, Alexandria, VA; 2Exponent, Washington, DC; 3BASF Corporation,
Research Triangle Park, NC; 4BASF SE, Limburgerhof, Germany; and 5BASF SE,
Ludwigshafen, Germany.
Human health risk assessment (HHRA) involves the evaluation of both hazard and
exposure information to characterize risk. Although both are important, historically the focus has been placed on conducting the required toxicological studies
for hazard characterization with exposure information only considered after the
points of departure (PODs) have been established. Required toxicological studies
include testing of substances up to a toxicodynamic maximum tolerated dose
(MTD), without consideration of toxicokinetics or the potential for human exposure.
Recently, the use of the kinetically-derived maximum dose (KMD) has been considered for refining the maximum dose used in repeat dose toxicity studies. We
propose using the KMD approach to define the POD, which can be combined with
human exposure. This approach offers a novel alternative method to characterize risk thus allowing regulatory authorities to evaluate HHRA for crop protection
according to their own standard of safety. We present a case study employing
afidopyropen toxicokinetic data and exposure assessments that characterize risk
using a Risk 21-based approach. The case study includes discussion of the impact
of dose selection in the toxicokinetic studies to define the KMD and a retrospective
analysis of the experimentally-derived PODs compared with the presented KMD
approach. The KMD from the toxicokinetic database for afidopyropen is in the range
of 2.5-12.5 mg/kg/d; the chronic POD from the toxicological database is 8 mg/
kg/d, demonstrating the POD is within the range of the KMD. The chronic dietary
exposure, including drinking water, is 0.001335 to 0.003545 mg/kg/d. Using the
margin of exposure (MOE) approach with the benchmark MOE of 100X (for inter/
intra-species safety factors), derived MOEs range from 700—3500X, demonstrating
a reasonable certainty of no harm from registered uses. The results demonstrate
the use of a KMD combined with exposure information for afidopyropen as a viable
alternative approach to HHRA and supports the international goals of reducing,
refining, and replacing animal studies.

3333

Use of Targeted Mode-of-Action Research to Inform Human
Health Risk Assessment of Hexavalent Chromium

C. M. Thompson1, G. A. Chappell2, L. Mittal1, B. Gorman3, D. M. Proctor4, L. C. Haws3,
and M. A. Harris1. 1ToxStrategies Inc., Katy, TX; 2ToxStrategies Inc., Asheville, NC;
3ToxStrategies Inc., Austin, TX; and 4ToxStrategies Inc., Orange, CA.
Hexavalent chromium [Cr(VI)] is widely perceived as a genotoxic carcinogen;
however, lifetime exposure to high concentrations of Cr(VI) in drinking water
induces a limited array of tumor responses in rodents: adenomas and carcinomas
in the proximal small intestine of mice and squamous cell carcinomas in the oral
cavity of rats. In addition to intestinal tumors, Cr(VI) also causes cytotoxicity-induced regenerative cell proliferation in the intestine. Lesions of the small intestine
have served as the basis of several toxicity values for Cr(VI) including oral cancer
slope factors based on tumor incidence and threshold reference values based on
cytotoxicity-induced regenerative cell proliferation. This presentation will review
evidence supporting nonlinear risk assessment approaches for Cr(VI) including
nonlinearities in Cr(VI) kinetics based on PBPK models, limited dosimetry to target
cell populations by fluorescence microscopy, nonlinearities in transcriptomic
responses at individual gene level and compartment microdissection, evidence
for villus cytotoxicity and crypt hyperplasia, and evidence against genotoxicity in
target tissues (including use of transgenic rodent models). In addition, environmental monitoring data from Wisconsin was analyzed to estimate the percentage
of population that would be served by water sources exceeding water standards
based on either linear or nonlinear toxicity criteria. This presentation demonstrates
that mode of action analysis of intestinal tumors supports development of safety
criteria for Cr(VI) using nonlinear approaches.

3334

Concordance of Reference Dose and Linear Risk Assessment
Approaches in an Updated Oral Risk Assessment of Aniline

K. Cox, C. Gillilland, and K. Magurany. NSF International, Ann Arbor, MI.
General population exposure to aniline primarily occurs due to its natural
occurrence in fruits and vegetables. Additionally, exposure to aniline in drinking
water arises due to its use as a starting compound for antioxidants and accelerators used in water-contact materials. An oral risk assessment was performed to
update allowable drinking water levels according to the reassessment processes
outlined in NSF/ANSI/CAN 600. Aniline is well absorbed following oral, dermal and
inhalation exposures. In both humans and animals, aniline is metabolized by three
metabolic pathways, N-acetylation, aromatic hydroxylation and N-hydroxylation.
Aniline is acutely toxic with oral LD50 values of 442-930 mg/kg in rodents. Aniline
is a weak skin irritant, a severe eye irritant and sensitizing in both animals and
humans. Available repeated dose studies of aniline in animals resulted in adverse
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hematology effects commonly reported at the lowest dose tested (≥4 mg/kg-day)
including reduced RBC, HGB and HCT levels, increased reticulocytes, MetHb and
MCV values as well as formation of Heinz bodies. In chronic dietary studies in
rats, aniline-induced damage to erythrocytes resulted in increased iron content and
oxidative damage to the spleen leading to inflammation, hyperplastic and fibrotic
changes to splenic stroma, and splenic tumors. The genetic toxicity of aniline has
been extensively examined and indicates aniline is genotoxic both in vitro and in
vivo. A potential for a direct mutagenic effect cannot be excluded due to possible
formation of aniline-DNA adducts. As such, an oral RfD for hematological endpoints
and a linear extrapolation for splenic tumors were assessed. Following an oral
RfD approach, a BMDL05-HED of 0.5 mg/kg-day for increased MCV in female rats
following a 26-week dietary exposure was identified as the point of departure. Using
a total uncertainty factor of 100x (3x interspecies, 10x intraspecies, 3x database),
an oral RfD of 0.005 mg/kg-day was determined. The resulting Total Allowable
Concentration (TAC) in drinking water was 30 µg/L. For splenic tumors identified
in male F344 rats, a Bayesian model average resulted in a BMDL10-HED of 11.1 mg/
kg-day with a corresponding oral slope factor of 0.009 (mg/kg-day)-1. A resulting
TAC of 30 µg/L was calculated for the 10-5 cancer risk level. Overall, concordance
of both risk assessment approaches supports that the drinking water action levels
established are protective of public health.

3335

Virginia’s Drinking Water Advisory Level for Anatoxin-A and
Application to the 2021 North Fork Shenandoah River Benthic
Cyanobacterial Bloom

A. Hayes, D. Flammia, T. Egerton, and M. Smigo. Virginia Department of Health,
Richmond, VA.
Cyanobacterial blooms are expected to increase in frequency due to climate
change, and have received increasing attention as potential hazards to human
health. While recreational exposure to cyanotoxins is the most common route of
exposure, there is the potential for exposure through drinking water if cyanotoxins in source water are not adequately removed. Historically microcystins have
received the most attention, while other cyanotoxins have received less attention
due to less frequent detection in surface waters and limited toxicity information. In
2021, Virginia expanded testing for anatoxin-a and saxitoxin, and set recreational
standards due to detection of these cyanotoxins in recreational water and potential
for future blooms. At that time a cyanobacterial bloom in Virginia with the potential
to result in detectable anatoxin-a in drinking water was unprecedented, but an
advisory level for anatoxin-a in drinking water was determined as a precautionary
measure. The advisory level adopted was set at 0.4 parts per billion (ppb), based
upon a 28-day mouse gavage study. It is intended to be protective of people across
all age groups, including infants, and used EPA’s standard estimates for body mass
and 90th percentile drinking water intake across age groups. Other states have set
advisory levels between 0.1–4 ppb, varying based upon the toxicity study chosen to
determine the dose and assumptions regarding volumes ingested. During July of
2021 a benthic cyanobacterial bloom occurred in the North Fork of the Shenandoah
River. Cyanobacterial mats dominated by Microcoleus (previously Phormidium)
were found attached to the river bottom, floating in the water and washed up along
the shore. Based upon discovery of anatoxin-a in mat material, a recreational
advisory was issued that eventually extended to approximately 52.5 miles of river.
This stretch of river included the water intakes for drinking water systems for the
Towns of Strasburg and Woodstock and the City of Winchester. Water sampling
found anatoxin-a concentrations as high as 1.057 ppb at the Strasburg water
system intake, but all finished water concentrations were below the advisory level
of 0.4 ppb. All water treatment systems optimized their treatment process and
conducted testing of finished water. At no point were anatoxin-a concentrations
found to exceed the advisory level adopted by the Virginia Department of Health.

3336

Heath Assessment of Inorganic Phosphates

D. D. Petersen, and J. Zhao. US EPA, Cincinnati, OH.
Essential elements, like phosphorous (P), present unique risk assessment
challenges. There is a need to balance human dietary requirements with the desire
to protect human health by developing appropriate and robust chemical risk assessments. P, as commonly found in various phosphates, thus exhibits a “U-shaped”
dose-response curve, where doses above deficiency, and doses below toxicity, could
overlap for some populations. Thus, the interpretation of extradietary exposures
above a standard American diet that may result from exposures at contaminated
sites is uniquely challenging. P is most commonly found in nature in its pentavalent
form in combination with oxygen, known as phosphate or orthophosphate anion
(PO43−). P is an essential constituent of all living organisms, and its abundance
and form are quite uniform across most plant and animal tissues. Data from acute
human clinical exposures demonstrate renal and gastrointestinal toxicity, but these
studies are short-term, and may not extrapolate to subchronic or chronic durations.
Human dietary studies also show renal, cardiovascular, and skeletal endpoints near
the same exposure levels. However, the dosimetry in these studies was determined
by dietary surveys, completed years after the exposures, and failed to determine the
exact forms of phosphate in the diet, thus the confidence in the exact dosimetry
is low. There is, however, robust animal data from acute, subchronic, chronic and

developmental studies in several species, with similar endpoints as in humans.
Once absorbed, the various salts of phosphate, including aluminum, sodium,
potassium and calcium largely behave similarly, since these salts are generally
ionized in tissues, and exchange cations as they distribute through different body
compartments. Their solubility’s as salts differ, and thus absorption can be higher
for some salts (e.g., sodium/potassium), than others (e.g. calcium). The lowest
potential point of departure (POD) across all evaluated salts was a LOAELHED from
a study by Ritskes-Hoitinga et al (2004), which showed nephrocalcinosis in rats
and rabbits where dosimetry included dietary background and under conditions
where calcium/phosphate ratios were specified. This is important because calcium
interferes with phosphate absorption. Several additional studies showed similar
endpoints at similar doses. Disclaimer: The views represented in this abstract are
those of the authors and do not necessarily reflect those of the US EPA.

3337

Quantitative Integration of Mode-of-Action Information in
Dose-Response Modeling and POD Estimation: A Case Study
of PCB 126

Y. Zhou, and K. Shao. Indiana University Bloomington, Bloomington, IN.
As a critical component in chemical risk assessment, dose-response assessment
quantitatively estimates a biologically/statistically significant dose (i.e., point of
departure (POD)) and extrapolates it to a reference dose. Typically, the benchmark
dose (BMD) or its statistical lower bound (i.e., BMDL) is used as a POD for carcinogens. By default, low dose extrapolation adopts a linear approach with the
assumption that all carcinogens are mutagens. However, it results in conservative
estimates due to the limitation of the assumption. US EPA encourages that if data
are sufficient, mode of action (MOA) for non-mutagenic carcinogens should be
incorporated into non-linear extrapolation to derive reference dose/concentration
(RfD/RfC). However, this alternative approach abandons the advantage of linear
extrapolation, i.e., estimating the risk. Therefore, in this study, a new dose-response
assessment framework with quantitatively integrated MOA information was
proposed to characterize the risk of non-mutagenic carcinogens. It included three
major steps: (1) identifying and extracting key quantifiable events (KQEs) along the
carcinogenesis pathway; (2) estimating critical doses that sequentially activate a
series of key events using the BMD methodology; (3) evaluating pathway dose-response relationship to derive a probabilistic POD. As the most potent chemical
in polychlorinated biphenyl family, 3,3’,4,4’,5-Pentachlorobiphenyl (i.e., PCB 126)
mainly exerts tumor-promoting effects on liver tissue, and thus was exemplified to
demonstrate the new method. The results indicated that identified KQEs included
sustained aryl hydrocarbon receptor activation, modulation of gene expression,
enzyme and protein induction, altered focal cell growth, preneoplastic focal tissue
change, and liver tumors. Hypertrophy and relative liver weight change at 14 weeks
were two necessary precursor events for hepatic carcinogenesis and corresponding pathway. The estimated lower bound of POD was 0.13 ng/kg/day which is
relatively close to an approximated counterpart using TCDD bioassay study data.
The results suggest that the proposed method may overcome many aforementioned weaknesses but provide comparable results.

3338

Derivation of a No-Significant-Risk-Level (NSRL) for Methyl
Acrylate

B. Wang, D. Remeikas, and M. H. Whittaker. ToxServices LLC, Washington, DC.
Methyl acrylate (CAS# 96-33-3) is a high production volume monomer used industrially to make polymers that function as adhesives, sealants, resins, polymeric and
latex coatings, in various papers and paperboards, and amphoteric surfactants.
The State of California’s Office of Environmental Health and Hazard Assessment
(OEHHA) is considering including methyl acrylate on the State of California’s list
of substances known to the State to cause cancer or reproductive toxicity (i.e.,
Proposition 65) as a result of a recent cancer classification of Group 2B (possibly
carcinogenic to humans) by the International Agency for Research on Cancer (IARC).
OEHHA has not established a safe harbor level for methyl acrylate. Therefore, in
anticipation of the official inclusion of methyl acrylate on Proposition 65, this report
applies OEHHA’s published methodologies and conservative assumptions to methyl
acrylate’s health effects dataset to calculate a NSRL for use in Proposition 65 safe
harbor exposure assessments. Three long-term inhalation studies are available
for methyl acrylate in male and female B6D2F1/Crlj mice, male and female F344/
DuCrlCrlj rats, and male and female Sprague-Dawley rats. Benchmark dose (BMD)
modeling was performed using solid doses in the unit of mg/kg/day converted from
the inhalation concentrations on the statistically significant or potentially biologically significant tumors – soft tissue sarcoma and hematopoietic and lymphoid
(malignant leukemic) tumors in male Sprague-Dawley rats, pituitary gland adenoma
in female Sprague-Dawley rats, nasal cavity squamous cell carcinoma in male
F344/DuCrlCrlj rats, and pheochromocytoma (benign and malignant) in female
F344/DuCrlCrlj rats – using the United States Environmental Protection Agency (US
EPA)’s BMD software. Interspecies extrapolation was then performed to calculate
the human equivalent cancer slope factors (CSFs) for methyl acrylate. The most
conservative (highest) human equivalent CSF of 0.02996 (mg/kg/day)-1 is based
on malignant leukemic tumors (leukemia, lymphoma and lymphosarcoma) in male
rats. The resulting NSRL is 23.4 μg/day. When it can be demonstrated via quanti-

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 149

tative exposure assessments that the daily consumer exposure to methyl acrylate
is below the NSRL, industries are exempt from the Proposition 65 labeling requirement and drinking water discharge prohibition.

3339

Development of Toxicity Criteria for Inhalation Exposure to
Ethanol

J. Ator, M. Rubens, and M. H. Whittaker. ToxServices LLC, Washington, DC.
This evaluation identifies cancer and non-cancer toxicity criteria for use in human
health risk assessments for inhalation exposure to ethanol through use of consumer
products such as perfume/cologne, hand sanitizer gels, ethanol-containing vehicle
fuel, and electronic nicotine delivery systems (ENDS). Ethanol (from consumption
of alcoholic beverages) is classified by IARC as a Group 1 known human carcinogen
and is a teratogen, but inhalation-route data and toxicity criteria are limited. Inhaled
ethanol is absorbed systemically and subsequently undergoes similar distribution,
metabolism, and elimination compared to ingested ethanol. Accordingly, long-term
inhalation of ethanol may be associated with adverse systemic and local health
effects, including cancer, and available oral-route toxicity criteria can be extrapolated to inhalation exposure. ToxServices identified three potential values upon
which to base inhalation-route toxicity criteria: an inhalation-route initial threshold
screening level (ITSL) (non-cancer health risks); a composite oral cancer slope
factor (cancer risks); and an oral-route relative risk-based value (cancer risks).
Using default values for human physiologic parameters such as body weight, the
corresponding acceptable daily ethanol exposure levels are 380 mg/day, 0.4 mg/
day (10E-06 risk level), and 80 mg/day (10E-06 risk level), respectively. The ITSL
was derived from the occupational literature and included a safety factor of 100,
suggesting that the value of 380 mg/day is likely health protective for non-cancer health effects, fetal alcohol syndrome in particular. The relative risk approach
was based on a detailed evaluation of human epidemiology data, including breast
cancer, which has been causally attributed to ethanol ingestion, and is more relevant
for the evaluation of cancer risks than use of the cancer slope factor approach,
which may be overly conservative because ethanol likely exerts its carcinogenic
effects in a threshold-based manner. Furthermore, the composite cancer slope
factor was based in part on incidences of cancers of the pancreas and pituitary in
rats; however, neither the pancreas nor the pituitary has been conclusively identified as a target for ethanol-related tumor formation in epidemiology studies. Thus,
ToxServices recommends 380 mg/day and 80 mg/day, respectively, as toxicity
criteria for use in non-cancer and cancer risk assessments for inhalation exposure
to ethanol from use of consumer products.

3340

Derivation of a No-Significant-Risk-Level (NSRL) for Ethyl
Acrylate

Z. Guerrette, J. Ator, and M. H. Whittaker. ToxServices LLC, Washington, DC.
Ethyl acrylate (EA) is listed on the State of California’s Proposition 65 List as
known to the State to cause cancer. This listing is supported by results of National
Toxicology Program (NTP) two-year bioassays. Oral dosing with EA led to dose-related increased incidences of forestomach pre-neoplastic lesions (hyperkeratosis, epithelial hyperplasia, acute and/or chronic inflammation) and squamous cell
tumors in rats and mice of both sexes. Although questions regarding the human
relevance of these findings have been raised, industries are obligated to comply
with Proposition 65 labeling requirements and drinking water discharge prohibition for products sold in California, unless they are able to demonstrate that EA
levels in their products result in consumer exposures below specific safe harbor
levels, including No Significant Risk Levels (NSRLs) for carcinogens. As the State of
California has not published a NSRL for EA, we derived a NSRL based on NTP data
in accordance with California Office of Environmental Health Hazard Assessment
guidelines. As the weight of evidence indicates EA is a non-genotoxic carcinogen
and an adverse outcome pathway has been established providing a mechanism for
non-genotoxic, irritating chemicals to produce forestomach tumors via saturation
of detoxification pathways and production of spontaneous mutations following
regenerative hyperplasia, we applied a non-linear, threshold-based approach for
the tumors and preneoplastic lesions identified in the NTP studies. We performed
benchmark dose (BMD) modeling via US EPA’s BMD Software v3.2 to derive BMDs
for each tumor and preneoplastic lesion detected in the NTP EA rodent bioassays
with a benchmark response (BMR) of 10%. Prior to the analyses, we scaled the
animal doses to human equivalent doses (HEDs) using body weight scaling to
account for species differences in detoxification pathways. To avoid introducing
statistical artifacts from any one model, we applied Bayesian model averaging to
each analysis. Using this approach, the most conservative lower-bound benchmark
dose (BMDL10) corresponded to epithelial hyperplasia in female rats. Applying
an aggregate uncertainty factor of 100 (10 for intra-species extrapolation and 3
each for interspecies extrapolation and database completeness) and a human body
weight of 70 kg, we calculated a NSRL of 861 µg/day for EA. This NSRL can be used
in risk and safety assessments to evaluate compliance with Proposition 65 requirements for consumer products containing EA and sold in California.

3341

Risk Assessment of Organic Impurities Detected in Hand
Sanitizers Marketed to Children during the COVID-19 Pandemic

J. S. Kozal1, M. J. Vincent2, L. E. Gloekler3, E. J. de Gandiaga3, A. Massarsky3, R. E.
Zisook1, N. R. Binczewski3, K. E. Gibbs3, S. H. Gaffney1, and G. S. Dotson2. 1Cardno
ChemRisk, San Francisco, CA; 2Cardno ChemRisk, Cincinnati, OH; and 3Cardno ChemRisk,
Aliso Viejo, CA.
Due to increased demand for hand sanitizer during the COVID-19 pandemic, the
US Food and Drug Administration (FDA) established temporary guidance for the
preparation of alcohol based hand sanitizer, including interim limits for organic
impurities in the source alcohol. FDA has recommended against the use of certain
hand sanitizers due to exceedances of these limits. However, it is unclear whether
these limits are heath-based and protective of sensitive populations, such as
children. The purpose of the current research was to determine if children are at
an increased risk of adverse health effects following potential exposure to hand
sanitizer via different user scenarios, including intended dermal application or
incidental ingestion. A recent market survey of hand sanitizers marketed to children
reported detection of various organic impurities (i.e. acetaldehyde, methanol,
1-propanol, ethyl acetate, isobutanol, benzene, and acetal) in certain products.
Levels of benzene, acetaldehyde, and acetal exceeded the FDA interim limits in a
subset of these products. Using the worst-case impurity levels reported from all
products, we conducted a screening level risk assessment to identify the potential
risk of systemic health effects in different age groups of children following different
exposure pathways and durations. Specifically, we used health protective assumptions to estimate systemic exposure doses (SEDs) that may result from subacute
and subchronic repeated dermal use, as well as acute incidental ingestion (hand-tomouth, lick, and mouthful). We identified health-based guidance values established
by government and regulatory bodies and appropriate no observed adverse effect
levels (NOAELs) from in vivo studies to characterize the risk associated with use of
these hand sanitizers by calculating margins of safety using the SEDs. Preliminary
results suggest no risk of systemic health effects to children from use of these
hand sanitizers under the recommended or anticipated use conditions evaluated.
More refined risk assessments are underway.

3342

Risk Comparison of 1-bromopropane in Production Enterprises
and Use Enterprises with Two Toxicological Health Risk
Assessment Methods

Y. Zhang, J. Xiao, X. Chen, J. Lv, H. Yang, Y. Li, and B. Li. National Institute for
Occupational Health and Poison Control, Beijing, China.
To compare and analyze the risk of 1-bromopropane(1-BP) hazards in production enterprises and use enterprises through two risk assessment methods and
to evaluate the occupational health risk. Occupational health investigation and
1-BP detection for workplaces were carried out in three production enterprises
in southern of China and in three use enterprises in northern of China. The risk
ratings of different posts were assessed by US Environmental Protection Agency
(EPA) inhalation risk (EPA assessment model) and Singapore Semi-quantitative
Assessment Model (MOM assessment model). The risk classification results of
the 2 risk assessment methods were compared and analyzed, based on occupational exposure limits for hazardous agents in the workplace (GBZ2.1-2019) and
classification for hazards of occupational exposure to toxicant (GBZ 230-2010).
The concentration of 1-BP on the positions of reaction, rectification, lavation and
packaging were 0.1, 0.9, 1.6 and 0.5mg /m3 respectively in production enterprises,
while on the positions of clamping, cleaning 1 line, cleaning 2 line, and checking
were 56.4,29.7,63.4 and 33 mg /m3 respectively in use enterprises. By the EPA
assessment model, all of the positions were evaluated as negligible risk in production enterprises, while the positions of cleaning 1 line and checking were low risk
as well as the positions of clamping and cleaning 2 line were medium risk in use
enterprises. Through the MOM assessment model, the four positions were negligible risk in production enterprises and all of the positions were medium risk in use
enterprises. Current results suggested that 1-BP exposure levels were higher in use
enterprises than production enterprises. The EPA assessment model could quantitatively and qualitatively assess the non-carcinogenic effects of chemicals, but
the assessment results were low risk and relatively conservative for two positions
where the exposure concentration were above the limit. Based on the comprehensive consideration of both hazard level and exposure level, the MOM model was
assessed as more suitable for risk warning than the EPA model for 1-BP occupational health hazard risk assessment in China.

3343

Toxicological Literature Review and Analysis to Refine a
Tolerable Intake for Cobalt

M. Boylan, B. Wang, and M. H. Whittaker. ToxServices LLC, Washington, DC.
Cobalt (Co), which is frequently used as an integral component of implantable
medical devices, may be released into patients as a result of friction between
surfaces or corrosion of the metal surface; therefore, it may be identified during
routine extractable and leachables testing of devices. As specified in ISO
10993-17:2002, “The determination of the suitability of a medical device for a partic-
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ular use involves balancing any identified risks with the clinical benefit to the patient
associated with its use. Among the risks to be considered are those arising from
exposure to leachable substances arising from medical devices.” A permitted daily
exposure (PDE) of 5.0 µg/day for the parental route of exposure was established in
ICH Q3D(R1), based on an oral NOAEL from a 90-day human study identifying the
most sensitive endpoint of polycythemia; this value was used as the basis for an
original tolerable intake (TI) of 0.1 µg/kg/day for Co. A subsequent literature review
was conducted to see if there were more recent studies available regarding Co
toxicity. There were numerous studies available evaluating blood Co kinetics, as well
as hematological and biochemical parameters in human volunteers, that led to the
conclusion that blood concentrations >300 µg/L Co can lead to endocrine, hematological, cardiovascular, and neurological effects in humans. Guidance values that
have been established for excessive wear of hip implants, coupled with human
kinetic studies, indicated that whole blood Co concentrations may be used as the
point of departure (POD) to derive a new PDE. The basis of the original ICH Q3D(R1)
PDE is still considered to be the relevant study; however, the actual dosages of
0.08-19 mg Co/kg/day based on body weights of volunteers was determined to be
the most appropriate dose to derive a TI. A UF1 for interhuman sensitivity of 5 could
be selected, based on people with impaired kidney function having 3 to 5 times
higher Co body burden compared to healthy individuals; as the weight of evidence
is weak, however, a UF of 10 was used. A UF2 for interspecies uncertainty was not
applied, as the POD is from human studies. A UF3 for oral to parental route extrapolation of 10 was used, as available studies reported a wide range of oral bioavailability for Co, along with a UF of 2 for subchronic to chronic extrapolation. Using the
POD of 0.19 mg/kg/day and applying a total MF of 200 yields a TI of 0.95 µg/kg/
day for permanent devices. This refined TI can be compared to expected exposure
levels to Co resulting from use of a specific medical device.

3344

How Science Led to the Cancelation of Chlorpyrifos in California

S. Koshlukova, A. L. Rubin, and S. DuTeaux. California Environmental Protection Agency,
Sacramento, CA.
Chlorpyrifos, a chlorinated organophosphorus (OP) insecticide first sold in 1965,
was one of the top selling pesticides in the world in the 1990s. Until recently,
chlorpyrifos was used in many parts of the US to control pests on a variety of
crops including alfalfa, almonds, citrus, cotton, and grapes. As of December 31,
2020, virtually all agricultural uses of chlorpyrifos in California are prohibited.
This prohibition is the result of a comprehensive scientific evaluation by the
Department of Pesticide Regulation (DPR) concluding that chlorpyrifos acts as
a neurodevelopmental toxicant. This study presents the scientific basis for the
cancelation of chlorpyrifos use in California. DPR began evaluating chlorpyrifos
through a comprehensive risk assessment process in 2011. Concerns originally
focused on potential neurodevelopmental and neurobehavioral effects, genotoxicity, reproductive toxicity, probable human exposure from spray drift inhalation and
deposition, possible hand-to-mouth exposure by children, and exposure through
food and drinking water. The best characterized mode of action for chlorpyrifos is
the inhibition of acetylcholinesterase (AChE) in insects and mammals. In its 2015
and 2017 assessments, DPR considered the evidence in the evolving toxicological and epidemiological databases that the developing brain is potentially more
sensitive than AChE as a target. However, the available data were not yet sufficient
to support critical points of departure (PODs). Instead, to address the impacts of
chlorpyrifos on the developing organism, DPR applied an additional uncertainty
factor of 10 to PODs based on AChE inhibition. Following this effort, DPR identified
five new animal studies that showed altered cognition, motor control, and behavior
in rat and mice pups at 0.1 mg/kg/day, a dose below AChE is inhibited. The animal
effects were also similar to those noted throughout the epidemiological database.
DPR’s 2018 assessment concluded that developmental neurotoxicity is the critical
endpoint for chlorpyrifos toxicity and that chlorpyrifos residues in food and drinking
water could pose a risk to human health. As a result, DPR initiated actions that
ultimately ended virtually all uses of chlorpyrifos products in the state. US EPA has
since followed suit, with a decision to end the use of chlorpyrifos in the US effective
in early 2022.

the probit model. When multiple probit datasets are available, often they cannot be
directly pooled together because of disparities in experimental design. Recently, we
reported both a meta-analytical framework for multiple studies and an application
of the new methodology to dimethyl sulfide. The new methodology allows accurate
TLE estimation even if multiple datasets are heterogenous. The utilized techniques
include categorical regression, common-effect, and random-effects models. The
proposed framework was applied to multiple-study datasets from AEGL technical
support documents and new estimates of TLEs were derived. These new TLEs
are interval estimates. TLEs were recalculated for allyl alcohol (n = 0.95, 95% CI:
0.76-1.15), ammonia (n = 2.13, 95% CI: 1.98-2.27), carbon tetrachloride (n = 2.51,
95% CI: 2.27-2.76), oxygen difluoride (n = 1.29, 95% CI: 0.26-2.32), and 1,1,1,-trichloroethane (n = 3.46, 95% CI: 2.85-4.07). For these inhalants, new points-of-departure for short-term inhalation exposure levels were calculated at five reference
AEGL durations either using a derived probit model or the TLEs estimates. This
shows how the new methodology may be applied to improve accuracy of public
health assessment of short-term inhalation exposures. Disclaimer: The findings
and conclusions in this presentation have not been formally disseminated by the
Centers for Disease Control and Prevention/the Agency for Toxic Substances and
Disease Registry and should not be construed to represent any agency determination
or policy.

3345

Arsenic Impairs the Hippo-Signaling Pathway and the
Expression of Its Downstream Target Genes

M. C. Perego, B. D. McMichael, and L. J. Bain. Clemson University, Clemson, SC.
Over 150 million people are exposed to arsenic concentrations above the current 10
ppb drinking water standard through the ingestion of contaminated food and water.
While previous studies have shown that arsenic exposure can disrupt neuronal and
muscle development during embryogenesis, little is known about the mechanisms
responsible. Preliminary RNASeq results have suggested that the Hippo signaling pathway might be partly responsible for impairing cellular differentiation of
embryonic stem cells (ESCs) following chronic arsenic exposure. Activation of the
Hippo signaling triggers a cascade that results in phosphorylation and cytoplasmic
retention of the main effector, Yap. Conversely, non-phosphorylated (active) Yap
enters the nucleus and interacts with Tead to regulate transcription of downstream
target genes. Thus, the goal of this study was to investigate the effects of chronic
arsenic exposure on the expression of the Hippo pathway’s key components and its
target genes. To assess these objectives, mouse ESCs were chronically exposed
to 0.1 µM (7.5 ppb) arsenic for 32 weeks. Cells were differentiated every 4 weeks
and were collected at day 5 as embryoid bodies for immunohistochemistry analysis
and at day 9 as differentiated cells for RNA and protein analysis. Protein expression of active Yap began to increase at week 0 and was significantly upregulated
by 3.7- fold in arsenic treated samples at week 8. Although protein expression of
inactive phosphorylated Yap was significantly downregulated by 2.5- and 2- fold
at weeks 8 and 16, it was significantly increased by 1.7- fold in arsenic treated
samples at week 24. Notably, the ratio between nuclear and cytoplasmic Yap was
significantly upregulated in arsenic treated samples by 1.9- fold at week 16 and 29.
The ratio between nuclear and cytoplasmic Tead was also significantly increased
in arsenic treated samples by 3.4- and 1.6- fold at week 16 and 29, respectively. We
then examined the expression of two Yap target genes, c-myc and Ctgf. Transcript
levels of c-myc were significantly upregulated by 2.6- and 3.5- fold in arsenic
treated samples at week 16 and 24, respectively. Similarly, transcript levels of Ctgf
were significantly upregulated by 6.7- fold in arsenic treated samples at week 24.
Taken together, these results suggest that chronic exposure to an environmentally
relevant arsenic concentration might disrupt the Hippo signaling pathway and the
expression of its target genes, leading to impaired cellular differentiation.

3346

2,4-di-tert-butylphenol Causes Delays in Osteogenic and
Myogenic Differentiation in Human-Induced Pluripotent Stem
Cells

T. Duong, and L. Bain. Clemson University, Clemson, SC.
3344a

Derivation of Points of Departure for Short-Term Inhalation
Exposure Levels of Hazardous Chemicals by Means of MetaAnalysis

A. J. Prussia, and E. Demchuk. CDC/ATSDR, Atlanta, GA. Sponsor: P. Ruiz
Joint analysis of multiple studies (meta-analysis) allows the most efficient
utilization of available data and may reduce the need for additional testing. It is
appropriate when a health effect depends on many modalities (because all possible
modality combinations require independent testing). This includes short-term
chemical inhalation exposures to hazardous chemicals, in which the incidence
of a health effect depends on inhalant concentration (C) and the duration of
exposure (t). The dependence usually follows a generalized linear model with a
bivariate probit link function. The National Academy’s Acute Exposure Guideline
Levels (AEGLs) Committee relies on such models when deriving AEGLs. Threshold
concentrations at AEGL durations are established by the toxic load equation, Cn x
t = constant, where Toxic Load Exponent n (TLE or n-value) directly follows from

Synthetic phenolic antioxidants (SPAs) are a class of anthropogenic compounds
that are utilized in plastic, rubber, and food products as a method of trapping
radicals to decrease oxidative damage. One such SPA is 2,4-di-tert-butylphenol
(2,4-DBP), which is used in polyethylene crosspolymer (PEX) pipes for domestic
water distribution. 2,4-DBP can leach into drinking water and has been detected
in urine, serum, cord blood, and placenta. However, very little is known about its
toxicity. As such, the purpose of this study is to determine the effects of 2.4-DBP on
osteogenic and myogenic differentiation using human induced pluripotent (HiPS)
cells. HiPS cells were exposed to 2,4-DBP concentrations of 0, 0.25, 0.5, 1.0 µM for
up to 40 days during their differentiation into osteocytes or myocytes. Cells were
harvested at the following stages: somites (day 4), sclerotomes (day 6), osteocytes
(day 40) to examine changes in osteogenesis, and dermomyotomes (day 6) and
myocytes (day 40) to examine changes in myogenesis. Changes in differentiation were assessed by examining marker transcripts and proteins by qPCR and
histochemistry. Somites exposed to 2,4-DBP had 5-fold reduced levels of MEOX1
and 2.5-fold reduced levels of TBX6 mRNA both at the highest exposure concentration. Dermomyotomes exposed to 2,4-DBP exhibited decreases in PAX3 mRNA
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up to 5-fold in a dose-response manner. Sclerotomes also had 2-fold decreased
PAX9 levels after 2,4-DBP exposure in all 2,4-DBP treatments. In osteocytes, RUNX2
expression was downregulated by 2-fold in the 0.5 and 1.0 µM treatment, however
OPN expression was increased by up to 4-fold in a dose-responsive manner.
Alizarin red levels, which stains calcium deposits, were also significantly decreased
in 2,4-DBP treated cells. Overall, our findings indicate that both osteogenesis and
myogenesis is inhibited by 2,4-DBP exposure. While this study is still ongoing, the
findings of this study will elucidate the effects of an understudied contaminant on
human developmental health.

3347

Rabbit iPSCs as a Model of Fetal Heart Development to
Investigate Species-Specific Teratogenicity

J. T. Szilagyi, and K. L. Kolaja. Bristol-Myers Squibb Company, Summit, NJ.
Congenital heart defects (CHD) are present in almost 1% of newborns and are
responsible for 4.2% of all deaths in the first 4 weeks of life. Our current understanding of the etiology driving CHD is limited, although genetic abnormalities along with
certain toxicants, like thalidomide, are known to cause CHD. The lack of reliable
preclinical models further complicates the ability to predict and study CHD. Induced
pluripotent stem cell (iPSC) derived models enable the study of drug-induced
teratogenicity and, since they can be derived from any species, species-specific
effects can be delineated from cross-species effects. Thalidomide, for instance,
causes CHD as well as phocomelia in rabbits and humans after in utero exposure
but is largely refractory in rats or mice. Toward understanding this phenomenon,
we derived iPSCs from rabbit (rbiPSCs) and a protocol was developed to yield
mature cardiomyocytes. This model was assessed using RT-PCR, Western blot, and
immunofluorescent staining to measure a panel of early and late cardiac markers.
As early as day 3, these cells express early cardiomyocyte markers (NXK2.5
and cKIT) and mesodermal markers (DKK1 and FOXF1). At day 28, these cells
express markers of mature cardiomyocytes including TNNT2, MYL2, and RYR2.
Spontaneous beating was observed as early as day 10 by phase contrast microscopy and microelectrode array, and live cell calcium indicator probes demonstrated
pulsatile calcium flux that coincided with cell contraction. RbiPSCs treated with
thalidomide (10 µM) demonstrate a decrease in differentiation made evident by
down-regulated expression of mesodermal and early and late cardiac markers. In
addition, thalidomide either decreased or had no effect on pluripotency markers
compared to control, indicating that thalidomide reduces cardiac differentiation
of rabbit iPSCs but does not do so by maintaining pluripotency. Taken together,
these data indicate that this model recapitulates thalidomide-induced cardiac
teratogenicity observed in rabbits. Moving forward, this model can be deployed
to investigate the underlying mechanisms driving species-specific differences in
drug-induced CHD.

3348

Hepatotoxicity of Usnic Acid in Human-Induced Pluripotent
Stem Cell-Derived Hepatocytes

X. Gao, K. Campasino, J. J. Yourick, and R. L. Sprando. US FDA/CFSAN, Laurel, MD.
Dietary supplements containing usnic acid (UA) have been increasingly marketed
for weight loss and other purported health benefits over the past decades, even
though incidences of severe hepatotoxicity and acute liver failure due to their
overuse have been reported. UA hepatotoxicity has been studied in vivo in rodents
and in vitro mostly using the human hepatocarcinoma cell line HepG2. However,
the toxic mechanism of UA-induced liver injury at the molecular level is still not fully
established. Here, we studied UA-induced liver toxicity using a novel in vitro hepatotoxicity model employing human induced pluripotent stem cell (iPSC)-derived
hepatocytes. UA caused time- and concentration-dependent cytotoxicity from 3 h
to 24 h in the concentration range of 1–100 μM. Transcriptomic characterization
of the cells following UA exposure identified 4272 differentially expressed genes
(DEGs) between the exposed and control groups. Functional analysis showed that
the DEGs were majorly involved in the biological processes of metabolism, cell
communication, signal transduction, cell organization and biogenesis, and response
to stress. Ingenuity pathway analysis (IPA) revealed that several stress signaling
pathways were impacted by the DEGs, including p53 signaling, ERK5 signaling,
NRF2-mediated oxidative stress response, and senescence pathway, suggesting
that UA caused oxidative stress and activated downstream cellular protective
response. Increased oxidative stress was corroborated by the observation that
UA exposure led to glutathione (GSH) depletion at concentrations higher than
20 μM. Furthermore, IPA predicted that necrotic cell death was one of the major
hepatotoxicity responses associated with the DEGs. However, experimentally it was
found that both necrosis and apoptosis were involved in UA-induced cytotoxicity,
evidenced by increased release of lactate dehydrogenase (LDH) and caspase 3/7
activity, respectively, in cells exposed to higher concentrations of UA. In addition,
IPA suggested that autophagy may also contribute to UA cytotoxicity, which is
currently under further investigation. Collectively, the results of the current study
accord with previous in vivo and in vitro findings, and shed new light on molecular
mechanisms of UA-induced hepatotoxicity.

3349

TRPV Channels in Human Embryonic Stem Cells Are Activated
by Vanillin at Concentrations Found in Electronic Cigarettes

S. Etemadi, and P. Talbot. University of California Riverside, Riverside, CA.
Electronic cigarette (EC) fluids contain high concentrations of flavor chemicals.
Little direct work has been done on the effects of flavor chemicals on human
embryonic stem cells (hESCs), which model the epiblast stage of development.
Flavor chemicals are of interest because they can activate TRP (transient-receptor-potential) channels, which we have shown are present in human embryos.
The purpose of this study was to confirm the expression and localization of TRPV
receptors in hESCs, examine the cytotoxicity of vanillin using the MTT assay, and
identify the TRPV channels that respond to vanillin, which is often used at high
concentrations in ECs. All members of the TRPV channel family (TRPV1, TRPV2,
TRPV3, TRPV4, TRPV5, and TRPV6) were present in antibody labeled hESCs. Some
TRPVs were restricted to boundaries between cells, some were clustered together,
while others were homogeneously distributed. We then treated hESCs with vanillin
at concentrations lower than those found in EC fluids and generated a concentration-response curve using the MTT assay, which measures mitochondrial reductase
activity. The concentration of vanillin that produced a 50% reduction (IC50) in the
MTT assay was 80 µg/mL. The MTT LOAEL concentration of vanillin had no significant effect on hESC growth rate when evaluated using a live-cell imaging assay. We
then used selective inhibitors for each member of the TRPV family in conjunction
with the MTT assay to determine which TRPV channels were activated by vanillin.
Concentration-response curves were obtained for each inhibitor, and data showed
that TRPV4 and TRPV1 were strongly activated by vanillin, while TRPV5 and TRPV6
were weakly activated, and TRPV2 and TRPV3 did not respond to vanillin. Our
observations show that hESCs express all members of the TRPV family. Vanillin
was cytotoxic to hESCs at concentrations much lower than those found in ECs,
and it activated some members of the TRPV family in hESCs, causing a reduction
in mitochondrial reductase activity. Given the high concentrations of vanillin in EC
fluids and the very low concentrations that activate TRPV channels in hESCs, it is
likely that human embryos would be affected by vanillin in pregnant women who
vape. The use of ECs by pregnant women should be discouraged until the effects of
flavor chemicals on their embryos are fully understood.

3350

Investigation of the Developmental Neurotoxicity of Opioids
Using Human-Induced Pluripotent Stem Cells (hiPSCs)

C. Cai, G. Merry, and A. Inselman. US FDA/NCTR, Little Rock, AR.
Exposure to opioids during early pregnancy has been associated with a risk of
neural tube defects (NTDs) in non-clinical animal models and human epidemiological studies. However, limitations with study designs, conflicting results from
human and animal studies, and incomplete maternal toxicity data have complicated risk assessment for the drug class. Human induced pluripotent stem
cells (hiPSCs) may provide an alternative approach for investigating potential
drug effects on neurodevelopment. For this study, 19-9-7T hiPSCs (WiCell) were
differentiated to neural precursor cells (NPCs) using an optimized embryoid
body (EB)-neural rosette differentiation protocol, recapitulating various stages
of early development, including post-implantation development and neural tube
formation. Opioids, including morphine, methadone and codeine, were selected
for testing with concentrations ranging from 1× to 300× Cmax levels as reported
on the drug labels. Valproic acid (VPA), a known human teratogen, was used as
a positive control compound. Treatment of undifferentiated hiPSCs, reminiscent
of the inner cell mass, with opioids up to 300× Cmax indicated limited cytotoxicity;
lower concentrations (<30× Cmax) actually increased cellular proliferation rates by
1.8-fold. VPA, on the other hand, significantly inhibited hiPSC proliferation levels
to 65% and 10% of control levels at 3× and 10x Cmax, respectively (VPA Cmax=20
mg/ml). VPA decreased EB diameter and treated EBs had diminished capacity for
NPC differentiation. Specifically, VPA treatment at 3× Cmax decreased neural rosette
formation and at 10× Cmax inhibited rosette formation. In contrast to VPA, no clear
effect of opioid treatment on EB development and neural rosette formation were
observed. Investigation of direct opioid exposure to a proliferating NPC culture did
reduce proliferation rates, but only at the highest concentrations tested. A 300×
Cmax concentration of methadone, codeine or morphine inhibited NPC proliferation
to 70%, 79% and 88% of controls, respectively, while NPC proliferation inhibition
was observed at much lower concentrations with VPA (73% of controls at 3× and
50% of controls at 10× Cmax). In conclusion, preliminary evidence indicates no clear
association with opioid exposure and disrupted neural development in vitro; EB
formation and neural rosette differentiation were not impacted by short-term opioid
exposure with minimal effects observed on NPC proliferation. This is in contrast to
the effects of VPA exposure.
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3351

Tackling Human iPSC-Derived Cardiomyocyte Maturation
In Vitro for Predictive Nonclinical Cardio-Toxicological
Assessment

M. Gossmann1, B. Lickiss1, E. Dragicevic2, R. Knox3, P. Linder1, M. Lemme2, U. Thomas2,
S. Stoelzle-Feix2, M. George2, and N. Fertig2. 1innoVitro, Juelich, Germany; 2Nanion
Technologies GmbH, Munich, Germany; and 3Nanion Technologies Inc., Livingston, NJ.
Sponsor: S. Stoelzle-Feix, Safety Pharmacology Society
In pre-clinical drug development, human induced pluripotent stem cell-derived
cardiomyocytes (hiPSC-CMs) serve as animal-free approach to assess preclinical cardiac risk without ethical concern but high human relevance. However, their
premature phenotype in standard cell culture assays leads to limited use in preclinical drug development. The bio-compliant 96-well FLEXcyte technology, containing
flexible membranes instead of stiff plastic surfaces, offers a physiological environment by mimicking a native-like environment for the cells. To fully analyze the effect
of the FLEXcyte technology on hiPSC-CMs maturation, expression levels of relevant
cardiac genes and phenotypic characterization via actin cytoskeleton immunostainings were performed as well as functional characterization with cardio-safe
and cardio-toxic gold standard compounds. In addition, long-term culture of
hiPSC-CMs on FLEXcyte plates were conducted and analyzed regarding changes
in amplitude and beat rate over time. The results show a clear pro-maturation
effect on functional properties of hiPSC-CMs when cultured on FLEXcyte 96 plates.
Compounds considered as clinically cardio-safe showed negative inotropic effects
only at high (micromolar) doses, while compounds with known cardiotoxic profiles
showed both time and dose dependent inotropic effects. Changes in expression
levels of cardio-specific genes as well as pronounced filamentous actin underlines
the pro-maturation effect on genetic and phenotypic level. Long-term culture over
44 days showed a significant increase in amplitude along with a decrease in beat
rate, both known parameters for cardiac maturation. These results indicate that the
FLEXcyte technology facilitates hiPSC-CM maturation not only on a functional but
also a molecular and phenotypic level, hence providing a comprehensive solution
for the assessment of human-based preclinical cardiac risk.

3352

Intestinal Organoids to Study the Toxicity of Both Systemic and
Orally Administered Drugs on Barrier Integrity

V. Ubertini, S. French, F. Ponthan, A. Bonavita, and J. Wilson. Epistem Ltd., Manchester,
United Kingdom. Sponsor: F. Ponthan, American Association for Cancer Research
The intestinal epithelium forms a physical barrier that prevents the uptake of toxins,
antigens and pathogens. It is maintained by tight junctions (TJs) that seal the
space between adjacent epithelial cells, creating a selectively permeable barrier.
Both systemic and orally administered drugs can have toxic effects on the intestinal
epithelium, by either inducing cell death or affecting TJs. The disruption facilitates
the access of harmful substances to the bloodstream. Intestinal organoids are 3D
in vitro models of the epithelium which recapitulate the structure and function of
the small intestine. However, their geometry allows access to the basal compartment but prevents access to the apical surface (the outer, or luminal, surface being
located within the organoid with the basal surface on the outside), making them
unsuitable for the study of orally administered drugs. Here we describe methods
to generate transwell cell monolayers and inverted or ‘apical-out’ organoids, both
derived from normal human small intestine, that allow direct access to either or
both apical and basal surfaces. We demonstrate that both formats have an in
vivo-like cell composition, comprising of all the intestinal cellular types, including stem cells, Paneth cells, goblet cells, enteroendocrine cells and enterocytes,
and respond to treatment with toxic agents such as EGTA, cytokines (e.g.TNFα,
IFNg), bacterial-derived lipopolysaccharides (LPS) and Irinotecan. Briefly, for the
generation of transwell-grown cell monolayers, small intestinal (SI) organoids were
dissociated into single cells and plated in matrix-coated transwell inserts. The
monolayer formation was followed by live imaging and Trans-Epithelial Electrical
Resistance (TEER) measurements. Treatments with toxic drugs were applied after
TEER reached a plateau and effects on TJs were evaluated by TEER reduction,
FITC-Dextran permeability increase and analysis of TJ proteins by immunofluorescence. For the generation of apical-out organoids, SI organoids were mechanically fragmented and seeded in low adhesion plates until the organoids switched
polarity. Effects of drug treatments on TJs were evaluated by immunofluorescence.
In conclusion, our models provide an innovative in vitro solution to study the toxic
effects of both systemic and orally administered drugs on the small intestinal
barrier integrity. The model may also be useful for developing models of transient
TJ impairment to improve the bioavailability of orally administered drugs.

3353

Heavy Metal-Laden Particulate Exposure Induces
Enteroendocrine Expansion in Adult Human Colonoids

R. Atanga, J. L. Padilla, A. Brearley, E. F. Castillo, M. J. Campen, and J. G. In. University
of New Mexico, Albuquerque, NM.
Chronic heavy metals exposure has been associated with intestinal inflammation and higher incidences of colorectal cancer from observational studies, but
the direct transcriptomic effect of heavy metals on intestinal epithelia is largely

unknown. The goal of this study is to characterize particulate dust (primarily
containing non-fissile uranium) as an environmental toxicant that damages intestinal epithelia and determine the transcriptomic changes that develop as a response.
Human colonoids derived from healthy adult colonic biopsies were established and
grown in Matrigel and physiologically model the intestinal epithelia. Particulate dust
obtained near Jackpile uranium mine containing non-fissile uranium was added to
colonoids for up to 24h. Control and dust-exposed colonoids (n=3 donors) were
dissociated into single cells and processed for droplet-based single cell sequencing (scRNA-seq). Downstream analysis was validated in colonoids via immunostaining, immunoblotting, and ELISAs. scRNA-seq identified significant changes in
the secretory lineage in uranium dust-exposed colonoids. Specifically, there was a
10-fold expansion of enteroendocrine cells (EEC) with increases in EEC hormones
serotonin and PYY in all colonoid lines. Proliferative cells had increased expression
of PROX1, transcription factor responsible for EEC differentiation. These changes
in EECs and proliferative cells and increased basolateral secretion of secretory
granules and serotonin was directly confirmed in colonoids (>5 donors). The results
of the current study demonstrate that uranium dust exposure directly induces
transcriptomic changes in intestinal epithelia independently of microbiota, stroma,
and immune cells. These results indicate that adult human colonoids are a relevant
model for investigating environmental toxicants on intestinal epithelia and provide
an improved understanding of uranium dust as a model of intestinal injury.

3354

A Human Pluripotent Stem Cell-Based High-Throughput
Platform with Artificial Intelligence Technology to Screen for
Developmental Toxicants

Y. Chen. NIEHS/NTP, Research Triangle Park, NC.
Environmental factor-induced birth defects raise the risk for lifelong disabilities to
survivors and increase the economic burden to their families and society. While
over 80,000 chemicals are registered for use in the United States, many of them
have undergone little safety testing. Therefore, a rapid and accurate method for
predicting developmental toxicants to humans is desired. Here, we developed a
human pluripotent stem cell (hPSC)-based high-throughput platform with artificial
intelligence technology to screen for developmental toxicants. Embryoid bodies
(EBs) generated from hPSCs were used since their formation recapitulates early
embryogenic processes. A two-part toxicity prediction system was built upon the
transcriptional response and morphological change of EBs to 35 chemicals with
confirmed teratogenicity in humans and experimental animals. The expression
change of 20 hallmark genes of embryogenesis was subjected to machine learning
with 10 different algorithms. With feature selection, the Random Forest-based
classification model showed a good accuracy (53%) to categorize the 35 chemicals
correctly into four different risk levels (none, minimal, moderate, and high), forming
the first part of the prediction system. The second part of the system is based on
chemical-elicited structural alterations in EBs, captured by high-content fluorescent
imaging with germ layer-specific markers (TUJ1 for ectoderm, SMA for mesoderm,
and SOX17 for endoderm). A highly accurate (81%) prediction model based on
ResNET deep learning technology was obtained through training with 4203 EB
images from each chemical. To further validate the prediction accuracy and prove
the practical value of this screening system, the teratogenicity of an additional 20
chemicals with limited toxicity information was assessed by this platform and the
results were consistent with previous studies. Tretinoin, as an example, was classified as a ‘high’ risk teratogen to humans by both subordinary prediction models and
showed a 34% toxicity similarity with Etretinate, a confirmed teratogen from the
same vitamin A derivative family. Sucrose was classified as ‘nonteratogenic’ as it
showed a 47% similarity to ascorbic acid on EB formation. Together, these results
present a promising capability of our screening platform in identifying human
developmental toxicants and understanding their etiology.

3355

Single Cell RNA Sequencing of Human Embryonic Stem Cells
Reveals Immediate and Deferred Transcriptomic Responses to
ATRA Toxicity across Cell Subpopulations

D. Gallegos, S. Jeffay, T. Knudsen, B. N. Chorley, and E. Hunter. US EPA, Research
Triangle Park, NC.
Developmental disorders, such as heart malformations, affect 3% of children born
in the US. There is clear evidence that exposure to environmental chemicals can
cause many of these defects. Unfortunately, most commercial chemicals remain
un- or under evaluated and there is a need for new approach methodologies (NAMs)
that can accurately assess the impact on development at lower cost and in a higher
throughput manner. Studies have shown that less than 20% of in vivo developmental toxicants are detected by some mouse embryonic stem cell endpoints in
vitro. More specific and sensitive in vitro assessments of early human development
that leverage developmental trajectory and mechanistic understanding are needed
to better model these early morphogenetic periods. To this end, we employed
single-cell RNAseq (scRNAseq) using the 10XGenomics platform to assess our
ability to survey direct, toxicant-induced effects on gene transcription at multiple
post-exposure timepoints and putative cell subpopulations of H9 undifferentiated
human embryonic stem cells (hESCs). In a proof-of-principle study, we measured
scRNAseq profiles of immediate (6h) and persistent (72h) transcriptomic changes
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elicited by all-trans-retinoic-acid (ATRA) administered at a concentration near the
lowest effect level (LOAEL) on hESCs (0.03µM). We identified putative subpopulations of cells within our in vitro system which may indicate very early cellular differentiation. We found a primary response gene program comprising direct metabolic
responses to ATRA exposure as well as induction of transcripts involved in the
regulation of helix-loop-helix transcription factor DNA binding. Following continued
exposure (72h), we observed a qualitative phenotypic increase in cell proliferation, abundance, and morphological range as well as multi-faceted gene programs
regulating multiple cellular processes including Wnt signaling, transcription factor
binding, metabolic responses, and varied lines of differentiation/proliferation. These
early results indicate that scRNAseq may help identify impacts of environmental
chemical exposure on mechanisms of cellular differentiation and development.
Such higher resolution and high throughput applications with diverse endpoints
will lead to greater understanding of the impact of environmental chemicals on
development and children’s health. This abstract does not reflect US EPA policy.

3356

Engineering Human Neural Organoids to Explore Impaired
Neurogenesis Induced by Arsenic

X. Wu, D. Dixon, and E. J. Tokar. NIEHS/NTP, Research Triangle Park, NC.
Modeling brain development and function is challenging due to complexity of the
organ. Recent advances in human pluripotent stem cell (PSC)-derived brain-like
organoids provide new tools to study the human brain. These 3D models together
with 2D cellular assays have the potential to enhance our understanding of the
mechanisms of developmental neurotoxicity (DNT) during the early stages of
neurogenesis and offer a rapid, cost-effective approach for assessing chemical
safety. Arsenic (As) is a widespread environmental contaminant. Exposure to As is
associated with DNT-related diseases. However, mechanisms of As on DNT are not
well-defined. Here, we used 3D PSC-derived embryoid bodies (EBs) to recapitulate
events involved in early embryogenesis and neurogenesis before neural induction,
and EB-derived neural organoids to mimic neural development in vivo. A 7-day
exposure to a human-relevant, non-cytotoxic dose (0.5 μM; 35 ppb) of As increased
ectoderm differentiation within the EBs through upregulated expression of PAX6,
SOX1, COL2A1, all of which play critical roles in early embryonic development.
Histological staining of As-treated EBs showed neural rosette structure disruption. Organoids showed VIMENTIN+ astrocytes and NESTIN+ neural SCs, confirming cerebral phenotype. Ingenuity pathway analysis (IPA) of RNAseq data from
organoids indicated CREB signaling was activated in the neural induction stage and
enhanced during neural maturation (day 7 to day 40) while pluripotency signaling
was suppressed. The IPA-identified top 5 pathways affected by As treatment were
CREB signaling in neurons, neuronal synapse pathway, GABA receptor pathway,
synaptogenesis signaling and axonal guidance signaling. GO enrichment analysis
found G-protein signaling on the cell membrane was suppressed and WNT,
Notch, and FGF signaling pathways were all inhibited by As treatment. RNAseq
analyses were confirmed by real-time qPCR, which also found As-inhibited expression of markers for mature neural cells (MAP2, vGLUT2) and astrocytes (GFAP).
Inhibition of neuronal gene expression was also confirmed in a neurite outgrowth
2D morphology assay that mimics nerve growth and axon pathfinding in vivo and
in the disrupted neural rosette and neuropil structures in day 40 organoids. In
conclusion, the results described herein show that this EB and neural organoid 3D
model system can provide valuable insights into the cellular events and molecular
mechanisms of As-induced DNT.

3357

Heavy Metal-Laden Particulate Exposure Disrupts the Cell Cycle
in Adult Human Colonoids

A. S. Parra, R. Atanga, J. L. Padilla, A. Brearley, E. F. Castillo, M. J. Campen, and J. G. In.
University of New Mexico, Albuquerque, NM.
Chronic heavy metals exposure has been associated with intestinal inflammation
and higher incidences of colorectal cancer from observational studies, suggesting
alterations in epithelial homeostasis and cell cycle disruptions. Human colonoids
represent a model to study the proliferative cells in the intestinal crypt for targeted
disruptions of the cell cycle. The goal of this study is to characterize particulate
dust (primarily containing non-fissile uranium) as an environmental toxicant that
disrupts cell cycle regulation and to understand how this mechanism contributes to the observed heavy metal-induced intestinal disorders. Human colonoids
derived from healthy adult colonic biopsies were established and grown in Matrigel.
Particulate dust obtained near Jackpile uranium mine containing non-fissile
uranium was added to colonoids for up to 24h. Control and dust-exposed colonoids
(n=3 donors) were dissociated into single cells and processed for droplet-based
single cell sequencing (scRNA-seq). scRNA-seq analysis revealed significant
changes in cell cycle regulatory genes in the transit amplifying (TA) cells including
defects in the G1/S and G2/M cell cycle checkpoints. More specifically, proliferative TA cells had increased expression of Cyclin B and Cdc2, consistent with the
proliferative potential of TA cells. This, however, was accompanied by increased
phosphorylation of the Cyclin B/Cdc2 complex by the kinase Wee1, rendering the
complex inactive. Together, these data point to a cell cycle arrest prior to mitosis
onset in response to uranium dust exposure that is independent of surrounding
tissue. Disruption of TA cell proliferation leads to disruption of differentiated epithe-

lial lineages, thus contributing to progression of intestinal disorders. Furthermore,
these findings suggest human colonoids are relevant pathophysiological models to
study the human epithelial cell-type specific responses to environmental toxicants.

3358

Fibroblasts Improve Electrophysiological Properties and
Pharmacological Responses of hiPSC-Derived Cardiomyocytes
in 2D Co-culture Models

H. Shi, L. Guo, J. Kwagh, and P. Levesque. Bristol-Myers Squibb Company,
Princeton, NJ.
As the major cell type in heart to produce extracellular matrix and to form scaffolds
housing myocardia, fibroblasts play multiple roles in regulating cardiac physiology and pathogenesis. Nevertheless, fibroblasts are often omitted whereas only
pure cardiomyocytes are utilized in most in vitro cardiotoxicity tests. To establish a
physiologically more relevant model, we grew hiPSC-derived cardiomyocytes (iCellCM2, FCDI, at 50,000/well) in a 2D co-culture with human ventricular fibroblasts
(hVF, Lonza) at a ratio of 1:0, 0.95:0.5 or 0.9:0.1 on 96-well Cytoview microelectrode
plates and characterized the impact of fibroblasts on electrophysiological properties and pharmacological responses of the co-culture. Field-potentials and synchronized contractions were monitored by the Maestro Pro system (Axion-Biosystems),
with observation at selected time-points up to 15 days in culture. Multiple parameters of field-potentials and contraction (measured by impedance) were analyzed
to assess the stability of electro-mechanical properties of co-cultures and their
responses to the hERG inhibitor dofetilide and Na+ channel inhibitor lidocaine.
Fibroblast-dependent changes were observed, including cell ratio-dependent
increase in spontaneous beat rate and rate-corrected field potential duration, as
demonstrated by measurements of 34, 39 and 43 beats/minute or 326, 365 and 400
msec from Day 15 co-cultures containing 0%, 5% and 10% fibroblasts, respectively.
There were greater cultivation time-dependent improvements in electro-mechanical
properties of co-cultures than those of monocultures. The changes over time in
spike amplitude, conduction velocity and excitation-contraction delay were reflection of functional/electrical coupling between cardiomyocytes and fibroblasts.
The structural coupling was manifested by presence of Connexin 43+ structures
(gap-junctions) between cells stained positive to cTnI+ (cardiomyocytes) and to
vimentin+ (fibroblasts). Co-culture at 0.95:0.5 was identified as the optimal model
based on stable spike/contraction amplitudes, improved excitation-contraction delay and enhanced sensitivity to reference compounds. Further studies are
ongoing to assess effects of fibroblasts on properties associated with maturation
including enhanced intracellular Ca2+ handling.

3359

Microcystin-LR Causes Time- and Dose-Dependent Changes in
Phosphorylation Pathways in Hepatocytes

K. D. Lynch, D. T. Iverson, and J. D. Clarke. Washington State University, Spokane, WA.
Microcystin-LR (MCLR) is a ubiquitous cyanotoxin produced by freshwater
cyanobacteria that is a known hepatotoxin. One of the major molecular mechanisms
for MCLR toxicity is through covalent binding to and inhibition of protein phosphatase enzymes, which modulates pathways involved in cell proliferation and death.
The goal of this research is to more fully characterize the dose and time dependent
signaling events associated with MCLR exposure and toxicity. HepaRG cells were
treated with a range of MCLR concentrations (0.001 - 100 µM) for up to 72 hours
and cell viability was determined by MTT assays and pathways were analyzed by
western blots. When fully differentiated, HepaRG cells produce hepatocytes with
bile canaliculi and primitive biliary cells. The hepatocytes were more susceptible to
cell death at lower concentrations of MCLR (~0.1 µM) at 24 and 48 hours, whereas
the biliary cells were susceptible to cell death at higher concentrations of MCLR
(30 µM). Within the first 2 hours of treatment with 1 µM MCLR, phosphorylated
forms of p38, extracellular signal-regulated kinases (ERK), and c-Jun N-terminal
kinase (JNK) increased within the first 30 minutes but began to decrease within
2 hours. In contrast, phosphorylated AKT continued to increase up to the 2-hour
time point. MCLR covalently bound to protein mirrored the increase in AKT over
time, whereas protein phosphatase 2A (PP2A) expression showed a decrease over
time when treated with 1 µM. MCLR covalently bound to PP2A increased and PP2A
expression decreased by the 15-minute time point and remained stable through
2 hours when treated with 10 µM MCLR. After 24 hours, MCLR doses as low as
0.1 µM increased phosphorylation of p38, ERK, and JNK. Interestingly, at higher
MCLR doses phosphorylation of ERK or JNK did not increase beyond what was
observed in the 0.1 µM dose, whereas phosphorylation of p38 increased ~3-fold
between the 0.3 and 1 µM doses. Finally, pre-treatment with a p38 inhibitor rescued
MCLR-mediated cell death. These data suggest that p38 may be an important
dose-dependent regulator of MCLR-induced toxicity. Funding: ES032558.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 154

3360

Electrical Impedance for Nondestructive, Real-Time
Measurement of Neural Cell Viability on Microelectrode Arrays

S. S. Choo, K. A. Wallace, T. M. Freudenrich, and T. J. Shafer. US EPA, Research
Triangle Park, NC.
Multielectrode arrays (MEAs) are used to characterize chemical effects on
neurotoxicity in vitro as they capture compound effects on neural network activity.
Following assessment of compound effects on network function, cell viability is
typically determined with cytotoxicity assays such as CellTiter-Blue® (CTB) and
lactate dehydrogenase (LDH). Thus, tracking network activity and cell viability concomitantly is not possible. Recently, it has become possible to measure
electrical impedance of cells attached to the electrodes, where higher impedance
indicates higher number of cells attached. This may serve as a surrogate measure
for cell viability. In the present study, we sought to determine if impedance
measurements can provide a contemporaneous measure of cell viability on MEAs.
Thus, we compared viability assessment measured by impedance with that of LDH
and CTB assays. Primary cultures from rat cortex plated on CytoView MEA 48-well
plates were exposed to tween 20, tributyltin, deltamethrin, glyphosate, lindane and
rotenone (0.03 - 30µM) on DIV 12 or 13. Impedance measurements were taken
before treatment and at 0, 0.5, 1, 2, 4, 6, 24, 48 and 72h post-treatment. After the
last impedance measurement, CTB and LDH assays were performed for comparison. The acute compound effects on spontaneous network activity, number of
active electrodes (nAE) and weighted mean firing rate (wMFR), were also collected
0.5h post-treatment for 0.5h. Similar to the solvent control wells, glyphosate and
lindane elicited no effect on the impedance measurements which stayed consistent
throughout the 72h of treatment. In contrast, tween 20, tributyltin, deltamethrin and
rotenone caused biphasic changes in impedance in a time and concentration-dependent manner. Impedance in the presence of 30µM tween 20 increased up to
2h and decreased thereafter, while 30µM deltamethrin increased impedance up
to 24h and decreased thereafter. All concentrations of tributyltin tested increased
impedance up to 6h and decreased after that, while rotenone increased impedance
up to 24h and decreased thereafter. The CTB and LDH data matched the endpoint
impedance measurement, with CTB showing more variability. Tween 20, tributyltin,
and rotenone decreased both nAE and wMFR to 0% at highest concentration while
glyphosate caused no or little effect on wMFR. Deltamethrin increased wMFR up to
0.3µM and decreased both nAE and wMFR thereafter while lindane increased wMFR
up to 10µM and decreased nAE and wMFR thereafter. These results demonstrated
impedance as a reliable cell viability measure. This abstract does not reflect US EPA
policy.

3361

Manganese Increases Aβ and Tau Protein Levels through
Proteasome 20S and Heat Shock Proteins 90 and 70 Alteration,
Leading to SN56 Cholinergic Cell Death following Single and
Repeated Treatment

P. Moyano-Cires, J. Sanjuan, J. Garcia, J. M. Garcia, E. Sola, A. Flores, M. T. Frejo, M. J.
Anadon, A. Pelayo, M. V. Naval, M. Ruiz, and J. Del Pino. Universidad Complutense de
Madrid, Madrid, Spain.
Manganese (Mn) produces cholinergic neuronal loss in basal forebrain (BF) region
that was related to cognitive dysfunction induced after single and repeated Mn
treatment. All processes that generate cholinergic neuronal loss in BF remain to be
understood. Mn exposure may produce the reduction of BF cholinergic neurons by
increasing amyloid beta (Aβ) and phosphorylated Tau (pTau) protein levels, altering
heat shock proteins’ (HSPs) expression, disrupting proteasome P20S activity and
generating oxidative stress. These mechanisms, described to be altered by Mn in
regions different than BF, could lead to the memory and learning process alteration
produced after Mn exposure. The research performed shows that single and
repeated Mn treatment of SN56 cholinergic neurons from BF induces P20S inhibition, increases Aβ and pTau protein levels, produces HSP90 and HSP70 proteins
expression alteration, and oxidative stress generation, being the last two effects
mediated by NRF2 pathway alteration. The increment of Aβ and pTau protein
levels was mediated by HSPs and proteasome dysfunction. All these mechanisms
mediated the cell decline observed after Mn treatment. Our results are relevant
because they may assist to reveal the processes leading to the neurotoxicity and
cognitive alterations observed after Mn exposure.

3362

Effects of Metformin and Doxorubicin on the Proliferation
and Morphology of Androgen-Sensitive (LNCaP), AndrogenInsensitive (PC-3) Human Prostate Cancer Cell Lines and
Normal Epithelial Prostate Cell Line (RWPE-1)

S. Brown, T. Pierce, J. Fabian, and D. Adedeji. Elizabeth City State University,
Elizabeth City, NC.
The effects of Metformin and Doxorubicin on human prostate cancer cell lines
- LnCAP and PC-3, normal epithelial prostate cell line RWPE-1 and morphological changes using Scanning Electron Microscope (SEM) was observed. In vitro
anti-proliferative activity of 3-(4,5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay was used to assess the effects of metformin and doxoru-

bicin on LnCaP, PC-3 and RWPE-1 after 72- and 120 - hour exposure. Images of
samples with and without the drugs were acquired using SEM. Overall, our study
demonstrates that metformin and doxorubicin at different concentrations lead to
cell death ranging from 42 -87% and 32 - 83% respectively. Most effect was seen
on PC-3 with little or no effect on RWPE-1 cell line. Combining metformin with
doxorubicin displayed some cytotoxicity regardless of the type of prostate cancer
cell line with little or no effect on normal epithelial prostate cell line. Changes were
also observed in the cell morphologies with and without drugs using SEM. This
may offer a promising new therapeutic option for the treatment of metastatic
hormone-refractory prostate cancer for patients with diabetes and aid in reducing
prostate cancer mortality rate in men.

3363

The Role of CYP2D6, CYP2C19, and CYP3A4 in the Cytotoxicity
of Perhexiline

Z. Ren, S. Chen, and L. Guo. US FDA/NCTR, Jefferson, AR.
Perhexiline is a prophylactic antianginal agent developed in the 1970s and used
worldwide. Although therapeutically it remained a success, the concerns of its
severe side effects including hepatotoxicity caused the diminished use of the drugs,
and eventually its withdrawal from the market in multiple countries. Previously our
studies demonstrated that mitochondrial dysfunction and endoplasmic reticulum
(ER) stress contributes to the cytotoxicity of perhexiline. The role of CYP-mediated
metabolism in the toxicity of perhexiline, however, is not well understood. Through
mass spectrometry analysis, we confirmed that CYP2D6 played a major role in
the hydroxylation of perhexiline. In addition, we identified that CYP2C19, CYP3A4
and CYP1A2 also contributed to the metabolism of perhexiline. We then explored
the cytotoxicity of perhexiline in a series of CYP-overexpressing stable HepG2 cell
lines we established before. The cytotoxicity of perhexiline reduced significantly in
CYP2D6-overexpressing HepG2 cells, in comparison to empty vector (EV) overexpressing HepG2 cells. In contrast, overexpression of CYP2C19, CYP3A4 or CYP1A2
did not show much protective effect against the toxicity of perhexiline. Application
of quinidine, a well-recognized CYP2D6 inhibitor, abolished the protective effect
in CYP2D6-overexpressing HepG2 cells. Furthermore, in CYP2D6-overexpressing
HepG2 cells, perhexiline induced mitochondrial damage was partially reversed, as
demonstrated in the glucose-galactose assay and JC-1 staining. Moreover, the
drastic increase induced by perhexiline in mRNA and protein levels of ER stress
markers including ATF6, ERN1, EIF2AK3, ATF4 and CHOP were attenuated in
CYP2D6-overexpressing HepG2 cells. These observations suggest that CYP2D6mediated metabolism of perhexiline protected the cells from the mitochondrial damage and ER stress triggered by the parent drug, and thus reduced its
hepatotoxicity.

3364

Cytotoxicity Induced by Inhibitors of Acid Sphingomyelinase via
Disruption of Lysosomal Activity and Inhibition of Autophagic
Flux

C. Esperanzate, N. Amaya, T. Daniels Anderson, J. Alcon, F. Sorrentino, A. Shreve, M.
Mandell, and T. A. Thompson. University of New Mexico, Albuquerque, NM.
Autophagy is a cellular process with a vital role in cell survival and maintenance.
Some cationic, amphiphilic drugs have been identified that act as functional inhibitors of acid sphingomyelinase (FIASMAs) in lysosomes. Lysosomes are involved
in autophagic flux by merging with autophagosomes to produce autolysosomes,
an essential step in autophagic processes. The action of inhibitors of lysosomal
acid sphingomyelinase on autophagic processes and autophagy induced cell death
is unclear. In this study, we show that the established FIASMAs astemizole and
nortriptyline upregulate LC3-II biomarkers of autophagy in PC3 prostate cancer
cells. Astemizole was found to induce a precipitous cell death in these cells with
significant cell fragmentation, without hallmarks of apoptotic cell death. To analyze
autophagic flux over time, A549 lung cancer cells were stably transduced with an
mCherry-eGFP-LC3B reporter construct and designated IHLC3 cells. Validation of
an autophagic flux response in these cells was established using the autophagy
inducer rapamycin. To enable the longitudinal analysis of autophagic response in
IHLC3 cells, methods were developed to perform temporal analysis of autophagic
vesicles utilizing time-lapse fluorescent photomicroscopy. Bulk image analysis
provided a quantitative assessment of autophagic flux, revealing that nortriptyline and astemizole treatments resulted in increased autophagosome abundance
resulting from decreased autophagic flux, like other known autophagy inhibitors
such as bafilomycin and chloroquine. Importantly, FIASMAs produced numerous
enlarged and distorted autophagosomes that did not progress through the
autophagic process to form autolysosomes. Dose-response experiments in IHLC3
cells showed that the FIASMA astemizole was more cytotoxic than the autophagy
inhibitor chloroquine. Further, MTT analyses in IHLC3 cells using 50µM chloroquine and 15µM astemizole showed cytotoxicity with 70% and 10% viability,
respectively, after 24 hours. These data suggest that FIASMA induced cytotoxicity
occurs through disruption of lysosome activity involving an autophagy mediated
mechanism.
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Transcriptional Signatures of Estrogen and Androgen
Perturbations following Short-Term Exposure in Male Rat Liver

A. A. Podtelezhnikov, K. Q. Tanis, K. M. Pearson, R. Hao, F. D. Sistare, E. Gustafson, and
W. E. Glaab. Merck & Co. Inc., West Point, PA.
Transcriptional signatures of hormonal perturbations in liver have the potential
to inform on human-relevant mechanisms of carcinogenicity in liver and gonads.
The liver plays an important role in steroid hormone inactivation, catabolism and
disposal but the direct effects of hormonal treatments on liver less well understood.
Our company internal RNA-seq data were used to define small gene sets and highly
specific scoring metrics that are capable of detecting direct hormonal perturbations and indirect endocrine effects of known pharmaceuticals on rat liver. We
further assess the responses of these signatures in the DrugMatrix dataset, a public
source of male rat liver transcriptional data that includes numerous short-term
androgen and estrogen treatments as well as other steroid hormones. We discuss
the biological relevance of the gene components of these signatures and compare
them with previously published signatures. The effects of hormonal treatments on
the sex-biased expression of Cyp2c11 and Cyp2c12 are demonstrated. A potential
mechanism of hypogonadism following prolonged corticosteroid exposure is
suggested by observed strong initial downregulation of Hsd17b2 observed in these
treatments. We also focus on the potential indirect effects of antifungal azoles
on estrogen signature induction. Aromatase inhibitors, on the other hand, do not
produce noticeable changes in either the estrogen or androgen signatures in male
rat livers. The lack of correlation between hormonal signatures and xenobiotic
nuclear receptor signatures suggests hormonal homeostasis is not significantly
perturbed by liver enzyme induction.

3366

4,4’-Methylene Diphenyl Diisocyanate Exposure Induces
Alternatively Activated Macrophage Marker Transcription
through MicroRNA-Mediated Krüppel-Like Factor 4 Regulation
in Macrophages

C. Lin, B. F. Law, and J. M. Hettick. NIOSH, Morgantown, WV. Sponsor: C. Lin,
American Society for Clinical Investigation, American Society for Biochemistry and
Molecular Biology
4,4’-methylene diphenyl diisocyanate (MDI) is a reactive chemical used in polyurethane production, and exposure to MDI is a leading cause of occupational asthma
(OA). However, the pathophysiological mechanism(s) by which MDI causes
OA has yet to be fully elucidated. Macrophage (MØ) function, such as changes
in MØ polarization status, mediator production, phagocytosis and efferocytosis
may participate in asthma pathogenesis. MØs can polarize into either classically
activated (M1) or alternatively activated (M2) phenotypes (more pronounced in
lungs of asthmatic patients). Recent in vivo studies demonstrated that M2 marker
expression in the lungs was upregulated after MDI/MDI-glutathione (GSH) conjugate
exposure, indicating that MDI may induce M2 polarization in the lungs; however,
the molecular mechanism(s) by which MDI causes induction of M2 markers is
unclear. Krüppel-Like Factor 4 (KLF4) is an important mediator of M2 polarization.
Previous studies demonstrated that microRNAs (miR)s-206-3p and -381-3p were
downregulated in bronchoalveolar lavage cells (BALCs) and macrophages after
MDI exposure. In this study, we investigated the roles of miR-206-3p, miR-381-3p
and KLF4 in MDI-mediated M2 marker regulation in MØs. THP-1 MØs were exposed
to MDI-GSH conjugate at 0, 1, 10 μM for 24 h and endogenous M2 markers
(CD206 and TGM2), miRs (miRs-206-3p and -381-3p), and KLF4 were measured
using RT-qPCR. Exposure to MDI-GSH conjugate induced endogenous KLF4,
CD206, and TGM2 transcription whereas endogenous miRs-206-3p/-381-3p were
downregulated in THP-1 MØs. Overexpression of KLF4 in THP-1 MØs upregulates
endogenous CD206 and TGM2 transcription. In silico analysis revealed that both
miRs-206-3p and -381-3p may target the KLF4 3’UTR. Binding between the KLF4
transcript and miRs-206-3p and -381-3p was confirmed by RNA immunoprecipitation using anti-pan-Argonaute antibody. Transfection of miR-inhibitors-206-3p and
-381-3p upregulated endogenous KLF4, CD206, and TGM2 transcription whereas
transfection of miR-mimic-206-3p and -381-3p downregulated endogenous KLF4,
CD206, and TGM2 transcription in THP-1 MØs. In summary, MDI exposure induces
transcription of M2 markers; M2 polarization may occur via miRs-206-3p- and
-381-3p mediated KLF4 upregulation in MØs.

3367

A Role for NRF2 in the Transcriptional Response to Hypoxia

S. Lacher, D. Levings, and M. Slattery. University of Minnesota Medical School,
Duluth, MN.
Oxygen is required for many cellular processes, yet oxidative metabolism leads
to the generation of reactive oxygen species (ROS). ROS can be fatal to a cell if
not properly regulated, so cells have several proteins that control ROS levels. The
transcription factor NRF2 (Nuclear factor erythroid-derived 2-like 2) is one such
protein. NRF2 increases the expression of its target genes, many of which have
antioxidant and metabolic functions that can restore ROS balance. Interestingly,
a lack of oxygen (hypoxia) also lead to a paradoxical increase in ROS; because of
this we evaluated the role of NRF2 in the transcriptional response to acute hypoxia.

We used MDA-MB-231 cells lacking NRF2 (NRF2mut) and matched controls with
wild-type NRF2 (NRF2WT) to test the hypothesis that NRF2 regulates the transcriptional response to hypoxia. We also tested the transcriptional response to ROS in
these cells for comparison. Cells were exposed to either the ROS inducer menadione (or vehicle control) or 1% O2 (or 20% O2 control) for 1 or 8 hrs and RNA-seq was
used to identify differentially expressed genes (DEG). The NRF2WT cells displayed
relatively minor changes in gene expression following 1hr of either menadione
or 1% O2 (171 and 71 DEG respectively) whereas the changes were much more
dramatic after 8hrs of menadione or 1% O2 exposure (3440 and 5596 DEG respectively). Many of the DEG identified have already been reported as either ROS- or
hypoxia-responsive target genes (e.g. ROS: HHEX, OXSR1, GLRX; Hypoxia: EGFR,
VEGFA, ANGPTL4). While the majority of DEG following exposure to ROS or hypoxia
were responsive in both NRF2WT and NRF2mut, many genes were NRF2 dependent.
Overall, 124 of the genes upregulated by both ROS and hypoxia in NRF2WT were
blunted in NRF2mut (e.g. OSGIN1, CXCL3, IL24), 134 genes upregulated exclusively by
ROS in NRF2WT were blunted in NRF2mut (e.g. NQO1, HMOX1, GCLC), and 242 genes
upregulated exclusively by hypoxia were blunted in NRF2mut cells (e.g. CCN2, WSB1,
KLHL24). These patterns imply that NRF2’s regulatory reach in the transcriptional
response to hypoxia is similar to, or possibly greater than, its reach in response
to ROS. Importantly, most of the NRF2-dependent genes identified in this study
exhibit context-specific NRF2-dependence, suggesting that NRF2 plays a novel role
in hypoxia that is not a simple extension of its role in response to excess ROS.

3368

Multi-’omic Analysis Reveals Candidate Master miRNA
Regulator of Beta Cell Response to Arsenicals

J. E. Todero1, K. Koch-Laskowski11, Q. Shi2, Y. Hung1, R. Beck1,2, M. Styblo2, and P.
Sethupathy1. 1Cornell University, Ithaca, NY; and 2University of North Carolina at Chapel
Hill, Chapel Hill, NC.
Arsenic is a pervasive environmental toxin that is ranked as the number one priority
for investigation by the Agency for Toxic Substance and Disease Registry. Chronic
exposure to arsenic has been associated with type 2 diabetes (T2D). However, the
underlying mechanisms remain largely unknown. We have recently demonstrated
that arsenic treatment of INS-1 832/13 pancreatic beta-cells impairs glucose
stimulated insulin secretion (GSIS), a hallmark of T2D. We have also shown that
arsenic alters the microRNA (miRNA) profile in beta-cells more dramatically than
other metals. miRNAs have a well-established regulatory role in both normal
beta-cell function and T2D pathogenesis. We hypothesized that there are miRNA
master regulators that mediate arsenic-associated GSIS defects. To test this
hypothesis, we first treated INS-1 832/13 beta-cells with either 1 μM of inorganic
arsenic (iAs) or 0.5 μM of monomethylarsenite (MAsIII) and confirmed that GSIS
is significantly reduced. We then performed integrative multi-omic analysis using
chromatin run-on sequencing (ChRO-seq), and RNA-sequencing (RNA-seq), and
small RNA-seq in order to define arsenic-associated chromatin and transcriptional
activity, gene expression, and miRNA profiles, respectively. We identified genes that
are primarily post-transcriptionally regulated by exposure to iAs and/or MAs. Our
analysis also revealed for the first time that miR-29a is a candidate master regulator of these genes (such as Kcna2), which are enriched in the insulin secretion
pathway. Our study suggests that arsenic leads to aberrant miR-29 expression
in beta-cells, which in turn leads to the repression of critical genes for beta-cell
function, ultimately predisposing to diabetes.

3369

The Tryptophan Derivate Kynurenine Induces the Human Parkin
Expression via the Aryl Hydrocarbon Receptor

F. E. Murillo-González, R. García-Aguilar, L. Vega, and G. Elizondo. Cinvestav, Mexico
City, Mexico.
Kynurenine (KYN) is the first product of Tryptophan metabolism generated by
enzymatic pathway. The cellular levels of KYN and its downstream metabolites
play crucial roles in neurodegenerative disease and cancer. KYN is an endogenous
agonist for the Aryl Hydrocarbon Receptor (AHR), a ligand-dependent transcription
factor that is involved in some neural functions. Previous data from our laboratory revealed that, in the mouse ventral midbrain, AHR induces the expression of
Parkin gene (PRKN), an E3 ligase that ubiquitinates proteins to regulate a variety of
cellular processes, including mitochondrial homeostasis, anti-oxidative stress and
mitophagy. Transcriptional regulation of the human Parkin gene (hPRKN) is poorly
understood. Unpublished data generated in our laboratory indicate that the AHR
exogenous ligand 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) promoted the expression of the hPRKN in neuroblastoma cells. However, the potential effects of AHR
endogenous ligands such as KYN have not been explored. Therefore, the aim of this
work was to evaluate whether KYN induces hPRKN gene expression in neuroblastoma cells. Initially, SH-SY5Y cells were treated with KYN 100 µM and the hPRKN
mRNA and protein levels were evaluated by RT-qPCR and western blot, respectively.
Our data indicated that KYN treatment results in an almost 4-fold increase in hPRKN
mRNA levels, twice of the level induced by TCDD. Levels of Parkin protein were
also increased by both AHR ligands. We then evaluated whether this induction was
driven by hPRKN gene promoter transactivation. The hPRKN gene promoter was
previously analyzed using the bioinformatics tool JASPAR, and two AHR response
elements were found. A 970 bp region containing the hPRKN promoter was cloned
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into a pGL4.10 [luc2] reporter vector, transfected in SH-SY5Y cells and treated with
KYN 100 µM. As luciferase assay revealed that activation of AHR by KYN treatment
mediated transcriptional induction of the hPRKN gene promoter. In conclusion,
the present data indicate that KYN induces the PRKN gene expression in human
neuroblastoma cells, most likely through AHR at transcriptional level. Moreover,
Parkin-KYN induction is greater than that produced by TCDD treatment, suggesting important differences among AHR ligands regarding hPRKN gene induction.
Funding: CONACyT 280897.

3370

Arsenic Trioxide Reduces the Expression of E2F1, Cyclin E, and
Phosphorylation of PI3K Signaling Molecules in APL Cells

P. Tchounwou1, and S. Kumar1,2. 1Jackson State University, Jackson, MS; and 2Central
University, Gaya, India.
Arsenic trioxide (ATO) has been used for the treatment of acute promyelocytic
leukemia (APL). Although ATO modulates cell cycle progression and apoptosis
in APL cells, its exact mechanism of action remains elusive. In this research, we
investigated its effects on E2F1, cyclin E, p53, pRb and PI3K signaling molecules
by western blotting, immunocytochemistry and/or confocal imaging. We found that
ATO inhibited the proliferation of APL cells through down-regulation of E2F1 and
cyclin E expression, and stimulation of pRb. It also reduced the interaction of pRb
and E2F1with binding to the E2F1 promoter, by stimulating pRb association. ATO
also effected the phosphorylation of pRb at S608 and T373 residues and association of E2F1, pRb, and p53, simultaneously. However, in p53-knockdown NB4
cells, ATO did not significantly reduce E2F1 and cyclin E expression. Our findings
demonstrate that ATO inhibits APL cell growth through reduced expression of E2F1,
cyclin E, and stimulation of pRb. It also effected both interaction and association
of E2F1, pRb and p53 by phosphorylation of pRb at T373 and S608 residues and
reduced phosphorylation of PI3K signaling molecules. This novel mode of action of
ATO in APL cells may be useful for designing new APL drugs.

3371

Oncogenic KRas Plays a Significant Role in Regulating
Expression of IDO1

E. Lee, B. Choi, and W. Dai. New York University Grossman School of Medicine, New
York, NY. Sponsor: H. Sun
Ras proteins are among the most widely studied proto-oncogene products. Ras
proteins are membrane-anchored GTPases that participate in multiple signaling cascades regulating crucial cellular processes including cell survival, proliferation, and differentiation. Ras mutations and/or deregulated Ras activities
frequently lead to inflammation and malignant transformation. Recent studies
have also shown that Ras mutations are associated with immuno-resistance by
positive regulation of PD-L1 expression. Indoleamine 2,3-dioxygenases 1 (IDO1)
is a heme-containing enzyme that catalyzes the rate limiting step of conversion of
tryptophan into kynurenine (Kyn). Extensive research in the past has shown that
IDO1 and its catalytic product Kyn mediate immune tolerance, thus promoting
tumorigenesis in vivo. IDO1 expression is activated by immune cytokines including interferon-gamma (IFN-gamma) and interleukin-6 (IL-6). However, whether
there is a mechanistic link between oncogenic KRas and IDO1 expression and
how IDO1 expression contributes to immune invasion of transformed cells with
KRas mutations remain unclear. Here we report that oncogenic KRas significantly
enhanced IFN-gamma-induced IDO1 expression. In H358 lung carcinoma cells,
IDO1 expression induced by IFN-gamma was at least in part dependent on ERK
activation, and treatment with ARS-1620, a covalent KRasG12C inhibitor, suppressed
IDO1 expression induced by IFN-gamma in a concentration-dependent manner.
IDO1 expression was also induced by IFN-gamma in HCT116 colon carcinoma
cells that harbored a KRasG12D mutant allele, but not in HCT116 cells with wild-type
KRas, suggesting that IFN-gamma induced IDO1 expression requires Ras activation. In addition, KRas downregulation by specific siRNAs decreased IFN-gammainduced IDO1 expression in HaCaT human keratinocytes cells. Taken together, our
study strongly suggests that Ras/ERK signaling pathway plays an important role in
promoting IDO1 expression induced by IFN-gamma.

3372

Prednisone Suppresses Pathogenic Nuclear Autoantibodies in
Lung but Not Plasma during Silica-Triggered Lupus Flaring in
NZBWF1 Mice

L. K. Heine1, L. D. Rajasinghe1, Q. Z. Li2, J. G. Wagner1, R. P. Lewandowski1, J. R.
Harkema1, and J. J. Pestka1. 1Michigan State University, East Lansing, MI; and
2University of Texas Southwestern Medical Center, Dallas, TX.
Glucocorticoids (GCs) such as prednisone (PR) are cornerstone treatments in
autoimmune diseases such as lupus due to their powerful immunosuppressive
effects, despite causing many deleterious side effects with chronic use. The scope
of PR’s immunosuppressive effects has not yet been characterized in the context
of inhaled toxicant-induced autoimmunity. Our lab has previously shown that
intranasal instillations with crystalline silica (cSiO2), an inhaled toxicant etiologi-

cally linked to lupus, triggers early onset and progression of autoimmune disease
that is heralded by robust autoantibody (AAb) production in the bronchoalveolar
lavage fluid (BALF) and plasma of lupus-prone mice. The goal of the present study
was to address the hypothesis that PR is effective in reducing the production of
pathogenic AAbs in the BALF and plasma of lupus prone NZBWF1 mice exposed to
cSiO2. At 6 weeks (wks) of age, female NZBWF1 mice were started on either control
or PR-amended diets which were maintained for the duration of the study. PR was
added to diets at concentrations of 5 and 15 mg/kg that represented human equivalent daily maintenance doses of 2.4 and 7.2 mg/d, respectively. Beginning at 8
wks of age, mice were intranasally instilled with either saline vehicle or 1 mg of
cSiO2 once a wk for 4 consecutive wks. Mice were sacrificed 15 wks after the last
cSiO2 instillation. BALF and plasma were subjected to high-throughput AAb profiling
using a 120-autoantigen microarray. Like previous studies, cSiO2 induced a broad
array of IgG AAbs in the BALF and plasma compared to control mice. Both PR
doses significantly suppressed pathogenic AAbs to nuclear antigens, DNA-related
nucleoproteins, RNA-binding proteins, and Smith antigens in the BALF, but did not
affect the same classes of cSiO2-induced AAbs in the plasma. Overall, these results
demonstrate that PR preferentially suppresses certain cSiO2-induced pathogenic
AAbs in the lung but does not extend the same protection in the systemic circulation. Funded by ES027353 and T32ES007255.

3373

Autophagy Dysregulation in Environmental Pollutant
Trichloroethene-Mediated Autoimmunity

H. Wang, N. Banerjee, and M. F. Khan. University of Texas Medical Branch at Galveston,
Galveston, TX.
Trichloroethene (TCE), an organic solvent extensively used for degreasing metals,
can cause inflammatory autoimmune disorders [i.e., systemic lupus erythematosus (SLE) and autoimmune hepatitis] in humans from both environmental and
occupational exposure. Autophagy has emerged as a pivotal pathogenic factor in
various autoimmune diseases; however, its role in TCE-mediated autoimmunity is
not unknown. Here, we investigate whether autophagy dysregulation contributes to
TCE-mediated autoimmune responses. With the established MRL+/+ mouse model,
we observed that TCE-treated mice had elevated autophagic light chain 3 conversion (LC3-II/LC3-I), phos-AMPK and inhibition of mTOR signaling in the livers after
52 weeks of TCE exposure (0.5 mg/ml, via drinking water). To provide mechanistic
link between autophagy modulation and TCE-mediated autoimmune responses,
we further utilized the 6-week TCE exposure model (10 mmol/kg, i.p., every 4th
day). Suppression of autophagy with pharmacologic agent hydroxychloroquine
(HCQ, 60 mg/kg, i.p., every other day) increased the TCE-mediated induction of
antinuclear antibody (ANA) levels, but no differences were observed in anti-dsDNA
antibodies or cytokines. On the other hand, autophagy induction pharmacologically
with rapamycin (2 mg/kg, i.p., every other day) significantly reduced TCE-mediated
hepatic inflammation (NLRP3, ASC, caspase-1 and IL-1β mRNA levels), systemic
cytokines (IL-12 and IL-17) and autoimmune responses (ANA and anti-dsDNA
levels). Taken together, these results suggest that autophagy could have a protective role against TCE-mediated hepatic inflammation and autoimmunity. These
novel findings linking modulation of autophagic responses with autoimmunity
could help in designing therapeutic strategies against TCE-mediated autoimmune
diseases.

3374

Developmental Trichloroethylene Exposure In Vivo Alters CD4
T Cell Subset Differentiation in a Sex-Specific Manner in Nonautoimmune Prone Mice

S. J. Blossom1, and K. K. Vyas2. 1University of New Mexico Health Sciences Center,
Albuquerque, NM; and 2Arkansas Children’s Research Institute, Little Rock, AR.
Autoimmune diseases are increasing as our society has become more industrialized. While genetic predisposition is important, most autoimmune diseases are
driven by environmental factors including toxicants like trichloroethylene (TCE). TCE
is a halocarbon known for its use as an industrial solvent and metal degreaser. TCE
has contaminated water systems, is an occupational hazard, and has been linked
to several autoimmune diseases and T cell hypersensitivity disorders in humans.
Developmental exposure of TCE in the drinking water increased the generation
of effector/memory IFN-γ- and IL-17-secreting CD4T cells commensurate with
autoimmune hepatitis in autoimmune-prone female MRL mice relative to untreated
controls. The immune enhancing effects of TCE on non-autoimmune-prone mice
(e.g., C57/BL6) have not been thoroughly examined. Because TCE can also promote
autoimmunity and hypersensitivity reactions in men, we also sought to determine
whether developmental TCE exposure in vivo promoted the differentiation of
pathogenic effector CD4 Th1 and Th17 and/or the suppression of non-pathogenic
CD4 iTregs in both sexes of C57 mice. We hypothesized that developmental TCE
exposure in vivo promotes the differentiation of pathogenic effector Th1 and Th17
and/or the suppression of non-pathogenic iTregs in non-autoimmune prone mice.
Based on the sex disparity observed in autoimmunity, we predicted that the effects
of TCE would be more robust in females compared to males. Naïve CD4 cells were
isolated from male or female C57/Bl6 mice and incubated for 5 days to induce Th
cell subsets [e.g., Th1, Th2, Th17, and inducible regulatory T cells (iTregs)]. The
results demonstrated that TCE skewed Th1, iTreg, and Th17 CD4 subset differen-
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tiation in a sex-dependent manner. Specifically, IFN-γ and its major transcription
factor, T-bet, were significantly enhanced by TCE exposure in female mice relative
to males. However, autoimmune disease pathology was not observed in any of
the mice, regardless of sex. These results show that CD4s from mice that are not
genetically predisposed towards developing autoimmune disease are sensitive to
TCE’s effects. However, the development of immune pathology likely involves other
mechanisms. Study on how TCE alters epigenetic regulation of CD4T cells during
differentiation are currently underway.

3375

Effects of TCDD in the Spleen, Blood, and Liver in Experimental
Autoimmune Encephalomyelitis (EAE)

B. Kaplan, A. Nicaise, T. Sturgis, and A. Olivier. Mississippi State University, Mississippi
State, MS.
TCDD is the prototypical aryl hydrocarbon receptor (AhR) ligand and is a well-characterized liver and immune toxicant. Previously we showed that TCDD inhibited
clinical disease progression and immune responses in the experimental autoimmune encephalomyelitis (EAE) model of multiple sclerosis. Although the pathophysiology of EAE involves immune infiltration into the central nervous system and
neurodegeneration, the immune response can be readily detected in the spleen at
end-stage disease, but the role of the peripheral immune response in EAE is not well
understood. Given that TCDD is hepatotoxic and immunotoxic, we further explored
peripheral immune responses in EAE in the presence and absence of TCDD in male
and female mice. We showed that splenic cellularity was decreased by TCDD in EAE
disease in both sexes, and we hypothesized that EAE would induce mild inflammation in the liver, which would be suppressed by TCDD. We confirmed that TCDD
increased alanine aminotransferase levels in TCDD mice regardless of disease.
Histopathologic analysis revealed extramedullary hematopoiesis (EMH) in the liver
and spleen in EAE. EAE did not result in inflammation in the liver; however, 4/13
livers in the EAE/TCDD group had mild infiltrates that were consistent with lymphocytes (although they could also be erythroid precursors). CBC analyses revealed
that white blood cell counts (WBCs) looked very similar to splenic cellularity in that
WBCs were decreased by TCDD in EAE disease. Segmented cells were increased by
EAE so granulocytes might account for the EAE-induced increase in WBC counts.
These results demonstrate that while TCDD suppresses immune responses in the
spleen and blood, there was not much effect on the inflammation as assessed by
histologic analysis in the liver. While TCDD could not be developed as a therapeutic
for immune-mediated disease, these studies do suggest that assessment of blood
granulocytes might be important in the event that other less toxic AhR ligands are
developed as potential immunosuppressants.

3376

Use of a Novel Humanized TLR-4 Mouse Model to Study Dermal
Sensitization by Nickel Salts In Vivo

K. Roach, S. Anderson, A. Stefaniak, and J. R. Roberts. NIOSH, Morgantown, WV.
It is estimated that ~20% of the global population exhibits contact sensitivity to
nickel (Ni). Despite this prevalence, mechanisms involved in Ni allergy remain
unclear due to knowledge gaps reflective of rodents’ inherent resistance to Ni
sensitization in research studies. The goal of this study was to determine the
potential utility of a novel mouse model with increased susceptibility to allergic
disease, the humanized Toll-like receptor-4 (hTLR4) mouse model, for future
studies of Ni allergy. All animals used in this study were generated from an in-house
breeding colony. Mice of both sexes (F/M) and hTLR-4 expression profiles (+/-)
were incorporated into a Local Lymph Node Assay (LLNA) to assess skin sensitization. Mice were topically exposed to vehicle control (VC); 2.5, 5, or 10% NiSO4; or 5%
NiONP for 3 consecutive days, rested for 2, then injected intravenously with tritiated-thymidine and euthanized 5 hours later. The auricular LN were excised from
each animal and radioisotope incorporation was evaluated. Next, a set of hTLR4+
mice (F/M groups) was similarly exposed to VC or 10% NiSO4 on 1, 2, and 3d. Mice
were euthanized at 10d, LN cellularity was assessed, and serum was collected to
quantify cytokine/antibody levels. In the LLNA, hTLR4+ mice of both sexes exhibited
enhanced responsivity to Ni. 10% NiSO4 had a stimulation index (SI) of 3.7 (F) and
3.8 (M) in hTLR4+ mice, and an SI of 0.5 (F) and 0.8 (M) in hTLR4- mice. Compared
to VC animals at 10d, hTLR4+ mice exposed to 10% NiSO4 exhibited increased LN
cellularity (6.0x increase in F, 3.2x in M) and significantly higher concentrations of
circulating IgE (4.1x increase in F, 3.4x in M). Altered serum cytokine profiles were
also observed in Ni-exposed mice at 10d, and distinctive responses were observed
amongst F/M mice. Significant increases in IFN-g, IL-4, and IL-5 levels were seen in
F mice, while elevated concentrations of IL-4 and IL-10 were detected in M mice.
When analyzed collectively, additional sex-dependent trends in immunological
responsivity to Ni were discernable from the study results. Overall, a greater degree
of response variability was observed amongst M mice, while the highest maximal
responses were consistently observed in F mice. The results of this study ultimately
demonstrated that murine expression of hTLR4 confers susceptibility to Ni sensitization, and consequently, the hTLR4 mouse model represents a viable approach for
future studies of Ni allergy in vivo.

3377

Subchronic Oral Exposure to Low Concentration of Inorganic
Arsenic Significantly Exacerbates the Inflammatory Response in
a Mouse Model of Cutaneous Allergy

C. Hayakawa1, Y. Ogata1, N. Kato1, N. Iwashita2, Y. Takagi3, and T. Fukuyama1.
1University Chuo-ku, Kanagawa, Japan; 2Bioalchemis, Tokyo, Japan; and 3Japan SLC Inc.,
Shizuoka, Japan.
Contamination of soil and drinking water by inorganic arsenic compounds has
become a serious problem, especially in developing countries. It has been shown
that inorganic arsenic affects the human immune system and development of
allergic disease, however, detailed mechanism of action has not been examined.
The purpose of this study is to clarify the direct causal relationship between
inorganic arsenic exposure and the development of allergic diseases. In the first
step, eosinophils, dendritic cells, and epithelial cells, which are involved in the
pathogenesis of allergic diseases, were exposed to inorganic arsenic in vitro and
their effects on cytokine production were examined. In the second step, impact of
subchronic oral exposure to low concentration (1 and 10 ppm) of inorganic arsenic
on the pro-inflammatory response was observed in a NC/nga mouse model of
atopic dermatitis. Our findings indicated that inorganic arsenic exposure in vitro
significantly enhanced the production of inflammatory cytokines such as IL-1β, IL-8,
and TNFα in eosinophils and dendritic cells. In addition, expression of CD86, which
is a marker of activated dendritic cells, was also significantly increased by direct
exposure to inorganic arsenic in mouse bone marrow derived dendritic cells. The
results from atopic dermatitis mice model showed that subchronic oral exposure
to 10 ppm inorganic arsenic in drinking water significantly aggravated the atopic
dermatitis symptoms, trans epidermal water loss (TEWL), IL-4 produced by T cells
in the lymph nodes, IL-5 and IL-33 in the skin as compared to the vehicle control
group. TEWL is the barometer of cutaneous barrier function, and IL-33, secreted
by keratinocytes, plays a pivotal role to develop the cutaneous allergy by activating
the eosinophils, T cells and mast cells. Taken together, our findings imply that
subchronic inorganic arsenic exposure directly affects the cytokine production in
immunocytes, resulting in the exacerbation of inflammatory reactions in a mouse
model of atopic dermatitis.

3378

Effects of the Food Additive tBHQ on OVA-Elicited Food Allergy
in Juvenile Mice

Y. Jin, A. P. Boss, M. M. Janey, S. Awali, L. M. Kaiser, and C. E. Rockwell. Michigan State
University, East Lansing, MI.
There has been a steady rise in the prevalence of food allergy for the past couple
of decades for reasons that are not completely understood. While previous studies
from our lab demonstrated that tert-butylhydroquinone (tBHQ), a food additive
present in many processed foods, promotes the development of allergy in adult
mice, our current experiment focuses on juvenile mice because infants and children
are uniquely susceptible to food allergy. Here we developed a food allergy model
in juvenile mice and tested the hypothesis that tBHQ, at concentrations relevant to
human exposure, exacerbates the allergic response in ovalbumin (OVA) sensitized
mice at an early age. The BALB/c breeder pairs were fed AIN-93G with 0.0014%
tBHQ or control diet (without tBHQ) during mating and gestation. The pups from
day 12 were exposed to OVA once every three days for 6 times during the sensitization phase. Sensitization to OVA was assessed by the rise in ova-specific IgE. Upon
oral challenge, mice were monitored for hypothermia shock response (HSR) and
mast cell protease (mMCP)-1 response. Sensitization with OVA elicited a robust
OVA-specific IgE antibody response in both the control and tBHQ diet groups.
After the 6th sensitization, flow cytometry showed mice on the tBHQ diet had an
increased percentage of migratory dendritic cells (CD11c+MHCII+CD207-CD103+) in
the brachial lymph node compared to those on control diet. Likewise, in response
to OVA challenge, a greater decrease in body temperature was observed in the
mice on the tBHQ diet at 20 minutes post-challenge compared to control animals.
Furthermore, the mMCP-1 response to OVA challenge was 1.5-fold greater in the
mice on the tBHQ diet as compared to control diet. In addition, the percentage of T
helper 2 (Th2) cells (CD4+ GATA-3+ IL-4+) in spleen was greater in the tBHQ-treated
group compared to control. Lastly, the Th2 cell population was greater in splenocytes derived from mice on the tBHQ diet in an ex vivo recall response assay. Taken
together, these data suggest that exposure to tBHQ through diet promotes OVA
sensitization and exacerbates anaphylactic response to OVA challenge in a juvenile
mouse model of food allergy. This study was supported by NIH R01 ES024966 and
R03 ES030766.

3380

Characterization of Teicoplanin-Specific T Cells from Drug
Naïve Donors Expressing HLA-A*32:01

J. Gardner1, M. Ogese1, C. Betts2, and D. J. Naisbitt1. 1University of Liverpool, Liverpool,
United Kingdom; and 2AstraZeneca, Cambridge, United Kingdom.
Teicoplanin is a glycopeptide antibiotic administered to combat gram-positive
bacterial infection and has been linked to an increasing incidence of adverse
drug reactions (ADRs), particularly following previous exposure to vancomycin. ADRs can involve activation of the adaptive immune response, with T-cells
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implicated in the pathogenesis of disease states such as of drug-reaction with
eosinophilia and systemic symptoms (DRESS). GWAS have linked vancomycin-induced DRESS with expression of HLA-A*32:01 and in vitro studies have detected
vancomycin-responsive T-cells in patients with DRESS and healthy donors expressing HLA-A*32:01. The aim of this study was to investigate the immunogenicity
of teicoplanin and to explore patterns of cross-reactivity with structurally-related
glycopeptides. Teicoplanin-responsive T-cell clones (TCC) were generated via
serial dilution from the blood of drug naïve donors expressing HLA-A*32:01. The
nature of T-cell interactions with MHC complexes were defined via HLA blockade in
addition to either pulsation of antigen presenting cells (APC) with drug, or fixation
of APC with glutaraldehyde. T-cell secretion of cytokines and cytolytic molecules
was profiled via the ELISpot assay. Teicoplanin-specific TCC were identified in 3/3
healthy donors positive for HLA-A*32:01 and clones generated expressed a CD8+
phenotype. Proliferation of CD8+ TCC was unaffected by HLA class II blockade
whereas proliferation was inhibited with HLA-I blockade. T-cells exhibited the
capacity for proliferation after exposure to vancomycin in the presence of fixed
APC, but not in the presence of teicoplanin-pulsed APC. Detection of Th1 and Th2
cytokines was observed alongside cytotoxic molecules (granzyme B, perforin and
FasL). Cross-reactivity with daptomycin was observed, although no cross-reactive
T-cells were identified after vancomycin exposure. These data suggest teicoplanin
activates CD8+ TCC in a processing independent manner in which direct pharmacological interactions, driven primarily by MHC class I complexes, evoke T-cell
responses. The presence of drug-reactive T-cells with the capacity to secrete
cytotoxic and DRESS related cytokines (IL-5) indicates T-cell involvement within
DRESS reactions attributed to teicoplanin exposure.

3381

Glycolysis: An Early Marker for Drug-Specific T Cell Activation

J. Gardner1, S. Hammond1, S. Jones1, C. Betts2, A. Chadwick1, and D. J. Naisbitt1.
1University of Liverpool, Liverpool, United Kingdom; and 2AstraZeneca, Cambridge,
United Kingdom.
Drug hypersensitivity reactions can be immune-mediated with T-cells implicated
in the activation of adaptive responses arising from exposure to therapeutic
compounds. Antigen presentation evokes T-cell activation, and recent studies have
demonstrated that ensuing T-cell effector functions are dependent on glycolysis.
In this study, the glycolytic activity of vancomycin-specific T-cell clones (TCC),
for which pathways of T-cell activation have been previously characterised via
proliferation and cytokine release assays, were assessed. Additionally, glycolytic
parameters of TCC were characterised for responses to phytohaemagglutinin
(PHA) and anti-CD3 activating antibodies to determine fuel usage upon non-specific and T-cell receptor (TCR) mediated activation. Vancomycin-responsive TCC
were generated in vitro via serial dilution using peripheral blood mononuclear cells
from a combination of hypersensitive patients and healthy volunteers and were
confirmed as compound-responsive through proliferation responses measured
by thymidine incorporation. The Seahorse XFe96 Analyzer was used to measure
energetic parameters relevant to T-cell activation, namely the extracellular acidification rate (ECAR) as an indicator of glycolytic function. PHA-induced non-specific
T-cell activation and TCR stimulation using anti-CD3 was characterised by immediate augmentation of ECAR. Mitochondrial stress assays revealed mitochondrial
function remained unchanged following treatment with model stimulants, suggesting a flux towards a glycolytic state accommodates energetic requirements.
Activation of vancomycin-reactive TCC was found to be a highly glycolytic process
in which acute drug injection induced a dose-dependent glycolytic shift which
was observed to be drug-specific following treatment with structurally unrelated
compounds such as carbamazepine. Notably, glycolytic activation of TCC was HLA
restricted, as exposure to HLA-DR blockade attenuated the glycolytic flux with TCC
remaining in quiescent state. In summary, these studies demonstrate the utility of
bioenergetic analysis within the functional characterisation of T-cells involved in
hypersensitivity reactions.

3382

Role of MicroRNAs in the Regulation of Chemical Allergen
Potency

V. Galbiati, M. Iulini, A. Maddalon, M. Marinovich, and E. Corsini. Università degli Studi di
Milano, Milan, Italy.
Allergic contact dermatitis (ACD) is a T-cell mediated skin inflammation caused
by repeated skin exposure to low molecular weight chemicals and is of considerable importance to the toxicologist. While incredible progresses have been made
in the development of non-animal tests, currently it is not possible to estimate
the sensitizing potency of chemical allergens. MicroRNAs are non-coding RNA
molecules that regulate gene expression at the post-transcriptional level. Recent
findings indicate that miRNAs contained in exosome may determine reprogramming of gene expression in target cells. Although ACD has been studied extensively,
there are few studies conducted to investigate miRNA expression. The rational of
this study was to examine the expression of miRNAs in an in vitro model and to
study a possible correlation between the potency of contact allergens and miRNAs
expression. To do this the human promyelocitic cell line THP-1 was used as a
replacement for primary dendritic cells (DCs). Additional experiments were also
conducted using THP-1 cells differentiated to immature DCs (iDCs), as these cells

more closely mimic dermal DCs. To evaluate miRNAs expression contact allergens
of different potency were used: p-benzoquinone and Bandrowski’s base as extreme;
diethyl maleate and 2-mercaptobenzothiazole as moderate; and α-hexylcinnamaldehyde, hydroxycitronellal, and imidazolidinyl urea as weak. miRNAs evaluation
was initially performed with a 96-well miRNA Panel analysis, for an initial screening of data ad subsequently specific miRNAs were selected, related to ACD, for
additional evaluation. Finally, the presence of the selected miRNA in exosomes
released from immature DCs exposed to allergens of different potency or cytokine
cocktail. Data obtained interestingly suggest that miRNAs expression can depend
on the in vitro cell model used (THP-1 vs iDCs) and support the starting hypothesis
of a different miRNAs modulation induced by allergens of different potency.

3383

Understanding Allergen Potency: Role of Protein Kinase C
Activation in the Vigor of Dendritic Cell Activation

M. Iulini, V. Galbiati, A. Maddalon, M. Marinovich, and E. Corsini. Università degli studi di
Milano, Milan, Italy.
To come a complete replacement of animals in the assessment of chemical-induced contact allergy, dose-response information and evaluation of relative skin
sensitizing potency are necessary. The identification of mechanism influencing
the strength of T cell responses, that can explain the strength of allergic contact
dermatitis (ACD) reaction to sensitizers of different potency, is a challenge to be
solved. The present study was focused on the degree of dendritic cells (DC) activation and maturation and on the involvement of PKC beta in these processes. To do
this the human promyelocitic cell line THP-1 differentiated to immature DCs (iDCs)
were used. To evaluate miRNAs expression, two contact allergens of different
potency were used: Bandrowski’s base as extreme; and α-hexylcinnamaldehyde as
weak. Previously data obtained from our group using an in vitro DC system, reported
the regulation of two miRNAs: miR-24-3p and miR-146a-5p. Based on the previous
results and with the aim to confirm the effective involvement of these two miRNAs
in the maturation process of DCs, mimic miR-146a-5p and miR-24-3p inhibitor were
used. To establish the role of PKC beta in miRNA expression, a specific PKCbeta
inhibitor (PKCbeta pseudosubstrate) was used as pre-treatment on iDCs, before the
final exposure to the two contact allergens selected.Overall, results obtained from
this study confirm the involvement of miR-24-3p and miR-146a-5p in the maturation of the DCs induced by contact allergens of different potency. Furthermore, it
has been already confirm the central role of PKC beta in DCs maturation process
occurring in ACD.

3384

Contribution of Skin Keratinocytes to Dendritic Cell Activation
by Common Fragrance Chemicals and Related Compounds in 2D
and 3D Cocultures

N. Peter, U. Bock, and B. Blömeke. Universität Trier, Trier, Germany.
Fragrance chemicals and related compounds are important contact allergens and
represent a well-characterized class based on experimental and human data. Upon
dermal uptake, keratinocytes can convert compounds and provide danger signals
to immune cells. This way, they modulate activation and maturation of dendritic
cells (DC), a key event in the acquisition of sensitization. In this study, we evaluated
the role of keratinocytes on DC activation by fragrance chemicals, in several 2D
and a 3D (reconstructed human epidermis model, RHE) coculture models with
monocytic THP-1 cells. THP-1 cells are commonly used as surrogate for DC. Our
test set included representative fragrance chemicals and related compounds,
covering typical structure elements, varying lipophilicity and sensitization
potencies. Activation status of cocultured THP-1 cells was evaluated by estimating
the cell surface expression of costimulatory and adhesion molecules (CD86, CD54)
via flow cytometry using several 2D approaches. Besides direct coexposure of
HaCaT keratinocytes and THP-1 cells (coculture activation test, COCAT), we investigated for fragrance related chemicals (hydroperoxides of limonene) the impact
of chemical-treated keratinocytes in more detail. Specifically, pretreated keratinocytes were cocultured with THP-1 cells without direct exposure to the chemicals,
using fresh cell culture medium. In addition, the impact of compound-conditioned
keratinocyte medium was tested on THP-1 activation. This way, we confirmed
earlier results highlighting the influences of keratinocytes on DC activation. Finally,
selected fragrances with issues in 2D, were re-evaluated in 3D coculture (RHE/
THP-1) allowing for topical exposure of lipophilic or cytotoxic fragrances. In sum,
grading of common fragrance chemicals according to their structural properties
provides a balanced insight into the activation of DC in their natural environment of
keratinocytes using stepwise 2D and 3D cocultures.
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Role of Cinnamaldehyde-Induced Nrf2 in the Regulation of
Keratinocytes Inflammatory Response

R. Vallion1,2, K. Hardonnière1, A. Bouredji1, M. Damiens1, C. Deloménie1, M. Pallardy1, P.
Ferret2, and S. Kerdine-Römer1. 1Université Paris-Saclay, Châtenay-Malabry, France; and
2Pierre Fabre Dermo-Cosmétique, Toulouse, France.
Keratinocytes (KCs), the main cellular component of the epidermis, are a crucial
player in the barrier function of the epidermis, notably through their metabolic
activity and their ability to detect danger signals. Following contact with a chemical
sensitizer (CS), the transcription factor Nrf2 is activated and participates in cellular
detoxification. CS also induces the production and secretion of pro-inflammatory cytokines such as IL-1β, a key cytokine in allergic contact dermatitis. In this
study, the role of Nrf2 in KCs was investigated in the control of the inflammatory
response following contact with Cinnamaldehyde (CinA), a well-known CS.KERTr, a
KC human cell line, was stimulated by CinA with a low concentration (100 μM) and a
high concentration (250 μM), inducing no more than 30% or 45% cell death respectively. Our results showed that CinA (250 μM) did not cause any Nrf2 accumulation
but induced an increase in the expression of IL-6, IL-8, IL-23, IL-24 & TNF-α mRNAs.
In contrast, CinA (100 μM) induced a rapid accumulation of Nrf2 correlating with
HO-1 and NQO1 expression. Moreover, CinA (100 μM) inhibited IL-1β transcription without modifying the other inflammatory cytokines’ gene expression (IL-6,
IL-8, IL-23, IL-24 & TNF-α). Furthermore, inflammatory response in KCs induced by
zymosan was downregulated by the lower concentration of CinA. In addition, Nrf2
knockdown in KCs using shRNA increased inflammatory cytokines at a steady state
and in response to CinA. Since inhibition of Nrf2 compromised metabolic activity,
glycolysis and oxidative phosphorylation have been studied. Strikingly, metabolomic profiling and seahorse analysis confirmed a decrease of mitochondrial
metabolism relative to glycolysis CinA treatment resulting in Nrf2 accumulation.
In conclusion, the fate of Nrf2 in the KC controls the inflammatory status leading
to an anti- or pro-inflammatory state. This effect could be linked to Nrf2 capacity to
preserve mitochondrial metabolism upon CS exposure.

3386

Early Molecular Biomarkers of Respiratory Sensitization

M. Gibb, D. Carrasco, and C. Sayes. Baylor University, Waco, TX.
Environmental contaminants are present in the air we breathe. These contaminants can lead to a plethora of adverse health outcomes ranging from transient
inflammation to sustained fibrosis and allergic responses. One respiratory health
effect where there is no approved and validated bioassay available is sensitizing
potential. Investigations using rodent models are the current standard but are not
entirely representative of the human, nor are they rapid or cost-effective. Verifiable
in vitro testing methods can provide easy and reliable biological models that can
be adapted and adopted by any lab capable of performing molecular toxicology
studies. In this study, we describe the construction and implementation of an
architecturally relevant alveolar cell culture consisting of epithelial, macrophage,
and dendritic cells in a simply maintained submerged system ideal for high-throughput testing. Exposures to environmental contaminants that verified biomarker
identification include known pulmonary sensitizers (ammonium hexachlorplatinate, toluene diisocyanate, hexamethylene diisocyanate, isophorone diisocyanate, ethylenediamine) and known non-sensitizers (potassium permanganate,
dimethyl formamide, chlorobenzene, propylene glycol, isopropanol). Mitochondrial
reactive oxygen species generation and cytostructural changes were assessed
with confocal laser scanning microscopy; cell morphology was assessed with
scanning electron microscopy; biochemical reactions were assessed via protein
arrays; genetic expression was assessed via gene arrays; and cell surface activation markers were assessed via flow cytometry. Results showed that compared
to naïve (untreated) and non-sensitizer treated cells, the sensitizing chemicals
increased markers for dendritic cell activation, migration, and antigen presentation;
increased dendritic cell protrusion length and number; increased oxidative stress;
and increased gene and cytokine expressions for neutrophil attractants/activators. Specifically, CCL7, CXCL5, IL-6, and IL-8 were identified as early biomarkers
of sensitization. A multi-methods approach to assess endpoints related to sensitization in vitro can serve as an informative assay in identifying sensitizing agents.
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6Bundesinstitut für Risikobewertung (BfR), Berlin, Germany.
Because humans are the primary subject of interest for regulatory safety testing,
it is advantageous to have human reference data available for evaluation of new
approach methodologies (NAMs) for assessing chemical safety. We have compiled
such a data set for human skin sensitization potential by collecting data from the
scientific literature for human predictive patch tests that used the human maximization or human repeated insult patch test protocols. We assessed the variability

of these data to determine the potential impact on concordance with NAMs. We
evaluated the test results based on the completeness of the study information
and identified 2255 tests that were sufficiently reliable. Of these tests, we found
144 substances with at least three test results, which we considered to be the
minimum number of tests needed to analyze variability. The substances included
anilines, amines, aldehydes, esters, and other chemical classes. The number of
results per substance ranged from 3 to 27, with a mean of 6 and a median of 4.
For 20 substances, all tests were positive (at least one sensitized subject in a
study); for 45 substances, all tests were negative (no sensitized subjects); and for
the remaining 79 substances, both positive and negative results were obtained.
There was no distinct relationship between the dose per skin area and these three
groups of substances. We evaluated variability of the positive results using the
calculated dose per skin area that sensitized one person (DSA1+). For the 50
substances with at least three positive tests, the mean ± standard deviation for
DSA1+ ranged from 3.66 ± 5.25 to 12068.97 ± 5972.59 μg/cm2, with lower mean
DSA1+ representing higher skin sensitization potency. Ongoing analyses examine
the impact of physicochemical properties, as well as test type, vehicle, and other
protocol variables, to determine whether these parameters can explain low or high
variability. This characterization provides context for defining benchmarks for the
evaluation of NAMs for skin sensitization assessments. This project was funded
with federal funds from the NIEHS, NIH under Contract No. HHSN273201500010C.
The views expressed above do not necessarily represent the official positions of any
federal agency.
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Optimal Criterion for GHS Subcategorization of Skin Sensitizers
by LLNA BrdU-ELISA

T. Kobayashi, H. Morioka, Y. Maeda, H. Kondo, S. Nara, and M. Takeyoshi. Chemicals
Evaluation and Research Institute, Hita, Japan. Sponsor: T. Kobayashi, Japanese
Society of Toxicology
The Globally Harmonized System of Classification and Labelling of Chemicals
(GHS) is a hazard classification and communication system for providing information on the safe chemical handling. The hazard classes for the skin sensitizers
are defined as Category 1: sensitizer, and further subcategorized to 1A: strong
sensitizer or 1B: other sensitizer. Traditional radioisotopic Local Lymph Node
Assay (LLNA-RI) is one of the test methods available for GHS subcategorization
by an estimated concentration eliciting stimulation index of 3 (EC3) with criterion
of 1A: EC3≤2% and 1B: 2%<EC3. However, the LLNA-RI needs radioisotope and
has some limitations to conduct the assay. The LLNA: BrdU-ELISA is non-radioisotopic alternative to the LLNA-RI. Recently, new subcategorization criterion for
this method is investigated by the retrospective approach with the existing data of
32 sensitizers (1A: 13, 1B: 19) used for the validation process of this method, and
proposed the optimal criterion based on the EC1.6 from LLNA: BrdU-ELISA as, 1A:
EC1.6≤6% and 1B: 6%<EC1.6. Then the applicability of the proposed criterion was
confirmed by the experimental approach using CBA/J mice with 15 sensitizers
(1A: 6, 1B: 9) listed in the LLNA Performance Standard. Besides, the survey on
OECD eChemPortal revealed some incorrect categorization cases by using EC1.6
with cut-off of 2%, the existing subcategorization criterion for LLNA-RI. Briefly,
among the 154 chemicals evaluated by the LLNA: BrdU-ELISA in REACH, 70 were
confirmed to be sensitizers. Additionally, EC1.6 was calculated in 28 sensitizers,
and 20 of them were subcategorizes using cutoff of 2%. Consequently, 4 chemicals
with EC1.6 ranged 2-6% may have underestimation of their hazard potential as 1B
rather than 1A. The optimal criterion for LLNA: BrdU-ELISA is now under discussion
to include in the GHS document at the UN GHS sub-committee. In order to avoid
incorrect application of the GHS criteria and incorrect risk communication for the
hazardous chemicals, a speedy and appropriate revision of the GHS document
would be desirable.

3389

Hazard Identification, GHS Subclassification and Determination
of Point of Departure for Skin Sensitization Risk Assessment
from OECD Validated Methods

A. Natsch1, and G. Gerberick2. 1Givaudan Schweiz AG, Kemptthal, Switzerland; and 2GF3
Consultancy LLC, West Chester, OH.
Three test guidelines covering key events in the skin sensitization adverse outcome
pathway have been endorsed by the OECD and a recent guideline covers Defined
Approaches to combine data from these tests for regulatory (sub)-classification.
These methods provide continuous data that can characterize the sensitization
potency on a more granular scale beyond regulatory (sub)-classifications. Here we
assembled a comprehensive database on in vitro and in vivo test data from OECD
methods. Building on a previous approach using regression models, we provide
quantitative models using input data from the kinetic direct peptide reactivity assay,
the KeratinoSens™ assay, and the human cell line activation assay to calculate a
point of departure (PoD) in the form of a predicted LLNA EC3 value, which could
be used in risk assessment. Predictive models include results from either two or
all three assays. Detailed analysis vs. in vivo data estimates redundancy between
different tests and helps guide model selection. All models were tested on a set
of case studies selected based on the availability of multiple LLNA reference
data in the OECD database. The predicted PoD were within or close to the area

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 160

of the variation of the historical LLNA data for most of these cases studies, and
overall the models predict the in vivo value with a median fold-misprediction of a
factor of around 2.5. The robustness of the models was further characterized by
comparing a comprehensive historical database vs. the curated dataset provided
by the OECD working group on Defined Approaches. In a follow-up analysis, it was
then demonstrated how these models could be integrated into different testing
sequences in the “2 out of 3” DA to provide at the same time (i) hazard identification, (ii) GHS sub-classification and (iii) PoD-determination based on the validated
in vitro tests. These combinations of test data with the new models make optimal
use of the data initially generated for classification and risk assessment purposes.

3390

Determination of Eight Nicotine-Related Alkaloids in Cigarette
Smoke by Gas Chromatography-Mass Spectrometry-Flame
Ionization Detection Using Analyte Protectants

Q. Guo1, H. Liu1, Y. Qin1, B. Wang2, X. Wang1, G. Jia2, Q. Yao2, J. Zhang2, and F. Xie1.
1Zhengzhou Tobacco Research Institute, Zhengzhou, China; and 2China Tobacco,
Zhengzhou, China.
Alkaloids are chemical components that directly affect the chemical properties
of mainstream smoke and provide a physiological stimulus that makes smoking
pleasurable. For the analysis of nicotine-related alkaloids by gas chromatography, the quantitative results always show poor stability and low repeatability. And
two consecutive runs are always needed with different split ratios to analyze one
sample solution since the content level of nicotine is about two orders of magnitude
greater than the minor alkaloids. To solve the problem, a method utilizing analyte
protectants (APs) coupled with gas chromatography-mass spectrometry-flame
ionization detection (GC-MS-FID) detection was investigated in this study. In
order to improve efficiency, 7 minor alkaloids (nornicotine, myosmine, anabasine,
anatabine, 2,3’-dipyridyl, β-nicotyrine, cotinine) could be detected using the SIM
mode of the mass detector and nicotine could be detected by FID detector. So
all the target alkaloids could be analyzed in just one single run. To compensate
for matrix effect (ME) and to ensure reliable quantification of alkaloids analyte
protectants (APs) were first applied instead of external calibration. 26 different
analyte protectants as well as certain combinations of these analyte protectants
were evaluated. A mixture of 2-(pyridine-3-yl) ethan-1-amine and 1,2-tetradecanediol (both at 1 mg/mL in the injected samples) suitable for tobacco smoke was
found to be most effective in improving the chromatography behavior of the 8
alkaloids. The results showed that 5 alkaloids (nornicotine, myosmine, anabasine,
anatabine, cotinine) had strong positive matrix effects (>135%), but when using APs
in samples, all analytes had ME values in an acceptable range and the chromatographic response increased 0.24-1.15 times compared with in standard solution
without APs. When sample matrices were injected 50 times without AP, higher
inconsistency of results occurred (RSD>10%). However, the injection of APs
could help to improve robustness of the system (RSD<5%) in long-term analyses.
Finally, the method was successfully applied to determine one Kentucky reference
cigarette and ten Chinese commercial brands of cigarettes. This new method
showed good efficiency, precision, and robustness, so its application to real-world
analyses would be practical and promising.

3391

Association of Ergot Alkaloid Profiles with Insect Tolerance in
Grass Cultivars

F. Rossi, L. Van Slambrook, N. Kaur, and J. Duringer. Oregon State University,
Corvallis, OR.
The sod webworm (Chrysoteuchia topiaria Zeller) is one of the most destructive insect species found within grass seed operations in Oregon. Farmers can
spend a significant amount of their field operation budget on pesticide application, with limited success. During early life stages, larvae feed on the root systems
leading to weakened crop stands and poor seed yields. Synthetic pesticides are
minimally effective due to the absence of rain at the time of application which
allows translocation into the soil and roots. Endophytes are mutualistic fungal
species that co-exist within plants; some endophytes have the capacity to produce
secondary compounds known as mycotoxins which can serve as natural insect
deterrents. Previous investigations have demonstrated that ergot alkaloid mycotoxins expressed in fescue and perennial ryegrass species can act as effective insecticides, depending on their concentration and chemical makeup. Additionally, the
alkaloid peramine has been studied, as it has shown promise in New Zealand
grass systems in combatting predation by the Argentine stem weevil and has
no known toxicity to mammalian herbivores. The present work quantified seven
ergot alkaloids, 14 ergoline alkaloids, and peramine across tall (n=10, TF) and
fine fescue (n=8, FF), orchard grass (n=3, OG) and perennial ryegrass (n=11, PRG)
samples grown under greenhouse conditions and analyzed using tandem liquid
chromatography-mass spectrometry (LC-MS/MS). Total mycotoxin concentrations
were compared to insect resistance measured through no choice bioassays. It
was found that ergot alkaloids averaged 91±87, 24±28, 23±13, and 39±26 ng/g;
ergoline alkaloids 275±479,2,479±7740, 173±228 and 1,665±5,170 ng/g; and
peramine 1,280± 26, 24,506 ±22, 45± 0 and 17,241± 29 ng/g in TF, FF, OG and PRG,
respectively. The average percent mortality of the sod webworm on TF, FF, OG and
PRG cultivars was 51%, 35%, 52% and 49%, respectively. When correlating percent

mortality to mycotoxins detected, it was found that plants with over a 50% insect
mortality had elevated levels of peramine and chanoclavine. This project contributes knowledge towards the goal of protecting Oregon’s grass seed industry from
the sod webworm and providing alternative, sustainable pest prevention strategies that utilize naturally occurring endophytes. Further work will be conducted to
study the insect’s preference between cultivars and their corresponding endophyte
infection/mycotoxin profile.

3392

Development of Lateral Flow Assay-Based Kit for the Detection
of Ceftiofur Residues in Dairy Milk

A. Aleem1, B. Akhtar1, and F. Muhammad2. 1University of Agriculture Faisalabad,
Faisalabad, Pakistan; and 2Bahauddin Zakariya University, Multan, Pakistan.
Antibiotics are widely used in animals for prophylaxis, treatment and growth
promotion. Extra-label use and observation of improper withdrawal times can
cause antibiotic residues in dairy products. This scenario can result in public
health hazards especially in developing countries. We have developed a competitive immunoassay for the quick detection of ceftiofur residues in dairy milk taking
advantage of nanotechnology. The Immunogen of ceftiofur (CEF) was prepared
with bovine serum albumin (BSA). The conjugate showed maximum absorbance at
the wavelength of 282 nm. The hapten (CEF-BSA) was used to immunize the rabbits
for the production of polyclonal antibodies. These antibodies were purified and
quantified. The average concentration of purified antibodies was found to be 8.79
mg/mL. Purified rabbit polyclonal antibodies were conjugated with gold nanoparticles. These bioconjugates showed maximum absorbance at the wavelength of
530 nm. The Bioconjugates were impregnated on a conjugate pad of lateral flow
assay strip. An antigenic conjugate of CEF was prepared with ovalbumin (OVA).
The conjugate showed maximum absorbance at the wavelength of 273 nm and
was impregnated on the control line of assay strip. The test line of assay strip
was impregnated with sheep anti-rabbit antibodies. The lateral flow assay strips
were standardized and optimized using different concentrations of CEF. The Milk
samples containing ceftiofur above 100 ppb (MRL) showed positive results in 8-10
min. The developed assay is user friendly and can be used for screening of milk for
ceftiofur residues in dairy animals. This work was supported by Higher Education
Commission of Pakistan under NRPU grant No. 7658.

3393

Pesticide Residue Analysis of Jalapeño Produce

S. Griffith, M. K. Dote, T. Cahill, and K. H. Watanabe. Arizona State University,
Glendale, AZ.
In terms of consumer concerns in the food industry, the pesticide treatment of
grocery produce is a hotly debated topic with several factors to consider including the water solubility, placement of pesticide, and pesticide residue regulations
for consumers. The popularity of Mexico-imported jalapeños in Phoenix grocery
stores raised questions about how well the peppers comply with pesticide residue
regulations. This study was designed to test two hypotheses relevant to pesticide
residues: (i) whether residues are found on the surface or within the tissue of the
peppers; and (ii) whether there are differences in residues between peppers from
local grocers. A preliminary study of an organophosphate, chlorpyrifos (CASRN
2921-88-2), was performed in Summer 2021 using jalapeños purchased from four
different local grocers, with three samples each. First, peppers were rinsed with
10 mL acetonitrile in order to extract any pesticide residues on the surface, and
the acetonitrile collected for analysis by gas chromatography/mass spectrometry
(GC/MS). Next, each pepper was homogenized and extracted using a modified
QuEChERS solid phase extraction method. The QuEChERS methodology was
modified through the addition of graphitized carbon black (GCB) in order to
eliminate chlorophyll from the homogenized pepper extracts. GC/MS analysis of
the surface rinse and the homogenized tissue extracts did not detect any chlorpyrifos with a limit of detection equal to 33 ng/g pepper. The QuEChERS method is
noted for being able to extract a broad spectrum of pesticides, and as a follow-up
to the preliminary study, the list of target analytes was expanded to include a
carbamate insecticide, methomyl (CASRN 16752-77-5), and 15 organophosphates
including chlorpyrifos (Fisher Scientific Pesticide Mix #4). In this current study, the
acetonitrile rinse step was modified to pool the rinses from three peppers since
chlorpyrifos was not detected in the rinse from a single pepper. GC/MS results
from this expanded study will be reported in the poster and discussed during the
presentation. Note: SG and MKD share first authorship and contributed equally to the
research and this presentation.
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3394

Safety of Aloe Vera Whole Leaf Decolorized Spray Dried Powder
in Drinkable Products

S. Kim1, R. Hamilton2, and A. Schatz3. 1Ashland, Lincoln, CA; 2Ashland, Wilmington, DE;
and 3Ashland, Bridgewater, NJ.
Aloe vera (L.) Burm. f. (synonym = Aloe baradensis Miller) is a plant belonging
to the family Liliaceae. Aloe vera-containing drinkable products are increasingly
consumed as a beverage supplement. Recently, a concern raised by a US National
Toxicology Program Report that a non-decolorized whole leaf aloe vera extract
exposed orally to rats was associated with intestinal mucosal hyperplasia and
malignancy. High level of hydroxyanthracene derivatives (HADs) in non-decolorized
aloe vera extract has shown to have genotoxic/mutagenic and possibly carcinogenic effects in experimental animals. In addition, European Food Safety Authority
concluded that certain HADs are genotoxic. We have examined these concerns to
reassure consumer safety of a proprietary high-purity aloe vera whole leaf decolorized spray dried powder (WLDSDP) being used in drinkable products. WLDSDP is
100 times diluted when used in drinkable products. Multiple chemical analyses of
WLDSDP have shown that it contains a very low or non-detectable level of HADs
(Aloin A and B, < 0.3 ppm; Aloe emodin, < 50 ppb; Emodin, < 50 ppb; Danthron, 50
ppb). This is consistent with the observation that decolorized aloe vera extract is
not shown to have genotoxic/mutagenic effects when evaluated in multiple in vitro
and in vivo assays. We have also compared: (1) the estimated HAD exposure from
WLDSDP consumption to HAD exposure from normal daily diet; (2) the acceptable
daily intake (ADI) of decolorized aloe vera extract derived from no observed adverse
effect level (NOAEL) from repeated dose toxicity studies in experimental animals
to daily WLDSDP consumption; (3) daily WLDSDP consumption to benchmark dose
(BMD). Based on these comparative analyses, the daily consumption of WLDSDP
in drinkable products is judged to be without appreciable risk to consumer health.
In conclusion, no consumer safety issue is anticipated in association with the use
of WLDSDP at the level (1:100 dilution) currently being used in drinkable products.

3395

Human Health Risk Assessment of As, Cd, Pb, and Hg Ingestion
from Baby Foods

G. H. Parker1, C. E. Gillie2, J. V. Miller2, and M. L. Kreider2. 1Cardno ChemRisk, Houston,
TX; and 2Cardno ChemRisk, Pittsburgh, PA.
Recently, the US. House of Representatives released a report addressing the
presence of heavy metals in raw ingredients used in and finished baby food
products. In light of concerns regarding the presence of ‘heavy metals’ in baby
foods, we purchased and analyzed baby foods for selected metals and conducted
a corresponding risk assessment to understand potential impact on human health.
Thirty-six baby food samples representing four ingredient categories (fruit, leguminous vegetable, root vegetable, or grain) were analyzed for As, Cd, Hg, and Pb.
We assessed the potential lifetime cancer and non-cancer health risks posed to
infants and toddlers following daily consumption of these chemicals in each food
type, based on established daily food-specific ingestion rates. Daily doses were
compared against selected reference values and oral slope factors to determine
non-cancer hazard indices (HIs) and lifetime cancer risks. HIs indicated a potential
for non-cancer risk under only limited exposure scenarios, including for As and
Pb under selected product type and age/concentration assumptions. Increases
in lifetime cancer risks for all analytes across the ingredient categories evaluated
ranged from 3.75 x 10-5 - 5.54 x 10-5; cancer risks were primarily driven by As from
grain products. This study, while limited by small sample size, indicates that an
infant’s typical intake of baby foods is unlikely to pose health risks above accepted
tolerable risk levels under most exposure scenarios, particularly as the exposure
assumptions used in this analysis are conservative and likely to overestimate
non-cancer and cancer risks.

3396

A Scoping Review of Children’s Health Effects Associated with
Dietary Cadmium Exposure

B. Flannery, H. R. Schaefer, and K. Middleton. US FDA/CFSAN, College Park, MD.
The US. Food and Drug Administration’s (FDA) plan Closer to Zero identifies actions
the agency will take to reduce toxic element exposure from foods eaten by babies
and young children with the goal for exposure to be as low as possible. In support
of these efforts, this scoping review sought to characterize the evidence of dietary
cadmium exposure and adverse health effects in children and infants with particular interest in the potential neurodevelopmental effects. Based on pre-determined
inclusion and exclusion criteria, data were extracted from 59 epidemiology studies.
Health endpoints supported by > 3 studies were further evaluated. Health endpoints
in children included neurodevelopment, renal and cardiovascular outcomes.
Full-scale IQ (FSIQ) and attention were the most common outcomes investigated
among children with some studies finding a significant negative association
between Cd and FSIQ, though this was dependent on age of exposure and sex. No
studies found an association between Cd and measurements of attention. Health
endpoints in newborns included newborn development, birth size, length, weight,
and timing. Some studies found a negative relationship between Cd exposure
and birthweight, particularly in females. Negative associations between maternal

Cd exposure and birth length and head circumference were also preferential to
females, indicating maternal Cd exposure may affect newborn females more than
males. Generally, population central tendency exposure measurements (U-Cd or
B-Cd) in studies that found an association between Cd exposure and adverse health
effects were greater than those of the US population for females and children as
reported in 2015 - 2016 CDC Biomonitoring data. Limitations of the studies included
lack of reporting for lead or arsenic co-exposures and methodological limitations
(low internal and external validity, reporting deficiencies, small sample size). The
data suggests that health endpoints related to child neurodevelopment and birth
outcomes need further review and additional epidemiological data would be useful.

3397

Safety Profile of an Aloe Vera Beverage

A. Hayes1, R. Clemens2, and P. Pressman3. 1University of South Florida College of Public
Health, Temple Terrace, FL; 2University of Southern California, Los Angeles, CA; and
3Saba University School of Medicine, The Bottom, Netherlands.
Aloe products are increasingly valued as ingredients in food supplements and
as flavoring agents. The global Aloe vera market is varied, large, growing, and
increasingly important in food, cosmetics, and medicines. Aloin, an anthraquinone
glycoside, is one of the major components by weight of the anthraquinone derivatives of Aloe gel. Its principal metabolites, aloe emodin and emodin, are a source
of debate concerning toxic vs salutary effects, hence the accurate toxicological
characterization of these compounds has become increasingly important. The
purpose of this study was to determine the genotoxic and subchronic profile of
a stabilized Aloe vera juice product derived from the inner filet and marketed as
a beverage. The present data confirm that a commercial stabilized Aloe vera gel
intended for consumption as a juice beverage is not genotoxic. Furthermore, a
purified mixture of aloin A and B was not genotoxic. The results of a 90-day oral
toxicity study in rats of a beverage containing between 8 and 10 ppm of aloin A and
B supported the safety profile. These results are consistent with the work of other
groups and contrast with data obtained using products containing latex hydroxyanthracene derivatives (HADs).

3398

Dietary Cadmium Exposure: A Systematic Review

H. R. Schaefer, B. Flannery, L. Crosby, O. Dominic, C. Punzalan, S. Farakos, R. Pouillot,
D. Hoffman-Pennesi, S. Dennis, S. Fitzpatrick, and K. Middleton. US FDA/CFSAN,
College Park, MD.
The US Food and Drug Administration (FDA) is responsible for protecting public
health by ensuring the safety of our nation’s food supply. As part of this process,
the FDA routinely collects food and evaluates whether detectable chemical contaminants pose a potential health concern by considering a number of factors including the toxicity of chemicals. In support of the FDA’s efforts to reduce exposure
to toxic elements in food, such as the Closer to Zero action plan, this systematic
review sought to identify the availability of data (animal and human) to characterize the adverse effects from exposure to dietary cadmium. The Office of Health
Assessment and Translation’s 7 step framework was used to conduct the systematic review. Based on pre-determined inclusion and exclusion criteria, data were
extracted from epidemiology and animal studies, a risk of bias (ROB) analysis was
performed, and publications of the highest study quality and lowest ROB were
selected to characterize the dose response relationship between dietary cadmium
and potential critical effects. For the epidemiology studies, the critical effects
identified for oral cadmium exposure, expressed in terms of urinary cadmium, were
related to the bone (i.e., reduction in bone mineral density) and kidney (low molecular mass proteinuria). Kidney and bone effects were also determined to be critical
endpoints observed in studies with laboratory animals, thus further enhancing the
weight of the evidence. This information can be used to increase understanding of
human exposure to dietary cadmium in food.

3399

Comparation of the Effect in Colon by Food Grade Titanium
Dioxide between Female, Male, Young, and Old Mice after a
Chronic Administration

M. L. García-Gutiérrez, C. Rodríguez-Ibarra, N. L. Delgado-Buenrostro, and Y. I. Chirino.
Universidad Nacional Autónoma de México, Mexico City, Mexico.
One of the most used food additives for coloring is food grade titanium dioxide
(E171). It has been found accumulated in seafood increasing the risk of human
exposure. Humans are exposed to E171 mainly through food, highlighting the
importance of studying the oral route of exposure. The European Safety Food
Authority recently recommended that it can no longer be considered safe as a food
additive, however, in the United States its consumption in food and drugs is allowed
in no more than 1% of the total weight of the product. Daily E171 consumption
has been estimated to be up to 10 mg/kgbw in children while being lower in adults
due to dietary habits. E171 has been proven to induces inflammation and exacerbate tumor formation in animal models but these have not studied the effects of
a chronical oral administration in the gastrointestinal tract. Also, it is not known
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if E171 could induce carcinogenic processes such as an increase in cell proliferation. Many studies have been reported effect of E171 on female, male, young
and old mice separately, however no comparison has been reported previously
between sex and age. The aim was to analyze histological alterations in colon of
female, male, young and old mice administered with 10 mg/kg bw three times a
week for 3 months. Mice weight, water and food consumption were monitored
during treatment. Hematoxylin and eosin stain (H&E), alcian blue stain (AB), K167
immunofluorescence for proliferation were performed on colon. Only old female
increases 20% their body weight. E171 did not altered water and food consumption,
colon weigh and colon length. H&E and AB histology show goblet cell hyperplasia
on old female mice, mild histological alterations in old male mice. Cell proliferation
increase in old female mice. In conclusion adult mice are more susceptible for
E171 for 3 months administration. Old female mice shown more alterations that
old male mice. Further analyses are needed to understand the impact in colon of
E171 admiration for three months and to evaluate the susceptibility between sex
and age.

3400

Fluoride Dietary Exposure Assessment from Nonalcoholic
Drinks

M. Rubio-Armendáriz, S. Alejandro Vega, S. Cerdán Pérez, D. Niebla Canelo, A.
Hardisson de la Torre, Á. J. Gutiérrez Fernández, and S. Paz Montelongo. Universidad
de La Laguna, La Laguna, Spain.
Fluoride (F) intake has positive effects on human health, but it can also develop
toxicity. Several dietary reference intakes (RDI) have been set by the US Institute
of Medicine (IOM) for different life stage groups. Adequate intakes (AI) range from
0.01 to 4 mg/day and Tolerable Upper Intake Levels (UL) range from 0.7 to 10 mg/
day. F dietary exposure has been assessed from different dietary sources. Juices,
nectars, iced tea and fizzy drinks have been identified as new relevant contributors
mainly because of their high-water content. The aim of this study was to determine
the F concentration in non-alcoholic drinks and to assess the F dietary exposure
from this food category. 262 samples of fizzy drinks (n= 130) iced teas (n=70),
juices and nectars (n=62) from different flavors and brands were analyzed using
a F ion selective potentiometer (ISE). According to the volumes of the standard
containers, a consumption of 0.33L (1 can) for fizzy and iced tea drinks and 0.2L (1
brick) for juices and nectars was considered as average portions. High consumption scenarios (3 cans/day; 3 bricks/day) were also assessed. F estimated daily
intakes (EDI) derived from the consumption of each product were evaluated for
different life stages groups using the UL. F levels (mean value ± standard deviation)
were: 0.52 ± 0.47 mg/L for juices and nectars, 1.35 ± 1.68 mg/L for fizzy drinks
and 2.47 ± 1.14 mg/L for iced tea drinks. In an average scenario of consumption
(1can or brick/day), in the case of infants and children (0-8 years), the contribution
of these products to the fluoride UL ranges from 6.86 % to 189.51%. For teenagers and adults, the contribution ranges from 0.48% to 13.27% of the UL. In a high
consumption scenario (3 cans or 3 bricks/day), the F intake of infants and children
was estimated to range from 20.6% to 569.2% of the UL set for these life stages
group and from 1.44% - 39.83% for teenagers and adults. Not only nonalcoholic
drinks are relevant sources of dietary F but important contributors to the total F
intake becoming a food category to be considered in any total dietary F assessment. High F contents in nonalcoholic drinks could expose infants and children
from 0 to 8 years to health risks if chronic consumption. To minimize the exposure
different management strategies could be implemented. Not only F levels in these
products should be regulated and monitored and F content incorporated to the
product labeling, but consumption of fizzy drinks, iced teas, juices and nectars with
high F levels should be avoided in infants and children and moderated in teenagers
and adults.

3401

The Food Additive Titanium Dioxide (E171) Increases Tumor
Formation and Affects Gene Expression in a Transgenic Mouse
Model of Colorectal Cancer

N. S. Bischoff1, H. Proquin2,1, M. J. Jetten1, Y. Schrooders3, M. C. Jonkhout4,1, J. J.
Briedé1, S. G. van Breda1, E. I. Medina-Reyes5, D. G. Jennen1, N. L. Delgado-Buenrostro5,
Y. I. Chirino5, H. van Loveren1, and T. M. de Kok1. 1Maastricht University Medical
Center, Maastricht, Netherlands; 2Rijksinstituut voor Volksgezondheid en Milieu (RIVM),
Bilthoven, Netherlands; 3Peace of Meat, Maastricht, Netherlands; 4Katholieke Universiteit
Leuven, Leuven, Belgium; and 5Universidad Nacional Autónoma de México, Mexico
City, Mexico.
Titanium dioxide (TiO2) is present in many different food products as the food
additive E171, which is currently scrutinized, due to its potential adverse effects,
including the stimulation of tumor formation in the gastrointestinal tract. We
developed a transgenic mouse model to examine the effects of E171 on colorectal cancer (CRC), using the Cre-LoxP system to create an Apc-gene-knockout
model which spontaneously develops colorectal tumors. A pilot study revealed
the histopathological changes in the colon of mice exposed to ~5 mg/kgbw/day
of E171 for four weeks via drinking water. Mice exposed to E171 showed an
increase in tumor volume, as well as enhanced hyperplasia in the epithelial cells
as well as lymphatic nodules at the base of the polyps. In phase I of this study,
tumor formation was studied following the exposure to 5 mg/kgbw/day of E171 for

9 weeks. E171-exposure increased the number of transgenic mice with colorectal tumors as well as the average number and size of these tumors. Colorectal
adenocarcinomas were accompanied by enhanced hyperplasia in epithelial cells
and lymphatic nodules at the base of the polyps. In phase II, gene expression
changes in the colon were analyzed after exposure to 1, 2, and 5 mg/kgbw/day of
E171 for 2, 7, 14, and 21 days. Whole-genome mRNA analysis revealed the modulation of genes in pathways involved in the regulation of gene expression, cell cycle,
post-translational modification, nuclear receptor signaling, and circadian rhythm.
The processes associated with these genes might be involved in the enhanced
tumor formation and suggest that E171 may contribute to tumor formation and
progression by modulation of events related to inflammation, activation of immune
responses, cell cycle, and cancer signaling.

3402

Toxicologic Evaluation of Edible Pongamia Oil: A Novel Food
Ingredient

J. Olson1, R. Matulka2, M. Bauter3, J. Astwood1, and P. Marone1. 1TerViva, Oakland, CA;
2Burdock Group, Orlando, FL; and 3Product Safety Labs, Dayton, NJ.
Edible, de-bittered, low furanoflavenoid, mid-oleic vegetable oil was produced from
Pongamia pinnata beans (Debittered Pongamia Oil). GLP studies were performed
to evaluate the mutagenic, clastogenic and toxicologic potential of the oil. In an
investigation for its potential to induce gene mutations according to an in vitro plate
incorporation and preincubation test by Salmonella typhimurium strains TA98, 100,
1535 and 1537 and tester strain Escherichia coli WP2 uvrA at concentrations of
1.58, 5.0, 15.8, 50, 158, 500, 1580 and 5000 µg/plate with and without S9 metabolic
activation, no concentration- or test article- related increases in revertant colony
numbers in any of the five tester strains was observed. Pongamia oil did not cause
gene mutations by base pair or frameshift changes in the genome of the strains
and was found non-mutagenic. In vivo mammalian bone marrow chromosome
aberration testing of the oil administered orally at 10 mL/kg bw to male Wistar
rats found a bone marrow mitotic index comparable to negative control at 24 and
48 H, concluding no biologically relevant increases of chromosomal aberrations
after treatment with the test article. In a 14-day feeding study of dietary levels of
0 (standard chow), 0 (isocaloric basal diet), 5.0, 10.0, 15.0% Debittered Pongamia
Oil in Sprague-Dawley male and female rats, there were no adverse, clinical, body
weight, food consumption, clinical pathology, and macroscopic or microscopic
(liver) changes attributable to the administration of the oil. A statistically significant
increase in high dose female mean chloride levels was observed as was a statistically significant decrease in high dose female kidney weight. Both findings were
considered non-adverse. Homogeneity, stability, and concentration verification
analyses determined Debittered Pongamia Oil was evenly distributed in the dietary
matrix, stable, and the animals were found to have received their targeted dietary
concentrations over the course of the study. Under the conditions of the study,
there were no adverse test substance-related changes attributed to Debittered
Pongamia Oil. In a study of longer duration, the animals are expected to tolerate
up to 15.0% in the diet, a level calculated to provide dietary intakes of 12,023 and
11,899 mg/kg/day of Debittered Pongamia Oil for males and females, respectively.

3403

Neurological Effect of Ochratoxin A and Protective Effect of
Beetroot Extract on SH-SY5Y Cells

R. Penalva-Olcina, L. Bridgeman, Y. Rodríguez-Carrasco, H. Berrada, M. FernándezFranzón, and A. Juan-García. Universitat de València, Burjassot, Spain.
Ochratoxin A (OTA) is a secondary metabolite produced by species of the genera
Aspergillus and Penicillium, occurring in a wide range of commodities. OTA has
been classified by IARC as carcinogenic to humans (Group 2B) and it has nephrotoxic, immunotoxic and neurotoxic effects. One OTA´s mechanism of action
stated in literature is oxidative stress which causes cell death. An increase on the
concern about free radicals (ROS) and adverse effects associated on the brain has
been reported. Beetroot and its extracts (BRE) are commonly used as natural dye,
source of dietary fiber, folic acid, and vitamin C and antioxidant activity has been
associated. The aim of this work is to explore potential cytoprotective effect of
digested BRE on a neuroblastoma cell line (SH-SY5Y cells) against OTA and thus
it is presented i) cell viability by MTT ([3-4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assay, for 24h and 48h and ii) monitorization of intracellular ROS
by H2-DCFDA after exposure to both OTA (50, 25, 12.5 and 6.25 µM) and BRE.
Previously, cells were exposed to OTA from 0.19 µM to 50 µM obtaining a dose
dependent decreased of cell viability and IC50 values of 5.8 and 9.1 µM for 24h and
48h, respectively. Simultaneous and pre-treatment strategies of BRE dilutions at
1:512-1:2 and 1:0 exhibited a significant protective effect on OTA-induced cytotoxicity. Pre-treatment strategy, in which the cells were exposed 24 h to BRE, revealed
and enhancement protection compared the simultaneous. Pre-treatment strategy
with BRE increased cell viability of OTA at 24 h and 48 h from 10% to 16% and from
25% to 30%, respectively. An increase of ROS-induced fluorescence was observed
at the highest concentrations of OTA compared with BRE. Results suggest that BRE
might play a role in the cytotoxicity induced by OTA. This work was supported by
Ministry of Science and innovation PID2020-115871RB-100 and GV 2020/020.
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3404

In Vitro Effects of Energy Drink on C2C12 Myogenic
Differentiation

S. Park1, G. Karantenislis2, H. Rosen1, and H. Sun1. 1NYU School of Medicine, New York,
NY; and 2John F. Kennedy High School, Bellmore, NY.
Energy drinks are beverages that consist of a combination of caffeine, sugars, and
vitamins and are often advertised as dietary supplements that enhance physical
and mental performance. They have gained increasing popularity among adolescents and athletes, which is concerning because only certain ingredients in energy
drinks are regulated by the Food and Drug Administration (FDA). Recent studies are
showing that some ingredients like caffeine and taurine have an effect on myogenic
differentiation, a key process in muscle regeneration to repair microtears after an
intensive workout session. Nonetheless, the effects of energy drink on muscle
differentiation are still largely unknown. This study aims to examine the in vitro
effects of various energy drink brands on mouse C2C12 myoblast cells in order to
assess its impact on myogenesis. Eight different types of energy drinks - RedBull,
RedBull Zero, Monster Energy, Monster Energy Ultra Paradise, Rockstar, Rockstar
Sugar Free, Celsius Live Fit, and Celsius Heat - were used at varying dilutions (1:5,
1:50, 1:100, 1:150) to evaluate their effects on myogenic differentiation. Given the
variation in formulas of different energy drinks, there were significant differences
in the differentiation and fusion of myotubes between energy drinks. Furthermore,
differentiation and fusion indexes revealed a significant inhibition of myogenic
differentiation in a dose-dependent manner for all energy drinks, which is further
supported by reduced expression of myogenic markers such as myogenin and
muscle creatine kinase. This is the first study to look at in vitro exposures of energy
drinks on skeletal muscle cells and our results suggest an inhibitory effect of
energy drinks in muscle regeneration.

3405

Consumer Safety of American Ginseng Panax quinquefolius
Electrokinetic Extract in Personal Care Products

S. Kim1, L. Zhang2, E. Bauza3, C. Morel3, P. Recht2, M. Arcioni3, M. Brulas3, S. Micceri2,
R. Hamilton4, C. Capallere3, J. Johnson5, I. Imbert3, and A. Schatz6. 1Ashland, Lincoln,
CA; 2Ashland, Ossining, NY; 3Ashland, Sophia Antipolis, France; 4Ashland, Wilmington, DE;
5Ashland, Merry Hill, NC; and 6Ashland, Bridgewater, NJ.
American ginseng (Panax quinquefolius, PQ) is a long-lived herbaceous perennial
native to rich forests of the eastern United States and Canada. American ginseng
is valued for its cooling and sedative medicinal effects. We have prepared extracts
from fresh and whole American ginseng using an electrokinetic approach that
preserves the inherent osmotic pressure of the plant cell juice and uses it as a
separation medium followed by mechanical and gentle separations without using
hazardous solvents. Their application in personal care products (up to 1% wt.
extract) is novel and requires evaluation for its safety by consumers. The predominant active constituents of extract are ginsenosides. We have used Margin of
Safety (MoS) concept to assess the consumer safety from systemic, long-term,
and repeated exposure to American ginseng Panax quinquefolius electrokinetic
extract formulated into personal care products. MOE is the ratio of no-observed-adverse-effect level (NOAEL) obtained from animal toxicology studies to the
predicted or estimated human exposure level or dose. In this case, the estimated
exposure to ginsenosides. MoS value for ginsenosides was greater than 1,000.
The consumer safety of American ginseng electrokinetic extract has been further
supported by favorable skin compatibility data: (1) Human Repeat Insult Patch
Testing (100%, N = 226, not irritating or sensitizing), (2) in vitro skin irritation test
on reconstructed human epidermis (100%, not irritating), (3) in vitro eye irritation
on HET-chorioallantoic membrane (10%, not irritating), and (4) in vitro phototoxicity
on mouse fibroblast Balb/c 3T3. Based on this assessment, the use of American
ginseng Panax quinquefolius electrokinetic extract as a raw ingredient of personal
care products up to 1% is safe under normal use and foreseeable misuse conditions.

3406

Analysis of Aroma Compounds in Cigarette Smoke from
Different Ecological Zones by GC-MS/MS and Chemometrics

Q. Guo1, X. Wang1, H. Liu1, Y. Luo2, G. Guo2, and Y. Xu2. 1Zhengzhou Tobacco Research
Institute, Zhengzhou, China; and 2Hongyun Honghe Tobacco, Kunming, China.
Aroma compounds in tobacco smoke are a very important factor for appraising
its quality and may be a threat to human health. The comprehensive analysis and
comparison of chemical components of different types of cigarettes can contribute
to explaining chemical properties, which may serve to reduce smoking risk and
tobacco control. Therefore, the aim of this study is to identify relevant chemosensory markers in the mainstream smoke of different places and to establish cigarette
chromatographic fingerprints. A high-throughput gas chromatograph-mass
spectrometry analytical method (GC-MS/MS) was developed for simultaneously
determining 719 aroma compounds in cigarette smoke and has been applied
to 519 samples made from 8 ecological zones and 3 parts of tobacco leaves
(upper vs. middle vs. lower) in China. The principal component and the hierarchical clustering analyses showed that chemical components in mainstream smoke
were clearly dependent on geographical origin. Moreover, the growth environment
had a greater impact on aroma components than the location of tobacco leaves.

A Fisher analysis discriminant model for cigarette classification prediction was
constructed using selected differential compounds and 95.8% cross-validated
grouped cigarettes samples were correctly classified. The methodology and analytical strategy demonstrated in this work help to understand the sensory characteristics of cigarettes, promote the style and quality characterization technology of
flue-cured tobacco to a whole new level, and contribute to the control and management of cigarettes.

3407

In Vitro Intestinal Microbial Conversion of Green Tea Catechins
and Consequences for Activation of Nrf2-Mediated Gene
Expression

C. Liu, J. Vervoort, S. Boeren, I. Miro Estruch, and I. M. Rietjens. Wageningen University,
Wagenigen, Netherlands.
The health benefits from the consumption of green tea are often ascribed to
green tea catechins. However, these catechins have poor bioavailability. The
majority reaches the large intestine where they are prone to microbial degradation. Currently, knowledge of the biological effects of microbial metabolites of
catechins is limited. Therefore, in this study, we investigated the colonic microbial
metabolism of (-)-epicatechin (EC) and (-)-epigallocatechin gallate (EGCG), and
its consequences for activation of Nrf2 mediated gene expression, a biological
effect potentially linked to the beneficial effects of catechins. In vitro anaerobic
fecal incubations were performed and microbial metabolites of EC and EGCG were
characterized and quantified by LC-TQ-MS and LC-TOF-MS. Nrf2 pathway activation
was evaluated using CALUX reporter gene assays and by quantifying RNA levels
of selected Nrf2 mediated genes by RT-qPCR. In addition, protein profiles were
identified by label free quantitative proteomics. The results obtained revealed the
time-dependent formation of gallic acid, pyrogallol as major metabolites from EGCG
and of phenylpropane-2-ols, phenyl-γ-valerolactones and phenyl-valeric acids as the
major metabolites from both EC and EGCG. Reporter gene assay and RT-qPCR
indicated that, unlike the parent compounds, at low micromolar concentrations,
microbial metabolites including especially the EC metabolite 5-(3’,4’-dihydroxyphenyl)-γ-valerolactone (3,4-diHPV) and the EGCG metabolite pyrogallol were able
to induce significant Nrf2 mediated gene expression. Bioinformatical analysis of
the proteomics results further indicated that microbial metabolites were more
bioactive than their parent catechins. Specifically, at a moderate concentration,
the EGCG metabolite pyrogallol could alter selected Nrf2 related protein levels,
which in turn regulated intermediary metabolisms, including especially glutathione metabolism, drug and/or xenobiotics metabolism, and the pentose phosphate
pathway as the major pathways. Taken together, it is concluded that microbial
catechin metabolites contribute to the Nrf2 mediated beneficial effects of green
tea consumption.

3408

Fumonisin B1 Induces Mitochondrial Dysfunction in
Oxidatively Poised HepG2 Liver Cells by Disrupting Oxidative
Phosphorylation Complexes

N. Sheik Abdul, and J. Marnewick. Cape Peninsula University of Technology, Cape Town,
South Africa.
Fumonisin B1 (FB1) is a ubiquitous mycotoxin and contaminant of agricultural
produce. The toxicity of FB1 is associated with aberrant lipid metabolism; however
emerging evidence suggests that the mitochondria are an alternate target for
toxicity. This study aimed to investigate FB1-induced mitochondrial dysfunction
in vitro using the HepG2 liver cell line. This cell line relies on glycolysis for energy
metabolism due to the Warburg and Crabtree effects. By substituting galactose
for glucose in cell culture media, HepG2 cells become aerobically poised and are
forced to undergo oxidative phosphorylation (OXPHOS). This bioenergetic modification has been reported to sensitize cells to mitochondrial toxins and identify
compounds that induce mitochondrial dysfunction. HepG2 cells poised to undergo
oxidative and glycolytic metabolism were exposed to a range of FB1 concentrations (5, 25 and 100 μM) for 6 hours. We determined cell viability, mitochondrial
toxicity, NAD/NADH levels, sirtuin 3 activity and oxygen consumption rates using
luminometric, fluorometric and spectrophotometric methods. Expression of the five
OXPHOS complexes and sirtuin 3 were determined using western blot. The results
showed that FB1 induced mitochondrial disruption, shown by loss of mitochondrial
ATP output and disrupted NADH:NAD without overt cytotoxicity. Interestingly, FB1
treatment also inhibited the oxygen consumption rate, confirmed by decreased
protein expression profiles of the five OXPHOS complexes. We also observed a
hormetic response when the expression and activity of sirtuin 3 was evaluated.
Diminished ATP generation and interference with NAD metabolism are likely to
contribute to mitochondrial toxicity from this foodborne toxin. These findings
provide novel insights into the complex mechanisms underlying mitochondrial
dysfunction in cells exposed to FB1.
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3409

Food Grade Titanium Dioxide Induces Alterations in Nuclear
Size, Tubulin, and Cell Cycle after an Acute Exposure That Are
Persistent 48 Hours after Exposure

C. Rodriguez-Ibarra, A. Déciga-Alcaraz, N. Delgado-Buenrostro, and Y. Chirino.
Universidad Nacional Autónoma de México, Mexico City, Mexico.
Food additives have been recently investigated as risk factors for colitis and
colorectal cancer. Food grade titanium dioxide (E171) is one of the most used
coloring additives. Recently the European Food Safety Authority concluded that a
concern for E171 genotoxicity could not be ruled out, therefore it can no longer be
considered safe when used as a food additive, however, it is still widely used in the
US and Mexico and it has been found accumulated in seafood, increasing the risk
for human exposure. E171 induces genotoxicity and exacerbates tumor formation
in mice that are induced with colorectal cancer suggesting E171 could be participating in increasing the number of tumors through DNA damage and alterations
in the cell cycle. Therefore, the aim was to analyze nuclear damage and cell cycle
alterations after an acute exposure to E171 and to investigate if these changes
persist after the withdrawal of the exposure. Alterations in colorectal cancer cells
(HCT116 cell line) were evaluated after an acute exposure to E171 (1 day) and 48 h
hours after withdrawal of exposure. All concentrations of exposure were non-cytotoxic. Alterations in whole cell biomolecules were analyzed by Fourier transformed
infrared spectroscopy, subcellular localization of E171 as well as nucleus size was
evaluated by confocal microscopy, and cell cycle was analyzed by flow cytometry.
Acute E171 exposure induced a concentration-dependent decrease in proteins and
nucleic acids spectra but not in lipids. E171 was located in the perinuclear area with
very few aggregates along the cell cytoplasm. Acute exposure to E171 also induced
an increase in nucleus size which could be explained by tubulin depolymerization
also observed in exposed cells. Moreover, E171 induced cell cycle arrest in S and
G1 phases suggesting cells could be arrested to repair DNA damage. All of these
effects were sustained in colorectal cancer cells even 48 h after the withdrawal of
the exposure and E171 was still accumulated after cell division in the perinuclear
area. In conclusion, E171 induces a decrease in proteins and DNA in the entire cell
while locating around the nucleus inducing an increase in nucleus size, tubulin
depolymerization, and cell cycle arrest in colorectal cancer cells. All the alterations
were sustained after 48 h of withdrawal of the exposure.

3410

Lessons from a 10-Year Case Study: Discovery,
Characterization, Quantification, and Safety Assessment of a
Food Contact Substance with Emphasis on the Assessment of
Non-Intentionally Added Substances (NIAS)

K. D. Abston1, N. J. Parizek1, J. Negley1, R. D. Canatsey1, K. Shores1, T. R. Mallen1, S.
Dubail2, M. S. Maier3, and M. V. Maffini4. 1Sherwin-Williams Company, Sewickley, PA;
2Sherwin-Williams Company, Tournus, France; 3Sheperian Toxicology LLC, Albuquerque,
NM; and 4Independent Consultant, Frederick, MD.
In recent years, safety questions have been raised about the of impurities that
may be found in food-contact products. In contrast to drug impurities for which
management and assessment guidelines are available, no jurisdiction has issued
official regulations that specify how impurities from food contact materials (non-intentionally added substances (NIAS)) should be quantified and evaluated for
safety. Where official guidelines specify prospective process controls to prevent
drug impurities, food-contact material guidelines are inherently retrospective
because they apply only to products after they are developed, manufactured, and
seek regulatory clearances. Drug discovery tools were used to identify biologically inactive substances that could be used to make food-contact polymers.
Specifically, a non-estrogenic, low toxicity bisphenol, tetramethyl bisphenol F
(TMBPF), was discovered to replace legacy bisphenol-A food-contact polymers. An
iterative, hypothesis-driven “design-make-test” process coined “Safety by Design”
was followed to develop a novel route-of-synthesis for the case-study food-contact epoxy polymer. This novel approach essentially eliminates monomeric impurities to a point where they are not detected in migration studies at the 0.2 ppb
limit of quantitation. Safety testing originally targeted potential hazards related to
structural alerts for starting materials, including endocrine activity and genotoxicity endpoints. Later, in vivo toxicity studies were conducted for raw materials in
cases where no database existed. These studies were analogous to preclinical drug
studies that seek no-effect levels and were conducted by independent laboratories
using good laboratory practice. These studies demonstrated NOAELs at or near the
highest doses tested (650 - 1,000 mg/kg/bw/day). Recently, total NIAS obtained
from migration procedures using the case-study epoxy polymer were analytically
quantified, identified and assessed for estrogenicity, mutagenicity, and genotoxicity. In summary this presentation will provide examples and guidance on (1) How
hazard assessment principles may be used to discover safe new food-contact
products; (2) How Safety by Design may be used in the selection of raw materials and optimization of polymer synthesis schemes and (3) Approaches for the
analysis and safety assessment of NIAS.

3411

Use of Structure-Activity Relationship in the Safety Assessment
of 2-Methyloxolane in Food Contact Applications

L. Markley, T. Cheng, K. B. Arvidson, O. J. Bandele, and G. W. Patton. US FDA,
College Park, MD.
2-methyloxolane (2-meTHF; CAS Reg. No.: 96-47-9) is a hexane substitute which
has been proposed as a “green alternative” to traditional solvents used in food
contact applications as it is derived from renewable resources and recovered easily
due to its low water solubility. To evaluate the safety of 2-meTHF for use as a
food contact substance with an estimated exposure between 0.025 μg/kg bw/d
(0.5 ppb) and 2.5 μg/kg bw/d (50 ppb), FDA recommends providing safety data on
the potential genotoxicity and carcinogenicity of the substance and any structural
similarity to known mutagens and carcinogens. In vitro genotoxicity data indicate
that 2-meTHF is negative for mutagenicity and clastogenicity, but there is a lack
of in vivo toxicological data on this compound. Additionally, 2-meTHF appears to
have a similar structure to tetrahydrofuran (THF; CAS Reg. No.: 109-99-9), which
has been reported to induce hepatocellular neoplasms in female mice exposed via
inhalation. Because the “Delaney Clause” in the Federal Food, Drug and Cosmetic
Act prohibits the use of food contact substances that are animal or human carcinogens, a structure activity relationship (SAR) analysis was performed to assess the
structural similarity between these two compounds to determine if THF would be
an appropriate analog to evaluate the carcinogenicity of 2-meTHF. Based on the
results from two QSAR programs, 2-meTHF and THF are very different in carcinogenicity predictions with 2-meTHF predicted to be negative in all rodent modules while
THF was positive based on the available experimental results. Thus, the SAR data
suggest THF may not be an appropriate analog for 2-meTHF in terms of assessing
carcinogenicity. Based on the available negative in vitro genotoxicity studies and
SAR analysis suggesting 2-meTHF is likely non-carcinogenic, these results support
the use of 2-meTHF in food contact applications for its intended uses where
estimated dietary concentrations are ≤ 2.5 μg/kg bw/d. This approach illustrates
the use of an in silico method to evaluate the safety of food contact substances
when data gaps exist in the toxicity dataset of a chemical.

3412

Fructose Overconsumption Changes Hematological Parameters
in Rats: Perspective in Use as Biomarkers for Early Detection of
Metabolic Abnormalities

G. Shayakhmetova, T. Karatsuba, O. Tkachenko, and V. Kovalenko. Institute of
Pharmacology and Toxicology NAMS of Ukraine, Kyiv, Ukraine.
It was reviewed that intake of fructose and the major source of fructose - high
fructose corn syrup by both children and adults was associated with an increased
risk of metabolic syndrome (MS), which is a culmination of overweight and
obesity especially in childhood, and it is one of the greatest challenges of healthcare systems worldwide. Currently, it is difficult to say that one biomarker alone
is specific for the diagnosis of MS due to excessive fructose consumption, so a
search for new sensitive biomarkers is of great interest. The study aimed to analyze
changes in hematological parameters and hemostasis of rats with high-fructose
diet consumption. Juvenile male Wistar rats were divided into 2 groups: control
and high-fructose diet (replacement of drinking water with 10% fructose starting
from postnatal day 23 up to 83). Blood samples were studied with hematology
analyzer Mythic22 and biochemical analyzer Prestige24i, blood clotting time - by
a standard clinical method. Peripheral blood smears were stained by modified
Giemza’s method. Pseudo Pelger-Huet anomaly (PPHA) neutrophils were identified
by their uni-lobed or symmetric bi-lobed nuclei, abnormally clumped chromatin,
and relatively abundant cytoplasm with pink or yellowish granules. 200 neutrophils
in peripheral blood smears were examined, and proportions of PPHA cells were
calculated as a percentage of total neutrophils. The increase in serum triglycerides
and glucose levels (2.5 and 1.4 folds as compared with control) supported the
fact that in rats with high fructose consumption early stage of MS development
was observed. Hematological investigation showed that platelet count, white blood
cell count, and red blood cell count in rats with MS did not change significantly in
comparison with control, while hematocrit was 8% lower. With fructose overconsumption, we registered a great decrease in blood clotting time (2.2 folds as
compared with controls). The microscopic investigation of blood smears allowed
us to evidence the development of PPHA. PPHA cells accounted for 3.67±0.45% of
the total neutrophil count. In addition, we have established a decrease in the mean
platelet volume (MPV) in animals with high fructose diet. Thus the study of hematocrit and MPV, which is a routine test performed during blood investigation, as well
as blood clotting time and PPHA neutrophils presence can be additional important
tools in the prediction of MS risk in individuals with fructose overconsumption. With
early detection, early diet correction is possible. This could significantly decrease
the burden complications impose on patients and the healthcare system.
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3413

Toxicological Safety Evaluation of Live A. soehngenii Strain
CH106

P. Allingham1, S. Brosel1, R. Kreutzer2, S. Stiller1, A. Leoni1, and J. F. Seegers3. 1BSL
Bioservice Laboratories Munich GmbH, Planegg, Germany; 2AnaPath Services GmbH,
Liestal, Switzerland; and 3Caelus Pharmaceuticals BV, Zegveld, Netherlands. Sponsor:
A. Leoni, EUROTOX
The gut commensal Anaerobutyricum soehngenii is an anaerobe microorganism
that can produce propionate and butyrate, metabolites that have been shown to
have a positive effect on gut and overall health. Murine and human studies have
shown that oral intake of A. soehngenii has a positive influence on peripheral insulin
resistance, thereby reducing the risk of type 2 diabetes. A recent human intervention
provided supportive evidence for the mode of action of A. soehngenii as it affected
gene expression in the duodenum, stimulated the secretion of GLP-1 and improved
insulin sensitivity. For these reasons A. soehngenii has been proposed as a food
ingredient. Before introducing this bacterium into the food chain, it is important to
establish that oral intake of live A. soehngenii does not pose a health risk. After the
absence of mutagenic potential was confirmed we performed a 90-day subchronic
toxicity study in rats to determine overall toxicity potential. The test item was
administered daily by oral gavage in graduated doses (8x109, 4x1010 or 2x1011 cfu/
kg body weight) to 3 groups of test animals for a period of 90 days. Animals of an
additional control group were handled identically as the dose groups but received
the vehicle (PBS containing 5% L-cysteine). The formulations were prepared freshly
each day and administered within 1 hour thereafter. During the period of administration, the animals were observed each day for clinical signs of toxicity. Body weight
and food consumption were measured weekly. A functional observation battery
was used to screen the animals for possible neurobehavioural effects. At the end of
the treatment period clinical pathology endpoints were assessed and serum levels
of thyroid hormones were evaluated, and animals were subjected to necropsy. They
were examined macroscopically, a subset of tissues was weighed and a set of
approx. 60 tissues per animal was preserved to be examined histopathologically
in control and high dose groups.Up to the highest dose level of 2x1011 cfu/kg body
weight/day which exceeds the expected daily human intake more than 100-fold no
adverse events were observed. These result support the conclusion that the use of
A. soehngenii CH106 as a food ingredient does not pose any health risk.

3414

Heterocyclic Amines Induce Changes in Glucose Production and
Insulin Signaling in Human Hepatocytes

K. M. Walls, D. W. Hein, and K. U. Hong. University of Louisville, Louisville, KY.
Humans are exposed to heterocyclic amine (HCA) mutagens produced in
meats cooked at high temperatures or until well-done. A recent epidemiological
study documented associations of high HCA intake with increased prevalence
of insulin resistance, which is one of the hallmarks of type II diabetes mellitus
and metabolic syndrome. However, it is unknown if HCAs directly induce insulin
resistance. To investigate the effects of HCAs on insulin sensitivity, we treated
HepG2 (hepatocellular carcinoma) cells and cryopreserved human hepatocytes
with 2-amino-3,4-dimethylimidazo[4,5-f]quinoline (MeIQ), 2-amino-3,8-dimethylimidazo [4,5-f]quinoxaline (MeIQx), or 2-amino-1-methyl-6-phenylimidazo(4,5-b) pyridine
(PhIP), which are 3 common HCAs found in cooked meats, and measured changes
in gluconeogenic gene expression, insulin signaling, and glucose production.
HepG2 cells and cryopreserved hepatocytes were treated with varying concentrations of HCAs (0-100 μM), then treated with insulin and analyzed for changes in
(1) mRNA transcript levels of genes involved in gluconeogenesis via qRT-PCR, (2)
insulin signaling via p-AKT induction on Western blot, and (3) extracellular glucose
production via glucose oxidase assay. Statistical significance was determined by
one-way ANOVA (* p < 0.05, ** p < 0.01, *** p < 0.001). HCA treatment significantly
upregulated the transcripts of genes involved in gluconeogenesis (e.g., G6PC and
PCK1) in both HepG2 and cryopreserved human hepatocytes. MeIQ treatment
decreased insulin-induced phosphorylated AKT (ser473; p-AKT) levels in cryopreserved human hepatocytes. The decrease in insulin-induced p-AKT levels following
HCA treatment suggest that hepatocytes become insulin resistant in the presence
of HCAs. Additionally, MeIQ and MeIQx treatment increased glucose production
in cryopreserved human hepatocytes, compared to vehicle-treated control cells.
The increase in extracellular glucose production following HCA treatment indicate
that HCA exposure potentially cause a sustained increase in glucose levels and
may lead to hyperglycemia which often accompanies insulin resistance and type
II diabetes mellitus. The current study provides an evidence, for the first time, that
exposure to HCAs via consumption of cooked meat may contribute to development
of insulin resistance and hyperglycemia. Support for these studies was provided by
the following: T32- ES011564, P20-GM113226, P42-ES023716, P30-ES030283, and
pilot project funding from UofL School of Medicine.

3415

Chronic Exposure to Cellulose Nanofibril Modulated Behavior
and Glucose Homeostasis in Type I Diabetic Mice: Potential
Roles of Immune Function and the Gut Microbiome

H. Xu, Y. Chen, A. Patel, Z. Wang, and T. Guo. University of Georgia, Athens, GA.
Cellulose nanofibrils (CNF) were reported to decrease fat absorption and glucose
release, indicating their potential applications as food additives or dietary supplements. However, the effects of CNF intake for an extended period of time remain
unknown. The objective of this study was to examine whether CNF affects the gut
microbiome and associated metabolic pathways. Sequencing analysis of 16S rRNA
genes was conducted using the fecal samples from male C57BL/6 mice fed with
a Western diet ad libitum and exposed to CNF (WN) for one month at a physiologically relevant dose (30 mg/kg) by gavage. Results indicated significantly different unweighted Unifrac of β-diversity and altered gut microbiome when compared
with water (WW) and cellulose (WC) controls. PICRUSt analysis of functional
metagenomics identified more than 50 pathways that might be altered following CNF ingestion. Altered pathways in lipid and carbohydrate-related functions
in CNF-treated mice prompted a six-month chronic study using NODEF mice, a
strain previously used as a model for type 1 diabetes (T1D). Blood glucose levels
were significantly decreased at 120-min time point for both males and females
during the insulin tolerance test (ITT) following two months of CNF exposure when
compared to WW, indicating a decreased insulin resistance. In addition, the fluorescence intensity of CD40, whose expression is necessary for both T1D development and insulitis, was decreased after 6-months of CNF treatment in male NODEF
mice. Although WN treatment mimicked WC treatment in terms of decreased food
consumption when compared to WW, WN-treated mice drank significantly less
water than those treated with WC following exposure for three months. As depression has been linked to T1D and dysbiosis, behavior tests were further conducted.
It was found that the percentage of immobility time during the tail suspension
test was significantly increased by CNF following six months of exposure in male
NODEF mice, signifying an increase in depression-like behavior. Collectively, our
studies provide critical findings regarding the safety of long-term CNF consumption
associated with the ecology of the gut microbiome, leukocytes, energy metabolism,
and mental health. Supported by the USDA National Institute of Food and Agriculture
grant no. 2016-67021-24994/project accession no. 1009090, and in part by NIH grant
no. R41DK121553.

3417

Evaluation of the Potential Allergenicity of Porcine Myoglobin
Expressed in Pichia bischeri

J. Xu1, Y. Ye1, J. Ji1, J. Sun1, X. Zhao1, J. Zhou1, J. Wang2, and X. Sun1. 1Jiangnan
University, Wuxi, China; and 2University of Georgia, Athens, GA.
Heme carrying proteins, produced by genetically engineered yeast, can be used in
sensory applications of artificial meat to provide a flavor similar to traditional meat.
However, there may be risks associated with recombinantly expressed proteins,
such as sensitization. In this study, the allergenicity of the protein expressed in P.
pastoris (PM) where the porcine myoglobin gene was introduced was evaluated by
a BALB/c mouse model, sequence similarity with allergens and simulated digestion
analysis. We constructed a mouse sensitization model by gavage and intraperitoneal injection of samples, observed the activity after injection, measured immune
endpoints to evaluated the sensitization of two purity of PM (60, 88%) using OVA
as positive control and Tris-HCl as negative control (Control). We found that PM
(60, 88%) and OVA caused mild allergic symptoms like piloerection. Compared with
the control group, the specific IgE, specific IgG, HIS and mMCP-1 were significantly
increased in the serum of mice in these three groups; the percentage of Th2 in the
splenic lymphocytes of mice in ova group increased significantly and the percentage of Th1 decreased, while the percentage of Th2 in PM (60%) group increased
significantly and Th1 decreased, but did not reach statistical differences. The trend
of Th2/Th1 in PM (80%) group was consistent with that in ova group, but did not
reach statistical differences. We performed a sequence search of the gene using
FASTA with BLAST and no allergenic or toxic proteins with high similarity were
found in AllergenOnline and NCBI. Mock digestion showed that the myoglobin was
not resistant to digestion. These results indicate that the proteins expressed by
the P. bischeri are potentially allergenic, and the allergenicity decreases with rising
purity, which implies that the allergenic protein may be impurity proteins, while
the porcine myoglobin is not allergenic, which poses a higher requirement for the
purification process of food protein production by genetically engineered yeast and
provides a direction for risk management in the process of protein production by
genetically engineered yeast.

3418

Analysis of Mushroom Poisoning Outbreaks in China, 2019

H. Li, B. Li, and C. Sun. China CDC, Beijing, China.
Mushroom poisoning is becoming the most serious food safety issue in China,
which is responsible for nearly a half of all deaths. Mushroom poisoning incidents
from 17 provinces at 2019 were analyzed, including 276 independent incidents
involving 769 patients and 22 deaths, with an overall mortality of 2.86%. The results
demonstrated that mushroom poisoning happened every month all year round, and
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concentrated from June to October with its peak at July. Southwestern and central
China are the most serious areas of mushroom poisoning, followed by eastern
and southern China, then greatly reduced toward the north, and Zhejiang Province
from eastern China turned out to be the fastest growing region. The number of
cases ranged from 1 to 23, the median was 2, and 6 outbreaks involved more than
10 patients.Mushroom species were identified for all incidents and a few were
still un-resolved. Ca. 70 species causing six different clinical syndromes were
successfully confirmed. Seven species (Entolomastrictius, Gymnopiluslepidotus,
Inocybeserotina, I. squarrosolutea, Lactariusatrobrunneus, Lactifluusvellereusand
Psilocybethaiaerugineomaculans) were newly recorded as poisonous mushrooms
in 2019, and were added to the Chinese poisonous mushroom list. Nine species
(Amanita exitialis, A. fuliginea, A.cf. fuliginea, A. pallidorosea, A. rimosa, A. subjunquillea, A. subpallidorosea, Galerinasulciceps and Lepiota brunneoincarnata)
causing acute liver failure resulted in 42 incidents involving 102 patients and
20 deaths. Notably, A. exitialishad led to death of 13 patients and then became
the first killer of mushroom poisoning in China. Russulasubnigricans gave rise to
rhabdomyolysis resulting in 15 incidents involving 54 patients and 1 death. The
most common poisonous mushroom is Chlorophyllum molybdites, which is widely
distributed in south areas of China and causes gastro-intestinal symptoms generating54 incidents involving 126 patients.

3419

Application of Edible Montmorillonite Clays for the Adsorption
and Detoxification of Microcystin

M. Wang1, K. Rivenbark1, J. Joonho2, F. Wright2, and T. Phillips1. 1Texas A&M University,
College Station, TX; and 2North Carolina State University, Raleigh, NC.
Exposure to microcystins (MCs) in humans and animals commonly occurs through
the consumption of drinking water and food contaminated with cyanobacteria.
Although studies have focused on developing water filtration treatments for MCs
using activated carbon, dietary sorbents to reduce the bioavailability of MCs from
the stomach and intestines have not been reported. To address this need, edible
calcium and sodium montmorillonite clays were characterized for their ability to
bind MC containing leucine and arginine (MC-LR) under conditions simulating the
gastrointestinal tract and compared with a medical-grade activated carbon. Results
of in vitro adsorption isotherms and thermodynamics showed that binding plots
for MC-LR on montmorillonites fit the Langmuir model with high binding capacity,
affinity, Gibbs free energy, and enthalpy. The in silico results from molecular
modeling predicted that the major binding mechanisms involved electrostatics and
hydrogen bonds, and that interlayers were important binding sites. The safety and
detoxification efficacy of the sorbents against MC-LR were validated in a battery
of living organisms, including Hydra vulgaris, Lemna minor, and Caenorhabditis
elegans. The inclusion of 0.05% and 0.1% montmorillonite clays in hydra media
significantly reduced MC-LR toxicity and protected hydra by 60-80%, whereas only
slight protection was shown with the heat-collapsed clay. In the Lemna minor
assay, montmorillonites significantly enhanced the growth of lemna, as supported
by the increase in frond number, surface area, chlorophyll content, and growth
rate, as well as the decrease in inhibition rate. Similar results were shown in the C.
elegans assay, where montmorillonite clays reduced MC-LR effects on body length
and brood size. All 3 bioassays confirmed dose-dependent protection from MC-LR,
validated the in vitro and in silico findings, and suggested that edible montmorillonites are safe and efficacious binders for MC-LR. Moreover, their inclusion in diets
during algal blooming seasons could protect vulnerable populations of humans
and animals.

3420

Polysaccharides from Steamed Polygonatum sibiricum: Positive
Effects on Fatty Acids and Intestinal Flora, as Well as an
Extracted Small Molecule of Glucofructan Polysaccharide

Y. Xu1, Y. Ye1, B. Chen2, J. Wang3, and X. Sun1. 1Jiangnan University, Wuxi, China;
2Zhejiang HeTianXing Biotechnology Co. Ltd., Taizhou, China; and 3University of Georgia,
Athens, GA.
Steam-processed Polygonatum sibiricum (PS) has been applied in clinical and daily
diets for thousands of years in China. However, fewer studies concentrated on the
effects of polysaccharides (SPSP) on the intestinal tract. With fecal fermentation
in vitro, there was a decrease in pH and an increase in the reducing sugar content
during the fermentation of the SPSP. Also, significant increases were found in the
contents of short-chain fatty acids (SCFAs), including acetic acid and propionic
acid; and long-chain fatty acids (LCFAs), including linolenic acid, oleic acid, palmitic
acid, stearic acid, eicosatrienoic acid, etc. The associated beneficial microbiotas
were observed with proliferation, such as Parabacteroides and Bifidobacterium,
which had also been proven with significant changes during the whole fermentation process. The harmful microbiota like Shigella was found of a decreased
abundance. Correlation analysis displayed significant positive correlations of
Bifidobacterium with the contents of acetic acid, propionic acid, oleic acid, palmitic
acid, and stearic acid. Significant correlations were also observed between the
abundance of Parabacteroides with the contents of propionic acid and acetic acid,
which played a complementary role for Bifidobacterium. Further evaluation showed
significant increase of SCFAs and LCFAs of a small molecule of polysaccharide
separated from SPSP, named as P1. The P1 was in the molecular weight of 1800,

and was in constitution of a glucose and nine fructose with the carbon connections
at 1→2, forming a side chain at the C6 position. The SPSP in steamed PS increased
the production of SCFAs, LCFAs and the abundance and diversity of beneficial
microbiotas, suppressed the concentrations of harmful microbiotas, indicating its
beneficial effects on the intestinal tract and proving its use as a candidate in clinical
use or daily diets.

3421

Lactational Transfer of Sulforaphane to Activate Nrf2 in
Neonatal Mice

R. A. Shore, J. Behlen, D. McBee, C. Lau, and N. M. Johnson. Texas A&M University,
College Station, TX.
Respiratory syncytial virus (RSV) is the leading etiological factor for pneumonia,
bronchiolitis, and post-bronchiolitic wheeze in children less than five years old.
Besides palivizumab, an RSV prophylactic used for premature infants, there are no
effective immunoprophylactics for term-infants; therefore, the use of phytochemicals has gained traction as potential therapeutics that may reduce RSV severity in
neonates. RSV disease severity is the result of an exaggerated Th2 response from
the host immune system, in addition to a substantial production of reactive oxygen
species (ROS). RSV has been shown to downregulate several anti-oxidant-related
genes regulated by the transcription factor Nrf2, including Nqo1, Hmox1, Gsta1,
and Gpx2. Induction of Nrf2 by the phytochemical sulforaphane (SFN), derived from
cruciferous vegetables, has been shown to increase Nqo1 expression, decreasing
ROS and RSV severity in an adult mouse model. Currently, very little is known about
the lactational transfer of SFN into breast milk and whether transfer can potentially
activate Nrf2 to reduce RSV severity in neonates. We developed a neonatal mouse
model of RSV infection. At 5 days of age offspring are challenged with either control
culture media or a chimeric RSV strain, rA2-19F. Infected pups show marked inflammation 9 days post-infection (postnatal day, PND 14) driven through an enhanced
Th2 response. To evaluate the lactational transfer of SFN, lactating mice were
supplemented with 0, 300, or 600 ppm SFN from PND 0-5. Breast milk and plasma
from dams and offspring tissues were collected on PND5, matching the day of
infection in our RSV model. Maternal lung and liver, as well as offspring liver Nqo1
expression showed a dose-dependent increase, yet only reached statistical significance in the 600 ppm group. Offspring lung Nqo1 expression was increased in
the 600 ppm group, albeit not significant. Measurement of SFN and conjugated
metabolites in milk and plasma is ongoing using an HPLC-isotope dilution mass
spectrometry method. Future confirmation in milk from breastfeeding mothers is
also ongoing. In conclusion, initial results indicate short-term maternal SFN supplementation enhances gene expression of Nqo1 and has potential implications for
offspring Nrf2 activation.

3421a

Exposure and Risk Characterizations of Ochratoxins A and
Aflatoxins through Maize (Zea mays) Consumed in Different
Agro-Ecological Zones of Ghana

N. Kortei1, T. Annan2, V. Kyei-Baffour2, E. Essuman1, H. Okyere3, and C. Tettey1. 1University
of Health and Allied Sciences, Ho, Ghana; 2Food Research Institute, Accra, Ghana; and 3Crops
Research Institute, Kumasi, Ghana. Sponsor: K. Opong-Mensah

Mycotoxin contamination of foodstuffs is a serious food safety concern globally
as the prolonged ingestion of these toxins has the tendency to worsen the risk of
hepatocellular carcinoma. This study aimed at estimating ochratoxin A (OTA) and
aflatoxin (AF) levels above international (European Food Safety Authority, EFSA)
and local (Ghana Standards Authority, GSA) standards as well as the health risks
associated with the consumption of maize (n=180) sampled from six (6) regions
representing the agro-ecological zones of Ghana. OTA and AF were measured with
High-Performance Liquid Chromatography with a Fluorescence detector. Out of the
180 samples analyzed for total aflatoxins (AFtotal), 131/180 tested positive and 127
(70.50%) exceeded the limits of EFSA and ranged 4.27-441.02 µg/kg. While for GSA,
116 (64.44%) of samples exceeded this limit and ranged between 10.18-441.02
µg/kg. For OTA, 103/180 tested positive and 94 (52.22%) of samples between the
range 4.00-97.51 µg/kg exceeded the tolerable limit of EFSA, whereas 89 (49.44%)
and were in the range of 3.30-97.51 µg/kg exceeded the limits of GSA. Risk assessment values for total aflatoxins (AFtotal) ranged between 50-1150 ng/kg bw/day,
0.4-6.67, 0-0.0323 aflatoxins ng/kg bw/day and 1.62-37.15 cases/100,000 person/
yr for Estimated Daily Intake (EDI), Margin of Exposure (MOE), Average Potency, and
Cancer Risks respectively. Likewise, ochratoxin (OTA) values were in the ranges of
8.6x10-3-450 ng/kg bw/day, 0.05-2059.97, 0-0.0323 ochratoxins ng/kg bw/day and
2.78x10-4-14.54 cases/100,000 person/yr. Consumption of maize posed adverse
health effects in all age categories of the locations studied since the calculated
MOE values were less than 10,000.
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3422

Effectiveness of Diarylmethanes to Inhibit Leishmania
Promastigote Growth and Amastigote Formation in Human
Macrophages

E. Leary, E. Anderson, J. Keyes, N. Lind, T. Huskie, K. Miller, and D. J. Blake. Fort Lewis
College, Durango, CO.
Visceral Leishmaniasis (VL) affects millions of people in rural, tropical environments each year and with 95% of cases left untreated, VL is one of the top ten
most neglected tropical diseases. VL is caused by a protozoan parasite that spans
over 20 Leishmania species including Leishmania donovanii (LD) and Leishmania
infantatum (LI) and causes enlargement of the spleen and liver leading to death
if untreated. The transmission of the Leishmania parasite occurs via an infected
Phlebotomine sandfly found in tropical ecosystems. The parasite’s life cycle
includes two forms; an extracellular promastigote parasite found in the sandfly
and an intracellular amastigote parasite that replicates within human macrophage
cells. Although there has been progress in treatment over the past decade, the
most common anti-leishmanial drug, liposomal amphotericin B, can be highly
toxic to individuals, requires intravenous infusion, cold storage, and is limited in
countries where the disease is endemic. Therefore, there is an urgent need to
identify novel lead compounds that are selectively toxic and more cost effective
for rural, underserved patients with VL.The purpose of this research focuses on
the use of naturally occurring compounds that more effectively inhibit both the
extracellular promastigote and intracellular amastigote forms of LD to decrease
parasite levels in human macrophages. Two lead compounds have been identified including 1) sulforaphane, which is a compound found in broccoli and other
cruciferous vegetables that activates antioxidant gene expression via the NRF2
transcription factor, and 2) deoxyalpinoid B, a compound of the alpinoid class
that was completely synthesized in our laboratory. The high yielding and novel
synthesis facilitates access to deoxyalpinoid B and analogs for further study. Both
compounds inhibit promastigote growth at 10 and 50 µM similar to the IC50 concentration of Amphotericin B. However, compared to Amphotericin B, sulforaphane and
deoxyalpinoid B caused significantly less toxicity at their effective anti-leishmanial
concentrations of 10 µM. These data indicate that sulforaphane and deoxyalpinoid B may be promising lead compounds to further investigate novel intracellular
mechanisms of actions against amastigote proliferation.

3424

A. Anadon1, M. Martínez1, J. Rodríguez1, J. Maximiliano1, M. Martínez1, B. LopezTorres1, M. Martínez-Larrañaga1, M. Cueto2, J. De la Rosa3, and I. Ares1. 1Universidad
Complutense de Madrid, Madrid, Spain; 2Instituto de Productos Naturales y Agrobiología,
La Laguna, Spain; and 3Universidad de La Laguna, La Laguna, Spain.
The natural products are considered important reservoirs of novel chemically
diverse molecules that may be developed as functional foods with wide applicability to health sciences. In our laboratory, crude extracts CB08035-SCA and
CB08035-SYP have been obtained from the liquid cultivation of CB08035, a marine
bacterial isolate whose 16S rDNA sequence was shown to be identical to that
of Marinobacter hydrocarbonoclasticus. The extract CB08035-SYP was found to
show activity against Escherichia coli, Enterococcus faecalis, and Pseudomonas
aeruginosa whereas the extract CB08035-SCA was active against Pseudomonas
aeruginosa. The present research study showed in Caco-2 cells that both extracts
prevented cell damage and enhanced activity of antioxidant defenses (NQO1 and
GST enzyme activities and GSH levels) reduced by treatment with the potent pro-oxidant t-BOOH. The treatment of Caco-2 cells with CB08035-SCA and CB08035SYP extracts caused up-regulation of Nrf2, AKT1 and Bcl-2 gene expressions.
Quantitative Real Time PCR assays were performed to analyze mRNA gene expressions. Exposure to CB08035-SYP (50 and 500 μg/mL) caused the major significant
increase of mRNA levels for Nrf2 (2.47-fold, P < 0.001, and 4.46-fold, P < 0.001,
respectively), following for AKT1 (1.75-fold, P < 0.001, and 2.24-fold, P < 0.001,
respectively), and for Bcl-2 (1.66-fold, P < 0.05, and 1.93-fold, P < 0.01, respectively). This research study demonstrates that the Nrf2/AKT1/Bcl-2 pathways play
an essential role in the mechanism underlying the antioxidant effects of extracts
CB08035-SCA and CB08035-SYP from Marinobacter hydrocarbonoclasticus (strain
CB08035). Work supported by Project Ref. PID2020-115979RR-C33 from Ministerio
de Ciencia e Innovación, Spain. The authors declare that there are no conflicts of
interest.

3425
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Induction of Nrf2-EpRE-Mediated Gene Expression by
Hydroxyanthracenes Present in Traditional Chinese Medicine
and Chinese Herbal Granules

Q. Ren, W. Bakker, L. D. Haan, I. M. Rietjens, and H. Bouwmeester. Wageningen
University and Research, Wageningen, Netherlands.
Hydroxyanthracenes, are a group of bioactive plant metabolites naturally present
in traditional Chinese medicine (TCM) and herbal extracts that are prescribed to
improve bowel function. Hydroxyanthracenes have a broad spectrum of pharmacological activity. An important underlying mechanism is the induction of expression
of detoxifying enzymes and proteins, such as heme oxygenase-1 and glutathione
S-transferases by activation of the Nrf2-EpRE pathway. Here we focused on 16
hydroxyanthracenes that according to previous studies and labels were present
in the above mentioned TCM and herbal extracts. We used two reporter gene
assays (the Nrf2-CALUX reporter gene assay and the cytotox-CALUX assay), and
exposed cells to hydroxyanthracenes from 0 to 200 µM as well as to extracts of
8 TCM and 8 herbal granules that according to the labels should containing one
or more selected hydroxyanthracenes. Targeted LC-MS analysis was performed
on the extracts of the TCM and herbal granules to quantify the levels of hydroxyanthracenes in the preparations that appeared able to activate the Nrf2-EPRE
pathway. Results showed that purpurin, aloe emodin, 2-hydroxy-3-methylanthraquinone and rhein significantly induced the Nrf2-EpRE pathway (ranging between
10 and 45 fold induction in the Nrf2-CALUX assay), followed by aurantio-obtusin,
obtusifolin, rubiadin 1-methyl ether, 1-hydroxy-2-methylanthraquinone, emodin, and
damnacanthal (from 1.9 to 4.0 fold induction in the Nrf2-CALUX assay). Physcion
and chrysophanol only minimally induced Nrf2-EpRE mediated gene expression.
Alizarin, citreorosein and 6-hydroxyrubiadin showed false positive results as they
stabilized luciferase expression. Questin did not induce the Nrf2 pathway and was
cytotoxic at concentrations higher than 20 µM. Of the TCM tested at 200 µg extract/
ml, extracts of Chuan Xin Lian Kang Yan Pian induced the Nrf2 pathway, as well as
extracts of Aloe, Madder and Rhubarb. At the exposure concentration of 400 µg
extract/ml, 5 herbal granules and all 8 TCM exhibited positive results. Overall, 10
hydroxyanthracenes, 5 herbal granules and all 8 TCM induced a dose-dependent
induction of Nrf2-EpRE mediated gene expression. For the herbal granules and TCM
this effect could only in part be ascribed to the presence of hydroxyanthracenes.

Antioxidant Response-Mediated Upregulation Nrf2, AKT1, and
Bcl-2 Gene Expressions by Marinobacter hydrocarbonoclasticus
(Strain CB08035) Culture Extracts in Human Colon Carcinoma
Caco-2 Cells

Computational Analysis of the Viability of Ursolic Acid and
Imperialine in Pei Pa Koa as Alternatives to Dextromethorphan
in the Treatment of Cough

X. Wu, C. Oshita, O. Li, S. Li, and D. E. Johnson. University of California Berkeley,
Berkeley, CA.
Western over-the-counter cough medicine containing dextromethorphan is
commonly taken to relieve cough symptoms. Because it is recreationally abused,
dextromethorphan is regulated within many states in the United States by prohibiting sale to minors and requiring identification upon purchasing. This study investigated the mechanism of an alternative to dextromethorphan, Pei Pa Koa (loquat)
syrup. This syrup is commonly used in Asian households to treat cough and has
little to no known side effects, but not much is known about its mechanisms of
action and efficacy. In this study, the active ingredients of Pei Pa Koa were identified
as the plants Eriobotrya japonica and Fritillariae Cirrhosae Bulbus, and their active
chemicals were ursolic acid and imperialine, respectively. Online databases and
platforms were used to identify the mechanism of action of the active ingredients
and their different physiological targets to determine how they targeted the cough
and inflammation pathways. Ursolic acid’s mechanisms of action include blocking
the vanilloid receptor, which suppresses cough reflex. Additionally, it inhibits nitric
oxide synthase, cyclooxygenase, and prostaglandin E synthase, leading to the
downregulation of pro-inflammatory compounds. Additionally, it was proposed that
Imperialine, an active ingredient of Fritillariae Cirrhosae Bulbus, acts to suppress
cough through modulation of the renin-aldosterone, prostaglandin, and beta-glucocerebrosidase pathways. This research suggests that Pei Pa Koa contains active
ingredients that not only suppress cough symptoms but also alleviates the underlying cause of cough and airway inflammation. This suggests that Pei Pa Koa syrup
would be a viable and effective alternative to dextromethorphan.

3426

The Acute Toxicity of Water Hemlock (Cicuta douglasii) in a Goat
Model

K. Welch. US Department of Agriculture, Logan, UT.
Water hemlock (Cicuta douglasii) is one of the most toxic plants in North America.
It has been reported to cause numerous poisonings in livestock species, as well
as humans. Humans eat water hemlock because they mistake the tuber of water
hemlock to be wild carrots or wild parsnips. Clinical signs in humans poisoned by
water hemlock include nausea, sweating, salivation, vomiting, severe seizures and
death. The toxins in water hemlock are C17 polyacetylenes, with cicutoxin being the
most studied. The proposed mechanism of action of these toxins is due to their
action as noncompetitive gamma aminobutyric acid (GABAA) receptor antagonists
in the central nervous system. Little information is known regarding the amount
of tuber required for death to occur. Therefore, the objective of this study was
to determine a lethal dose of water hemlock in a goat model. Tubers and above
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ground parts were dosed separately to goats via oral gavage of freeze-dried ground
plant material. All goats dosed with tubers at 2.0, 0.5 and 0.25 g/kg developed
severe seizures and were dead/euthanized by 30-120 min after dosing, with a clear
dose-dependent response as to the severity and time of onset of the seizures. None
of the goats dosed with tubers at 0.1 g/kg developed any clinical signs of poisoning. Similarly, none of the goats dosed with above ground parts of the plant at 2.0
g/kg showed any clinical signs. When goats were dosed with above ground parts at
10.0 g/kg, one goat developed seizures 2 hours post dosing and was euthanized.
Two other goats showed minor signs of poisoning, while the fourth goat exhibited
no adverse effects. The results from this study confirm anecdotal observations that
the above ground parts of water hemlock are much less toxic than the tubers. The
results from this study indicate that cicutoxin is the most toxic of the C17 polyactylenes, as the concentration of cicutoxin is much greater in the tubers compared to
the above ground parts of the plant. These results also suggest that the NOEL for
tubers in goats is 0.1 g/kg. This would correspond to 1-2 small fresh tubers.

3428

Chromatographic Quantitation of Echinacea Constituents That
Mediate Free Radical Quenching Utilizing Chemometric Analysis

O. C. McGehee1, C. Muthumula1, S. Nagumalli1, J. D. Carstens2, C. V. Landingham3, K.
A. El Sayad1, and S. A. Meyer1. 1University of Louisiana Monroe, Monroe, LA; 2USDA/ARS,
Ames, IA; and 3Ramboll US Corp, Monroe, LA.
A continuing challenge of natural products research is to identify constituents
that express a given bioactivity in situ in source material. An equivalent type of
bioactivity may be intrinsic for multiple constituents of source material, but
combined activity may be altered by interactions. Thus, an analytical approach that
distinguishes constituent activity in situ vs that in isolation is required for further
understanding. Many studies have shown that Echinacea spp. Contains several
phenolic compounds with a range of antioxidant specific activities. Here, we used
partial least squares regression (PLS) to predict polyphenols active in situ in free
radical quenching, as measured with electron paramagnetic resonance (EPR), of
75% ethanol extracts from aerial parts of different Echinacea sources, against
polyphenol quantity form peak areas of C18-HPLC chromatograms. Chromatograms
from 10 different source-identified germplasms of E. purpurea, E. angustafolia, and
E. pallida curated by NCRPIS and one bulk E. purpurea (Monterey Bay Herb Co.,
Watsonville, CA) were analyzed. Specific quenching activities of reagent grade
gallic acid, cichoric acid, caftaric acid, echinacoside, cynarin, chlorogenic acid, and
quercetin were quantified and used to predict activities for each extract based upon
measured C18-HPLC constituent quantities. These were summed to predict activities of unfractionated extracts. For all Echinacea sources, predicted activity overestimated measured quenching activity indicating an effect of unknown masking
activity in the extracts. Further studies will explore factors of the mixtures that alter
constituent specific activities.

3429

Cytoprotective Effects against Zearalenone Metabolites and
Antitumor Potential of the Hydroethanolic Extract of Fridericia
chica (Bonpl.) L.G. Lohmann

N. Alvarez-Ortega1, K. Caballero-Gallardo1, M. Taboada-Alquerque1, C. Juan2, A. JuanGarcía2, E. Stashenko3, and J. Olivero-Verbel1. 1Universidad de Cartagena, Cartagena,
Colombia; 2Universitat de València, Valencia, Spain; and 3Universidad Industrial de
Santander, Bucaramanga, Colombia.
Fridericia chica is a plant with numerous health benefits. The aim of this study was
to evaluate the protective effects of the hydroethanolic extract of F. chica leaves
(HEFc) on cell proliferation induced by mycotoxins zearalenone alpha (α-ZEL) and
beta (β-ZEL). HepG2, Calu-1, and HEKn cell lines were cultured and treated with
HEFc for 24 and 48 h. Cytoprotective experiments were carried out exposing cells
simultaneously to mycotoxins and a non-toxic HEFc concentration. Cell viability
was examined using the MTT assay. The early production of intracellular ROS
was monitored using the H2-DCFDA probe, and transaminases were measured
in culture supertatants using a commercial kit. IC50 values for cells treated with
HEFc were 168, 66.5, and 540 µg/mL for HepG2, Calu-1 (cancer cell lines), and
HEKn (normal cells), respectively, with corresponding selectivity indexes of 1.6 for
HepG2 and 4.1 for Calu-1. Cells treated independently with α-ZEL or β-ZEL remained
viable during the first 24 h, with some proliferation observed at lower concentrations (0.4-3.1 µM) in Calu-1 and HepG2 cell lines, process that was abrogated by
treatment with 16 µg/mL HEFc. Experiments indicated that 50 µM zearalenone
metabolites promoted ROS generation. The extract (16 µg/mL) significantly attenuated intracelular ROS. HEFc was not able to decrease transaminase levels in HepG2
cells treated with 100 µM α-ZEL or β-ZEL. Analysis of HEFc using UPLC-QTOF-MS/
MS revealed the presence of anti-proliferative molecules, including vicenin-2
and hispidulin. In summary, the extract of F. chica found in Northern Colombia
possesses promising properties against cell proliferation induced by mycotoxins.
RC-FP44842-212-2018, 270-2019; 466-2021; 727-2015; SGR-BPIN2020000100093;
PID 2019-108070RB-I00ALI.

3430

Essential Oils of Cymbopogon flexuosus and Tagetes lucida
Protect against H2O2-Induced Oxidative Stress in Human Cell
Lines: Role in Cosmeceutical Formulations as Promoters of Skin
Health

K. Caballero-Gallardo1, P. Quintero-Rincón1, E. Stashenko2, and J. Olivero-Verbel1.
1Universidad de Cartagena, Cartagena, Colombia; and 2Universidad Industrial de
Santander, Bucaramanga, Colombia.
Cymbopogon flexuosus (lemongrass) and Tagetes lucida (winter tarragon) are
aromatic plants with a crucial role in traditional medicine attributable to the antioxidant and anticancer properties of their components. The aim of this study was to
evaluate the protective effect of essential oils (EOs) from these plants in a model
of oxidative damage induced by H2O2 in HepG2 and Calu-1 cell lines. Cells were
treated with each EO (24 h) followed by 200 µM H2O2 (up to 120 min). Intracellular
production of ROS was followed utilizing H2-DCFDA probe. The solar protection
factor (SPF), critical wavelength (λc), and total phenolic content in the EOs were
determined using spectrophotometry, and cellular viability was examined employing MTT assay. Composition of EOs was characterized by GC/MS. IC50 values for C.
flexuosus were 74.5, 99.8, and 101.0 µg/mL in HepG2, Calu-1, and HEKn (normal)
cells, respectively, whereas for T. lucida those were greater than 250 µg/mL for all
tested cell lines. Both EOs achieved significant inhibitory effects (between 59.6 and
84.4%) on oxidative stress induced by H2O2 on HepG2 and Calu-1 cells. SPF and
λc values for C. flexuosus were 13.4±0.3 and 391.1±1.9 nm, and for T. lucida 14.7
and 393.5 nm, respectively. Mean total phenolic content for C. flexuosus and T.
lucida EOs were 10.6 and 12.7 mg GAE/g, respectively. Major constituents (>10%)
in EOs were neral, citral and geranyl acetate for C. flexuosus and estragole for
T. lucida. Some of these molecules are recognized antioxidant compounds, and
could be counteracting the effects elicited by H2O2. Taken together, these results
indicate that the EO of T. lucida could be a good natural alternative to be included in
sunscreen formulations. RC-FP44842-212-2018; MADS:270-2019.

3431

Haematoxylum brasiletto H.Karst Extract Protects
Caenorhabditis elegans against Cadmium-Induced Toxicity

M. Duran-Izquierdo1, L. Sierra-Marquez1, M. Taboada-Alquerque1, E. Stashenko2, and
J. Olivero-Verbel1. 1Universidad de Cartagena, Cartagena, Colombia; and 2Universidad
Industrial de Santander, Bucaramanga, Colombia.
Haematoxylum brasiletto H.Karst has been used in traditional medicine for the
treatment of various diseases that involve oxidative stress and inflammation-related
mechanisms. However, little is known about its role as a protector from chemicals,
such as cadmium (Cd), whose toxicity includes these processes. In this study, the
chemical composition and the protective effect of the hydroalcoholic extract of H.
brasiletto (HAE-Hbrasiletto), collected in Northern Colombia, were evaluated against
Cd-induced toxicity in a Caenorhabditis elegans model, measuring physiological
parameters, and assessing oxidative stress by quantifying subcellular localization of
DAF-16::GFP. Phytochemical characterization was performed by HPLC-QTOF-MS/
MS. Toxicity tests revealed That HAE-Hbrasiletto elicited low lethality (14.7% at
5000 µg/mL) in N2 worms, and significatively reduced the Cd-induced death of the
nematodes (up to 87.5%). It also improved Cd-provoked motility inhibition, as well
as body length and reproduction (egg laying number) reduction caused by the heavy
metal. H. brasiletto displayed good antioxidant activity, as it blocked DAF-16 translocation promoted by Cd. Main secondary metabolites identified in the plant extract
were hematoxylins (brazilein and haematein) and protosappanins (protosappanins
A, B and C, 10-O-methylprotosappanin B, and protosappanin A dimethyl acetal). The
beneficial effects of the extract may be due to the presence of well-known antioxidant and neuroprotective molecules, such as brazilein and protosappanin A. In
short, the extract of H. brasiletto contains several molecules capable of decreasing
Cd toxicity in C. elegans, improving survival rate, egg laying capacity and worm size.
RC-FP44842-212-2018, MADS:270-2019; SGR-BPIN2020000100093.

3432

Antioxidant Effects of Winterberry (Ilex verticillata) Leaf Extract
in Caenorhabditis elegans

C. McKinnon1, B. Moline1, W. Al Hallaf1, B. Perkins1, S. Caito2, and J. L. NewellCaito1. 1University of Maine, Orono, ME; and 2Husson University School of Pharmacy,
Bangor, ME.
The holly plant genus Ilex contains 15 species native to North America, including Ilex verticillata, or winterberry. Native American tribes in the Northeast United
States have historically used winterberry leaves as a medicinal tea. For that reason,
it was hypothesized that these winterberry leaves may contain beneficial antioxidant properties. Polyphenols are secondary metabolites in plants which have
been recently explored as antioxidants. Epidemiological studies have shown that
long-term consumption of diets rich in plant polyphenols offer protection against
development of cancers, cardiovascular diseases, diabetes, osteoporosis, and
neurodegenerative disease. A polyphenolic extract was created by drying and
distilling freshly harvested winterberry leaves. Total phenolic content (TPC) was
determined to be 524.45 ± 1.82 μg gallic/mL of extract. Using Caenorhabditis
elegans as an in vivo model organism, a dose-response survival curve was

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 169

generated for the extract, yielding an LD50 of 5.87%. Using this data, worms were
pre-treated with 0.1%, 1%, or 5% extract followed by treatment with known oxidants
manganese(II) chloride (MnCl2) and juglone. The antioxidant effect of the extract
was examined by measuring total reactive oxygen species (ROS). In the presence
of the extract, there was a two-fold dose-dependent decrease in the total ROS
generated by 50 μM MnCl2 and a significant reduction in total ROS generated by 100
μM juglone treatments. These results suggest that the polyphenolic compounds in
winterberry leaves act as antioxidants in vivo.

3433

In Silico Studies Revealed Carnosol and Carnosic Acid Are
Potential Regulators of Protein Folding and Trafficking

M. Taboada-Alquerque1, K. Caballero-Gallardo1, D. Pajaro-Valenzuela1, E. Stashenko2,
and J. Olivero-Verbel1. 1Universidad de Cartagena, Cartagena, Colombia; and
2Universidad Industrial de Santander, Bucaramanga, Colombia.
Natural products are recognized as promising molecules for their wide range
of biological activities. Carnosic acid and carnosol are diterpenes present in
Rosmarinus officinalis L. (rosemary)-based products that are commonly used in
food and pharmaceutical sectors, given their antioxidant and anti-inflammatory
properties. Despite the importance of rosemary to provide protective actions
against toxicity induced by xenobiotics, the pharmacological mechanisms underlying the interactions between these molecules and human proteins are still elusive.
The aim of this work was to find potential biochemical targets for these compounds
that could help on discovering new mechanisms of action. AutoDock Vina was
used to perform in silico docking of carnosic acid and carnosol on 707 human
proteins belonging to different signaling pathways, previously prepared from X-ray
structures downloaded from Protein Data Bank. Binding affinity values were utilized
as criteria to select promising targets, and protein-ligand complexes with better
binding affinity scores were analyzed using LigandScout. Public databases were
employed to identify possible pharmacological/toxicological mechanisms through
bioinformatics tools. A protein-protein interaction (PPI) network was constructed
and visualized with String and Cystoscape. HPLC-QTOF-MS/MS identified carnosol,
rosmarinic acid, rosmanol and rosmadial in a commercially available sample of
R. officinalis. The complexes for carnosic acid and carnosol with greater absolute
affinity values (kcal/mol) were those obtained with Hsp90α (10.5, 10.9), Hsp90β
(-9.8, -10.4), and FKBP4 (-10.6, -9.7). The most significant pathways involving target
proteins for both terpenoids were RXR and RAR heterodimerization with other
nuclear receptors, ESR-mediated signaling, HSP90 chaperone cycle for steroid
hormone receptor, and Th17 cell differentiation. As Hsp and FKBP4 are key players
in folding and trafficking of numerous client proteins, this finding suggests to
experimentally explore the role of these new molecular targets on the biological
action of rosemary metabolites. RC-FP44842-212-2018, SGR-BPIN2020000100093.
SGR-BPIN2020000100364.

3435

G. Lee1, J. Kim1, S. Jin2, Y. Choo2, and H. Jeong1. 1Chungnam National University,
Daejeon, Korea, Republic of; and 2Jinju Bioindustry Foundation, Jinju, Korea, Republic of.
Black chokeberry (Aronia melanocarpa L.) is a valuable source of biologically
active compounds that have been investigated for its therapeutic properties in
many studies. Black chokeberry contain different anthocyanins such as cyanidin3-O-glucoside, a natural polyphenol and a nutraceutical factor, which has several
beneficial effects including improvement of exercise performance by activating lactate metabolism and fatigue markers. However, the effect of blackberry
extracts on muscle fiber type conversion are unclear. Blackberry extract increased
protein expression of the slow myosin heavy chain (MyHC) and decreased fast
MyHC protein in C2C12 myotubes. Blackberry extract promoted phosphorylation
of AMPK. The downstream factors of AMPK, including Sirt1 and PGC-1α, were
also increased by Blackberry extract. Specific suppression of AMPK signaling by
AMPK inhibitor compound C significantly attenuated the Blackberry extract-induced
phospho-AMPK, PGC-1α, and slow MyHC and downregulation of fast MyHC. These
results suggested that Black chokeberry promotes skeletal slow-twitch myofiber
gene expression through the AMPK/SIRT1/PGC-1α pathway in C2C12 myotubes.

3436

Therapeutic Efficacy and Safety Evaluation of a Nutraceutical
Formulation BVP-01 in Osteoarthritic Dogs

R. Lall1, A. K. Srivastava1, and R. Gupta2. 1Vets Plus Inc., Menomonie, WI; and 2Murray
State University, Hopkinsville, KY.
Currently, every fifth dog suffers from arthritis, particularly osteoarthritis (OA). In a
blinded, randomized, and placebo-controlled study, therapeutic efficacy and safety
of a nutraceutical formulation, BVP-01, were evaluated in OA dogs. Each BVP-01
tablet consisted of 175mg green lipped mussel extract (GLME), 25mg deer velvet
extract, 100mg shark cartilage, and 5mg enzogenol. Seventy-four OA dogs, divided
into four groups, received treatment for 12 weeks: Group-1, BVP-01; Group-II,
placebo for 6 weeks followed by BVP-01 for next 6 weeks; Group-III, Rimadyl and
BVP-01; and Group-IV, severe OA dogs received the same treatment as Group-III.
Dogs in Groups I-III were mild to moderately OA. Dogs received BVP-01 according to
body wt (1 tablet for a small dog up to 15Kg; 2 tablets for a medium dog 15-30Kg;
and 3 tablets for a dog over 30Kg). On a weekly basis, dogs were evaluated for
physical, lameness, pain, activity, video recording, and kinematics. Findings
revealed that dogs receiving BVP-01 for 12 weeks showed a marked reduction in
pain and improvement in activity and kinematics. GLME, deer velvet extract, shark
cartilage and enzogenol exerted an anti-OA effect via multiple mechanisms. BVP-01
was also found to be safe and well tolerated by dogs with mild to moderate OA.
BVP-01 treatment did not offer any benefit to severe OA dogs. Group-III dogs receiving Rimadyl for the first 6 weeks eliminated suffering before BVP-01 exerted its
anti-inflammatory and anti-OA effects. In conclusion, BVP-01 appears to be a very
promising nutraceutical formulation for the treatment of OA in mild/moderate OA
dogs.

Insecticidal and Phytotoxic Activity of Colombian Piper
reticulatum

N. Pino-Benitez1, B. E. Jaramillo-Colorado2, V. A. Rocriguez-Orozco2, L. Duarte2, A.
Gonzalez-Coloma3, and A. S. Olmeda4. 1Universidad Tecnológica del Chocó, Quibdó,
Colombia; 2Universidad de Cartagena, Cartagena, Colombia; 3Instituto de Ciencias
Agrarias, Madrid, Spain; and 4Universidad Complutense de Madrid, Madrid, Spain.
Sponsor: T. Palacios
Essential oils exert various activities on insects that damage crops and cause
losses worldwide for the economy and agriculture. The insecticidal activity and
phytotoxic effects of the essential oil (EO) from Piper reticulatum have been studied
against pests of economic importance in agriculture as Hyalomma lusitanicum,
and mono and dicotyledoneous plant models (Lolium perenne and Lactuca sativa)
for phytotoxic activity. The main components found in the essential oil (EO) were
β-pinene, caryophyllene, and β-Elemene. The phytotoxic effects of the tested EO
from P. reticulatum on L. perenne and L. sativa show the germination (% respect to
the control) ranged between 21-72% and 0-10% for L. perenne and L. sativa, respectively at the beginning of the experiment (24 h-72 h). For the ixodicidal activity,
the LC50 was determined, in µg/µL, (LC50=4.20). Strong insecticidal and phytotoxic
effects were observed for Colombian P. reticulatum.

3437
3434

Effect of Black Chokeberry on Muscle Fiber Type Conversion in
C2C12 Cells via AMPK/SIRT1/PGC-1α Pathway

Identification of Constituents of Hydroethanolic Echinacea
Extracts Active in Free Radical Quenching by n-Hexane and
Ethyl Acetate Partitioning Aided by Chemometric Analysis

C. Muthumula1, S. Nagumalli1, O. C. McGehee1, H. A. Hussin1, J. D. Carstens2, C.
V. Landingham3, K. A. El Sayed1, and S. A. Meyer1. 1University of Louisiana Monroe,
Monroe, LA; 2USDA/ARS, Ames, IA; and 3Ramboll US Corp, Monroe, LA.
Echinacea spp. contains numerous chemical constituents known to quench
free radicals, but relative potencies of these constituents in situ are unknown.
To address this issue, we used partial least square (PLS) regression of spectral
peaks from proton nuclear magnetic resonance (1H-NMR, 400 MHz) spectroscopy against DPPH• quenching activity. Relative areas of proton spectral regions
(0.04 ppm bins; 0.00 - 10.00 ppm) of Echinacea extract were integrated for aerial
parts of the three medicinal species of E. purpurea, E. pallida and E. angustifolia obtained from USDA-ARS NCRPIS, Ames, IA. We used electron paramagnetic
resonance (EPR) spectroscopy to evaluate the free radical quenching activity of
75% ethanolic extracts and fractions obtained by defatting with n-hexane and then
partitioning with ethyl acetate. In addition, a commercial E. purpurea (Monterey
Bay Spice Co.) extract was also evaluated. Quenching activity was measured
as reduction of DPPH• signal by EPR and expressed relative to that of Trolox.
Free radical quenching activity of Echinacea extract was modestly increased by
defatting with n-hexane but was significantly increased by partitioning with ethyl
acetate. Orthogonal PLS-regression analyses of the 1H-NMR data identified several
peaks well correlated with the free radical quenching activity in the 5.10-7.70 ppm
region, mostly aromatic/olefinic constituents, that partitioned with ethyl acetate.
In conclusion, these results show enrichment of constituents responsible for the
free radical quenching in Echinacea by removal of n hexane-soluble constituents
followed by partitioning with ethyl acetate. These observations are consistent with
free radical quenching activity of unfractionated Echinacea being expressed by
aromatic phenolic constituents in situ.
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Regulator of G Protein Signaling 14 Disruption Affects the Gut
Microbiota and Metabolome in Mice

C. R. Longoria1, O. Ibironke1, L. J. Kerkhof1, M. Oydanich2, X. Su1, E. Chiles1, S. Vatner2,
and S. C. Campbell1. 1Rutgers, The State University of New Jersey, New Brunswick, NJ;
and 2Rutgers, The State University of New Jersey, Newark, NJ.
The gut microbiota is linked to brown adipose tissue (BAT), but the mechanisms
and microbes facilitating BAT production or function are unknown. A novel mouse
model containing a gene knock-out of regulator of G protein signaling 14 (RGS14
KO) has increased BAT. Early studies found distinct microbes and BAT-specific
metabolites in RGS14 KO mice. The aims of this study are to 1) identify key gut
microbial species and BAT-specific metabolites in RGS14 KO mice and 2) identify
and associate metabolites produced in specific tissue samples with these key
gut microbes. The central hypothesis is that RGS14 KO mice have a distinct gut
microbiome and metabolome compared to WT littermates. C57BL/6/J background
Wildtype (WT) and RGS14 KO mice were used to identify predominant microbes
and metabolites in the gut. Gut microbiota profiles from the RGS14 KO and WT
mice were determined by sequencing bacterial ribosomal operons. Ultra-high
performance liquid chromatography was used to evaluate untargeted metabolites in fecal, cecal, brain, and BAT samples. Two-dimensional non-metric multidimensional scaling (NMDS) plots paired with Kulczynski distance (p<0.05) were
used for microbiome comparisons between WT and RGS14 KO reads. Two-tailed
t-tests were used to compare WT and RGS14 KO mean metabolite values (p<0.05).
MetaboAnalyst 5.0 was used to identify metabolite pathways in tissue samples
and generate pathway plots. Approximately 500k rRNA reads post QA/QC ((84%
identify; >1000 bp alignment) were obtained from all samples by MegaBlast.
NMDS plots revealed significant bacterial community differences (genus: p=0.035;
species: p=0.028; strain: p=0.037) between WT and RGS14 KO mice. RGS14 KO
mice housed two distinct strains of Akkermansia muciniphilia (A. muciniphilia
BIOML-A22 and A. muciniphilia AN78) while WT animals harbored A. muciniphilia
EB-AMDK-1. Untargeted metabolomics identified 82 significantly different (p<0.05)
metabolites from the RGS14 KO and WT mice across all tissue samples. The BAT of
RGS14 KO mice had significantly higher levels of G6P, glycyl-l-proline, glyercophosphocholine, isoleucine, pipecolic acid, thymidine, UDP-D-glucose, malate, leucic
acid, NADP+, and guanosine compared to WT mice BAT. These data suggest that
the gut microbiome found in RGS14 KO and WT mice differ at the genus, species,
and strain level. Further, distinct metabolites found in RGS14 KO BAT may be linked
to BAT function. Future studies will employ BAT and fecal transplants to determine
the mechanism driving the RGS14 KO microbiota and metabolome. Supported by
ONR Grant #826640.
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Bis-Indole-Derived NR4A1 Antagonists Inhibit Colon Tumor
Growth and T Cell Exhaustion

K. Mohankumar1, G. Wright1, S. Kumaravel1, R. Shrestha1, L. Zhang1, M. Abdelrahim2,
R. Chapkin1, and S. Safe1. 1Texas A&M University, College Station, TX; and 2Houston
Methodist Cancer Center, Houston, TX.
Previous reports indicate a potential role for overexpression of NR4A1 in T-cell
exhaustion and in this study we investigated the antitumorigenic activity of two
bis-indole derived ligands (DIMs) that act as receptor antagonists. 1,1-Bis(3΄indolyl)-1-(3-bromo-5-trifluoromethoxyphenyl)methane (DIM-3-Br-5-OCF3) and the
3,5-dichlorophenyl analog (DIM-3,5-Cl2) at doses of 2.5 and 7.5 mg/kg/d inhibited
tumor growth and downregulated expression of PD-L1, an NR4A1-regulated gene
in MC-38 - derived tumors and cells. The mouse MC-38 colon cancer cell line was
used in a syngeneic mouse model of colon cancer and tumor infiltrating lymphocytes (TILs) from MC-38 cell-derived colon tumors exhibited multiple markers of
T-cell exhaustion in both CD8+ and CD4+ T-cells. Lymphocytes from an enlarged
spleen in these tumor-bearing animals also exhibited markers of CD8+ and CD4+
T-cell exhaustion. Analysis of CD8+ cells from TILs showed that treatment with the
NR4A1 antagonists modulated expression of several genes associated with T-cell
exhaustion namely a decrease in TOX, TOX2 and NFAT mRNAs, activation of T-Bet.
The percentage of CD8+ and CD4+ T-cells from tumors and spleen expressing PD-1,
2B4 and TIGIT was decreased in the treated vs control mice and TIM3 expression
was also decreased in CD8+ (tumors and spleen) and CD4+ (tumors) T-cells. These
findings suggest that NR4A1 antagonists are highly effective as anticancer agents
in this mouse syngeneic colon tumor model by inactivating the pro-oncogenic
activities of NR4A1 in tumors and by remediating NR4A1-regulated T-cell exhaustion in tumor and splenic lymphocytes.

3440

Characterizing Cinnabarinic Acid-Induced STC2-Mediated
Cytoprotective Pathways against Apoptosis in Alcoholic Liver
Disease

N. Y. Patil, and A. D. Joshi. University of Oklahoma Health Sciences Center,
Oklahoma City, OK.
Excessive and sustained hepatocyte apoptosis is an underlying cause in the
occurrence and development of many liver diseases including alcohol-induced liver
diseases. Therefore, understanding the molecular mechanism and deciphering the

regulating factors that control hepatocyte apoptosis can be crucial for development of therapeutics against liver diseases. We identified a tryptophan catabolite, cinnabarinic acid (CA), as an endogenous Aryl hydrocarbon Receptor (AhR)
agonist that upregulates a glycosylated disulfide-linked hormone stanniocalcin
(Stc2) to elicit cytoprotection against plethora of ER/oxidative stressors. Here, we
demonstrate that in chronic as well as in acute models of ethanol feeding, CA
treatment conferred cytoprotection against apoptosis, steatosis, and liver injury
in a Stc2-dependent manner. In a STC2 knockout (STC2-/- ) mice, CA failed to
protect against ethanol-induced liver disease whereas reintroduction of STC2 in
the liver using in vivo gene delivery restored cytoprotection against injury based
on parameters of apoptosis and serum levels of liver enzymes. Exposing STC2-/primary hepatocytes to either recombinant STC2 or the conditioned media from
STC2+/+ hepatocytes dramatically suppressed ethanol-induced hepatocyte apoptosis indicating that STC2 plausibly functions through an autocrine and/or paracrine
signaling mechanism. A high-throughput siRNA library screening followed by
pathway analysis identified involvement of MAPK signaling pathway - specifically
ERK1/2 in CA- mediated cytoprotection. In conclusion, this study underscores the
role of CA-induced STC2 in cytoprotection, and identifies key elements downstream
of CA-AhR-Stc2 mediated cytoprotective cascade. This work is supported by NIH
R01DK122028 and Presbyterian Health Foundation seed grant.

3441

Deciphering Cinnabarinic Acid-Specific Stanniocalcin 2
Induction by Aryl Hydrocarbon Receptor

N. Y. Patil1, H. Tang2, I. Rus1, K. Zhang2, and A. D. Joshi1. 1University of Oklahoma
Health Sciences Center, Oklahoma City, OK; and 2University of Texas Medical Branch at
Galveston, Galveston, TX.
The Aryl hydrocarbon Receptor (AhR) is a ligand mediated transcription
factor known for regulating response to xenobiotics, including the archetypical 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) through the activation of cyp1a1
expression. Upon ligand binding, AhR translocate to nucleus, interacts with AhR
nuclear translocator (Arnt) and bind to xenobiotic response element(s) (XREs,
5’-GCGTG-3’) present in the promoter region of AhR regulated genes. We recently
identified the tryptophan catabolite, cinnabarinic acid (CA), as an endogenous
AhR agonist capable of activating expression of the stanniocalcin 2 (Stc2). Stc2
is a glycosylated, disulfide-linked hormone which upon induction by CA confers
AhR-dependent cytoprotection in cell culture and in vivo in response to injury
induced by ER/oxidative stressors. Our studies indicate that only CA but not
TCDD induces expression of stc2 in hepatocytes and CA in contrast to TCDD
does not trigger cyp1a1 expression and does not regulate xenobiotic metabolism,
consequently these two AhR target genes exhibit mutually exclusive agonist-specific transcriptional responsiveness with distinct physiological consequences.
Studies presented here provide a mechanistic explanation for this dichotomous
response by identifying agonist specific AhR dependent epigenetic modifications
and chromatin modification writers. Cross-linking chromatin immunoprecipitation using anti-AhR antibody coupled LC-MS/MS (xChIP-MS) and immunoblotting
(xChIP-WB) identified CA-specific histone H4 lysine 5 acetylation and histone H3
K79 methylation at AhR-bound stc2 promoter. Moreover, histone H4 K5 acetylation
writer, Atf2 and H3 K79 methylation writer, Dot1l were interacting with AhR-complex
at stc2 promoter exclusively in response to CA treatment concurrent with the
histone epigenetic marks. Additionally, CRISPR/Cas9 assisted replacement of
cyp1a1 promoter encompassing XRE sequence with stc2 promoter XREs resulted
in CA-dependent induction of cyp1a1 demonstrating that the agonist-specific target
gene expression can be transferred with the gene-specific promoter XRE sequence
in the context of chromatin architecture. In summary, this study strongly suggest
that the distinct cofactor binding and epigenetic modifications play critical role
in the agonist-specific AhR mediated gene regulation as well as underlines the
complexities and potential biological ramifications resulting from agonist-specific AhR activation. This work is supported by NIH R01DK122028 and Presbyterian
Health Foundation seed grant.

3442

Regulation of Colon Tumorigenesis by Peroxisome ProliferatorActivated Receptor beta/delta (PPARβ/δ)

S. Su, and J. M. Peters. Pennsylvania State University, University Park, PA.
The nuclear receptor peroxisome proliferator-activated receptor-β/δ (PPARβ/δ)
has complex roles in a variety of cellular processes, including lipid and glucose
homeostasis, cell proliferation, differentiation, survival, and inflammation.
Accumulating evidence suggests that PPARβ/δ may be a good target for preventing or treating cancers. Since expression of PPARβ/δ is relatively high in colonic
epithelium, but decreases in colon tumors, the present studies examined the effect
of PPARβ/δ on colon cancer using an ectopic xenograft mouse model. Male and
female athymic nude mice were injected subcutaneously with either a control stable
human colon cancer cell line, or a stable human colon cancer cell line overexpressing human PPARβ/δ and ectopic xenografts were examined after approximately
three weeks. The expression of human PPARβ/δ mRNA and protein in solid tumors
derived from a stable human colon cancer cell line overexpressing human PPARβ/δ
was significantly higher than that in tumors derived from control stable human
colon cancer cell lines. The average volume and weight of tumors that developed
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from the stable human colon cancer cell lines overexpressing human PPARβ/δ
were significantly smaller than those of tumors from control human colon cancer
cell lines. Preliminary qPCR analyses of PPARβ/δ target genes were consistent with
altered activity of PPARβ/δ. These studies indicate that enhanced expression of
PPARβ/δ can inhibit in vivo colon tumorigenesis in a xenograft model, likely through
direct alteration of target genes. These studies provide new support for the important roles of PPARβ/δ in colon tumorigenesis.

3443

Metabolic Changes Mediated by Peroxisome ProliferatorActivated Receptor-α (PPARα) May Contribute to
Hepatocarcinogenesis in Mice

X. Zhu1, A. D. Patterson1, A. K. Sharma2, S. Amin2, F. J. Gonzalez3, and J. M. Peters1.
1Pennsylvania State University, University Park, PA; 2Pennsylvania State University,
Hershey, PA; and 3National Cancer Institute, Bethesda, MD.
Long term activation of PPARα with the potent human PPARα agonist GW7647
causes liver cancer in mice. However, this effect is absent or diminished in similarly
treated Ppara-null and PPARA-humanized mice. Interestingly, background levels
of hepatocarcinogenesis are noted in both control and ligand-treated Ppara-null
and PPARA-humanized mice. Since PPARα regulates lipid metabolism it remains
possible that differences in metabolism may contribute to the differences in
hepatocarcinogenesis observed in wild-type, Ppara-null and PPARA-humanized
mice. Therefore, 1H NMR-based global metabolomics was employed to examine
the effect of ligand activation of PPARα in the liver after chronic administration of
GW7647 in wild-type, Ppara-null, or PPARA-humanized mice. Thirty-six metabolites
were detected and identified and most of these were amino acids, nucleotides,
cholines, glucose, TCA cycle intermediates, or lipids. Orthogonal projection to latent
structures discriminant analysis (OPLS-DA) of the spectral data was conducted
and the models were validated. Ligand activation of PPARα with GW7647 caused
many metabolic changes in wild-type mouse liver that were not found in similarly
treated Ppara-null or PPARA-humanized mice. For example, wild-type mice treated
with GW7647 exhibited higher liver levels of lipids, bile acids, amino acids, nucleotides and decreased levels of glucose, glycogen, lactate, and fumarate. These
effects were not found in similarly treated Ppara-null or PPARA-humanized mice.
However, higher levels of hepatic lipids were also noted in control Ppara-null and
PPARA-humanized mice as compared to control wild-type mice. Results from these
studies suggest that PPARα-dependent changes in liver metabolism may contribute to the mechanisms of PPARα agonist-induced liver cancer in mice. Moreover,
results from these studies suggest that differences in hepatic lipids in Ppara-null
and PPARA-humanized mice may contribute to the background level of hepatocarcinogenesis observed in these strains of mice.

3444

PAHs Induce AKR1C3 Expression through a Non-canonical AhR
Signaling Pathway: Implications for Prostaglandin Metabolism
and Th2-Related Skin Inflammation

C. Vogeley1, S. Kress1, S. Woeste1, C. F. Vogel2, A. Rossi1, D. Lang3, M. Nakamura4,
J. Krutmann1, T. Schikowski1, and T. Haarmann-Stemmann1. 1IUF—Leibniz Research
Institute for Environmental Medicine, Duesseldorf, Germany; 2University of California
Davis, Davis, CA; 3Bayer AG, Wuppertal, Germany; and 4Nagoya City University,
Nagoya, Japan.
In the skin, activated mast cells release prostaglandin D2 (PGD2) which stimulates
type 2 T helper (Th2) cell-driven inflammation. PGD2 is unstable and spontaneously
dehydrates to anti-inflammatory 15Δ-PGJ2 or is reduced by aldo-keto reductase
(AKR) 1C3 to 9α,11β-PGF2. The metabolite 9α,11β-PGF2 is less potent in activating
Th2 cells than PGD2 but metabolically stable and thus prolongs allergic inflammation. Interestingly, recent studies reported that an exposure to polycyclic aromatic
hydrocarbons (PAHs) and PAH-rich particulate matter (PM) fosters the worsening
of Th2-related atopic diseases. Aim of the current study was to assess whether
PAHs are capable of inducing AKR1C3 expression and associated PGD2 reduction
in human keratinocytes and to elucidate its clinical relevance for atopic dermatitis (AD). Treatment of keratinocytes with PAHs, i.e. benzo[a]pyrene and benzo[k]
fluoranthene, elevated AKR1C3 gene and protein expression and the associated
11-ketoreduction of PGD2 in an aryl hydrocarbon receptor (AHR)-dependent manner.
Further mechanistic studies revealed that the PAH-induced and AHR-mediated
upregulation of AKR1C3 occurred independently of ARNT and involved a sequential
activation of tyrosine kinase c-Src, protein kinase C and metalloproteases. The
resulting ectodomain shedding of the cell surface-bound growth factors amphiregulin and transforming growth factor-α led to an auto-/paracrine activation of the
epidermal growth factor receptor, downstream MEK/ERK signal transduction,
and AKR1C3 transcription. The potential clinical relevance of the PAH-dependent
induction of AKR1C3 was demonstrated by conducting a gene-environment interaction study with two German birth cohorts. This analysis, including land-use regression modelling and genotyping, showed that a gain-of-function polymorphism in
the coding region of AKR1C3 interacts with the exposure to PAH-rich airborne PM
in childhood AD. We conclude that an exposure to free and PM-bound PAHs may
worsen the symptoms of AD by enforcing the AKR1C3-mediated production of
Th2-stimulatory 9α,11β-PGF2.

3445

Activation of the Pregnane X Receptor by Novel Microbial Bile
Acid Conjugates

S. L. Collins1, E. Gentry2, T. Yan3, F. J. Gonzalez3, P. C. Dorrestein2, and A. D. Patterson1.
1Pennsylvania State University, University Park, PA; 2University of California San Diego,
San Diego, CA; and 3NIH, Bethesda, MD.
Bile acid composition is regulated through the cooperative metabolic activity of
mammals and their gut microbiome. Many microbial bile acid metabolites are
ligands for the pregnane X receptor (PXR), an essential regulator in the liver and
small intestine for the expression of cytochrome P450 3A (CYP3A) and other
xenobiotic and bile acid metabolism genes. Recent research using a synthesis-lead
approach has uncovered the largest collection of novel bile acids in over 170 years, a
diverse group of amino acid-conjugated bile acids (AABAs). Since PXR is important
for bile acid metabolism and transport, we used a luciferase-based reporter assay
to screen for PXR activation by a collection of 53 AABAs. We found that 11 AABAs
significantly (p<0.05, t-test) activated hPXR, including all glutamate-conjugated bile
acids. Dose response curves revealed a similar potency of AABAs and rifampicin, an established hPXR agonist. Agonist AABAs were also tested for mouse PXR
activation in a similar luciferase-based reporter assay to identify species specificity
in PXR activation. Glu-CA, Glu-DCA, Glu-UDCA, Met-DCA, and Tyr-UDCA were both
mouse and human PXR agonists (p<0.05, t-test), though much weaker agonists
for mPXR. Due to the efficacy of AABAs as hPXR agonists, we used humanized
PXR C57BL/6N mice to evaluate the impact of PXR agonist AABAs on intestinal
organoids. Ileal organoids collected from hPXR mice were cultured in 10-100 µM
hPXR agonist (Thr-CA or Glu-CDCA) and Cyp3a11 expression was measured by
RT-qPCR as an indicator of PXR activation. At 100 µM Glu-CDCA, Cyp3a11 expression was significantly upregulated (p=0.001, t-test), suggesting that this AABA may
act as a physiological PXR agonist. While little is still known about the biological
impact of AABAs, their ability to activate PXR suggests their importance in human
metabolism, specifically in the regulation of the substrate-diverse CYP3A enzymes.
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Differential Roles of ARNT Isoforms during T Cell Activation

A. Cooper, I. Muro, and C. Wright. University of Texas Medical Branch, Pearland, TX.
The aryl hydrocarbon receptor (AhR) is a cytosolic receptor that mediates the
effects of environmental contaminants on the body. When activated, AhR translocates to the nucleus and dimerizes with the aryl hydrocarbon receptor nuclear
translocator (ARNT) and together they bind to xenobiotic response elements on
AhR-ARNT target genes. Early studies have shown that AhR-deficient mice have
altered lymphocyte numbers in the spleen, thus showing the importance of AhR for
homeostasis of the immune system. In fact, AhR has been found to be functionally
up-regulated during naïve T cell activation and promotes the expression of the
pro-inflammatory cytokines. The immune system requires a high degree of diversity
to adapt and respond to changes in the environment. During T cell activation, about
10-15% of alternative exons undergo a >10% change in inclusion which is critical for
eliciting an immune response. The main binding partner of AhR, ARNT, is alternatively spliced to produce two main isoforms, ARNT isoform 1 and 3, which differ in
the inclusion of exon 5 found in ARNT isoform 1. Notably, naïve lymphocytes have
equal amounts of ARNT isoform 1 and 3, whereas during T cell activation there
is an increase in the amount of ARNT isoform 1. Through targeted suppression
of individual ARNT isoforms it was found that the loss of ARNT isoform 3 during
T cell activation promoted the expression of the T cell activation marker, IL-2.
Interestingly, a serine at position 77 (S77) encoded by exon 5 of ARNT isoform 1 is
phosphorylated during AhR activation and is a required modification that promotes
maximal AhR signaling. Conversely, T cell activation leads to diminished ARNT S77
phosphorylation even in the presence of an AhR activating ligand, correlating with
the expression of T cell activation markers. Thus, our observations suggest that
unphosphorylated ARNT isoform 1 contributes to T cell activation and, by inducing
ARNT isoform 1 phosphorylation, AhR signaling competes with T cell activation to
potentially alter the differentiation state of the T cell.

3447

Grading of Alkali-Induced Ocular Toxicity Using Image-Based
Biomarkers Provided by Anterior Segment Optical Coherence
Tomography

J. Lin, J. Luisi, N. Karediya, E. R. Kraft, A. Sharifi, M. E. Schmitz-Brown, K. H. Merkley,
B. Ameredes, P. Gupta, and M. Motamedi. University of Texas Medical Branch at
Galveston, Galveston, TX.
Currently, clinical assessment following chemical exposure is primarily limited to
the ocular surface, neglecting valuable information from deeper structures. Anterior
segment optical coherence tomography (AS-OCT) is a non-invasive and contrastfree imaging modality that can detect changes throughout the anterior segment
with high spatial/depth resolution and sensitivity, allowing for identification of
distinct pathological changes that delineate between injury levels. Following an
IACUC-approved protocol, acute alkali injury was induced on C57BL/6 mice (n=5
per concentration) by applying a 2 mm diameter filter paper circle soaked in 0.1,
0.25, 0.5, or 1.0 M NaOH to the right eye for 30s with the left eye acting as a control.
AS-OCT and OCT angiography (OCTA) were performed before and after the alkali
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burn, as well as at 3, 7, and 14 days following the burn. Through histology, it was
determined that 0.1 M of NaOH causes mild injury, while exposure to 0.25 M led to
moderate injury, and 0.5 and 1.0 M were associated with severe injuries. Hallmark
features seen on AS-OCT/OCTA clearly differentiated between each stage of
injury: mild injuries presented with only late corneal swelling by day 14, with mean
swelling from baseline of 27.5%, 29.1%, and 97% on days 3, 7, and 14, respectively.
Moderate injuries involved iris damage, as well as corneal swelling that progressively increased at each time point (40.4% on day 3, 66.1% on day 7, 100.1% on
day 14) with limbal ischemia and neovascularization by day 14. Severe injuries
presented with Descemet’s membrane detachment within an hour following injury,
progressing to synechiae by day 3 and profuse neovascularization with arborization
into the center of the cornea by day 14. The progression in corneal swelling was
94% and 113% on days 3 and 7, respectively, and up to 212% by day 14. AS-OCT was
able to monitor the progression of alkali injury, clearly visualizing the morphology
of both the cornea and iris, even in the presence of corneal opacity. This unique
capability identified distinctive qualitative and quantitative image-based biomarkers of early and late responses to ocular toxicity. As such, it has the potential to
improve grading of ocular alkali injuries for triaging, early intervention, and guidance
of clinical management.

3448

Assessment of Dry Eye Signs and Symptoms in Veterans with
Gulf War Illness

V. Sanchez1, B. Baksh2, K. Cabrera3, A. Choudhury4, K. Jensen2, N. Klimas2, and A.
Galor4. 1New York University Grossman School of Medicine, New York, NY; 2University
of Miami Miller School of Medicine, Miami, FL; 3Miami Veterans Affairs, Miami, FL; and
4Bascom Palmer Eye Institute, Miami, FL. Sponsor: J. O’Callaghan
Gulf War Illness (GWI) is a multi-system disease estimated to affect 25% of Gulf
War Era Veterans, causing a constellation of neurological, cognitive, pain, respiratory, sleep, gastrointestinal, and sleep symptoms. While the etiology of GWI is
incompletely understood, chemical exposures in theater have been postulated
as a potential cause. Increased incidence of GWI has been observed in veterans
reporting exposures to pesticides and pyridostigmine bromide pills prescribed to
protect against the effects of nerve agents during the war. Other studies have found
reduced gray matter and hippocampal volumes in Gulf War veterans who reported
exposures to sarin and cyclosarin gas. Chemical exposures causing central nervous
system abnormalities are a possible mechanism for dry eye/ocular pain, which has
previously been observed in sufferers of GWI. This study aimed to characterize
the signs and symptoms of dry eye (DE) in those with GWI. It was predicted that
individuals with dry eye would present with a discordant dry eye phenotype of more
severe dry eye symptoms without dry eye signs. This study prospectively enrolled
71 (30 diagnosed with GWI, and 41 controls) Gulf War veterans seen at the Miami
Veterans Affair Hospital GWI Clinic. Veterans with GWI reported wartime exposures,
including proximity to burning oil fields and chemical materials at greater rates
than healthy controls (75% vs 36%, p=0.006). Symptoms of dry eye were assessed
using three questionnaires, the Ocular Surface Disease Index (OSDI), 5-Item Dry Eye
Questionnaire (DEQ-5), and Neuropathic Pain Symptoms Inventory modified for the
Eye (NPSI-E). Dry eye signs were assessed using tear break-up time (TBUT), fluorescein corneal staining, Schirmer’s test, and meibomian gland dropout. Veterans with
GWI had higher OSDI scores (41.20±22.92 vs 27.99±24.03, p=0.01) and NPSI-E
scores (17.33±17.20 vs 9.63±12.64, p=0.03) compared to controls. DE signs were
similar between the groups, with the exception of meibomian gland dropout which
greater in the GWI group compared to controls (2.27±1.26 vs 1.66±1.30, p=0.048).
These findings suggest neurological mechanism (potentially driven by chemical
exposures) beyond tear dysfunction drive DE symptoms in individuals with GWI.
Reference: Sanchez V, Baksh BS, Cabrera K, et al. Dry eye symptoms and signs in US
veterans with Gulf War Illness [published online ahead of print, 2021 Nov 12]. Am J
Ophthalmol. 2021;S0002-9394(21)00588-2. doi:10.1016/j.ajo.2021.11.010.

3449

High Doses of Niacin Cause Conjunctivokeratopathy, Anterior
Uveitis, and Retinopathy in Dogs but Not in Rats

W. Cook1, S. Bellum1, N. Gatto1, and R. Peiffer2. 1Merck & Co. Inc., Kenilworth, NJ; and
2Merck & Co. Inc. (Retired), Kenilworth, NJ.
Niacin (nicotinic acid or Vitamin B3) is an efficacious agent in the management
of dyslipidemias and is effective in reducing low-density lipoprotein cholesterol,
triglyceride, and lipoprotein(a) levels, while increasing high-density lipoprotein
cholesterol levels. Combination therapy with other drugs offers promise of future
management of dyslipidemias. Niacin therapy alone in humans up to 3000 mg/
day is generally well tolerated with flushing the most common side effect. Ocular
side effects of niacin in humans can include cystoid macular edema (CME), blurred
vision, decreased visual acuity, dry eye-like symptoms, eyelid discoloration, eyelid
edema, proptosis, loss of eyebrows and eyelashes, and/or superficial punctuate
keratitis. Of these, CME is the most serious with optical coherence tomography
showing cystic spaces in the inner nuclear and outer plexiform layers of the retina
that do not fill with dye upon fluorescein angiography. Ocular adverse effects in
animals have not been described. In support of combination therapies for dyslipidemias, the potential toxicity of high doses of niacin was investigated when administered orally to dogs for approximately 2 weeks (300, 600, or 1200 mg/kg/day) or

26 to 27 weeks (200 mg/kg/day) and to rats for approximately 27 weeks (300 mg/
kg/day). Niacin caused conjunctivokeratopathy, anterior uveitis, and retinopathy in
dogs but not in rats. The retinopathy was characterized primarily by disorganization of the outer nuclear layer (ONL) with migration of clusters of photoreceptor
nuclei from the ONL into the outer plexiform layer and the layer of photoreceptor
outer segments. The ocular effects were seen only in dogs and not in rats despite
a similar duration of treatment and systemic plasma exposure (AUC and Cmax).
Prostaglandins (PG) have been implicated in the ocular effects of niacin in humans
(flush and CME) and were likely also involved in the etiology of the ocular effects
in dogs.

3450

Maximum Dosing Volume of Intravitreal Injections Based
on Ophthalmological Findings and Intraocular Pressure in
Cynomolgus Monkeys

M. Sakata1, T. Araki1, K. Kabayama1, Y. Fukunaga1, A. Wakamatsu1, R. Tsutsumi1, J.
Fujishima1, M. Tomohiro1,2, and H. Tsusaki1. 1Shin Nippon Biomedical Laboratories Ltd.,
Kagoshima, Japan; and 2INERS Ltd., Ibaraki, Japan.
Intravitreal injection is currently the method of choice for new drugs and gene
therapies for sight-threatening retinal diseases, such as age-related macular
degeneration, diabetic retinopathy, and hereditary retinal degeneration. However, it
is necessary to minimize the invasive effects of intravitreal injection while delivering a sufficient dose. Since non-human primates are often used in toxicity studies
of drugs for retinal diseases, the maximum dosing volume in cynomolgus monkeys
was investigated. Phosphate-buffered saline (dosing solution) was intravitreally
injected at volumes of 50, 100, and 150 μL/eye (50 μL/30 sec) to 3 male cynomolgus monkeys (5 to 6 years old) in each group. The following measurements and
examinations were conducted: intraocular pressure (IOP), histopathology of the
eye, pupillary light reflex, gross and slit lamp examinations, ocular fundus examination, optical coherence tomography (OCT), electroretinography (ERG), axial length
measurement (ALM), and fundus autofluorescence (FAF). There were no ocular
findings in slit lamp biomicroscopy or indirect ophthalmoscopy; however, leakage
of dosing solution from the eyeball was observed in 1 monkey just after injection
at 150 μL/eye. No morphological ocular abnormalities were observed in OCT, ALM,
or FAF on 10 days after injection or in histopathology conducted on 16 days after
injection. No abnormalities were observed in full field ERG or pupillary light reflex
examination. Elevated IOPs were observed immediately after injection in 3 (50 to 80
mmHg), 1 (98 mmHg), and 3 monkeys (62 to 98 mmHg) at 50, 100, and 150 μL/eye,
respectively. Elevation of IOP at 50 and 100 μL/eye was transient and returned to
the normal range within 10 minutes after injection. IOP at 150 μL/eye continued to
be elevated at 10 minutes in 2 monkeys, before returning to the normal range at 30
minutes after injection. In conclusion, 100 μL/eye was considered feasible as the
maximum dosing volume for intravitreal injection in cynomolgus monkeys because
the elevation of IOP noted was transient and there was no leakage of the dosing
solution from the eyeball, nor were there functional or morphological abnormalities.

3451

Sex-Related Spontaneous Retinal Functional Deficits in Adult
Male Wistar Han Rats

C. Tyszkiewicz1, S. Hwang1, B. Jakubczak1, K. Walters1, M. Bolt2, and C. Liu1. 1Pfizer Inc.,
Groton, CT; and 2Pfizer Inc., Cambridge, MA.
Wistar Han rats are the preferred strain for general toxicology and safety pharmacology studies at Pfizer. Sometimes visual function tests are included as an add-on
endpoint for assessment of potential retinal toxicity. The influence of sex on human
retinal function has been known for more than 60 years. Clinically, reported electroretinogram (ERG) amplitudes are typically larger in women compared with men.
In albino rats, whether or not there are differences in the retinal function between
males and females remains controversial. In this study, sex-related differences in
the retinal function were quantified by analyzing the incidence of spontaneous ERG
deficits in 7-9-week-old Wistar Han rats (n=52 males and 51 females, obtained from
Charles River Laboratories). Full-field flash ERGs were obtained in animals in dark
adapted and light adapted conditions. Absence of ERG responses to flash stimuli
was found in 13% of male (7/52) but 0% of female rats (0/51), which is statistically significant (P <0.05). The averaged amplitudes of rod- and cone-mediated
ERG b-wave responses obtained from males were significantly smaller (P <0.0001
and 0.05) than the amplitudes of the same responses from age-matched females
(-43% and -26%, respectively). In summary, male Wistar rats have altered retinal
responses, including a complete lack of response, when compared to female rats.
Therefore, sex differences should be considered when using Wistar Han rats in
toxicity and safety pharmacological study design and data interpretation of retina
functional assessments.
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3452

Identification and Sub-categorization of Ocular Irritants Using
the EpiOcular Tissue Model: Prediction Models for Liquids and
Solids

S. Letasiova1, L. Hudecova1, J. Markus1, Y. Kaluzhny2, and M. Klausner2. 1MatTek In
Vitro Life Science Laboratories, Bratislava, Slovakia; and 2MatTek, Ashland, MA.
Determination of serious eye damage/eye irritation originally involved the
use of laboratory animals (OECD TG 405). In 2015, a new test guideline (OECD
TG 492) was accepted which enables the use of an in vitro procedure based on
reconstructed human cornea-like epithelium (RhCE) to distinguish between
chemicals (substances and mixtures) not requiring classification and those that
must be labeled for eye irritation or serious eye damage. Chemicals identified as
requiring classification for eye irritation/serious eye damage must be further tested
to distinguish between eye irritants and those causing serious eye damage. There
have been several projects focused on the development of tiered testing strategies
for eye irritation assessment which takes in account all drivers of classification.
The goal of these projects has been to develop a testing strategy to sub-categorize
chemicals which: a) do not require labeling for serious eye damage or eye irritancy
(No Category), b) can cause serious eye damage (Category 1 or Cat 1), and c) are
eye irritants (Category 2 or Cat 2). In the current project, a set of 13 chemicals
(7 liquids and 6 solids) that are listed as proficiency chemicals in draft OECD TG
492B were tested using the RhCE model, EpiOcular. We used a testing strategy
developed in CON4EI project and confirmed in ALT4EI project, which combines
the most predictive time-points of EpiOcular time-to-toxicity neat and dilution
protocols. Liquids and solids were test separately with different methodologies
and prediction models. The set of chemicals consisted of 4 Cat 1 chemicals, 5 Cat
2 chemicals and 4 No Cat chemicals. Using the proposed testing strategy, we were
able to correctly identify 100% of Cat 1 chemicals (4/4), 100% of Cat 2 chemicals
(5/5) and 100% of No Cat chemicals (4/4). The testing strategy proposed in CON4EI
and verified in ALT4EI projects to achieve optimal prediction for all three categories
- prediction models for liquids and solids seems to be a very promising tool in an
integrated testing strategy (ITS) that can discriminate chemicals to No Cat, Cat 2
and Cat 1.

3453

SkinEthic HCE Time-to-Toxicity: The First Method Formally
Considered by the OECD for Discriminating on Its Own the Three
UN GHS Ocular Hazard Categories

N. Alépée1, V. Leblanc1, L. Nardelli1, V. Tagliati2, S. Teluob2, A. Viricel2, and V.
Michaut1. 1L’Oréal, Aulnay Sous Bois, France; and 2Episkin SA, Lyon, France. Sponsor:
G. Ouedraogo
For more than two decades, scientists have been trying to replace in vivo rabbit eye
irritation test with non-animal methods. So far, several in vitro methods have been
implemented into regulations, however none of them is able to replace the test
completely due to the complexity of the endpoint and the classification schemes
applied by the regulation under the United Nations Globally Harmonized System
of Classification and Labelling of Chemicals (UN GHS). Taking into account our
expertise on the SkinEthic™ HCE model (test system of OECD TG 492) and our
kwowldege on associated protocols, the SkinEthic™ HCE Time-to-Toxicity test
method was established. The test method evaluates the hazard potential of
a chemical based on its ability to induce cytotoxicity. The method consists of 2
protocols, one for liquids (TTL) and one for solids (TTS). Based on the viability
observed for the different exposure periods (from 5 to 120-min) a classification
was assigned. In the current study, the method was developed with 74 training
chemicals (32 liquids, 42 solids) and challenged with 52 test chemicals selected
on the basis of important in vivo drivers of classification (i.e., corneal, conjunctival
and persistence effects). Application to 74 training chemicals, accuracy value was
above 72%, with 75% Cat.1 (N=25), 68% Cat.2 (N=20) and 74.9% No Cat. (N=29)
correctly identified. The relevance and reliability of both TTL and TTS protocols
have been also assessed on 40 coded chemicals in a multi 3 laboratories trial. The
within laboratory reproducibility from the 3 laboratories was 90% for liquids and
100% for solids while the between laboratory reproducibility was 80% and 100%,
respectively. When considering all 151 tested chemicals, the test method has a
balanced accuracy of 74% with correct predictions of 79% for Cat 1 (N= 50), 69%
for Cat 2 (44) and 75% for No Cat (57), when compared to reference in vivo rabbit
eye test data. In conclusion, this study provides evidence that the test method is
capable of distinguishing between the three UN GHS. Therefore, an independent
international peer-review panel concludes that the validation study and its conclusions are of sufficient quality and completeness to allow an assessment of the
scientific validity of the SkinEthic™ HCE Time To Toxicity which is now under OECD
program to receive regulatory approval.

3454

Cosmetics Europe: Performance and Application of a Defined
Approach of Liquids Based on Short Time Exposure and Bovine
Corneal Opacity and Permeability Test Methods to Distinguish
between the Three UN GHS Categories

N. Alépée1, E. Adriaens2, T. Abo3, D. Bagley4, A. Giusti5, and K. Mewes6. 1L’Oréal, Paris,
France; 2Adriaens Consulting, Aalter, Belgium; 3Kao Corporation, Tokyo, Japan; 4ColgatePalmolive Company, Piscataway, NJ; 5Cosmetics Europe, Brussels, Belgium; and 6Henkel
AG & Co. KGaA, Dusseldorf, Germany.
The major difficulty for a single in vitro method to fully replace the in vivo rabbit
eye test is to predict the middle category (UN GHS Cat. 2) and it is therefore
recommended to make use of testing strategies that combine in vitro methods.
In such context, a defined approach (DA) for eye hazard identification of neat and
diluted non-surfactant liquids test chemicals has been developed by Cosmetics
Europe to distinguish between the three United Nations (UN) Globally Harmonized
System of Classification and Labelling of Chemicals (GHS) categories (Cat. 1, Cat.2,
No Cat.) (Alépée et al., 2021). The DA is based on the use of a combination of
test methods encompassing the Bovine Corneal Opacity and Permeability (BCOP)
using the laserlight-based opacitometer (LLBO) and the Short Time Exposure (STE)
according to the Organisation for Economic Cooperation and Development (OECD
TG 437 and TG 491). The performance of the DA was evaluated using 164 liquids
(17 Cat.1, 24 Cat. 2, and 123 No Cat.). The performance of the DA for UN GHS classification when compared to the Draize Eye test reference data yielded balanced
accuracies of 74.3%. The DA identified 81.2% of Cat. 1, 56.3% of Cat. 2 and 85.3%
of No Cat. correctly. These values were greater than the proposed minimum performance of 75% for Cat. 1, 50% for Cat. 2 and 70% for No Cat agreed by the OECD
experts. Regarding the drivers of Cat. 1 and Cat. 2 classification, liquids that were
classified in vivo based on CO severity were mostly correctly predicted as well as
No Cat. liquids from the subgroup CO = 0. Application of the DA was exemplified
with case studies on four chemicals using the bottom-up approach. Among the
chemicals, 1,3-di-isopropyl benzene known to be No Cat. in vivo, was predicted as
No Cat using the STE test method. Concerning the positive calls on known in vivo
Cat. 2 or Cat. 1 chemicals, the second-tier step which consists of their evaluation
in the BCOP LLBO sub categorized them as Cat 2 / Cat. 1, respectively. The final
prediction was concordant with in vivo classification. Overall, the DA combining
STE & BCOP LLBO methods, has shown to successfully distinguish between the 3
UN GHS categories for eye hazard identification. This DA is currently under OECD
program to support regulatory acceptance.

3455

Cosmetics Europe: Performance and Application of New
Defined Approaches for Non-surfactant Liquids for Eye Hazard
Assessment Based on Physicochemical Properties and OECDApproved Test Methods

N. Alépée1, E. Adriaens2, T. Abo3, D. Bagley4, A. Giusti5, and K. Mewes6. 1L’Oréal, Paris,
France; 2Adriaens Consulting, Aalter, Belgium; 3Kao Corporation, Tokyo, Japan; 4ColgatePalmolive Company, Piscataway, NJ; 5Cosmetics Europe, Brussels, Belgium; and 6Henkel
AG & Co. KGaA, Dusseldorf, Germany.
The validation and regulatory acceptance of in vitro test methods for assessing
the eye irritation/damage potential of chemicals remains an active topic for regulatory toxicology. Recently, Cosmetics Europe has developed defined approaches
(DAs) for liquid chemicals (Alépée et al., 2021). The DA presented here combines
4 physicochemical properties (PCPs) with a Reconstructed human Cornealike Epithelium test method (RhCE; EpiOcular™ EIT (DAL-11), SkinEthic™ HCE EIT
(DAL-12), OECD TG 492), and the Bovine Corneal Opacity and Permeability laser
light-based opacitometer (BCOP LLBO) test method (OECD TG 437). The performance of DAs was evaluated in accordance with the United Nations Global
Harmonized System. The balanced accuracy of DAL-11 (N=94) and DAL-12 (N=86)
was 69.2% and 75.2%, respectively. DAL-11 identified 76.5% of Cat. 1 (N=17), 59.1%
of Cat. 2 (N=22) and 72.1% of No Cat. (N=55) correctly. DAL-12 identified 76.5% of
Cat. 1 (N=17), 68.7% of Cat. 2 (N=23) and 80.4% of No Cat. (N=46). In conclusion,
these values were greater than the proposed minimum performance values agreed
on by the OECD experts. To illustrate the principle of DAL-11/2, case studies with 4
chemicals using the bottom-up approach were conducted. The in vivo No Cat. liquid
1,3-di-isopropyl benzene was correctly predicted in the first-tier strategy of the DA,
based alone on PCPs. Following the positive calls for PCPs, for the 2 in vivo Cat.
2 liquids (2-Ethyl-1-Hexanol and 2-Methyl-1-Pentanol) and the in vivo Cat. 1 liquid
(2-Hydroxy-Isobutyric acid ethyl ester), the second-tier step was pursued, consisting of the RhCE EIT and the BCOP LLBO test which categorized them as Cat. 2 /
Cat. 1, respectively. Within each case study, the final prediction using both variants
of the DA was concordant with in vivo classification. In conclusion, these case
studies demonstrate applicability of the DAs and their potential to successfully
distinguish between the 3 UN GHS categories for eye hazard identification. The DAs
are currently under OECD review for regulatory acceptance.
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3456

Use of an In Vitro Reconstructed Human Corneal Tissue Model
to Evaluate Ocular Side Effects of Systemic Medications

M. W. Kinuthia, Y. Kaluzhny, M. Klausner, and A. Armento. MatTek, Ashland, MA.
Chronic use of systemic medications can cause light sensitivity, pain, corneal
edema/inflammation, and/or cytotoxicity. Animal tests are often poor predictors
of human responses. There is a worldwide need for physiologically relevant, human
primary cell-based tissue models to address ocular safety for the evaluation of new
drug formulations. We have utilized an in vitro reconstructed EpiCorneal™ tissue
model to analyze the effect of frequently used drugs with known adverse ocular
side effects. EpiCorneal tissues are cultured using normal human corneal epithelial cells, express site-specific mucins and tight junctions, and attain morphology,
barrier properties (Transepithelial electrical resistance or TEER > 1000±200 Ω*cm2),
and gene expression comparable to the in vivo human cornea. Tissue performance,
evaluated by TEER and tissue viability (MTT assay), were comparable after 24h and
96h under simulated shipping conditions. The effects of Chlorpromazine hydrochloride (CPZ), a common psychotropic agent; Hydroxychloroquine sulfate (HCQ), an
anti-inflammatory/anti-malaria drug; Alfuzosin hydrochloride (ALF), antihypertensive drug; and Fosamax (Alendronate Sodium, FOS), a common anti-osteoporosis
agent, were investigated. Endpoints included MTT, TEER, histology, and LDH and
cytokine release. Tissues were incubated in the medium containing physiologically
relevant concentrations of the drugs for 24h and 48h. For CPZ-treated tissues, the
lowest dose to cause a significant decline in barrier function (67.4%) was 12.5 µM
at 24h; 25 µM decreased tissue viability (60.5%) at 48h. For HCQ-treated tissues,
a decline in TEER (67.4%) was detected for 18.52 µg/ml at 24h, and in viability
(53.6%) for 55.56 µg/ml at 48h. For ALF-treated tissues, major declines in TEER
and viability were observed at 500 µg/ml after 24h, while an increase in IL-8 release
- at 0.005 µg/ml at 48h. For FOS-treated tissues, a significant TEER decrease
(57.8%) was detected at 0.1 µg/ml and in tissue viability (85.7%) at 10 µg/ml at 48h.
Treatment-specific changes in tissue morphology and dose response of LDH were
also observed. EpiCorneal tissue model is valuable for evaluating formulations
with negligible irritation potential. It is suitable for rapid drug screening, will model
systemic and topical drug exposure, improve the predictivity of human responses,
be more cost effective and reproducible than animal methods. It will facilitate drug
discovery worldwide by allowing screening and optimization of pharmaceuticals
prior to clinical studies.

3457

The Validation of Immune Cells for Next Generation of Human In
Vitro Ocular Models

R. Mahendran1, C. Kushanu2, E. Hoffman2, V. Hutter1, and A. Martin1. 1ACellZ Limited,
Hatfield, United Kingdom; and 2ImmuONE, Hatfield, United Kingdom. Sponsor: H. Raabe
A human 3D cell construct of the anterior portion of the eye is under development.
Current, in vitro ocular models are limited to a single cell type and lack an immunocompetent element. The new ocular model will accurately mimic inflammatory
events in the cornea after topical exposure to substances, including formulations.
The immune component, predominantly macrophages is an important factor to
consider in many disease aetiologies, as they play a central role in many immune
mediated inflammatory processes. Currently, no immunocompetent ocular model
exists to identify ocular sensitisation or irritation. As a first phase in the model
development, the immune cells were incubated with irritants (sodium benzoate,
methyl acetate), strong (4 phenylenediamine), medium (diethyl maleate) and
weak (4allyanisole) sensitisers and negative controls (glycerol, 2,2’-methylenebis(6-(2H-benzotriazol-2-yl)-4-(1,1,3,3-tetramethylbutyl)phenol)) at a range of
concentrations between 0 - 200 µg/ml for 24 hours in a humidified incubator at
37°C temperature, 5% v/v CO2. Cell viability was assessed using PrestoBlue assay,
and measurements were taken using BMG Clariostar plate scanner by fluorescent detection. A concentration dependant effect was observed in the viability
of immune cells post-exposure, which was also evident morphologically. When
the cells were viewed using a light microscope, the morphology of the cells were
changed (changes in cell size and compromised cell membranes) by irritant
(methyl acetate), moderate sensitiser (diethyl maleate) and strong sensitiser
(4-phenylenediamine) chemicals. The cells displayed an inflammatory response
to the chemicals tested and confirmed that the immune cells respond to known
sensitising and irritation agents. Viability, inflammation, and cell morphology will
be presented. The research validates the ability to incorporate immune cells and
corneal cells in a 3D construct to distinguish between ocular irritants, sensitizers
and nontoxic substances.

3457a

Quantitative Image Analysis Applications for
Immunohistochemical Staining Evaluation in Toxicity Studies

G. Bondarenko, S. Webster, M. Bockenstedt, A. Kumar, and A. K. Sharma. Labcorp Drug
Development, Madison, WI.
Image analysis (IA) of whole slide images provides accurate, objective and
reproducible quantitative metrics for evaluation of various immunohistochemical
(IHC) tissue biomarkers in preclinical toxicity studies. It complements conventional
histopathological results provided by pathologists by lowering bias and generating

data which may not be available via routine microscopy. In the nonclinical field,
most analysis of IHC involves quantification of immunostained areas, histological structures, and cells. HALO® is a high-throughput IA platform for quantitative analysis of various tissue features that is suited for digital assessment of
morphologically diverse projects. The purpose of this study was to evaluate IA
algorithms that have utility in toxicity studies. Formalin-fixed paraffin-embedded
(FFPE) tissue sections of bone marrow, spleen and tonsil from naïve cynomolgus monkeys (Macaca fascicularis) were immunostained for leukocyte common
antigen CD45 and plasmacytoid dendritic cells (pDC) marker CD303. IHC detection
of the green fluorescent protein (GFP) reporter was performed on FFPE sections
of C57BL/6NTac mice after administration of a commercially available AAV vector
containing a gene for GFP (AAV2-GFP) via subretinal injection. Bright-field images
of IHC slides were captured from high-resolution whole-slide scans using an
Aperio AT2 scanner. The digitized slides were analyzed with HALO image analysis
software utilizing Area Quantification (for GFP) and Multiplex IHC algorithms (for
GFP, CD45, CD303) modules. HALO IA results revealed that pDC compose ≤ 1%
of CD45+ lymphocytes in cynomolgus bone marrow with lower cell proportions
in spleen and tonsil. These correspond to previously presented data on biodistribution of pDC in non-human primate lymphoid tissue acquired via flow cytometry
and ImageJ analysis of IHC stained FFPE histological sections. The results of the
HALO IA for GFP IHC in mouse retina found the greatest GFP labeling in the retinal
pigment epithelium, less expression in photoreceptor layer, and low to no staining
in other layers. These data are consistent with a previously published study on
evaluation of AAV-based transduction of mouse retinal cells following subretinal
injection using semiquantitative methods. The correlation between IA and data
acquired via semiquantitative or other quantitative techniques is a valuable tool
for algorithm assessment, tuning, and optimization that accounts for IHC staining
variability during the validation process.

3458

Implications of Lubricious Hydrogel Coating on the
Biocompatibility Testing of a Medical Device Implant and
Importance of Evaluating the Data in the Context of Clinical Use

A. Stornetta1, T. J. Herbst2, M. Fine1, A. Vargas Saborio3, S. O’Sullivan4, and N. V.
Soucy1. 1Boston Scientific Corporation, Saint Paul, MN; 2Boston Scientific Corporation,
Maple Grove, MN; 3Boston Scientific Corporation, Alajuela, Costa Rica; and 4Boston
Scientific Corporation, Galway, Ireland.
The use of hydrogel coating with lubricious characteristics for certain medical
devices is common and provides the benefit of a low-friction smooth surface and
the advantage of facilitating advancement of the device in the body as well as
less superficial trauma. From a two-week systemic toxicity study in rats, repeated
parenteral administration of two extracts from a hydrogel-coated ureteral stent
resulted in pulmonary microscopic lesions indicative of an adverse reaction to the
test article extract. The lungs of the test extract animals had significant lesions
consisting of mild to moderate multifocal perivascular granulomas not ascribed
to any common rodent background pathology. Due to this test article-related
pathology the draft report initially concluded a finding of significant microscopic
evidence of systemic toxicity in rats. In addition, hematology revealed that the test
article may have imparted a mild effect on some parameters that coincided with
these microscopic findings. Further review of all hematologic parameters revealed
no biologically significant differences between the test and control groups, and
mean values for all hematologic parameters within the treatment group were in
their respective reference intervals. Therefore, the hematology excursions were
not considered physiologically significant. Hydrophilic polymer embolism resulting from coating separation has been observed for intravascular devices and is
a topic under investigation by the FDA. The agency acknowledges the concerns
and it is working to develop nonclinical test methodologies, establish performance
criteria, and identify gaps in current national and international standards for coating
integrity performance. Here, we present the findings of the systemic toxicity study
and discuss their relevance in the context of clinical use. Current guidelines as
well as the lesson learned in regard to sample preparation and study design when
assessing the biocompatibility of hydrogel-coated devices will also be discussed.

3459

Evaluating Toxicity Endpoints of Polyurethane Monomers/
Oligomers Exhaustively Extracted from Implantable Medical
Devices

J. Bendaly, L. Y. Zhang, and X. Dai. Medtronic, Minneapolis, MN.
The evaluation of biological endpoints that are relevant to the biological safety of
medical devices is governed by the ISO 10993-1 standard. As part of this evaluation, a chemical characterization study may be performed followed by a toxicological risk assessment. The chemical characterization study on the final finished
device includes extraction with solvents of varying polarity from polar to nonpolar
for multiple sequential days to understand the kinetic release profile and analysis
by multiple analytical instruments. The toxicological risk assessment is a systematic scientific evaluation of the potential adverse health effects resulting from
human exposure to hazardous agents or situations. Polyurethane (PU) is one of the
widely used biocompatible materials to manufacture implantable devices. It has a
long history of safe use in implantable devices for more than 50 years with negligi-
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ble adverse effects. Extractables from medical devices made of PU include residual
PU monomers/oligomers, which are unreacted building block chemicals of PU. The
purpose of this study is to focus on the evaluation of ISO 10993-1 toxicity endpoints
for this group of chemicals through a toxicological risk assessment. PU oligomers
extracted at an elevated temperature of 50°C using multiple solvents are identified, quantified and regarded as the chemical constituents of potential concern.
PU monomers/oligomers are mainly extracted out in methanol; in hexane, they are
extracted out at lower amounts, and in saline, they are not detected. As a worst-case
assumption of a hypothetical scenario, PU oligomers are evaluated using their
potential hydrolysis products, which are MDI, PTHF and BDO. Determination of
Allowable Limit safety values for patient exposure is recommended in ISO 10993
part 17. Based on available literature in the public domain, the toxicity endpoints
are evaluated. During this process, many worst-case assumptions are made as a
very conservative approach from the biological safety perspective. Safety data and
Allowable Limits are presented on these PU oligomer hydrolysis products. Based on
the calculated safety limits and appropriate justification of clinical use condition,
it can be concluded with considerable certainty that these PU oligomer hydrolysis
products are unlikely to cause toxicology-related risk in patients. In addition, biological tests conducted on the final finished device further validify the conclusion of
the toxicological risk assessment.

3460

A Case Study Evaluating Toxicity Endpoints of Siloxanes and
Antioxidants Exhaustively Extracted from Implantable Medical
Devices

J. Bendaly, L. Y. Zhang, and X. Dai. Medtronic, Minneapolis, MN.
The evaluation of biological endpoints that are relevant to the biological safety of
medical devices is governed by ISO 10993-1. As part of this evaluation, a chemical
characterization study may be performed followed by a toxicological risk assessment. The chemical characterization study on the final finished device includes
extraction with solvents of varying polarity from polar to nonpolar for multiple
sequential days to understand the kinetic release profile and analysis by multiple
analytical instruments. The toxicological risk assessment is a systematic scientific
evaluation of the potential adverse health effects resulting from human exposure
to hazardous agents or situations. Silicone material has a long history of safe use
in numerous implantable devices in patients for more than 50 years with negligible adverse effects. In addition, common antioxidants such as Irganox 1076 or
Irganox 1010 are often added in the manufacture of various implantable devices.
Extractables from medical devices include antioxidants as well as siloxanes. The
purpose of this study is to focus on the evaluation of ISO 10993-1 toxicity endpoints
for those extractables through a toxicological risk assessment. Antioxidants and
siloxanes extracted at an elevated temperature of 50°C using multiple solvents
are identified, quantified and regarded as the chemical constituents of potential
concern. Irganox 1076 and Irganox 1010 are mainly extracted out in methanol and
in hexane in comparable amounts; in saline, the amounts are negligible. Siloxanes
are mainly extracted out in methanol and in hexane in comparable amounts; in
saline, the amounts are negligible. Determination of Allowable Limit safety values
for patient exposure is recommended in ISO 10993 part 17. Based on available
literature in the public domain, the toxicity endpoints are evaluated. During this
process, many worst-case assumptions are made as a very conservative approach.
Safety data and Allowable Limits are presented on these extractables. Based on
the calculated safety limits and appropriate justification of clinical use condition, it
can be concluded with considerable certainty that Irganox 1076 and Irganox 1010
as well as siloxanes are unlikely to cause toxicology-related risk in patients. In
addition, biological tests conducted on the final finished device further validify the
conclusion of the toxicological risk assessment.

3461

Case Studies on Route-to-Route Extrapolation in Toxicological
Risk Assessment on Medical Device Extractables

X. Dai, J. R. Hakimi, D. Porter, M. D. Lanz, S. A. Citrowske, and R. F. Shulfer. Abbott,
Saint Paul, MN.
The evaluation of biological endpoints that are relevant to the biological safety
of medical devices is governed by the ISO 10993-1 standard. As part of this
evaluation, the toxicological risk assessment plays a crucial role in the overall risk
management process, especially in the evaluation of some toxicity endpoints, such
as systemic toxicity, acute to chronic, genotoxicity, carcinogenicity, and reproductive/developmental toxicity. After the chemical characterization study on the final
finished device by solvents of varying polarity from polar to nonpolar for multiple
sequential days by multiple analytical instruments, the subsequent toxicological
risk assessment is a systematic scientific evaluation of the potential adverse
health effects resulting from human exposure to hazardous agents or situations.
In contrast to the other industries who also regularly utilize the toxicological risk
assessment, toxicologists in the medical device industry are facing challenges
unique to the clinical use conditions of the medical devices. One of the challenges
is the distinct routes of exposure of chemicals released from implantable devices
to patients under the clinical use condition. Instead of the oral intake, inhalation
or dermal applications, traditional routes of exposure routinely administered to
animals in toxicity studies, chemicals extracted from implantable devices often

expose to patients via the routes of subcutaneous, systemic circulation or intraneural spaces. The purpose of this presentation is to focus on the establishment of
NOAELs specific to the device route of exposure via the route-to-route extrapolation
from traditional routes in toxicity studies by leveraging the pharmacokinetic data
based on published data and literature available in the public domain. Common
chemicals, such as elements, surfactants, lubricants, antioxidants, and manufacturing process solvents, extracted from medical devices during the chemical characterization studies are selected as case studies. Many worst-case assumptions are
made throughout this toxicological risk assessment process, as a very conservative
approach from the biological safety perspective. The need to conduct biological
tests is not necessary when the confident identification of chemical constituents
from the device is achieved and sufficient toxicology data are available to assess
the identified chemical extractable.

3462

A Case Study: Re-evaluating Biological Risks Involving a
Processing Aid Change on a Marketed Long-Term Implant

F. Hsia1, N. Soucy1, K. Dusenbury2, and W. Schulz1. 1Boston Scientific Corporation,
Maple Grove, MN; and 2Boston Scientific Corporation, Spencer, IN.
Per ISO 10993-1:2018, a change in processing of a medical device requires re-evaluation of biological risk. This case study demonstrates that lack of agency recognition of key portions of the risk management framework defined by the 10993 series
is resulting in overly conservative approaches that add little value to patient safety.
A processing aid (PA, a detergent used in final cleaning steps) formulation change
on a marketed long-term cardiovascular implant was initially assessed in a qualitative toxicological risk assessment (TRA) based on the literature of fully disclosed
formulation and estimated residual levels, with a conclusion of no impact to the
biological risk of the device. During annual review, this approach and conclusion
were rejected. Therefore, a chemical characterization study was completed under
exhaustive extraction conditions to compare the E&L profiles between devices
processed with the new vs. the old PA. Ten individual/extractable compound groups
were identified as unique to and/or present at higher amounts for device processed
with the new PA compared to the old PA. Reported levels were low (1-65 µg/device).
Literature was available for seven substances (or a structural analogue), and data
supported a conclusion no significant toxicological concern. A lack of data for
three substances required a TTC approach; one substance, 4-Oxo-β-isodamascol,
was tentatively identified as a potential mutagenic substance with a MOS < 1 when
assessed against a TTC of 1.5 µg/day. After further analytical characterization,
this chemical was identified as ethoxy(methyl)phenylsilanol, a degradation product
of a siloxane compound. This Cramer Class III compound had a MOS of 12 when
assessed using TTC of 90 µg/day. During subsequent agency review, additional
requests for data required evaluation of local effects through biological testing and
leachable data to support daily exposure estimates. Subsequent testing confirmed
no biocompatibility concerns. Under simulated use conditions (40% EtOH/water
at 37oC), none of the targeted compounds were detected above AET using DBT of
1.5 µg/day, except for 4-tridecylbenzenesulfonic acid, detected at 2.5 µg/device
only in the first 24-h extraction. This case study highlights limitations of agency’s
preferred E&L study design for evaluation of residual PAs and questions the value
of additional biological testing when faced with low extractable levels of low toxicity
concern. In conclusion, the original qualitative TRA sufficiently evaluated potential
patient risk and the extensive E&L study and repeat biological testing might be
unnecessary, unethical, and overly burdensome.

3463

Pre-validation of SENS-IS Assay for In Vitro Skin Sensitization
of Medical Devices

C. Pellevoisin1, F. Cottrez2, J. Johansson3, E. Pedersen3, K. Coleman4, and H. Groux2.
1Episkin SA, Lyon, France; 2ImmunoSearch, Grasse, France; 3RISE Research Institutes of
Sweden, Boras, Sweden; and 4Medtronic, Minneapolis, MN.
According to ISO 10993-1:2018, the skin sensitization potential of all medical
devices must be evaluated, and for this endpoint ISO 10993-10:2010 recommends
the use of in vivo assays. The goal of the present study was to determine if the in
vitro SENS-IS assay could be a suitable alternative to the current in vivo assays.
The SENS-IS assay uses the Episkin Large and SkinEthic RHE reconstructed human
epidermis models to evaluate marker genes. In our study, the SENS-IS assay
correctly identified 13 sensitizers spiked in a non-polar solvent. In a subsequent
analysis six medical device silicone samples previously impregnated with sensitizers were extracted with polar and non-polar solvents. The SENS-IS assay correctly
identified five of these extracts, while a sixth extract, which contained the weak
sensitizer phenyl benzoate, was classified as negative. However, when this extract
was concentrated, or a longer exposure time was used, the assay was able to
detect phenyl benzoate. The SENS-IS assay was transferred to a naïve laboratory
which correctly identified sensitizers in six blinded silicone samples, including the
one containing phenyl benzoate. In light of these results, we conclude that the
SENS-IS assay is able to correctly identify the presence of sensitizers in medical
devices extracts.
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3464

Polyatomic Interference of Mercury and Tungsten in ICP-MS
Analysis of a Long-Term Contact Device

K. Dusenbury1, S. Dutta2, and R. Simas3. 1Boston Scientific Corporation, Spencer,
IN; 2Boston Scientific Corporation, Valencia, CA; and 3Boston Scientific Corporation,
Marlborough, MA.
An exhaustive chemical characterization study was performed on a device intended
for long term patient contact and ICP-MS results detected elevated levels of elemental mercury (Hg) at 0.52 µg/device and tungsten (W) at 170 µg/device. Hg is a toxic
metal known to induce a variety of adverse health effects in humans, including
neurological, hematopoietic, and renal toxicity. The levels of Hg detected were not
readily attributed to the materials of construction or manufacturing processes of
the device; therefore, further investigation was warranted to determine the potential
source of mercury. A second chemical characterization study with single quadrupole detection was performed by individually extracting three different device lots in
triplicate. This study reported significantly lower amounts of both Hg and W across
all replicates of all three lots as compared to the initial ICP-MS study. A mean of
150.7 µg/device for W was reported; six of nine Hg replicates were below the Limit
of Detection (LOD) of 0.06 ug/device and the remaining extract amounts reported
were between 0.06-0.21 µg/device. However, a positive correlation was noted
between the relative amounts of Hg and W present in each extraction replicate
across all three lots. Further research revealed that high concentrations of W can
form Tungsten Oxide (WO) and Tungsten Hydroxide (WOH) when utilizing single
quadrupole ICP-MS detection. WO and WOH can positively interfere with the mass
of mercury (due to polyatomic interference) and result in either a false positive or a
signal increase for Hg. To confirm the occurrence of an increased or false positive
signal for Hg from the single quadrupole equipment, a third ICP-MS extraction study
was conducted using identical extraction conditions as the second ICP-MS study;
however, detection was performed using a triple quadrupole array (QqQ) that is
designed to isolate trace amounts of Hg without any false-positive polyatomic ion
interference. Results of the QqQ ICP-MS confirmed the polyatomic interference
(as a signal increase) for the previously detected Hg and demonstrated the true
amount of elemental Hg present in the device was below the QqQ LOD of 0.002 µg/
device, which is significantly below the established ICH parental PDE of 3 µg/day.

3465

In Vitro Irritation Testing of Non-extractable Medical Devices
with the ISO 10993-23:2021 Standard

C. Pellevoisin1, A. Berthelin1, C. Petit1, S. Telluob1, S. Hoffmann2, K. P. Coleman3, and J.
Ovigne1. 1Episkin SA, Lyon, France; 2SEH Consulting + Services, Paderborn, Germany; and
3Medtronic, Minneapolis, MN.
Irritation testing is an integral part of the biocompatibility assessment of medical
devices and has historically been conducted on animals, either by direct contact or
with polar and non-polar solvent extracts. In 2018 an ISO-sponsored interlaboratory validation study demonstrated that two reconstituted human epidermis (RhE)
assays, which were adapted from validated methods used for industrial chemicals,
produced results essentially equivalent to those obtained with in vivo tests. This
led to the publication of the ISO 10993-23:2021 standard on irritation testing, which
states that RhE assays are now the preferred method. The 2018 validation study
tested solid extractable medical device materials but did not consider non-extractable medical device materials (e.g., creams, gels, or sprays). So we tested nine
marketed non-extractable devices either neat or spiked with irritants. We selected a
strong irritant, heptanoic acid and a mild irritant (GHS cat.3), 2-ethoxyethyl methacrylate, to spike the medical devices at 0.5%, 1%, 5% and 1.5%, 5%, 10% respectively.
The irritant potential of all the samples was assessed according to ISO 10993-23
standard with cell viability as readout. Moreover, we quantified as an optional
secondary endpoint the release of the inflammatory cytokine, interleukin-1 alpha,
by Elisa dosage in the supernatant of the RhE models. The results substantiated
the applicability of RhE assays for evaluating non-extractable medical devices per
ISO 10993-23:2021.

3466

Analysis of WuXi AppTec Internal Tolerable Intake (TI) Database
(2015-2021) for Medical Device Extractables: Presence of
High-Potency Chemicals and Protectiveness of Threshold
Approaches for Toxicological Risk Assessment (TRA)

J. Wang, K. Ehman, and S. Parker. WuXi AppTec Laboratory Testing Division,
Saint Paul, MN.
Chemical characterization of medical devices often yields large numbers of
chemicals for evaluation in the toxicological risk assessment (TRA); however, many
of these chemicals are present at very low levels and will only present a toxicological risk if they are highly potent. The use of a threshold approach to screen out
chemicals of concern and reduce the overall burden for TRA may be a practical
alternative to evaluating every chemical above an analytical evaluation threshold
(AET). A toxicological screening limit (TSL) has been proposed which utilizes the
threshold of toxicological concern (TTC) concept applicable to medical device
chemicals (per ISO/TS 21726:2019), with both short (≤ 30 days) and long-term (> 30
days) limits, based on exposure duration. The short-term TSL is 120 µg/device, and

the long-term TSL is 600 µg/device (20 µg/day x 30 days). Assuming the specified
criteria are met, if the total quantity of a constituent is below the specified TSL, no
further risk evaluation would be necessary. To evaluate the protectiveness of this
approach, we analyzed our extractables database (2015-2021, >60,000 records,
>18,000 unique chemicals), to determine the distribution of chemicals below
the short-term TSL (120 µg/day or 2 µg/kg/day for 60-kg). Only chemicals with
sufficient toxicology data to derive a tolerable intake (TI) were evaluated, excluding heavy metals and Cohort of Concern (CoC) chemicals. Of the total chemicals
evaluated, there were only 5 CoC chemicals, including ethylene oxide and styrene.
The percentage of chemicals with TI values below the short-term TSL (2 µg/kg/day)
were predominantly long-term/chronic TIs and represented about 1% of the total
chemicals. Additionally, <0.5% of the chemicals had TIs below the long-term TSL
(20 µg/day; 0.33 µg/kg/day). These observations are consistent with, and actually
lower than, the historical frequency distribution of NOAEL values used to establish
the well-accepted non-cancer TTC values (i.e., lowest 5th%, protective for > 95% of
chemicals). A large portion of these chemicals were low molecular weight polymer
degradants (e.g. polyurethanes). Information on chemicals with very low TIs will
be presented, as they relate to medical device materials. These real-world medical
device extractables data support the protectiveness of the proposed TSL approach.

3467

Development of a Method to Periodically Monitor the Immune
Response to Metal Implants In Vivo

M. Sajib1, A. Nguyen1, T. Todorov2, N. Lavey1, S. Srivastava3, E. Karunasena1, S. C.
Wood1, and E. D. Cohen1. 1US FDA/CDRH, Silver Spring, MD; 2US FDA/CFSAN, Silver
Spring, MD; and 3Children’s National Hospital, Washington, DC.
There is a need for an improved understanding of how metal implants survive in
the body. We developed an in-vivo method to evaluate the immune response to
metals in real time using a mouse pinna ear implant model. We chose nickel as the
test agent. To track the immune cells around the metal implant, a CX3CR1-EGFP
transgenic mouse was used harboring a nickel-sensitive human TLR4 receptor.
In the skin of these mice, the CX3CR1 EGFP transgene labels Langerhans cells
and dermal dendritic immune cells. We used time-lapse multiphoton microscopic
imaging to see if nickel caused alterations in the immune cells’ behavior in
response to metal exposure. Mice were implanted subdermally with either 5uL
70nm nickel nanoparticles or 4mm x 200um wide nickel strip implants in the ear,
and then imaged weekly. In unimplanted mice, Langerhans cells were stationary but
had actively extending filopodia, and the deeper unbranched dermal dendritic cells
were highly motile. In the presence of nickel nanoparticles (1-3wks), an autofluorescent swollen scar developed, which was characterized by rounded Langerhans
cells devoid of filopodia near the implant while the local dendritic cell motility
was less affected. In the metal strip implants, less inflammation was observed,
with only a partial retraction of processes and somal enlargement by Langerhans
cells. Examination of H&E histological sections through the nanoparticle implants
showed significant fibrosis formed around the particles, including the presence of
basophilic cells suggestive of modest mononuclear cell infiltration, and a slight
reduction in the cartilaginous plate. The histology of the foil implants appeared less
affected with mainly fibrosis. Future studies will examine how nickel sensitization
affects these immune responses. Support: Medical Data Enterprise Initiative, and
internal Office of Science Engineering Laboratory funds.

3468

Ability of the GARD Assay to Replace the GPMT and the LLNA
for Assessment of the Skin Sensitization Potential of Medical
Devices

R. Jenvert1, A. Lee Zambriczki2, and R. P. Brown2. 1SenzaGen AB, Lund, Sweden; and
2Risk Science Consortium LLC, Arnold, MD.
The preclinical safety assessment of medical devices typically involves an evaluation of the skin sensitization potential of the device. The GARDskin assay is being
proposed as an in vitro alternative to the animal-based tests, Local Lymph Node
Assay (LLNA) and Guinea Pig Maximization Test (GPMT), that are typically used
to assess the skin sensitization potential of medical devices. The ability of the
GARDskin assay to replace LLNA for prediction of skin sensitization response has
been evaluated (e.g., Johansson et al., 2019) but since GARDskin has also been
proposed as an alternative to the GPMT, it is important to compare the concordance of the prediction of the GARDskin assay with the in vivo response obtained
in both of the animal-based tests. Based on the results of the GARDskin assay for
122 compounds, this in vitro assay shows a high concordance with the predicted
results of the LLNA (87.5%); however, the concordance for results obtained in the
GPMT is much lower (71.2%). The concordance of the GARDskin assay and the
GPMT is impacted by the relatively high number of false positive results (15 out
of 73) compared to the false positives seen in the comparison between GARDskin
and LLNA (2 out of 80). The high number of false positives found when comparing
the results from GARDskin and the GPMT results from the inaccurate characterization of the human skin sensitization potential of these compounds by the GPMT.
Therefore, the low concordance between the GARDskin assay and the GPMT is due
largely to inaccurate predictions of human skin sensitization potential by the GPMT
and not by shortcomings of the GARDskin assay. Notably, the GARDskin assay
(88.7% accuracy) outperforms the GPMT (83.0% accuracy) in the ability to predict
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the human sensitization response of compounds in this dataset. The results of this
project show that the GARDskin assay is able to predict skin sensitization potential
with a level of accuracy that is equal to or exceeds that of the currently accepted
animal-based tests, suggesting that the GARDskin assay can serve as a promising
alternative to the GPMT and the LLNA, and provide a more human relevant result for
assessment of the skin sensitization potential of medical devices.

3469

A Step Forward in the Preclinical Safety Assessment of
Medical Devices: Evaluation Methods of Reproductive and
Developmental Toxicity Endpoints

J. Park, and A. Hood. US FDA, Silver Spring, MD.
Currently, a standardized reproductive and developmental (R/D) toxicity test of
chemicals present in and released from medical devices does not exist. In vivo
models have traditionally been recommended to evaluate potential R/D toxicity of
medical devices; however, in vivo tests are expensive, time consuming, and require
a large number of animals. Therefore, there is a need for an alternative preclinical
safety assessment method that can act as a first step in evaluating potential R/D
toxicity of medical device chemicals. In the current study, the possibility of existing
non-commercial (i.e., EPA T.E.S.T., CAESAR, P&G, OECD Toolbox, OSIRIS) and
commercial in silico tool/model(s) (i.e., Percepta, Leadscope) for preclinical safety
assessment were evaluated. The in silico models were evaluated individually and in
combination. The test data set used to evaluate the performance of in silico tool/
model(s) consisted of 593 polymeric material compounds (present in or used in the
production of), which are commonly used in medical devices, from the European
Chemicals Agency Database. Chemicals were categorized as R/D toxicant (n=183)
if classified as a Globally Harmonized System R/D Classification 1 or 2 or non-R/D
toxicant (n=141) if not classified as a R/D toxicant in the Classification & Labeling
inventory. Parameters, such as true positives, true negatives, false positives, false
negatives, sensitivity, specificity, and accuracy, were calculated and compared
between individual and combined models. The median of sensitivity, specificity,
and accuracy of the individual non-commercial in silico models was 0.58 (0.40
- 0.60), 0.59 (0.33 - 0.77), and 0.58 (0.49 - 0.62), respectively, whereas those of
commercial in silico models was 0.50 (0.08 - 0.64), 0.61 (0.47 - 0.91), and 0.53(0.45
- 0.58), respectively. All possible combinations of commercial and non-commercial model predictions were assessed. The median of sensitivity, specificity, and
accuracy of combined in silico models was 0.66 (0.10 - 0.94), 0.47 (0.08 - 0.87),
and 0.57 (0.43 - 0.77), respectively. Combining Leadscope and Percepta models
resulted in the sensitivity of 0.52, specificity of 0.85, and accuracy of 0.77. The
integration of different in silico models may act as a useful first step for screening
medical device-related chemicals with potential R/D toxicity.

3470

Comparison of Medical Device Irritation Predictions and
Cytokine Release of EpiDerm and EPISKIN In Vitro Skin Irritation
Models Relative to In Vivo Intracutaneous Irritation Results

B. D. Bagley, D. Brandwein, A. McNulty, and L. Milchak. 3M, Saint Paul, MN.
The in vitro skin irritation test is described in ISO 10993-23: 2021 as a preferred
approach over in vivo tests to predict medical device irritation potential. The in vitro
test is an MTT-based viability assessment using reconstructed human epidermis
(i.e., MatTek EpiDermTM and EPISKIN SkinEthicTM RHE) with the potential addition
of cytokine analysis (e.g., IL1-alpha). However, no specific guidance is provided on
how to interpret the cytokine release. In vitro studies were performed to compare
existing in vivo irritation results with in vitro MTT and cytokine release data. Each
test system received saline (SC) and sesame oil (SO) extracts of two experimental
medical device tapes (i.e., tape 1 (ET1) and tape 2 (ET2)), direct application of
correlated adhesives (i.e., adhesive 1 (EA1) and adhesive (EA2)), three positive
controls (i.e., 1% SDS, 2% lactic acid SC / 2% heptanoic acid SO, and Y-4 polymer
extracts), and appropriate negative control blanks. Extracts were performed according to ISO 10993-12: 2021. Each treatment was applied in triplicate for 18 hours and
24 hours in each test system. Cell viability (i.e., MTT) and cytokine fold changes
were evaluated. Positive and negative controls performed as expected. Positive
control cytokine fold changes were increased in the EpiDerm system relative to
the SkinEthic system for MIF, IL-1-alpha, and IL-8 with MIF showing the largest
fold-changes in the EpiDerm system (e.g., >100 fold in 1% SDS and 2% heptanoic
acid). ET1, ET2, EA1, and EA2 were not irritating in either test system according to
MTT. Cytokine results for ET1, ET2, and EA1 did not suggest an irritation potential in
either test system. Increased MIF and IL-1-alpha in the EpiDerm system suggested
an irritation potential for EA2; however, these results were not replicated in the
SkinEthic system. In a previously conducted rabbit intracutaneous irritation test
(ISO 10993-10: 2010), ET1 (both extracts) and the ET2 SC extract were not irritating.
The ET2 SO extract was irritating in vivo which supported the EpiDerm cytokine
prediction for EA2, but did not align with the non-irritating EpiDerm and SkinEthic
MTT results. In conclusion, these in vitro models are useful predictive tools, but
additional information is needed on cytokine evaluation and the decision making
process for conflicting in vivo and in vitro skin irritation results.

3471

Radiation Effects on Cytotoxicity of Cobalt Chromium (CoCr)
Implant Debris

K. L. Trout, A. Patri, and T. Fahmi. US FDA/NCTR, Jefferson, AR.
Cobalt chromium (CoCr) alloys have been successfully used in many medical
devices. However, degradation products generated from implants such as hip or
knee joint prosthetics can lead to adverse local tissue reactions. Radiography is
a primary tool for diagnosis of implant-related complications, resulting in more
frequent patient exposure to ionizing radiation during and after surgery. Therefore,
the aim of this study was to evaluate whether radiation combined with CoCr
debris increases toxicity, in vitro, using cell types relevant to the joint environment:
endothelial HMEC-1 and synovial SW982. Model CoCr particles created from hip
prosthetics were characterized by laser diffraction for suspension state size in the
vehicle buffer and by scanning electron microscopy (SEM) for primary size, shape,
and composition. Cell uptake was observed by scanning transmission electron
microscopy (STEM) and energy-dispersive X-ray spectroscopy (EDS). Short timeline
toxicity assessments up to 24 hours after radiation included viability (MTS assay),
apoptosis (caspase 3/7), and oxidative stress (glutathione ratio). Extended timeline
assessments 12-14 days after radiation included cell survival (clonogenic assay
and real-time cell analysis) and senescence (β-galactosidase). Particle characterization results indicated heterogenous shapes and sizes, which reflects debris
clinically observed. Smaller particles were more often internalized in both cell lines,
with localization most often in defined vesicles. Short-term experiments indicated
CoCr toxicity occurs rapidly, but the effects of radiation were not apparent until
the timeline was extended. Both CoCr and radiation reduce cell survival. These
effects were primarily additive, though some synergistic effects (radioenhancement) were observed. Mechanisms for reduced cell survival included the rapid cell
death caused by CoCr and senescence caused by radiation. Results from both cell
lines were similar, except HMEC-1 cells were more sensitive to CoCr and SW982
cells were more sensitive to radiation. Clinically, exposures to CoCr debris and
radiation may occur over the course of years and have cumulative effects, while the
doses and accelerated timelines in this study were selected as appropriate for use
with an in vitro model. These results are important to establish causal relationships
between the effects of implant debris and radiation, which serve as a foundation for
future studies to evaluate risk in clinical or in vivo models.

3472

In Vitro Method for Quantitative Potency Assessment of Skin
Sensitizers during Development of Novel Materials for Intended
Use in Medical Devices

A. Forreryd1, U. T. Mattson1, R. Gradin1, K. Lienau2, D. Waeckerlin2, and R. Jenvert1.
1SenzaGen AB, Lund, Sweden; and 2Sonova AG, Steafa, Switzerland. Sponsor: J. Schmidt
New innovative materials for use in medical devices based on acrylates can bring
several advantages such as super-absorbency, transparency, flexibility, toughness
and hardness. The manufacturing of acrylates typically involves using a monomer
of either acrylate or methacrylate that is polymerized into the final product. The
polymerization or hardening of material makes the monomers inert, however
several methodologies can be used for polymerization, and they differ in the
degree to which they result in a fully polymerized final product. Some products
therefore contain more residual monomers than others and human exposure to
these well-known skin sensitizers may increase the risk of skin sensitization and
allergic contact dermatitis. To assess the risks resulting from exposure to these
chemicals, potentially found in medical device material, it is necessary to accurately
identify and characterize their skin sensitizing potential. The GARDskin (OECD TGP
4.106) assay was initially developed for hazard identification of skin sensitizers.
To derive potency information, a modification of the standard GARDskin protocol
based on dose-response measurements has been proposed. The readout of the
assay is a cDV0 value, which corresponds to the lowest concentration required to
exceed a binary classification threshold in GARDskin. This concentration correlates
significantly with LLNA EC3 and human NOEL values and linear regression models
have been established to exploit these relationships for potency predictions. In
this study, we explore the potential to use this novel assay for quantitative potency
assessment of two acrylate monomers. The GARDskin Dose-response assay
classified both acrylate monomers as skin sensitizers with predicted LLNA EC3
values and human NOEL values of 0.848% and 22.4%, and 230 µg/cm2 and 12200
µg/cm2, resulting in final classifications as a strong skin sensitizer (HP 2) and a
weak sensitizer (HP 5), respectively. The results agreed with information in the
ECHA registration dossiers and gathered human data evidence for the respective
monomers, illustrating that GARDskin Dose-Response has the potential to replace
the in vivo LLNA method for quantitative potency assessment of potential skin
sensitizers during development of novel materials for use in medical devices.
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3473

Considerations for Standardization and Derivation of Pediatric
and Neonatal Tolerable Exposure Limits for Extractable and
Leachable Compounds from Medical Devices

A. Mihalchik1, and M. Wood2. 1ToxStrategies Inc., Research Triangle Park, NC; and
2ToxStrategies Inc., Katy, TX.
The risk assessment paradigm is formally well described for extractables and
leachables (E&Ls) derived from medical devices for adult patients; however, few
guidance documents or literature resources are available that describe derivation
of tolerable exposure (TE) limits in vulnerable patient populations such as children
and neonates. Existing ISO 10993 guidance regarding special populations suggests
adjusting for body weight or considering population-specific data, when available,
in deriving the TE. However, guidance is not provided on a standardized method
of ensuring pediatric safety in the absence of nonclinical juvenile toxicity data or
pediatric clinical data associated with a clearly defined point of departure. Nor
does international regulatory guidance clarify how a risk assessor should adjust
ICH Q3C values used in medical device risk assessment, other than accounting for
differences in patient body weight. To address this gap, this poster describes the
key considerations in performing a pediatric-specific evaluation of E&Ls: 1. Search
strategies to identify juvenile nonclinical and clinical toxicity data 2. Consideration
of differences in adult and pediatric or neonatal metabolism 3. Use of juvenile-specific data as the point of departure 4. Use of standardized pediatric weight adjustment values 5. Accounting for route-to-route extrapolation if juvenile toxicity
data are unavailable for the route of interest. Case studies describing derivation
of pediatric and neonatal TE values for common E&Ls, including cyclohexanone
and 2,4-di-tert-butylphenol, as well as cyclohexane and toluene listed in ICH Q3C,
will be provided to highlight various scenarios in which clinical data, nonclinical
juvenile data, or a mixture of data sources are available to address pediatric and
neonatal safety. A discussion of selecting appropriate, scalable uncertainty factors
in the presence or absence of adequate pediatric or neonatal data associated with
deriving a tolerable intake (TI) will be described in the context of the case studies,
as will selection of population-specific points of departure in deriving pediatric and
neonatal TI and subsequent TE values.

3474

A Rubric for Identifying Potentially Genotoxic Polycyclic Amines
and Derivation of a Chemical Class-Specific TTC

Y. Chang1, A. K. Alverson2, and J. M. Cohen2. 1Gradient, Seattle, WA; and 2Gradient,
Boston, MA.
Toxicological risk assessment of polycyclic amines identified from extractables and leachables analysis for medical devices is challenging due to limited
toxicity data and availability of suitable surrogate chemicals. As a chemical class,
polycyclic amines are cohort of concern constituents (CoCs, as defined by ISO
21726:2019) - highly potent toxicants for which established thresholds of toxicological concern (TTCs) are not considered sufficiently health protective. This
chemical class is expected to share a common mechanism of carcinogenic
action involving the formation of genotoxic species (e.g., nitrenium ions), and
includes polycyclic aromatic amines, polyheterocyclic amines, biphenyl amines,
aromatic acetamides, and benzidines. In this study, we evaluated data for polycyclic amines in the carcinogenicity potency database (CPDB, n = 135), defined as
compounds with an amine nitrogen, on or in an aromatic system composed of two
or more aromatic rings with no other identifiable features, consistent with other
CoCs (e.g., triazine, hydrazine, N-nitroso, azo compounds). Of the 135 polycyclic
amines identified in the CPDB, only 75 were positive for carcinogenicity, and only
39 of these had study data considered suitable for inclusion in further analysis
(e.g., tumor findings relevant to humans, >1 exposure group, sufficient number of
animals per sex and dose group evaluated). Chemical-specific allowable limits
(ALs) were then derived based on the reported TD50 values for the 39 carcinogenic
polycyclic amines in accordance with the International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use (ICH) M7 and
International Organization for Standardization (ISO) 10993-17 guidelines. We also
utilized in silico tools to evaluate potential mechanisms of genotoxic carcinogenicity, specifically related to the formation of nitrenium ions. Lastly, chemical features
were evaluated to account for the observed differences in chemical potency and
predicted mechanism of action. A fit-for-purpose TTC of 0.014 μg/kg-bw/day was
calculated as the 5th percentile AL for polycyclic amines, and may be useful for
assessing risk of data poor polycyclic amines detected in medical device extracts.

3475

Review of Chemical Category Assessment Strategies for
Medical Device Extractables

I. Hadley1, J. M. Cohen1, and R. Chang2. 1Gradient, Boston, MA; and 2Gradient,
Seattle, WA.
Robust strategies for assessing data-poor chemicals are essential to toxicological risk assessments (TRAs). This is especially true for TRAs of medical devices,
which often require chemical characterization data collected under exhaustive
extraction conditions. Exhaustive extraction data for medical devices often include
degradants of the same parent compound or various oligomers of the same base

polymer, many of which do not have toxicological data of their own. For such cases,
using robustly defined chemical grouping approaches may be justifiable. Guidance
on chemical category assessments issued by the Organisation for Economic
Co-operation and Development (OECD), and further supported in the scientific
literature, provide detailed methodologies for documenting and justifying such an
approach. In this study, we compare an established chemical category assessment
for alcohol ethoxylates, including the quantitative parameters of the category definition, justification for inclusion or exclusion of category members, and the availability of toxicological data, with a less-established chemical category assessment
for a set of fatty bis-amide chemicals detected in the extracts of various medical
devices. Alcohol ethoxylates are non-ionic surfactants used widely throughout
consumer product industries, for which detailed category definitions have been
published under the Canadian Environmental Protection Act (CEPA) as well as by
the Human and Environmental Risk Assessment (HERA) Project. Fatty bis-amides
are of particular relevance to medical devices, as they relate to the degradation of
polyurethane materials, but have not been studied as thoroughly as alcohol ethoxylates. Our case study highlights best practices for developing increasingly robust
chemical category assessments that are defined based on, but not limited to,
conclusions drawn from structural elements, physicochemical properties, (quantitative) structure-activity relationship ([Q]SAR) analysis, and toxicokinetic profiles.

3476

Correlation of In Vitro and In Vivo Skin Irritation Assays in
Medical Devices: A Case Study

C. D. Christensen1, S. M. Street1, S. K. Mishra2, D. E. Oseid3, J. M. Martinez4, and
W. V. Christian1. 1Medtronic, Jacksonville, FL; 2Medtronic, Minneapolis, MN; 3MicroBio
Consulting, LLC, Minneapolis, MN; and 4Medtronic, Irvine, CA.
Biocompatibility testing is moving away from animal-based assays in favor of
technologically advanced and reliable in silico and in vitro alternative approaches.
While irritation has traditionally been assessed in a rabbit animal model, validated
reconstructed human epidermis (RhE) models have now been introduced in ISO
10993-23:2021. This standard describes a step-wise approach to evaluating the
potential for medical devices to cause irritation, calling for in vitro testing prior to in
vivo testing. Within this standard, a round-robin study is described that challenged
RhE models with compounds of known irritation potential embedded in common
medical device polymers to further validate the in vitro method. As medical devices
are often comprised of various materials and use a wide range of manufacturing processes that could potentially leave irritating residues, the resulting extracts
evaluated in irritation assays can be highly complex chemical mixtures and, in turn,
may generate different results in in vitro than in vivo assays. With the release of
ISO 10993-23:2021 and its inconsistent regulatory acceptance across geographical regions, a case study was executed to understand how well the two assay
types agreed to address varying regulatory viewpoints. In this case study, final,
finished medical devices were subjected to both in vitro and in vivo irritation assays
to determine if the results correlated with each other. Assays were conducted with
validated test methods at qualified contract research organizations. Devices with
varying classifications and materials were selected for this analysis. Inclusion
criteria were as follows: 1) results were obtained for each endpoint: in vitro and
in vivo irritation and 2) relevant extraction conditions applicable to the device type
(e.g., time, temperature, extraction ratio, and solvents) were consistent across the
assays. Results indicated a strong correlation between the in vitro and in vivo irritation assays. Therefore, the in vitro irritation assay appears to be an appropriate
assay for investigating the irritation potential of complex medical device extract
mixtures, supporting the use of RhE models in lieu of in vivo testing within a biocompatibility evaluation paradigm for medical devices.

3477

Expert Review of Cramer Classification Predictions for Medical
Device Extractables

P. A. Mashankar1, I. G. Hadley1, R. Chang2, and J. M. Cohen1. 1Gradient, Boston, MA; and
2Gradient, Seattle, WA.
Toxicological risk assessment of medical device extractables often deals with
chemicals lacking complete data packages, for which using a threshold of toxicological concern (TTC) approach is warranted. Recent international guidelines (ICH
M7, ISO 21726:2019) offer a road map for evaluating such data-poor chemicals,
whereby non-mutagenic extractables may be assigned a non-cancer TTC. Along
these lines, the Cramer decision tree categorizes chemicals into three different
structural classes, each corresponding to an estimated hazard potential and
TTC for systemic toxicity in humans. In this study, we compared Cramer classifications (and corresponding non-cancer TTCs) for 164 chemicals extracted from
various medical devices that are representative of diverse chemical classes. The
Cramer classes of these chemicals were predicted using different modules within
the in silico prediction tools Toxtree version 3.1.0 (“Cramer rules,” “Cramer rules
with extensions,” and “revised Cramer rules”) and the Organisation for Economic
Co-operation and Development (OECD) Quantitative Structure-Activity Relationship
(QSAR) Toolbox version 4.4.1 (“Cramer” and “Cramer (Extended)”), as well as expert
judgment. Overall, our expert review showed relatively poor agreement across the
five modules (concordance of 34.1% with Toxtree’s “Cramer rules,” 34.1% with
Toxtree’s “Cramer rules with extensions,” 57.3% with Toxtree’s “Revised Cramer
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Rules,” 50.6% with OECD QSAR Toolbox’s “Cramer,” and 52.4% with the OECD QSAR
Toolbox’s “Cramer (Extended)”). For certain chemical classes, some modules
performed better than others. For example, the “Revised Cramer Rules” exhibited
relatively good agreement with expert judgment for aromatic compounds specifically (70.3% concordance, n = 54). In contrast, the “Revised Cramer Rules” exhibited
relatively poor agreement with expert judgment for aliphatic compounds (51.4%
concordance, n = 109). We further identified some systematic errors in the way
Toxtree applies the “revised Cramer rules” module for aliphatic alcohols, aldehydes,
ketones, carboxylic acids, amines, amides, and polyethylene glycols, with most
of the errors relating to the interpretation of rules Q16, Q18, and Q18(J-M) in
the module. Our findings support using a multi-pronged approach for selecting
non-cancer TTCs, utilizing multiple Cramer decision tree predictors in conjunction
with expert review.

3478

Read-Across Assessments for Data-Poor Medical Device
Extractables: Best Practices and Potential Pitfalls

A. Alverson, and J. M. Cohen. Gradient, Boston, MA.
Toxicological risk assessment of medical device extractables often deals with
chemicals lacking comprehensive data packages. Using read-across approaches
to evaluate potential risks posed by these data-poor chemicals may be justifiable,
but there is currently a lack of recognized standards or guidances for conducting read-across assessments of medical device extractables. Through a series
of examples, we present best practices for selecting and justifying surrogate
compounds for the purposes of toxicological risk assessment conducted in
accordance with ISO Standards 10993-1, 10993-17 and 10993-18. In addition to
documenting similarities between target and surrogate compounds related to
chemical structure, reactive functional groups, and other relevant physicochemical properties, special consideration should be made for the chemicals’ respective toxicokinetic and metabolic profiles. Data gaps related to physicochemical
properties and hazard potential can be filled using in silico prediction tools (e.g.,
Epi Suite version 4.11, Toxtree version 3.1.0), and the Organisation for Economic
Co-operation and Development (OECD) Quantitative Structure-Activity Relationship
(QSAR) Toolbox version 4.4.1 can be used to predict dominant metabolic pathways
and metabolite structures under conditions relevant to a medical device’s intended
use. Read-across examples demonstrating common metabolic pathways and
common metabolites with similar predicted hazard profiles are presented, along
with case studies that highlight potential pitfalls in relying on limited databases
of metabolic pathways that primarily focus on animal metabolism. Further investigation into the applicability of human metabolism simulators and expanding the
database of metabolic pathways is recommended. Best practices are presented
in the context of Good Read Across Practice (GRAP), and guidances established
for other industries/regulatory contexts (e.g., European Chemicals Agency [ECHA]
Read-Across Assessment Framework [RAAF], OECD).

3479

Wildfire Smoke-Induced Pulmonary Health Effects in a Murine
Model of a Community Exposure

M. Buford1, B. Postma1, H. Madison2, and C. Migliaccio1. 1University of Montana,
Missoula, MT; and 2University of Montana Western, Dillon, MT.
Due to the effects of climate change wildfires have increased in intensity and
duration. Although wildfires may threaten lives directly, the smoke affects us
all, contributing to increased morbidity and mortality in both local and distant
communities. Seeley Lake (SL), MT was exposed to extreme levels of wood smoke
(WS) where the long-term effects on lung function were measured up to two years
post exposure. Animal models allow for the evaluation of mechanisms of effect as
well as the identification of potential therapeutic targets. To this end we designed
and evaluated a murine model of the SL event and study. Mice were exposed to
inhaled wood smoke generated in the Inhalation and Pulmonary Physiology (IPP)
Core facility utilizing common regional wood (fir, larch harvested locally) for
fuel to recapitulate the community exposures. To further model the community
exposures, particle deposition was calculated using the daily average of 220.9 μg/
m3 (SL) for a total duration of exposure of 49 days. Using a conservative deposition of 20-30%, a total exposure was calculated to be approximately 300 μg/kg
for a human adult. For the mouse model, a 5 mg/m3 exposure for five days was
calculated to result in a similar 300 μg/kg deposition in mice. At both one and two
years post wildfires a significant decrease in lung function (FEV1/FVC and FEV1)
was observed in the SL community cohort, while in the mouse model significant
changes to lung function (R/C) was observed two months following exposure. In
addition, the model determined modifications to macrophage functions where ex
vivo assays determined a decrease in efferocytosis by alveolar macrophages as
well as an increase in TNFα production with LPS stimulation. These data illustrate
the appropriateness of the model and its application to assess mechanisms of
decreased respiratory function and increased susceptibility to respiratory infection
following these types of exposures. The model will be an integral tool in future
studies on the health effects of exposures to wildfire smoke.

3480

The Impacts of Inhaled Burn Pit-Related Smoke and
Intratracheally Instilled Smoke Extracts on Breathing and
Pulmonary Toxicity in Mice

S. A. Vance1, Y. H. Kim2, J. Dye3, M. I. Gilmour3, I. Jaspers2, M. J. Schladweiler3, W.
Williams3, and S. Gavett3. 1Oak Ridge Institute for Science and Education, Oak Ridge, TN;
2University of North Carolina at Chapel Hill, Chapel Hill, NC; and 3US EPA, Cary, NC.
Exposure to particulate matter (PM) and gaseous components of smoke from
combustion of synthetic materials such as plastic (PL), plywood (PW) or cardboard
(CB) found in military burn pits is associated with reduced respiratory function and
increased pulmonary inflammation. We previously found that respiratory function
decrements in mice exposed to burn pit smoke constituents is a sensitive marker
of toxicity. Here we compared the relative sensitivity of real-time plethysmography (RTP) in nose-only exposed mice compared with whole body plethysmography (WBP) in mice exposed previously by intratracheal instillation (IT). Mice were
exposed nose-only to whole or PM-filtered smoke from military burn pit-related
constituents (PL, PW, or CB at 40 mg PM/m3 generated under smoldering (510 °C)
combustion conditions for 1 hour on 2 consecutive days while undergoing RTP), or
they were instilled with 100 μg of PM condensates and assessed by WBP 2-4 hours
after instillation. During RTP inhalation exposure, whole CB smoke reduced breathing frequency (f) an average of 126 breaths/min (bpm) from baseline which was
unaffected by HEPA filtration, suggesting a mostly gaseous component of toxicity.
In contrast to inhalation, IT exposure to CB PM reduced f by 89 bpm suggesting
that CB PM at this dose (IT ~3-fold > inhaled) also had significant pulmonary
effects. Inhalation of PL was associated with the greatest decrement in f (-167
bpm), whereas IT exposure to PL did not significantly affect breathing parameters, suggesting that the gaseous components were responsible for this decrease.
Similar effects of PL were found with respect to minute volume (MV); inhalation
of PL reduced MV by 16 mL while IT PL did not change MV. In contrast, PW and
CB had significant reductions for both inhalation and IT; CB reduced MV by 10
mL during inhalation and reduced MV by 19 mL post-IT. Bronchoalveolar lavage
neutrophils were significantly increased following IT exposure to PW, whereas no
inflammation was observed following inhalation exposure, likely due to the lower
total deposited dose. These results show that while IT exposures allow for precise
dosing and comparative toxicity measurements, RTP is a more sensitive model for
elucidating respiratory effects. This abstract does not represent US EPA policy; DoD
award #W811XWH-18-1-0731 to I.J.

3481

Fuel Type Influences Developmental Toxicity of Burn Pit-Related
Smoke in Zebrafish

J. Smoot1, S. Padilla2, Y. Kim3, B. Hill1, B. Knapp1, M. Lowery1, W. Oshiro2, M. S. Hazari2,
M. Hays2, B. Preston4, I. Jaspers3, M. Gilmour2, and A. K. Farraj2. 1Oak Ridge Institute for
Science and Education, Oak Ridge, TN; 2US EPA, Research Triangle Park, NC; 3University
of North Carolina at Chapel Hill, Chapel Hill, NC; and 4CSS DYNAMAC, Durham, NC.
Exposure to smoke emitted from burn pits in military bases has been linked with
adverse health effects among military personnel and civilians. Although previous
studies have linked air pollution exposure from other sources to congenital defects,
the potential developmental toxicity of burn pit-related emissions remains unclear.
The purpose of this study was to assess the developmental toxicity of extractable
organic material derived from burn pit-related smoldering smoke condensates from
5 fuels: plywood (representing ammunition boxes), cardboard (representing military
spec boxes), plastic (a mixture of low-density polyethylene, high-density polyethylene, polyethylene terephthalate, and polystyrene pellets), mixture (a mixture of
plywood, plastic, and cardboard), and mixture plus diesel (the mixture material
treated with diesel fuel, which is often used as an accelerant in burn pits), in zebrafish. We hypothesized that developmental toxicity is dependent on fuel type. To
test this, zebrafish larvae (n = 8/treatment group) were exposed from 6 hours
post fertilization through 4 days post fertilization (dpf) to 0.4% dimethyl sulfoxide
vehicle or extractable organic material from burn pit smoke (0.01-40 µg/ml; half-log
intervals) from each of the 5 condensates in 96-well plates and assessed by a
blinded researcher for malformations at 5 dpf using visual observation with light
microscopy, a bioimager, and analysis software. All burn pit condensates caused
mortality at the highest concentration and concentration-dependent effects including delayed swim bladder inflation, pericardial edema, scoliosis, tail kinks, and/or
craniofacial deformities in the remaining treatment groups. There were generally
minimal effects up to a concentration of 1.27 μg/ml. Condensates from plastic
and the mixture containing plastic caused a higher rate of deformities than other
materials. Taken together, these results indicate that material type burned impacts
the severity of burn pit smoke-induced developmental toxicity in zebrafish. This
abstract does not reflect US EPA policy; DoD award #W811XWH-18-1-0731 (IJ).
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3482

Novel Whole Wood Smoke Exposure and Imaging System for
Human Bronchial Epithelial Cells Cultured at the Air-Liquid
Interface

A. Abzhanova1, J. Berntsen2, E. R. Pennington3, S. Masood1, L. A. Dailey4, and J. M.
Samet4. 1University of North Carolina at Chapel Hill, Chapel Hill, NC; 2TRC Environmental
Corporation, Raleigh, NC; 3Oak Ridge Institute for Science and Education, Oak Ridge, TN;
and 4US EPA, Research Triangle Park, NC.
Exposure to air pollutants is a leading cause of human morbidity and mortality.
The frequency and severity of wildland fires, significant contributors to ambient air
particulate matter, are projected to increase. The conventional in vitro approach to
studying wood smoke effects is to expose submerged cell line cultures to wood
smoke condensates or particle extracts, which fails to capture the complexity of
wood smoke, especially its volatile fraction. Fully differentiated primary human
bronchial epithelial cells cultured at the air-liquid interface (HBEC-ALI) closely
approximate the in vivo morphology of the bronchial epithelium. Coupled with
genetically encoded fluorescence sensors such as Grx1-roGFP2, the high temporal
resolution of live-cell microscopy is well suited for monitoring intracellular redox
events that underlie the toxicity of air pollution. In order to integrate real-world
wildland fire exposures, high temporal resolution microscopy, and the in vivo
relevance of HBEC-ALI, we set out to develop a system to enable live-cell imaging of
redox events in HBEC-ALI as they undergo exposure to wood combustion emissions
generated in real-time. Wood is pyrolyzed in a tube furnace at controlled temperature and airflow to generate emissions that are conditioned with humidity, CO2, and
temperature before entering a custom-built chamber that permits confocal imaging
of HBEC-ALI expressing Grx1-roGFP2. Early results show that real-time exposure
to wood smoke induces glutathione oxidation, a marker of oxidative stress, in
HBEC-ALI in a dose-dependent manner. These findings demonstrate the feasibility
of studying redox events in the human bronchial epithelium during exposure to
wildland fire smoke. This abstract of a proposed presentation does not necessarily
reflect US EPA policy.

3483

Aberrant Sperm DNA Methylation in ApoE-/- Mouse Model
following Simulated Wildfire Smoke Exposure

A. Schuller1, C. Bellini2, T. Jenkins3, M. Eden2, J. Matz2, J. Oakes2, and L. Montrose1.
1Boise State University, Boise, ID; 2Northeastern University, Boston, MA; and 3Brigham
Young University, Provo, UT.
Wildfire smoke poses a significant health risk as a growing component of air
pollution in the United States and across the globe. While there is a long history
of association between wildfire smoke exposure and diseases of the respiratory,
circulatory, and cardiovascular systems, recent evidence has linked exposure to
this toxicant with reproductive dysfunction. Here, we characterize the sperm DNA
methylation profiles of ApoE-/- mice exposed to 40 days of 20mg/m3 simulated
wildfire smoke, generated from Douglas fir needle combustion, compared to fresh
air controls (n = 10 mice/group). Using reduced representation bisulfite sequencing,
we identified 3,353 differentially methylated regions (DMRs) between smoke-exposed and fresh air control samples, including ~80% which were hypermethylated.
The DMRs were mapped to 2,117 genes distributed across the mouse genome.
Subsequent gene ontology analysis revealed that these genes are involved in
pathways important for developmental processes and anatomic structure development/morphogenesis. Future work is needed to explore the implications of DMRs
in these pathways. This work demonstrates, for the first time, differential DNA
methylation profiles in smoke-exposed mouse sperm and suggests that paternal
reproductive risks may be possible following sustained wildfire smoke exposure.

3484

Investigating the Role of TRPV3 during Lung Epithelial Repair
following Wood Smoke Particulate Matter Exposure and Other
Forms of Lung Injury

K. L. Burrell-Gerbers, N. D. Nguyen, M. Almestica-Roberts, T. A. Memon, S. N. Serna,
C. E. Deering-Rice, and C. A. Reilly. University of Utah, Salt Lake City, UT.
Transient receptor potential vanilloid-3 (TRPV3) is a Ca2+ channel expressed by
human lung epithelial cells. TRPV3 is activated by wood smoke particulate matter
(WSPM) and it has been proposed that TRPV3 may play roles in WSPM-induced
cytotoxicity and damage repair. Mice treated sub-acutely with WSPM displayed
bronchial hypersensitivity and areas of epithelial hyperplasia, which were blocked
by a TRPV3 antagonist. This study shows that TRPV3 expression is rapidly
induced by HBEC3-KT and BEAS-2B human bronchial epithelial cells following
monolayer disruption by mechanical or cytotoxic WSPM injury, further indicating a
possible role for TRPV3 in coordinating early stages of the wound repair process.
Additionally, TRPV3 mRNA expression varied over time, dependent on the repair
stage of the epithelial monolayer, and increased expression 2h following injury was
independent from new protein synthesis. Using an in vitro scratch assay, it was
found that TRPV3 antagonists “locked” cells into a non-migratory phenotype and
prevented cell adhesion, presumably by blocking initiation of adhesion, migration,
and other elements necessary for the wound repair process. Interestingly, over-expressing TRPV3 in BEAS-2B cells as well as TRPV3 agonists also attenuated wound

repair. Transcriptomic profiling of BEAS-2B and BEAS-2B TRPV3-overexpressing
cells revealed a marked downregulation of epidermal growth factor receptor
(EGFR) growth factors. Supplementation of BEAS-2B TRPV3-overexpressing cells
with the EGFR ligands partially rescued this slow-repairing phenotype. Additionally,
inhibition of EGFR and downstream kinases attenuated TRPV3 expression following injury and slowed scratch repair. Finally, modulation of other growth signaling
pathways, TGFβ and Wnt/FZD, further affected TRPV3 mRNA regulation following
injury. These results suggest a high degree of integration between TRPV3 and the
canonical growth signaling networks during wound repair, which provide insights
into how TRPV3 may influence lung epithelial repair after injury. These finding have
both toxicological and therapeutic significance. Support: ES017431 and ES027015.

3485

Wildfires and Extracellular Vesicles: Linking Cardiopulmonary
Hypoxia Signaling Alterations across Tissues in Mice Exposed
to Variable Biomass Smoke

C. K. Carberry1, L. Koval1, A. Payton1, H. Hartwell1, Y. Kim1, G. J. Smith1, D. M. Reif2, I.
Jaspers1, M. I. Gilmour3, and J. E. Rager1. 1University of North Carolina at Chapel Hill,
Chapel Hill, NC; 2North Carolina State University, Raleigh, NC; and 3US EPA, Research
Triangle Park, NC.
Wildfires are a threat to global public health, growing in intensity and prevalence
each year. Known health effects associated with wildfire smoke exposure
span across pulmonary and cardiovascular systems; however, the biological
mechanisms that elicit wildfire-associated effects across cardiopulmonary tissues
remain understudied. This study set out to evaluate cross-tissue mediators of
cardiopulmonary responses associated with biomass burn conditions that can
occur during wildfire events. The specific hypotheses tested were that microRNAs (miRNAs) within circulating blood extracellular vesicles (EVs) show differential expression in response to variable biomass smoke exposures, and that these
associate with altered hypoxia pathway responses in the lung and heart. Female
CD-1 mice were exposed to smoke condensate samples collected from four different biomass burn scenarios: (1) flaming peat; (2) smoldering peat; (3) flaming red
oak; and (4) smoldering red oak. Important miRNAs within plasma EVs relevant
to cardiovascular disease showed exposure-altered expression profiles. Lung and
heart mRNAs were identified with differential expression of common hypoxia and
oxidative stress-related pathways. A large portion of the hypoxia-relevant transcriptional responses in the heart were predicted as regulated by EV miRNAs through
in silico analyses, including important signaling associated with miR-30b, a miRNA
known to protect against hypoxia-induced cardiovascular injury. This miRNA was
also detected at increased levels in the heart in the absence of changes in its
precursor molecule in exposed mice, suggesting potential external mechanisms
of cross-tissue communication. This study posits a new cross-tissue mechanism
through which wildfire-relevant exposure conditions induce toxicity, highlighting the
potential role of circulating EVs in intercellular and systems-level communication
between tissues.

3486

Emissions from Burning Plastic Generated from Flaming and
Smoldering Temperatures Induce Variable Toxicity on Human
Nasal Epithelial Cells

K. L. Rogers1, Y. Kim2,1, M. Gilmour1,2, S. Randell1, and I. Jaspers1. 1University of North
Carolina at Chapel Hill, Chapel Hill, NC; and 2US EPA, Research Triangle Park, NC.
Burn pits are areas utilized for military waste disposal through open-air combustion.
This system was common in Afghanistan and Iraq, where in 2014, almost 60,000
pounds of solid waste, including up to an estimated 17,000 pounds of plastic, was
burned daily. Exposure to these emissions may damage respiratory tissues and
cause lung and airway diseases. We hypothesized that emissions from combusting
plastic, a major component of burn pit materials, would be cytotoxic to human nasal
epithelial cells (HNECs), and that incineration temperature would affect biological
outcomes. Military-grade plastic materials were burned at smoldering (500°C) or
flaming (640°C) temperatures in a quartz tube furnace system and collected as
condensates in a series of cryotraps. Primary HNECs were differentiated at air-liquid interface and treated with emission condensates from smoldering and flaming
plastic at concentrations from 5-20 μg/cm2 on the apical side for 4 hours. Markers
of inflammation including IFN-γ, IL-1β, IL-8, IL-13, IL-6, and IL-p70 were assessed in
basolateral supernatants using multi-plex ELISA, and gene expression profiles using
integrated fluidic circuit based multiplex qRT-PCR. Our data indicate that regardless
of temperature, emissions from incineration of plastic increase markers of inflammation. Specifically, emissions from burning plastics significantly increased IL-8
and IL-1β release. Other markers of inflammation, although not significant, were all
increased by emissions from burning plastic material. RT-qPCR analysis of electrophile response proteins CYP1A1 and CYP1B1 showed that emission condensates
from flaming plastics elicit a significantly higher response in comparison to their
smoldering counterparts. Analyses of smoldering and flaming plastic emission
condensates show significant differences in chemical composition and particulate
matter size. These results together reveal that exposure to emissions of burning
plastic increase markers of inflammation and oxidative stress in human respiratory
cells.
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3487

CYP1B1 Modulates Pathological Endoplasmic Reticulum Stress
and Cytotoxicity in Human Lung Epithelial Cells Exposed to
Wood Smoke Particulate Matter

L. Sun, M. Almestica-Roberts, K. L. Burrell, N. D. Nguyen, S. Serna, J. G. Lamb, C. E.
Deering-Rice, and C. A. Reilly. University of Utah, Salt Lake City, UT.
CYP1B1 is often among the most induced genes in airway epithelial cells (AECs)
exposed to environmental pollutants. CYP1B1 has the potential to both promote
pneumotoxic reactive intermediate formation and xenobiotic detoxification. Here,
human bronchial epithelial (HBEC3-KT and BEAS-2B) AECs were treated with pine
wood smoke particulate (WSPM; 10-20 µg/cm2) for up to 24 h. CYP1B1 mRNA
was upregulated at 6 and 24h, paralleling the induction of transient receptor
potential vanilloid-3 (TRPV3) in both cell lines. Previously, we showed that the acute
cytotoxic effects of WSPM to AECs involved activation of pathological endoplasmic
reticulum stress (ERS), which was exacerbated by TRPV3 inhibition. We hypothesized that CYP1B1 may also negatively regulate WSPM-induced pathological ERS
and cytotoxicity. Analysis of BEAS-2B and CYP1B1-overexpressing BEAS-2B cells
treated with WSPM revealed a decrease in cytotoxicity CYP1B1 over-expressing
cells. In HBEC3-KT cells, inhibition of CYP1B1 using TMS modified the induction of
the ERS biomarkers ATF3, DDIT3, HSPA1A and splicing of XBP1, such that at 6h all
markers were induced in excess of control cells, while at 24h, pro-apoptotic DDIT
expression was reduced. Efforts are underway to determine how CYP1B1 promotes
TRPV3 induction and an anti-apoptotic/pro-adaptive phenotype in AECs exposed to
WSPM. A clue is that several CYP1B1-derived lipid epoxides inhibit TRP ankyrin-1
(TRPA1), which drives ERS and cytotoxicity in AECs treated with WSPM, potentially
skewing the trajectory of damage and repair associated with WSPM challenge.
Support: ES017431, ES027015, and DoD W81XWH-17-1-0413.

3488

Enriched Housing Alters the Ventilatory Response of Male and
Female ApoE (-/-) Mice to a Single Eucalyptus Wildfire Smoke
Exposure

M. Fiamingo1, S. Toler1, K. Lee2, W. Oshiro3, T. Krantz3, P. Evansky3, D. Davies3, M. I.
Gilmour3, A. Farraj3, and M. Hazari3. 1University of North Carolina at Chapel Hill, Chapel
Hill, NC; 2Oak Ridge Institute for Science and Education, Oak Ridge, TN; and 3US EPA,
Research Triangle Park, NC.
Although it is well established that air pollution exposure can increase cardiovascular morbidity and mortality, the combined effects of extrinsic factors and air
pollution remain understudied. Urban settings introduce several stressors, such
as a lack of environmental enrichment, which have been shown to have a negative
impact on cardiopulmonary outcomes and overall health. Moreover, psychosocial
stress has been proven to have a temporal relationship with anxiety and depression, as well as exacerbating other peripheral conditions. This study was conducted
to examine the pulmonary effects of depleted versus enriched housing conditions
in response to wildfire smoke in 8 week old atherosclerotic-prone (ApoE (-/-)) mice.
To test the effects of housing status, both male and female mice were maintained
in depleted (DH) or enriched (EH) housing for 18 weeks. Ventilatory function was
assessed with whole-body plethysmography at baseline, 15 weeks, and after
exposure to either filtered air (FA) or 0.4 mg/m3 flaming eucalyptus wildfire smoke
(WS) for 1 hour. EH animals had lower breathing frequency (f) and increased minute
volume (MV) when compared to DH. In general, female mice had higher expiratory
time (Te), peak inspiratory (PIF) and expiratory flow (PEF), tidal volume (TV), and
MV when compared to male mice. WS caused f to increase in DH male mice but not
EH males, whereas in female mice, both DH and EH, had a decrease due to WS. Ti
was decreased in both EH and DH male mice exposed to WS when compared to FA,
the change from pre-exposure was greater in the latter. Male DH mice exposed to
WS had lower bronchoalveolar cell counts when compared to EH, whereas female
DH had higher counts. These results indicate that housing may impact changes in
ventilation and normal physiology in ApoE (-/-) mice. In addition, it may contribute
to differential outcomes after exposure to WS. This suggests that living conditions
and the built environment can impact human health. Environmental enrichment,
or urban greenspace, may be suitable interventions to slow the progression of
disease, and help create a more resilient population when it comes to extreme
events like wildfire smoke. This abstract does not reflect US EPA policy.

3489

Impaired Lung Functioning following Chronic Ozone Exposure
Is Associated with Inflammatory Macrophage Activation and
Altered Energy Metabolism

V. Sunil, K. Vayas, J. Lee, C. Smith, E. Abramova, J. Andreas, J. Laskin, and D. Laskin.
Rutgers, The State University of New Jersey, Piscataway, NJ.
Chronic ozone exposure leads to lung injury, reduced lung function and increased
risk of developing emphysema and asthma, diseases associated with persistent
inflammation. In these studies, we characterized inflammatory cells in the lungs
of mice after chronic ozone exposure and alterations in lung function. Mice were
exposed to air or ozone (1.5 ppm, 2 h), twice a week, for 6 weeks. Bronchoalveolar
lavage, alveolar macrophages and lung tissue were collected 24 h later and
analyzed for markers of injury, oxidative stress and macrophage activation.

Pulmonary mechanics was measured using a SciReq flexiVent. Chronic exposure of
mice to ozone resulted in a significant increase in lung resistance, tissue damping,
tissue elastance and hysteresivity. This was associated with structural and fibrotic
changes in the lung including hyperplasia of the alveolar and bronchiolar epithelium, thickening of the alveolar wall, increased collagen deposition and increases in
macrophages in the tissue. HO-1 was also upregulated in the lung demonstrating
persistent oxidative stress. Flow cytometric analysis of cells recovered from the
lung by lavage and gentle massage revealed that they consisted of CD11b+Ly6GF4/80+Ly6Chi proinflammatory and CD11b+Ly6G-F4/80+ Ly6Clo anti-inflammatory
macrophages. Using an Agilent Seahorse, we found that both glycolytic activity and
oxidative phosphorylation, as measured by ECAR and OCR, respectively, increased
significantly after chronic ozone exposure, indicating enhanced metabolic activity.
These results, together with findings that NF-κB activity in lung macrophages is
increased are consistent with proinflammatory macrophage activation. These data
provide new mechanistic insights into chronic lung disease pathogenesis following chronic exposure to ozone, which may be important in the development of
approaches to treat diseases associated with persistent inflammation. NIH Grants
ES004738, AR055073, and ES005022.

3490

Exposure to Ambient Ozone Exerts Differential Lung
Inflammatory and Immune Responses in Asthmatic Male and
Female Mice

K. N. Colon Montanez1, N. Fuentes2, and P. Silveyra3. 1University of Chicago, Chicago,
IL; 2Penn State College of Medicine, Hershey, PA; and 3Indiana University Bloomington,
Bloomington, IN.
Exposure to air pollution is a major health risk, as it can worsen lung disease
symptoms. Ambient ozone, a product of photochemical reactions between volatile
organic compounds and nitrogen oxides, is known to be one of the most dangerous
air pollutants. Ozone inhalation can aggravate inflammatory lung diseases such as
asthma and COPD, which are more frequently diagnosed in females than males.
Despite this, the molecular mechanisms underlying the effects of ozone in the
male and female lung have yet to be discovered. We hypothesized that exposure
to ozone exerts differential inflammatory and immune responses in the lungs of
male and females with asthma. To examine this, we treated adult male and female
C57BL/6J mice with an allergen (house dust mite extract) intranasally for 5 weeks
to trigger asthma. We then exposed asthmatic mice to 2 ppm of ozone or filtered
air (FA) for 3 hours, and collected lung tissue 24 hours later. We extracted lung
RNA with Trizol and retro-transcribed it to measure the expression of 92 immune
response associated genes by PCR with the TaqMan® Array 96-well Mouse Immune
Response Plate (ThermoFisher). Our preliminary results show that, after exposure
to ozone, asthmatic male mice had higher lung expression of immune response
genes (cell surface receptors and signaling molecules) whereas asthmatic females
had higher expression of proinflammatory cytokines, transcription factors, and
regulators of immunity than mice exposed to FA. We conclude that ozone exposure
triggers differential inflammatory/immune mechanisms in the male and female
lungs of asthmatic mice.

3491

Docosahexaenoic Acid Supplementation Reduces OzoneInduced Lung Inflammation

M. J. Yaeger1, K. Russell1, S. Varikuti1, H. Lovins1, G. Hutton1, N. Rahman1, A. Pal2, J.
Manke3, M. Armstrong3, N. Reisdorph3, B. Kilburg-Basnyat4, R. M. Tighe5, S. R. Shaikh2,
and K. M. Gowdy1. 1Ohio State University, Columbus, OH; 2University of North Carolina at
Chapel Hill, Chapel Hill, NC; 3University of Colorado Anschutz Medical Campus, Aurora,
CO; 4East Carolina University, Greenville, NC; and 5Duke University Medical Center,
Durham, NC.
Ozone (O3) is a criteria pollutant which exacerbates cardiopulmonary comorbidities via pulmonary pro-inflammatory cytokine production and cellular influx. In
addition, O3 reduces the normal capacity of the lung to resolve inflammation which
could contribute to chronic lung diseases. Our prior research demonstrates that O3
exposure decreases lung specialized pro-resolving mediator (SPM) intermediates
synthesized from docosahexaenoic acid (DHA), resulting in enhanced lung inflammation. However, it was unclear if DHA supplementation could be used therapeutically to reduce O3-induced inflammation. Therefore, we hypothesized that DHA
supplementation would increase SPM production leading to decreased pulmonary
inflammation and injury. C57BL/6J 4-5 week old male mice were fed a control
diet (CD) or a DHA supplemented diet (2% of total kcal from DHA). After 6 weeks,
mice were exposed to filtered air (FA) or 1 ppm O3 for 3h and necropsied 24 or 48h
after exposure. Bronchoalveolar lavage (BAL) was collected for cell differentials,
protein assay, macrophage clearance of apoptotic cells (efferocytosis assay), and
macrophages were isolated from BAL for real time PCR. Unlavaged lung tissue
was collected for real time PCR and lipid mediator analysis by LC-MS/MS. The
DHA supplemented diet increased the SPM resolvin (Rv)D5 as well as the SPM
intermediate 14-HDHA in lung tissue 24h after O3 exposure compared to CD fed
mice. At 24h post O3 exposure, lung injury (measured by BAL protein) nor BAL RvD1
were altered by DHA supplementation. However, O3-induced immune cell influx
was decreased, cytokine production was inhibited (CXCL2, CXCL1, macrophage
produced CCL2), and efferocytosis was recovered in DHA fed mice. At 48h post O3
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exposure, immune cell influx into the lung was not altered but BAL protein, CCL2,
CXCL2, IL-6, and TNF-α were reduced with a DHA supplemented diet. These data
indicate that DHA may be a potential therapeutic against O3-induced lung injury and
inflammation by promoting resolution.

3492

Efferocytosis of Apoptotic Neutrophils by Resident Alveolar
Macrophages in Ozone Exacerbation of Sepsis-Induced Acute
Lung Injury

J. Radbel1, O. Le-Hoang1, C. Gardner2, J. Andres2, A. Gow2, J. D. Laskin3, and D. L.
Laskin2. 1Rutgers Robert Wood Johnson Medical School, New Brunswick, NJ; 2Rutgers
Ernest Mario School of Pharmacy, Piscataway, NJ; and 3Rutgers School of Public Health,
Piscataway, NJ.
Ozone is a ubiquitous urban air pollutant known to cause acute lung injury (ALI).
While sepsis is a well-established cause of human acute respiratory distress
syndrome (ARDS), a severe form of ALI, why only certain individuals develop
ARDS because of sepsis is unknown. We previously showed that ozone exacerbates ALI in mice with sepsis due in part to neutrophil (PMN) accumulation in
the lung. Macrophages are known to remove apoptotic PMNs via efferocytosis, a
process important in inflammation resolution. In the present studies, we developed
a method to assess efferocytosis using primary lung macrophages and PMNs.
C57Bl/6J mice were exposed to 0.8 ppm ozone in a whole-body exposure chamber
for 3 hr followed 24 hr later by i.v. administration of lipopolysaccharide (LPS) (3
mg/kg) to model sepsis. Bronchoalveolar lavage (BAL) cells were collected 24
hr later and magnetically separated into PMN and macrophage populations. The
proportion of early and late apoptotic PMNs was assessed via annexin V and
propidium iodine staining followed by flow cytometry. PMNs were then stained with
the fluorescent membrane dye PKH26 and cultured with macrophages at a ratio
of 1:1. After 90 min, macrophage efferocytosis was measured by flow cytometry
and confocal microscopy. At initiation of culture, 52% and 21% of PMNs were in
early and late apoptosis, respectively. Confocal microscopic analysis of the co-cultures after 90 min revealed macrophage efferocytosis of PKH26 positive apoptotic
PMNs. Using flow cytometry, we determined that 60% of resident macrophages
(CD45+CD11b-CD11c+Siglecf+ Ly6G-PKH26+) efferocytosed apoptotic PMNs. These
results suggest that ~70% of PMNs accumulating in ozone exacerbated ALI following sepsis undergo apoptosis and that resident alveolar macrophages contribute
to the resolution of neutrophilic inflammation via efferocytosis. Supported by NIH
ES031678, ES004738, ES005022.

3493

Acute Exposure to Ozone Affects Circulating Estradiol Levels
and Folliculogenesis in Female Mice

D. Rousselle, and P. Silveyra. Indiana University Bloomington, Bloomington, IN.
Ozone is a highly reactive gas known to cause lung inflammation, oxidative stress,
and other deleterious health effects when inhaled. Epidemiological studies have
suggested that exposure to ozone can alter hormone secretion and affect fertility. In this study we used an animal model to investigate the effects of ozone on
the endocrine system. We exposed adult (8 week old) female mice to ozone (2
ppm) or filtered air (FA) for three hours while they were in the proestrus phase
of the estrous cycle (n=5/group). Four hours after the exposure, the ovaries were
harvested, fixed-embedded in paraffin, and sliced, and blood was collected for
serum hormone determinations by ELISA. A Motic EasyScan slide scanner was
used to scan slides of ovary tissue into a digital format and imageJ was used
to count different types of follicles. Data was analyzed using PRISM. Our results
showed a 55% increase in proestrus estradiol levels in mice exposed to ozone vs.
FA (p<0.01). Serum progesterone and luteinizing hormone levels saw no change.
We also found a small increase in the number of corpora lutea and secondary
follicles in ozone-exposed mice (not significant). We conclude that ozone exposure
leads to an increase in estradiol levels in mice while in the proestrus phase of the
estrous cycle. This increase may play a role in the disproportionate amount of lung
inflammation observed in mice exposed to ozone. Further studies on the effects of
ozone in steroidogenesis and the hypothalamic-pituitary-gonadal axis are needed
to elucidate the mechanisms behind the increase of estradiol caused by inhaled
ambient ozone.

3494

Repeated Early-Life Ozone Exposure Alters Metabolic
Responses in Peri-Adolescent Rats

H. H. Nguyen1, E. J. Stewart1, M. C. Schladweiler2, H. Ren2, A. Fisher2, C. N. Miller2, and
J. A. Dye2. 1Oak Ridge Institute for Science and Education, Research Triangle Park, NC;
and 2US EPA, Research Triangle Park, NC.
Early life exposure to air pollutants may alter fetal development and program susceptibility to environmental stressors later in life. Hence, the purpose of this study was
to determine whether peri-implantation ozone (O3) exposure, which results in fetal
growth restriction in rodents, exacerbates metabolic effects to repeated O3 inhalation during adolescence. Pregnant Long-Evans rats were exposed to either filtered

air (FA) or 0.8 ppm O3 for 4 hours during implantation receptivity on gestation days
5 - 6. Female and male offspring were weaned on postnatal day 21 and exposed
to either FA or 0.4 - 0.8 ppm O3 for 4 hours, once per week, over three consecutive
weeks. Following the final post-natal exposure in all offspring, serum was collected
for adipokine and metabolic panels, and livers were assessed for alterations in
gene expression using RNA-seq (n = 5 - 6/group). Differentially expressed genes
(DEGs) were determined by Storey q-value ≤ 0.05. Results revealed no significant
differences in serum endpoints for female offspring. However, combined pre- and
post-natal O3 exposure resulted in elevated serum glucose (21%) and HOMA-IR
(50%) in male offspring compared to FA controls. Serum total cholesterol concentration was also increased in male offspring exposed to O3 either pre-natally
(43%), post-natally (29%) or both (57%). In female offspring, the combination of
the pre- and post-natal O3 exposure resulted in 429 upregulated DEGs and 528
downregulated DEGs. Conversely, pre-natal O3 exposure alone showed the most
robust transcriptomic changes in male offspring with 2,161 upregulated DEGs and
1,857 downregulated DEGs compared to FA. In summary, pre-natal O3 exposure
resulted in hepatic gene alterations that were apparent in both sexes, with males
generally more affected than females. Furthermore, males also showed heightened circulating responses to O3 exposure, with the greatest effects observed in
offspring exposed pre-natally and post-natally. Together, data suggest that early life
exposure to air pollutants may developmentally program metabolic risk related to
additional post-natal stressors. Abstract does not reflect US EPA policy.

3495

Collaborative Cross Strain CC002/Unc: A Murine Model of
Ozone-Induced Nonatopic Asthma

G. J. Smith1, A. Tovar1, K. McFadden1, R. M. Immormino1, T. P. Moran1, J. G. Wagner2, J.
R. Harkema2, and S. N. Kelada1. 1University of North Carolina at Chapel Hill, Chapel Hill,
NC; and 2Michigan State University, East Lansing, MI.
Inhalation exposure to ambient ozone (O3) is associated with nonatopic (nonallergic) asthma in children. In animal models, repeated O3 exposure induces hallmarks
of nonatopic asthma including eosinophilic airway inflammation, mucous cell
metaplasia, and airway hyperresponsiveness. A previous study indicated these
phenotypes differed among two classical inbred strains, C57BL/6NTac and BALB/
cNTac mice. This finding motivated the use of mouse populations with broader
genetic diversity such as the Collaborative Cross (CC) to investigate genetic
mechanisms of susceptibility to repeated O3 exposure. To identify a strain(s) with
heightened susceptibility, we surveyed mice from 12 CC strains for airway inflammation 20h after nine days of exposure to 0.8 ppm O3 (4h/day). We observed significant effects of strain on lung inflammation as measured by bronchoalveolar lavage
(BAL) differential cell counts. In particular, cell counts for one strain, CC002/Unc
(CC002), showed nearly 40% eosinophils compared to 0-7% across the other CC
strains and 0-2% in previous studies. As such, we focused additional studies on
characterizing the inflammatory, immune, and physiological responses of CC002 to
O3. Histopathology of the lungs of CC002 mice revealed peribronchial eosinophilic
infiltrates and mucous cell metaplasia, while genes associated with type 2 inflammation Muc5ac, Clca1, Chil4 and serum IgE were also elevated. O3-exposed CC002
mice exhibited altered pulmonary physiology evidenced by increased total lung
resistance at baseline and in response to methacholine challenge. Additionally, in
an independent study of 56 CC strains exposed to a single O3 exposure (2ppm x 3h),
CC002 was among the top 2 for airway neutrophilia measured at 20h, suggesting
the extreme response to repeated exposure in this strain may stem from early
pathological processes. Indeed, at 2h following exposure to 0.8 ppm O3 (4h), we
observed CC002 mice show a substantially increased epithelial alarmin response
(lung IL-6, IL-33, and IL-1b protein expression) compared to the low responding
strain C57BL/6J. In summary, our data demonstrate the potential of CC002 plus
repeated O3 exposure as a murine model of O3-induced nonatopic asthma and
support future studies to identify genetic variants underlying CC002’s high susceptibility to acute and repeated O3 exposure.

3498

Valproic Acid Suppresses Ozone-Induced Macrophage
Activation in Mice by Inhibiting Glycolysis and Reducing the
Demand for Mitochondria Oxidative Phosphorylation

J. M. Lee, K. Vayas, J. Cervelli, A. J. Gow, V. R. Sunil, J. D. Laskin, and D. L. Laskin.
Rutgers, The State University of New Jersey, Piscataway, NJ.
Inhalation of toxic doses of ozone results in an influx of inflammatory macrophages
into the lung which become activated and contribute to tissue injury. In previous
studies we showed that valproic acid (VPA), a histone deacetylase inhibitor
with anti-inflammatory activity suppressed ozone-induced increases in lung
macrophages and proinflammatory activation. Herein, we analyzed mechanisms
underlying these effects. Activated macrophages are characterized by elevated
demand for energy to carry out their functions. In line with this, we found that
exposure of mice to ozone (0.8 ppm, 3 h) resulted in a significant increase in
pulmonary macrophage glycolytic activity as measured by extracellular acidification rate using an Agilent Seahorse. Thus, an increase in baseline glycolytic activity
was observed (0.93±0.04 to 1.58±0.7), along with maximal glycolysis (1.40±0.09 to
2.90±0.14) and glycolytic reserve (0.47±0.7 to 1.32±0.08), which were measured
after the addition of oligomycin to the cells. Treatment of mice with VPA (i.p.,
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300 mg/kg) 30 min and 24 h post-exposure blunted ozone-induced increases in
maximal glycolysis (2.90±0.14 to 2.08±0.30) and glycolytic reserve (1.32±0.08
to 1.01±0.27), with no effect on baseline glycolytic activity. Ozone exposure also
caused an increase in basal mitochondrial respiration (0.90±0.19 to 2.94±0.33)
in macrophages as assessed by their oxygen consumption rate; oxidative
phosphorylation was also increased (0.48±0.12 to 1.97±1.24). These responses
were suppressed by VPA (2.94±0.33 to 1.05±0.11, 1.97±0.24 to 0.49±0.10 respectively). Ozone exposure also resulted in increases in TCA activity and uncoupled
respiration (3.45±0.31 to 4.83±0.74) after FCCP treatment leading to increases in
maximum mitochondrial respiration (4.35±0.45 to 7.77±1.03). Whereas VPA had
no effect on uncoupled respiration, it blunted maximum respiration (7.77±1.03
to 5.78±0.72). Thus, VPA reduced macrophage mitochondrial respiration without
damaging the electron transport chain. Taken together, these data demonstrate
that activated macrophages responding to ozone augment both glycolysis and
mitochondrial respiration to meet increased energy demands. Furthermore, VPA
mediated inhibition of ozone-induced macrophage activation is due to suppression
of macrophage glycolysis and reduced baseline demand for mitochondrial respiration. NIH ES005022 and ES004738.

of sham rats reflected enrichment for pathways involving metabolic processes
including acetyl-CoA biosynthesis, TCA-cycle, inositol phosphate, and sirtuin signaling. Upstream predictor analysis identified significant similarity to glucocorticoid
agonists and pathways involving CREBBP and TRAM24. These changes were
absent in AD rats exposed to ozone relative to air. However, AD rats exposed to
ozone had unique changes in liver mRNA expression reflecting the activation of
synaptogenesis, neurovascular coupling, neuroinflammation, and insulin signaling
with inhibition of senescence pathways. Unlike ozone effect in sham, in AD rats the
upstream predictor identified a variety of microRNA implicated in gene expression
changes induced by ozone triggered under glucocorticoid insufficiency. These data
demonstrate both the critical role of adrenal stress hormones in ozone-induced
hepatic homeostatic changes and the need for further research elucidating their
role in propagating environmentally driven diseases. This abstract does not reflect
the US EPA policy.

3501

Sex-Specific Effects of Ozone-Induced Oxidative Stress in Brain

Kodavanti1,

3499

Acute Ozone Inhalation Alters Gene Expression and
Neuropeptides in Different Brain Regions: Influence of Chronic
and Social Stress

D. Freeborn1, M. Valdez2, A. Henriquez3, S. Snow4, T. Jackson2, P. Kodavanti1, and U.
Kodavanti1. 1US EPA, Research Triangle Park, NC; 2Oak Ridge Institute for Science and
Education, Oak Ridge, TN; 3Health Canada, Ottawa, ON, Canada; and 4ICF International
Inc., Durham, NC.
Communities disproportionately affected by psychosocial stressors often experience higher levels of pollutant exposures. Air pollutants (e.g., ozone [O3]) have
been associated with cognitive decline, Alzheimer’s disease, anxiety, and depressive phenotypes. The physiological and biological consequences to the interactive
effects of stressors have not been well understood. We hypothesized that mild
community level stressors and/or social isolation may interact with air pollutants
such as O3 to increase susceptibility, via stress adaptation in the brain involving
gene expression and neuropeptide changes that regulate the hypothalamic pituitary
adrenal (HPA) axis. In this study, male Wistar-Kyoto (WKY) rats (4 weeks old) were
exposed to mild Chronic Stress (CS) (noise, confinement, fear, uncomfortable
living conditions), Social stress - isolation (SS), or no stress (NS) for 8 weeks. At
13 weeks of age, they were acutely exposed to air or O3 (0.8 ppm) for 4 hours.
Immediately after exposure, brain regions were dissected and snap frozen. RNA
from the hippocampus (HIP), bed nucleus of the stria terminalis (BNST), olfactory
bulb (OB) and hypothalamus (HYP) was isolated. Gene expression (qPCR) related
to glucocorticoid, noradrenergic, neurotrophic, stress, and endocannabinoid signaling was analyzed. Indicators of HPA activation (i.e., corticosterone, blood lymphocyte, and cytokine levels) increased with O3 exposure as previously demonstrated.
Generally, exaggerated peripheral responses to O3 were detected in the social
isolation stress group. Gene expression across all brain regions was altered by O3
exposure as indicated by increased glucocorticoid signaling genes. FKBP5 involved
in regulation of glucocorticoid receptor translocation to the nucleus was induced
by O3 in all brain regions. The BNST showed the most exaggerated response to
O3 in the SS group, indicating an interactive response to multiple stressors. These
results indicate that exposure to air pollution (i.e., O3) interacts with community
level stressors, especially SS, to modify gene expression and neuropeptide activation. These modifications may underlie maladaptive stress responses that increase
susceptibility to brain disorders. This abstract does not necessarily reflect US EPA
policy.

3500

Adrenal Stress Hormone Regulation of Hepatic Homeostatic
Function after an Acute Ozone Exposure

U. P. Kodavanti1, A. R. Henriquez2, S. J. Snow3, M. C. Schladweiler1, A. A. Fisher1, J.
S. House4, and T. W. Jackson5. 1US EPA, Research Triangle Park, NC; 2Health Canada,
Ottawa, ON, Canada; 3ICF International Inc., Durham, NC; 4NIEHS, Research Triangle Park,
NC; and 5Oak Ridge Institute for Science and Education, Research Triangle Park, NC.
Lung injury, inflammation, pulmonary and hypothalamus gene expression, and
changes in circulating neurohormones after a single 4-hr ozone exposure are
diminished in adrenalectomized (AD) rats. Acute ozone exposure induces wide
metabolic alterations in serum and liver, concomitant with increases in epinephrine and corticosterone. We hypothesized that adrenal hormones are responsible
for observed ozone effects in liver, and that in AD rats with minimal circulating
hormones, these changes would similarly be diminished. 5 to 7 days after sham or
AD surgeries, male Wistar-Kyoto rats were exposed to air or 0.8 ppm ozone for 4 hrs.
Blood samples were analyzed for metabolites and liver tissues for transcriptional
changes immediately post-exposure. Ozone increased circulating triglycerides,
cholesterol, free fatty acids and leptin in sham but not AD rats. Ozone-induced inhibition of glucose-mediated insulin release was reversed in AD rats. Unlike previously
reported modest changes in hypothalamus (~ 21 genes), AD in air-exposed rats
caused ~1200 genes to be differentially expressed in liver, consistent with the role
of adrenal hormones in metabolic homeostasis. Ozone-induced changes in livers

P. S.
D. Freeborn1, and M. Valdez2. 1US EPA, Research Triangle Park, NC;
and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.
Air pollution is a well-known risk factor for cardiovascular and respiratory morbidities. Air pollution induces worse pulmonary health outcomes in women compared
to men due in part to a greater susceptibility to inflammatory lung disease. Recently,
air pollutants (e.g., ozone [O3]) have also been associated with various adverse
outcomes to brain health including increased occurrence of cognitive disorders,
Alzheimer’s disease, anxiety, and depressive disorders and even suicide. In the
present study, we hypothesized that the sex differences underlying this increased
susceptibility to inflammatory lung disease would also affect sex-specific transcription responses in brain to air pollutants. Male and female adult Long-Evans rats
were exposed to O3 for 2 consecutive days (0.8 ppm, 4 hr/day), rats were sacrificed,
brain regions were dissected on ice, snap-frozen, and stored at -80oC. Complex
I, complex II and complex IV enzymes were measured using kits from Abcam® in
the frontal cortex, cerebellum. Assays for protein carbonyls and various markers
of oxidative stress (OS) were also conducted on these tissues. Additionally, qPCR
was performed on hypothalamus and hippocampus with a panel of genes for OS,
glucocorticoid signaling and glia. O3 produced more oxidative damage in the brains
of females compared to males as evidenced by higher levels of protein carbonyls.
Differences in mitochondrial bioenergetics may contribute to the increase carbonyls since activity levels of complex enzymes were shown to differ according to sex.
Males showed higher levels of activity of mitochondrial complex enzymes I and IV
while females showed increased activity of Complex II, which is often associated
with increased reactive oxygen species generation. Genes related to glucocorticoid signaling (Fkbp4, Fkbp5, Hsp90aa1, Hspa4, nr3c1, nr3c2) showed that males
and females respond comparably to ozone exposure by increasing expression of
glucocorticoid responsive genes. Similarly, O3 exposure decreased the expression
of Bdnf in both hippocampus and hypothalamus in males and females. However,
expression of genes related to mechanisms of OS (Cat, Dhcr24, Foxm1, Gpx1, Gss,
Nfe2l2, Sod1) showed the most sexually dimorphic response than any other class of
gene assayed. Taken together, these results indicate that sex-specific responses to
air pollution may, in part, be caused by difference in brain transcriptomic responses.
This abstract does not necessarily reflect US EPA policy.
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Dysregulation of FXR following Ozone-Induced Oxidative Stress
Leads to Persistent NFκB Activation in Lung Macrophages

C. M. Rojas, J. Andres, M. Francis, L. B. Joseph, P. Zhou, G. Guo, J. D. Laskin, and D. L.
Laskin. Rutgers, The State University of New Jersey, New Brunswick, NJ.
Tropospheric ozone is a powerful oxidant that causes injury to the lungs. This is
associated with oxidative stress as a consequence of ozone interacting with the
epithelial lining fluid and reactive oxygen species generated by infiltrating inflammatory macrophages. In previous studies we demonstrated that pro-inflammatory macrophages contribute to ozone toxicity. In these studies, we analyzed
mechanisms regulating proinflammatory macrophage activation in the lung
following ozone exposure. NFκB is a redox active transcription factor important
in driving inflammatory macrophage activation and production of proinflammatory
mediators. Treatment of mice with ozone (0.8 ppm, 3 hr) resulted in prolonged
activation of NFκB in macrophages as measured using a TransAMR kit; this was
evident within 24 hr and persisted for 96 hr and was correlated with increased
expression of TNFα, a proinflammatory cytokine implicated in ozone-induced
lung injury and oxidative stress. Farnesoid X Receptor (FXR) is a nuclear receptor
important in regulating lipid metabolism; it also exerts anti-inflammatory activity
by suppressing macrophage NFκB. Following ozone exposure, FXR activity was
down regulated, as evidenced by reduced expression of FXR target genes, lxrα,
apoe, cyp7a1, and abca1. To further analyze the role of FXR in negatively regulating NFκB, we used FXR-/- mice. Treatment of FXR-/- mice with ozone resulted
in an exacerbated oxidative stress response relative to wild type mice; thus, an
increased accumulation of 4-hydroxynonenal-modified proteins was detected in
the lung following ozone exposure. These data are consistent with the anti-oxidant
activity of FXR. Increases in oxidative stress were linked to exaggerated upregulation in NFκB mRNA expression, as measured by RNAScopeR in situ hybridization
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and NFκB activity. Expression of the NFκB target gene tnfα was also increased
in macrophages from FXR-/- mice treated with ozone. This resulted in prolonged
activation of pro-inflammatory macrophages in the lung with no effects on anti-inflammatory macrophages. Taken together, these findings suggest a reciprocal
interaction between NFκB and FXR that is disrupted following ozone exposure,
which contributes to proinflammatory macrophage activation and oxidative stress.
Supported by NIH grants ES004738 and GM104037.

due to improved lipid handling as rosiglitazone administration upregulated Cd36
mRNA expression in lung macrophages after ozone exposure. Collectively, these
results suggest that restoring lung lipid homeostasis can mitigate ozone-induced
decrements in lung function. Supported by NIH ES004738, ES005022, ES029254,
ES007148, HL086621, ES032473, and ES030984.
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CD11b+

Depletion of
Blood Monocytes and Interstitial
Macrophages Exacerbates Pulmonary Injury in Mice following
Ozone Exposure

C. R. Gardner, L. C. Smith, J. Andres, K. Vayas, E. Abramova, J. A. Cervelli, J. D. Laskin,
and D. L. Laskin. Rutgers, The State University of New Jersey, Piscataway, NJ.
Ozone is a ubiquitous urban air pollutant known to cause oxidative stress and
alveolar epithelial barrier injury and dysfunction. This is associated with an accumulation of CD11b+ macrophages in the lung which have been implicated in both the
initiation and resolution of the inflammatory response to tissue injury. This activity
is mediated by pro-inflammatory and anti-inflammatory/wound repair macrophage
subsets. To assess the role of CD11b+ macrophages in ozone-induced lung injury,
we used mice with a transgenic diphtheria toxin (DT) receptor under control of
the CD11b promoter (CD11b-DTR). Mice were treated with DT (25 μg/kg, i.p.) to
deplete CD11b+ cells. One hr later mice were exposed to air or 0.8 ppm ozone for
3 h in whole body chambers; this was followed 24 hr later by a second dose of
DT. Bronchoalveolar lavage (BAL) fluid, blood and lung were collected 24 hr later.
Macrophages were isolated from the lung by collagenase type IV digestion followed
by passage through a 70 μm strainer to remove debris. After RBC lysis, cells were
centrifuged (400g, 6 min, 4oC) and stained with fluorescent antibodies for flow
cytometric analysis. Significant decreases in numbers of mature (CD11c+F4/80+)
and immature (CD11c-F4/80-) anti-inflammatory (CD11b+Ly6Clo) and mature
(CD11c +F4/80+) pro-inflammatory (CD11b+Ly6Chi) interstitial macrophages
(CD45+SiglecF-Ly6G-) were detected in lungs of DT-treated mice relative to non-DT
treated mice following ozone exposure; numbers of CD11b+Ly6Clo anti-inflammatory blood monocytes were also reduced. In contrast, DT administration had no
effect on CD11b+ alveolar macrophages. Decreases in interstitial macrophages
and blood monocytes in DT treated mice were correlated with increases in IgM and
HMGB1 levels in bronchoalveolar lavage fluid and numbers of lung cells staining
positive for PCNA, indicating exacerbation of ozone-induced injury. These findings
are consistent with a role of CD11b+ cells in resolving inflammation and promoting
wound repair. This is supported by our findings that DT administration to ozone
treated CD11b-DTR mice resulted in increased expression of TNFα in resident
alveolar macrophages, suggesting proinflammatory activation of these cells. Taken
together, these data indicate that CD11b+ interstitial macrophages play a role in
protecting the lung from oxidative damage induced by ozone. Supported by NIH
Grants R01ES004738 and P30ES005022.
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Targeting Lung Lipid Homeostasis to Mitigate Ozone-Induced
Decrements in Lung Function

L. C. Smith, E. Abramova, C. Guo, K. Vayas, J. Laskin, A. Gow, and D. L. Laskin. Rutgers,
The State University of New Jersey, Piscataway, NJ.
Inhalation of ozone, a ubiquitous urban air pollutant, results in decrements in lung
function in both healthy and susceptible populations. Pulmonary surfactants are
known to play a key role in maintaining normal lung functioning. In this context,
alterations in lung lipid homeostasis as a consequence of aberrant alveolar
macrophage (AM) catabolism and/or disrupted production/recycling by alveolar
epithelial type II cells results in alterations in respiratory mechanics. Herein we
assessed the role of dyslipidemia in ozone-induced decrements in lung function.
A non-targeted lipidomic analysis of bronchoalveolar lavage fluid (BAL) collected
from C57BL/6J mice 72 hr after ozone exposure (0.8 ppm, 3 hr) revealed significant increases relative to air controls, in phosphatidylcholine species, the major
surface-active components of pulmonary surfactant. This resulted in a reduced
ratio of surfactant protein B (SP-B) to total lipids, a response associated with
impaired respiratory mechanics. In line with this, ozone inhalation caused a
significant reduction in lung hysteresivity, a respiratory parameter dependent on
surfactant function, as assessed using a SciReq Flexivent. To determine if lung
macrophage lipid handling was dysregulated, we performed a single-cell RNAseq
analysis of cells collected 24 and 72 hr after air or ozone exposure. A significant
down regulation of genes involved in lipid uptake (Cd36) and lipid efflux (Abcg1)
was noted in AMs, identified by high expression of Chil3, Mrc1, SiglecF, and Itgax,
suggesting alterations in lipid handling. IPA analysis predicted inhibition of the
Accumulation of Lipid pathway in AM clusters indicating reduced capacity to take
up excess lipids from the alveolar space. Next, we investigated whether activation
of peroxisome proliferator activated receptor gamma (PPARγ), a nuclear receptor
that regulates lipid metabolism, could mitigate ozone-induced dyslipidemia and
restore normal functioning. Administration of the PPARγ agonist, rosiglitazone
(5 mg/kg/day, i.p.), significantly reduced BAL phosphatidylcholine levels and
restored SP-B to phospholipid ratios in ozone exposed mice. Rosiglitazone also
rescued ozone-induced reduction in lung hysteresivity. We speculate that this is

Evaluation of WS1442 on Systemic Inflammation and BloodBrain Barrier

R. A. Salazar, R. Hunter, D. Sciezka, S. Lucas, G. Herbert, M. Campen, and B. Bleske.
University of New Mexico, Albuquerque, NM.
Exposure to adverse environmental stressors, such as ozone, can induce
cellular reactive oxygen species and may increase the risk of developing chronic
diseases, inflammation. Furthermore, systemic inflammation is a key process in
the development and progression of many comorbid states including cardiovascular, pulmonary, and neurological diseases. An important therapeutic endpoint
is reducing oxidative stress and inflammation. WS 1442, an extract of hawthorn
leaves and flowers has been shown to improve endothelial function, cardiac
contractility, and decrease oxidative stress. However, the effect of WS 1442 in
reducing toxicant-driven systemic and neuroinflammation is not well characterized.
Given the WS 1442 effects on decreasing oxidative stress and improving endothelial function, it is likely that WS 1442 will have benefit regarding systemic inflammation, thereby indirectly improving certain cardiovascular, pulmonary, and neurological conditions. Thus, our overall hypothesis is that treatment with WS 1442 will
ameliorate pulmonary and neuroinflammatory effects (secondary to compromised
blood brain barrier integrity) caused by ozone inhalation. We treated C57BL/6 mice
with WS 1442 at 150 mg/kg. Administration of WS 1442 occurred for 2 weeks
every-other-day via gavage, then switched to a 1.5-week daily gavage prior to ozone
exposure. On the last day of administration, mice were exposed to ozone for 4-hour
at 1ppm, specifically 24 hours prior to euthanasia. Assessment of localized mRNA
expression levels via qPCR in lungs and frontal cortex was used to evaluate the
inflammatory response. Lungs demonstrated a significant increase in inflammatory cytokine expression (interleukin-6) that was completely abrogated by WS 1442
treatment. Results indicates that WS 1442 lowers indicators of neuroinflammation,
but ozone exhibited minimal observable impact on the brain. Overall, this study
model and preliminary results will allow us to better understand and assess the
potential for WS 1442 to reduce the adverse effects of environmental stressors.
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Tissue Resident Alveolar Macrophages Regulate Resolution of
Acute Ozone-Induced Lung Inflammation

M. A. Guttenberg1, M. C. Albright1, R. I. Cumming1, A. V. Misharin2, and R. M. Tighe1.
1Duke University, Durham, NC; and 2Northwestern University, Chicago, IL.
Acute ozone (O3) exposure causes lung inflammation, which can exacerbate prior
respiratory diseases and is a public health burden. Central to O3-induced inflammation is the function of alveolar macrophages (AMØ). AMØ arise from distinct origins
(monocyte-derived and tissue-resident), which impact their functions. Tissueresident AMØ differentiate in early development and function in maintenance of
homeostasis; while monocyte-derived AMØ, differentiate from monocytes recruited
following lung injury. Though it is known that AMØ increase following O3 exposure,
the origin of these AMØ has not been defined, nor their role in O3-induced lung injury.
To address this, our lab generated lineage reporter Cx3cr1ERcre zsGreen mice, where
monocytes and monocyte-derived AMØ, not tissue-resident AMØ, express zsGreen/
GFP following induction with tamoxifen (2mg via oral gavage). 48h after tamoxifen
induction, the mice were exposed to filtered air (FA) or O3 (2 ppm) and sacrificed
24 or 72h post-exposure. The lungs were harvested and digested to obtain single
cells for flow cytometry to define monocytes and AMØ subsets. AMØ were defined
as live, CD45+, Ly6G-, CD11c+, CD64+ and SiglecF+ and then differentiated based
on GFP (GFP+, monocyte-derived AMØ; GFP-, tissue-resident AMØ). At 24 and 72h
post exposure, we did not identify monocyte-derived AMØ, rather all AMØ were
of tissue-resident origin. We did observe an increase in inflammatory monocytes
at 24h and in resident monocytes at 24 and 72h post-exposure. Given the lack
of monocyte-derived AMØ, we defined the role of tissue resident AMØ following
O3 exposure. Following oropharyngeal aspiration of clodronate liposomes versus
control, we observed selective ablation of AMØ. The mice were then exposed
to FA or O3 (2 ppm) and harvested at 12 and 24h post exposure. We observed
evidence of increased BAL neutrophil at 12h in both groups, however, at 24h BAL
neutrophils were persistently elevated in the clodronate ablated group, while in the
control group neutrophils declined; suggesting that ablation of tissue-resident AMØ
causes persistence of O3-induced inflammation. Overall, the data supports that
monocyte-derived AMØ are not recruited after acute O3 exposure, while tissue-resident AMØ promote the resolution of O3-induced inflammation. This supports
defining AMØ based on origin and the role of tissue-resident AMØ in promoting
resolution of O3-induced lung injury.
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Histopathological and Immunological Characterization of
Repeated Ozone Exposure in the Healthy and Susceptible Lung

J. Nguyen1, B. Armstrong1, C. Deering-Rice1, C. Massa2, C. Reilly1, and A. Venosa1.
1University of Utah, Salt Lake City, UT; and 2University of Pennsylvania, Philadelphia, PA.
Exposure to the ubiquitous air pollutant ozone (O3) is linked to the morbidity and
mortality of millions worldwide. Acute O3 exposure is known to produce immediate
and reversible epithelial damage and myeloid dominant inflammation in the healthy
lung. By comparison, these responses are much less defined in the context of
repeated exposure of at-risk populations, including those presenting genetic predisposition to pulmonary disease. We therefore set to examine the impact of repeated
O3 exposure (3h, 0.8ppm, 4x days) in healthy and predisposed cohorts. The isoleucine-to-threonine substitution in the epithelial type-2 cell-specific Surfactant Protein
C protein (SP-CI73T) was used as a clinically relevant model of epithelial driven
stress linked to fibrogenic remodeling. In vivo lung mechanics, bronchoalveolar
lavage, as well as lung tissues for histological and flow cytometric analysis were
performed 24 and 72 h post last exposure. FlexiVent analysis showed divergent
responses at 24 h, with significant differences in P-V loop areas and elastance.
These results were consistent with histological evidence of septal remodeling and
perivascular edema. Cell counts revealed limited inflammatory cell influx in the
bronchoalveolar space, while flow cytometry of lung digests identified progressive
myeloid-to-lymphoid shift, maximal 72 h post exposure. Healthy cohorts displayed
significant increases in CD3 lymphocytes, natural killer (NK) cells, and B220+ B cells
after exposure. By comparison, SP-CI73T mice were associated with recruitment
of Ly6C+ monocytes and mannose receptor-expressing (CD206) monocyte-derived macrophages, at 24 h. In support of this evidence, histochemical analysis
also showed clusters of CD206+ macrophages within areas of septal remodeling.
Furthermore, increase in B220+ B cell were limited, and NK presence was nearly
ablated in control and O3 conditions. Taken together, our results demonstrate
that repeated ambient ozone exposure generates an extensive phenotype, with
distinct functional and inflammatory responses between healthy and mutant/null
cohorts. This work provides a foundational framework to study complex exposure
paradigms across the spectrum of susceptibility consistent with human disease.
Grant support: NIEHS R01ES032553.

3509

M. H. Mazumder1,2, N. Majumder1,2, T. Goldsmith1,2, Z. Xie1,2, Q. Hathaway1,2, T. R.
Nurkiewicz1,2, J. Shannahan3, and S. Hussain1,2. 1West Virginia University, Morgantown,
WV; 2Center for Inhalation Toxicology (iTOX), Morgantown, WV; and 3Purdue University,
West Lafayette, IN.
Air pollution is among the leading causes of morbidity and mortality. It is estimated
approximately 150 million individuals in US experience air pollution levels
exceeding current regulatory recommendations. Till date most of the research
and environmental regulations are based on single exposure scenario ignoring
potential interactive effect of co-exposure. A significant contribution of gut and lung
microbiome has been postulated in pulmonary health. However, air pollution and
its components induced changes in microbiome need further in-depth evaluation.
We hypothesized that ultrafine carbon black (CB) and Ozone (O3) co-exposure will
induce greater inflammatory response along with diverse and unique microbial
changes compared to individual exposure. Male C57BL/6 mice (8-12 weeks) were
exposed to filtered air, 10mg/m3 CB, 2 ppm O3 or CB+O3 co-exposure for 3 hours/
day for either one day or four days and euthanized 24 hours post last exposure.
Lung inflammatory response was analyzed using flow cytometry. Inflammatory
cells (neutrophils, monocytes, eosinophils etc.) were significantly increased by
co-exposure compared with individual exposures at both time points. Sequencing
of 16s rRNA of lung and feces showed significant changes in relative abundance
and β diversity after co-exposure compared to individual exposure. Serum short
chain fatty acid (SCFA) analysis by Gas Chromatograph-Mass Spectrometry
showed significant alteration in three major SCFAs (acetate, propionate, and
butyrate). Moreover, free fatty acids receptors (FFR2, FFR3, GPR107A) expression
in the lungs also significantly altered indicating interplay between lung and gut
microbiome in response to co-exposure. In conclusion, using a realistic co-exposure model we identified the interplay between exposure mediated induction of
inflammation and microbial dysbiosis. Funding: National Institute of Health funding
R01 ES031253 (SH), R01 ES015022 (TRN).
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Acute Ozone Exposure Exacerbates House Dust Mite-Induced
Airway Hyperresponsiveness in Mice

N. C. Stevens, V. Brown, M. Domanico, P. C. Edwards, L. S. Van Winkle, and O. Fiehn.
University of California Davis, Davis, CA.
Asthma is a common chronic respiratory disease marked by airway obstruction
initiated by airway hyperresponsiveness (AHR), excessive mucous production, and
airway inflammation. Exacerbations in asthma are attributed to multiple environmental factors, including exposure to air pollutants such as ozone (O3). Acute
exposure to ozone has previously been implicated in airway inflammation, AHR,
and other hallmarks of asthma. Despite the previously reported physiological and
morphological effects of ozone exposure, the molecular mechanisms underlying these outcomes are less understood. This study aimed to identify changes in
metabolomic profiles and characteristics of asthma in allergen-sensitized mice
acutely exposed to 0.5 ppm ozone, to provide insights regarding the molecular
mechanisms of ozone-induced exacerbations in asthma. Adult male (M) and female
(F) BALB/c mice were sensitized by I.N. instillations of 10 μg house dust mite
allergen (HDMA) in 25 μL PBS on days 1, 3, and 5 then challenged on days 12-14
with I.N. HDMA (10 μg in 25 μL PBS). Mice were subsequently exposed to O3 following each HDMA challenge for 6 hr/day. One subset of mice (N= 16/group, 8 M&F)
was used for collection of BALF, plasma, whole lung lobes, and microdissected lung
airways submitted for lipidomics and metabolomics analysis. Another subset (N=
12/group, 6 M&F) underwent methacholine (MCh) challenge using a forced oscillation technique to test pulmonary function. Both sexes of mice exposed to HDMA
exhibited significant increases in airway resistance and BALF eosinophils, neutrophils, and lymphocytes relative to vehicle-treated mice. No effect on pulmonary
function was observed in mice exposed to O3 alone. Importantly, allergen-sensitized male mice exposed to O3 displayed a synergistic increase in airway resistance
at multiple MCh doses (~4-fold higher than HDMA alone), which was accompanied by increased eosinophilia relative to HDMA alone. These findings support that
acute O3 exposure exacerbates HDMA-induced airway hyperreactivity in mice in
a sex-specific manner, concurrent with increased immune cell infiltration in BALF
and at doses of ozone lower than some prior studies in mice. Further analysis
of metabolomics data may reveal key metabolic pathways that modulate these
effects. Support in part: T32 ES007059, T32 HL007013, R21 ES030276.

Lung and Gut Microbial Dysbiosis and Inflammation after
Inhalation Co-exposure to Ultrafine Carbon Black and Ozone

Particle Characterizations of California Biomass Combustion
Emissions

A. L. Kramer. University of California Los Angeles, Los Angeles, CA. Sponsor: A. L.
Kramer, American Association for the Advancement of Science
Wildfires are rapidly becoming more common in the daily life of Californians, due to
increased draughts brought by global climate change. To gain a better understanding of the risks of emissions from the incomplete combustion of native biomass, we
developed a unique fully contained chamber method to measure multiple aspects
of particulate matter (PM) emitted from smoldering biomass. Experiments combust
individual species while measuring particle size distribution data using SMPS (10
- 500 nm) and APS (0.5 µm - 20 µm in diameter), black and brown carbon data
using an aethalometer, PM-bound organic chemical properties via collection on
glass fiber filters followed by solvent extraction and analysis with GC-Orbitrap-MS,
and toxicological implications through collection in impingers for oxidative stress
and cellular viability assays. Our experimental design not only allows for these
simultaneous measurements to be taken during combustion, but also allows us
to monitor PM over an aging period in our chamber. We use these methods to
combust several individual species found throughout California under controlled
temperature and relative humidity conditions. Because California contains a variety
of environments that are all prone to wildfires now with increased climate change,
we aim to understand the differences in emissions from wildfires in different parts
of the state. We characterize differences in PM emissions between different native
California species, as well as after a two-hour aging period. By studying the changes
upon aging, we build a better understanding of how particles may change between
the combustion zone and community exposure zones downwind. We pair the differences in particle properties with chemical profiles and oxidative stress induced
by exposure to the particles to comprehensively assess the impact of biomass
combustion during wildfires on California communities.

3511

Repeated Exposure to Eucalyptus Smoke Alters Pulmonary
Gene and Metabolic Profiles in Male Long-Evans Rats

K. Dunigan Russell1, H. Nguyen2, J. A. Dye2, H. Ren2, M. C. Schladweiler2, D. P. Jones3,
A. Fisher2, I. M. Gilmour2, K. M. Gowdy1, C. N. Miller2, and M. R. Smith3. 1Ohio State
University, Columbus, OH; 2US EPA, Research Triangle Park, NC; and 3Emory University,
Atlanta, GA.
With the increasing prevalence and intensity of wildland fires in the US., there is
significant concern for respiratory heath in occupational and public health settings.
Wildfires increase toxins in the air including ultrafine particulate matter (PM2.5),
noxious gases, and volatile organic chemicals, which are known to increase lung
inflammation and injury. We hypothesize that wildfire smoke inhalation induces
pulmonary genetic and metabolic adaptations through inflammatory signaling. To
test this hypothesis, adult male Long-Evans rats were exposed to filtered air or
smoke from eucalyptus biomass burning under smoldering conditions at a particle
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(32nm - 10.57µm) concentration of 11 ± 1.89 mg/m3 (low) or 23.7 ± 0.77 mg/
m3 (high) for 1 hr/day for 2 weeks. 24hrs following the last exposure, rats were
euthanized and bronchoalveolar lavage (BAL) fluid and lung tissue were collected.
BAL was used to measure differential cell counts, and cyto/chemokine production in the airspace. Lung tissues were assessed for changes in gene expression
using RNA-seq paired with high-resolution metabolomics (HRM) (n=7-8/group).
Differentially expressed genes (DEGs) were identified and analyzed by Ingenuity
Pathway Analysis (IPA). BAL cell differentials revealed a dose dependent increase
in macrophages, neutrophils and lymphocytes following smoke exposure.
Interferon-gamma (IFN-γ), and anti-inflammatory cytokines interleukin-10, IL-5 were
also increased in the airspace following low and high smoke inhalation. RNA-seq
analysis revealed 1,712 upregulated DEGs and 1,413 downregulated DEGs in the
high exposure smoke compared to filtered air. IPA analyses showed increased EIF2
and Rho Family GTPases with reductions in the eIF4, p7056K, and mTOR Signaling.
HRM revealed perturbations to 23 metabolic pathways including nucleotide,
amino and fatty acids, nitrogen and antioxidant pathways with smoke exposure.
Integrative analysis of the transcriptome and metabolome data revealed significant
changes in Wnt, NOS1, and Cox2 following smoke exposure. Our results suggest
that acute exposures to wildfire smoke results in robust changes to the lung at
both the genetic and metabolic levels. These results provide novel insight into
the pulmonary response to wildfire smoke and support the association between
wildland fire smoke exposure and adverse respiratory outcomes. This abstract does
not reflect US EPA policy.
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Impact of Ergothioneine Pretreatment on Naphthalene Toxicity
in the Developing and Adult Mouse Lung

V. J. Brown1, K. Tran1, L. Ding2, L. Yin2, P. Edwards1, X. Ding2, and L. Van Winkle1.
1University of California Davis, Davis, CA; and 2University of Arizona, Tucson, AZ.
With the incidence of large, intense fires increasing in the Western United States,
there has been widespread human exposure to wildfire smoke. Naphthalene (NA),
a major component of wildfire smoke, has a well-characterized pattern of acute
toxicity in the epithelium of the mouse lung following conversion to NA oxide. Few
compounds have been identified as effective protective agents against environmental pollutants such as NA. Ergothioneine (ET), an antioxidant found in mushrooms,
has been hypothesized to be protective against tissue injury. The aim of this study
was to determine whether pretreatment with ET can protect against NA-induced
acute airway injury in mice of different ages. Male and female C57BL/6J juvenile (1
month) and adult (2-3 months) mice were pre-treated with 70 mg/kg of ET, or saline
control (SA), by gavage for five consecutive days prior to a single ip dose of 150 mg/
kg of NA or corn oil (CO) vehicle. There were 4 treatment groups (SA/CO; ET/CO;
SA/NA; ET/NA). At 24 hours post-injection, the lungs were analyzed for ET concentration using HPLC-MS/MS. Acute lung toxicity and oxidative stress was assessed
using histopathology, a total antioxidant capacity assay, and gene expression of
SLC22A4 (ET transporter), Foxj1 (ciliated cell marker), and CCSP (club cell secretory
protein). When comparing the gene expression of male and female juvenile mice
in the control group (SA/CO), the males had 3-fold more CCSP expression in the
proximal airways than females (p value= 0.0006). The male juvenile CCSP gene
expression level was not significantly different than adult males, however, the
juvenile had a greater expression of CCSP. SLC22A4 was shown to have a greater
expression in the proximal airway of both the male and female juveniles compared
to adults (p value= 0.0594). The total antioxidant capacity in the lungs of juvenile
female mice increased when treated with ET, and slightly dropped when treated
mice were exposed to NA, compared to untreated. In summary, the results support
that there are sex and age-based differences in both Club cell differentiation and
CCSP expression as well as NA toxicity and ET effects. In addition, findings support
the potential of ET to protect against NA oxidative stress in the lungs of juvenile and
adult mice. Support: T32 ES007059, R01 ES020867 and P30 ES023513.

3513

Preclinical Wildland Fire Smoke Exposure Model to Investigate
Respiratory and Cardiovascular Function following Prolonged
Inhalation

J. Matz1, M. Eden1, P. Garg2, M. Gollner2, J. M. Oakes1, and C. Bellini1. 1Northeastern
University, Boston, MA; and 2University of California Berkeley, Berkeley, CA. Sponsor:
L. Montrose
The frequency and severity of wildland fires has increased in recent years, leading
to an enhanced risk of occupational smoke exposure for wildland firefighters
(WLFFs). Epidemiological studies have shown that WLFFs are at an increased risk
for developing cardiopulmonary diseases, but a causative link between smoke
exposure and adverse health effects remains unknown. A custom exposure
system was utilized to deliver set concentrations of smoldering wildland fire smoke
(WFS) from Douglas Fir needles. Particulate matter (PM) and carbon monoxide
(CO) concentrations were determined gravimetrically and with an an Enerac 700,
respectively. Particle size distributions was measured with an Engine Exhaust
Particle Sizer (TSI). Male 8-week-old Apoe-/- mice were exposed to either WFS or
room air 5 days/week, for 2hrs/day, over 8 weeks. Weekly measurements of blood
pressure (CODA, Kent Scientific), body mass, and blood COHb levels (ABL80 FLEX,
Radiometer) were collected. Pressure waveform perturbations (flexiVent, Scireq)

were applied to the respiratory system and readings were fit to the single compartment model to determine resistance (Rrs) and compliance (Crs). Mice inhaled PM
concentrations of 22.1+/-7.1 mg/m3 with a count median diameter of 110+/-20 nm
and CO concentrations of 119 38 ppm. Weekly blood COHb was 11.11+/-1.86 %
in smoke-exposed and 2.04+/-0.93 % in air-exposed mice. Eight weeks of smoke
exposure resulted in a significant decrease in body weight (WFS: 28.0+/-1.9 g,
Air: 29.8+/-1.8 g, p < 0.05) and a slight but significant increase in blood pressure
(WFS: 109 3 mmHg, Air: 102 3 mmHg, p < 0.05), compared to air exposed mice.
Rrs significantly increased with smoke exposure (WFS: 0.60+/-0.10, Air: 0.47+/0.06 cmH2O/mL, p < 0.05) while Crs tended to decrease (WFS: 0.040+/-0.008 Air:
0.044+/-0.006 mL/cmH2O, p > 0.05). Prolonged WFS exposure resulted in adverse
effects on cardiopulmonary function in mice. Changes in respiratory mechanics
suggests airway remodeling consistent with a stiffer phenotype. This data might
help inform strategies to reduce cardiopulmonary risk of occupational exposure to
WFS. Funding is provided by FEMA, AFG Fire Prevention and Safety Grant Program:
EMW-2017-FP-00446.
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Effects of Woodsmoke Particulate on Host Antiviral Response to
SARS-CoV-2

S. Brocke1, G. Billings2, S. Taft-Benz1, N. Alexis1, M. Heise1, and I. Jaspers1. 1University
of North Carolina at Chapel Hill, Chapel Hill, NC; and 2North Carolina State University,
Raleigh, NC.
Hazardous air quality conditions in the western US stemming from severe wildfire
seasons have become increasingly alarming in recent years with the emergence
of a novel respiratory pathogen, SARS-CoV-2. Epidemiological studies have found
connections between worsened air quality due to wildfire events and increases
in COVID-19 cases and fatalities. Previously, cases of influenza and RSV have
also been positively associated with air pollution levels in cities around the world.
While some experimental studies have shown that particulate exposure alters host
inflammatory response or susceptibility to viral infection, the mechanisms of this
air pollution-induced modulation of the host response remain poorly understood.
Using a primary human Nasal Epithelial Cell (hNEC) model, we explored the effects
of particulate exposure on host response to SARS-CoV-2 infection. To do this, we
exposed differentiated hNECs from seven female and six male donors to aqueous
suspensions of particulates derived from diesel exhaust, woodsmoke from red oak,
and woodsmoke from eucalyptus at 22 μg/cm2. Following a 2 h exposure duration,
hNECs were infected with SARS-CoV-2 from the apical side (MOI of 0.5) for 2 h.
Samples were collected at 0, 24, and 72 h post infection (p.i.) and assessed for
viral titer and changes in expression of 48 genes related to SARS-CoV-2 pathogenesis. Exposure to particulates prior to infection had no effect on viral load released
from the cells apically. By 72 h p.i., viral infection alone increased expression of 23
genes, including those encoding type III interferons, interferon-stimulated genes,
and chemokines. Exposure to particulates alone had little effect on expression
of the genes in our panel by 72 h p.i. However, exposure to particulates prior to
SARS-CoV-2 resulted in suppression of expression of 13 host defense genes,
especially in the case of red oak woodsmoke. This particulate-induced reduction
in gene expression was more prominent in cells derived from females. Together,
these results uncover potential interactions between exposures to wildfire smoke
and increases in respiratory viral infection, demonstrating immunomodulatory
effects of particulate exposure that are sex-dependent.

3515

Using a Mouse Model to Determine the Mechanisms That
Underlie Tolerance to Ozone

M. Nalesnik, J. Mock, T. Moran, G. Smith, and S. Kelada. University of North Carolina at
Chapel Hill, Chapel Hill, NC.
Inhalation exposure to the gaseous air pollutant ozone (O3) causes airway inflammation, tissue injury, and decreased lung function. Previous studies have shown
the effects of O3 on lung function and inflammation diminish, rather than amplify,
after repeated exposures, indicating that humans “adapt” to O3. Likewise, single
or repeated low-level exposures have been shown to protect rodents against the
harmful effects of high or even lethal concentrations of O3, a phenomenon referred
to as tolerance. While tolerance and adaptation to O3 are well-known phenomena,
the exact mechanisms and molecular pathways underlying them remain to be
defined, apart from previous studies implicating an increase in anti-oxidants. In
order to better understand O3 tolerance mechanisms, we designed a new model
of O3 tolerance in C57BL6/NJ mice and then explored whether cellular populations
in the airway and/or parenchyma change in this model. Mice were pre-exposed to
filtered air (FA) or 0.8 parts per million (ppm) O3 on days 1-4 and challenged on day
7 with 2 ppm O3. A separate group of mice received on FA on all exposure days.
24 hours after the final exposure (day 8), all mice were sacrificed and bronchoalveolar lavage (BAL) was collected. Differential cell counts of the BAL revealed
0 ± 0% neutrophils from the FA only group, 20 ± 6.7% in mice pre-exposed to FA
and challenged with O3, compared to only 3.5 ± 3.5% in pre-exposed to O3 and
challenged with O3 (p=0.06 vs FA pre-exposed mice). BAL protein concentrations,
reflective of injury, exhibited a similar pattern, with 280 ± 15 ng/uL in FA mice, 650
± 225 ng/uL in mice pre-exposed to FA and challenged with O3, and 425 ± 78 ng/uL
in pre-exposed to O3 and challenged with O3 (p=0.01 vs FA pre-exposed mice). We
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then examined whether cellular populations in the lung change during this model by
performing flow cytometric analysis of whole lung digests. We found no significant
differences in the percentages of alveolar macrophages (CD45+CD11chiSiglecFhi),
inflammatory macrophages (CD45+CD88hiCD11bhiMHCIIintLy6Chi), monocytes
(CD45+CD88hiCD11bhiMHCIIloLy6Clo), and neutrophils (CD45+CD88hiCD11bhiLy6Ghi)
in FA vs. O3 pre-exposure mice. Nor were there differences in CD326+ epithelial
cell populations, including ciliated (T1α-CD24+CD104hiMHCII+) cells, club cells
(T1α-CD24+CD104+MHCIIlo), or T2 alveolar epithelial cells (T1α-CD24-CD104MHCIIhi) between groups. We conclude that that tolerance to O3 is readily apparent
in our new mouse model but is not associated with changes in cell populations of
the airway or parenchyma. In future experiments, we will test whether the transcriptomes of airway and/or parenchyma cells are associate with tolerance and how this
may change over time.

3516

Air Contamination by Mercury in a Gold Mining Town in Northern
Colombia

W. Peñates-Hernandez, L. Sierra-Marquez, I. Acosta-Coley, and J. Olivero-Verbel.
Universidad de Cartagena, Cartagena, Colombia.
Artisanal and small-scale gold mining is a pivotal economic activity for many
families in Northern Colombia. San Martin de Loba is a small town with several gold
mines surrounding its urban area. The aim of this study was to evaluate the levels
of total mercury (T-Hg) in air in this locality to detect hot spots for Hg pollution.
Mercury analysis was carried out in situ by atomic absorption spectroscopy using a
portable RA-915+ Zeeman mercury analyzer. The geometric means calculated from
multiple readings made in locations approximately 100-200 m apart varied between
background level (1-23 ng/m3) and 24256 ng/m3. The highest reading value
(24779 ng/m3) was registered at a mine undergoing processes involving crushing
and grinding of mineral material with simultaneous amalgamation. Occupational
exposure to Hg was pronounced in households where amalgam was burned, with
indoors values as high as 18311 ng/m3 and 24256 ng/m3, for places with and
without functioning air extraction systems, respectively. These are hot spots for
atmospheric Hg pollution, and depending on the wind strength and direction, high
levels of the metal can be detected several hundred meters away from the source.
Seventeen percent of all evaluated urban sites had Hg concentrations higher than
the USEPA permissible level of 300 ng/m3, mostly operating mines, locations for
amalgam burning and nearby sites. These data suggest environmental exposure
to Hg is a health threat not only to residents who live near mining areas or those
involved in gold recovery from amalgams, but also to the entire population. Although
Minamata Convention was signed by Colombia, it is clear that its implementation is
far from taking place, especially in mining areas with little government supervision
on these economic activities that may be silently impacting human health and the
environment. Minciencias:647/2014; UdeC:155/2019.

3517

Mechanism of Arsenic Exposure-Related Airways Disease
via BRD4

K. G. Dsouza, R. Surolia, P. Singh, F. Li, C. Stephens, Z. Wang, H. Wang, and
V. B. Antony. University of Alabama at Birmingham, Birmingham, AL.
Rationale/Scope Chronic arsenic exposure is known to cause asthma like
symptoms and lung function abnormalities. The mechanisms involved in arsenic
exposure related lung disease are not well understood. Bromodomain 4 (BRD4) is a
transcriptional and epigenetic regulator that has been implicated in airway disease.
We explored the role of BRD4 in arsenic induced small airways disease and the
potential effects of BRD4 inhibition via its small molecule inhibitor JQ1. Methods:
Human bronchial epithelial cells (BEAS-2B) which were exposed to sodium arsenite
with or without pretreatment with JQ1. BRD4 expression and extracellular matrix
(ECM) markers were analyzed using immunofluorescence staining, western
blotting and PCR techniques. Furthermore, a murine model specifically designed to
study the effects of direct arsenic exposure on lung was developed. Lung function
measurements, histological analysis and collagen deposition were analyzed to
identify evidence of arsenic mediated lung damage. Results: In-vivo and murine
studies were notable for increased expression of BRD4 and ECM markers following arsenic exposure. Increased airway hyperreactivity and small airways disease
based on lung function measurements and histology were noted in arsenic exposed
mice. Pharmacological inhibition of BRD4 mitigated the effects of arsenic exposure
in the cell culture and murine model as evidenced by decreased ECM production
and airway remodeling. Conclusion: Our work suggest that Arsenic exposure
mediated airway disease; is mediated via BRD4 and pharmacological inhibition
of BRD4 may be of clinical significance in arsenic exposed individuals with airway
disease.

3518

Black Carbon Toxicity Dependence on Particle Surface Coating:
Measurements with ALI Exposure Method

H. I. Hakkarainen1, L. Salo2, S. Mikkonen1, S. Saarikoski3, M. Aurela3, K. Teinilä3, H.
Timonen3, N. Kuittinen2, T. Rönkkö2, and P. I. Jalava1. 1University of Eastern Finland,
Kuopio, Finland; 2Tampere University, Tampere, Finland; and 3Finnish Meteorological
Institute, Helsinki, Finland.
Black carbon (BC) is particulate matter component of air pollution which has been
estimated to be notable contributor of the global climate change, especially within
the Arctic region. Simultaneously affecting public health, BC can be considered as
crucial focus of research. However, toxicity of BC from whole combustion mixture
is still rather unknown and studies concerning it are scarce. In the present study,
using a novel thermophoresis-based air-liquid interface (ALI) in vitro exposure
system, we studied toxicity of combustion-generated aerosols containing high
levels of BC. Applying multiple different aerosol treatments, we simulated different sources and atmospheric ageing processes, and utilizing several toxicological
endpoints, we could thoroughly examine emission toxicity. Our results displayed
that organic coating on BC particles increased the toxicity, which was seen by
larger genotoxicity and immunosuppression. Further, aging of the aerosol seemed
to surge the toxicity. We additionally conducted deeper statistical dive into the
results, which supported higher toxicological effect by organic coating and aging.
Moreover, increasing toxicity with decreasing particle size was shown. Overall,
the present study emphasizes the use of thermophoretic ALI system in similar
toxicological studies and demonstrates that organic components of particles might
be driving force of the toxicity with BC. Results of this study can be applied to
support policies and technologies to reduce the most hazardous compositions of
BC emissions.

3519

How to Avoid Hazardous Exposure to Off-Gasses and Fumigants
during Unstuffing of Shipping Containers

G. Johanson1, and U. Svedberg2. 1Karolinska Institutet, Stockholm, Sweden; and
2Evaqvent AB, Sundsvall, Sweden.
The global handling of shipping containers approaches one billion per year (815
million TEUs in 2020). Around one third are unstuffed by people entering the
container. We have found that 12% of the containers arriving in Sweden have levels
of hazardous chemicals (including several carcinogens) in the air that exceed the
occupational exposure limits. This constitutes a hidden, severe health risk during
unstuffing or inspection. Accordingly, international organizations have issued an
instruction that containers should be ventilated before allowing personnel to enter,
preferably by mechanically forced ventilation (IMO/ILO IMO/ILO/UNECE Code
of Practice for Packing of Cargo Transport Units, January 2014). In spite of this,
the problem remains largely unaddressed due to ignorance, lack of suitable field
instruments for chemical identification, and lack of easy to use, effective ventilation methods. We have therefore developed a new ventilation approach based on
extraction of air from the closed container via the existing top corner ventilators.
The main equipment includes: a suction plate that fits tightly over the corner ventilator (patent pending), a telescopic tube to allow mounting from the ground without
a stepladder, a durable a flexible hose and a mobile heavy-duty turbine. Ventilation
efficiency was studied in full scale experiments with 20-ft containers stuffed with
cardboard boxes as well as in field studies with 40-ft containers with commercial
goods, including highly terpene emitting fresh wood products. At an air vent flow of
100 m3/h (which was easily achieved), the level of VOCs in container air fell to10%
or less in one hour. The experiments further showed that the concentration of
contaminants in container air rose quickly when ventilation ceased. In conclusion,
our new ventilation method allows for convenient, safe and efficient ventilation of
risk containers. The container should be continuously ventilated until it is opened,
or rapid re-accumulation of volatiles will occur. The study was financed by grants
from AFA and Forte, Sweden.

3520

Polyester Fiber Particles: An Overlooked Stimulus to Chronic
Respiratory Inflammation?

E. El Hayek, T. Howard, M. Spilde, A. Maestas-Olguin, A. Benavidez, A. Brearley, S.
Shoultz, A. Abudushalamu, G. Herbert, J. Gonzalez-Estrella, J. Cerrato, and M. Campen.
University of New Mexico, Albuquerque, NM.
Chronic respiratory diseases are among the top causes of death according to the
World Health Organization. Fiber particles represent one of the most common
environmentally relevant anthropogenic contaminants in indoor and outdoor air.
Although the acute exposure to natural cotton and synthetic fibers was reported
to induce occupational respiratory diseases, the attention to the risks of exposure
to fiber particles and to their implication in allergic diseases remains overlooked.
Here, we investigated the cellular toxicity and inflammatory response to fresh
and UV-aged polyester fiber particles in airway epithelial cells (A549). Polyester
fiber particles were collected from a fleece polyester fabric and analyzed using
Raman spectroscopy. Both fresh and UV-aged fibers of respiratory sizes induced
dose-dependent cytotoxicity at concentrations higher than 100 µg/ml. UV radiation
amplified fiber particles cytotoxicity by increasing 10 % the cell mortality at 500
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µg/ml particles concentration, in comparison to fresh fibers. The exposure to both
fresh and UV-aged particles initiated an inflammatory response by increasing the
expression of the key initiator of airway inflammation, thymic stromal lymphopoietin (TSLP). TEM analysis identified a large storage of lipid droplets in A549
cells exposed to 50 µg/ml UV-aged particles associated with cellular death. These
findings provide new insights into the role of polyester fiber particles in inducing
inflammatory and oxidative responses that can lead to the development of airway
hyperresponsiveness and allergic diseases. Our study highlights the importance
of understanding the environmental health risks from fiber particles exposure and
their implications in the inflammatory mechanisms in the lung.

3521

Dose-Dependent Respiratory and Proinflammatory Gene
Impacts of Acrolein in Mice and Validation of In Vitro Effects

S. H. Gavett1, S. A. Vance2, R. Fannin3, A. Fisher1, P. A. Evansky1, A. M. Speen2, M.
A. Higuchi1, and M. I. Gilmour1. 1US EPA, Research Triangle Park, NC; 2Oak Ridge
Institute for Science and Education, Research Triangle Park, NC; and 3NIEHS, Research
Triangle Park, NC.
In vitro approaches to risk assessment of hazardous air pollutants (HAPs) include
dose-response relationships of cytotoxicity, cell membrane integrity, and changes
in gene expression. Comparison of these responses with in vivo models will assist
in validating these approaches and better informing risk assessment of HAPs
and other air pollutants. In this study we assessed physiological responses and
respiratory tract gene changes in adult Balb/cJ mice exposed acutely by nose-only
inhalation to acrolein or clean air (n=8/group). Real-time pulmonary responses were
measured using head-out plethysmography (emka Technologies) in which mice
were exposed to clean air for 20 min prior to acrolein to provide control pulmonary
function values. During 4 hours continuous exposure to acrolein (0.32, 1.0, or 3.2
ppm), concentration-dependent reductions in breathing frequency (73, 65, or 36%
of air baseline, respectively) and minute volume (71, 67, or 46% of baseline, respectively) were observed (p < 0.05 for all). Within 2 hours post-exposure, respiratory
tract tissues (lateral and septal nasal epithelium and lung) were taken for evaluation of dose-related gene changes relevant to inflammation, cytotoxicity, and other
toxicity pathways. Septal nasal epithelium samples (minimum 100 ng RNA) were
run on a NanoString nCounter mouse inflammation marker gene panel. Lateral
nasal epithelium samples (minimum 100 ng RNA) are also analyzed on BioSpyder
targeted RNA-Seq (TempO-seq) for direct comparison to benchmark dose modeling
results from BEAS-2B human lung epithelial cells which were exposed at the air-liquid interface to the same concentrations of acrolein for 2 hours and assessed 4
hours post-exposure. Data from these studies will examine the degree of correlation between inflammatory gene changes from the in vivo and in vitro approaches to
determine the utility of the in vitro methodologies for risk assessment of HAPs. This
abstract does not represent US EPA policy.

3522

N-acetylcysteine Protects against 9,10-phenanthrenequinoneInduced Toxicity via Mitigation of Oxidative Stress and DNA
Damage Responses in Human Lung Epithelial Cells

Y. An1, Y. Jan1, D. E. Heck2, D. L. Laskin1, and J. D. Laskin1. 1Rutgers, The State
University of New Jersey, Piscataway, NJ; and 2New York Medical College, Valhalla, NY.
Exposure to diesel exhaust particles (DEP) contributes to adverse health effects,
particularly respiratory diseases. 9,10-Phenanthrenequinone (9,10-PQ) is one of
the most potent toxic airborne quinones in DEP. The toxicity of 9,10-PQ is predominantly due to its ability to generate excessive reactive oxygen species (ROS) triggering oxidative stress, mitochondrial dysfunction, and cell death. N-acetylcysteine
(NAC), a glutathione (GSH) precursor, is known to be an effective and safe antioxidant for cough and other lung conditions. In the present study, we examined the
protective effects of NAC on 9,10-PQ-induced toxicity in A549 and Calu-1 human
lung epithelial cells. Exposure of both cell types to 9,10-PQ induced a time- and
concentration-dependent decrease in cell viability (IC50 = 19 and 9 µM after 6 h; 5
and 3 µM after 24 h, respectively), and increased intracellular ROS production. This
was associated with an increase in the ratio of oxidized GSH (GSSG) to reduced
GSH and a decrease in mitochondrial membrane potential. In addition, an increased
level of cellular 8-oxo-dG, an indicator of oxidative DNA damage, was observed.
We also found enhanced phosphorylation of MAPK p38 and ERK1/2, indicating
activation of MAPK signaling in response to 9,10-PQ induced oxidative stress.
9,10-PQ was found to activate DNA damage response (DDR) signaling including
phosphorylation of ATM (S1981), DNA-PKcs (S2056) and Chk2 (T82), but not ATR
(T1989) and Chk1 (S317). These data indicate that 9,10-PQ primarily causes DNA
double-strand breaks (DSBs). This was supported by our findings that 9,10-PQ
induced H2AX phosphorylation at S139 (γH2AX), a DSB marker, and nuclear
γH2AX foci formation in the cells. NAC (20 mM) was found to decrease toxicity
after 9,10-PQ treatment (IC50NAC = 61 μM in Calu-1 cells). The protective effects
of NAC were associated with suppression of intracellular ROS production and
reduction of levels of 8-oxo-dG. NAC also significantly reduced 9,10-PQ-induced
mitochondrial damage and phosphorylation of ATM, DNA PKcs, Chk2, MAPK p38
and ERK1/2. Taken together, our data demonstrated that NAC attenuated 9,10-PQ

induced oxidative DNA damage. NAC may be an effective countermeasure to
mitigate 9,10-PQ-induced lung damage. Support: NIH grants AR055073, NS108956,
ES004738, and ES005022.

3523

Role of Nuclear Factor Erythroid 2-Related Factor 2 and AldoKeto Reductases in the Metabolic Activation of 1-Nitropyrene in
Human Lung Cells (A549 and HBEC3-KT)

A. L. Su, and T. M. Penning. University of Pennsylvania, Philadelphia, PA.
1-Nitropyrene (1-NP) is a nitroarene found in diesel exhaust and classified as a
group 2A probable human carcinogen. The carcinogenicity of 1-NP is attributable to
its metabolic activation by nitroreduction that leads to the formation of 1-aminopyrene (1-AP). Although xanthine oxidase (XO), NAD(P)H:quinone oxidoreductase
1 (NQO1), NADPH-dependent P450 oxidoreductase (POR), and aldehyde oxidase
are thought to be involved in 1-NP nitroreduction, many of the studies are limited
to liver. Following our findings that aldo-keto reductases 1C1-1C3 (AKR1C1-1C3)
catalyze the nitroreduction of 1-NP as assessed by discontinuous assays followed
by measurement of 1-AP formation by high-performance liquid chromatography, we
developed a fluorescence-based spectrophotometric assay based on the intrinsic
fluorescence spectra of 1-AP that enables the selective detection of 1-AP formation
in cell culture. When A549 human alveolar basal epithelial adenocarcinoma cells
and HBEC3-KT human bronchial epithelial cells were exposed to concentrations
of 1-NP ranging from 0.5 to 10 µM for up to 96 h, concentration- and time-dependent increases in 1-AP were observed. As expected, co-treatment of 1-NP (2 µM)
with salicylic acid (100 µM), an AKR1C1 inhibitor, or ursodeoxycholate (50 µM), an
AKR1C2 inhibitor, for 48 h decreased 1-AP production relative to 1-NP treatment
alone in both A549 and HBEC3-KT cells. Effects with AKR1C3 inhibitors were
more modest in both cell lines. Past studies show AKR1C1-1C3 induction by the
Nrf2-Keap1 pathway. Significantly, R-sulforaphane (5 µM) or 1-(2-Cyano-3,12,28trioxooleana-1,9(11)-dien-28-yl)-1H-imidazole (CDDO-Im) (50 nM), two Nrf2
activators, each increased 1-AP production relative to control in HBEC3-KT cells.
Inhibitors of POR, NQO1, and XO, 2-chloroethyl ethyl sulfide (200 µM), dicoumarol
(10 µM), and allopurinol (40 µM), respectively, failed to modify 1-AP production
relative to control in both cell lines, suggesting the lack of involvement of POR,
NQO1, and XO in 1-NP nitroreduction under aerobic conditions. Together, these
data show the relevance of AKR1C1-1C3 and Nrf2 in the metabolic activation of the
lung carcinogen.

3524

Protein Disulfide-Isomerase Associated 3-Mediated
Endoplasmic Reticulum Stress Promotes Citrullinated-Vimentin
Secretion and Subsequent Pulmonary Fibrosis

F. Li, R. Surolia, P. Singh, K. G. Dsouza, C. T. Stephens, Z. Wang, H. Zeng, R. Liu, S.
Bae, Y. Kim, M. Athar, M. T. Dransfield, and V. B. Antony. University of Alabama at
Birmingham, Birmingham, AL.
We have demonstrated an increase in cadmium (Cd), a common component of
cigarette smoke (CS) and environmental particulate matter (PM), in lung tissue from
subjects with idiopathic pulmonary fibrosis (IPF). Citrullinated vimentin (Cit-Vim)
secreted from Cd-activated lung macrophages, activate fibroblasts through TLR4
signaling and contributes to the pathogenesis of IPF. However, how does Cit-Vim
translocate to membrane and secrete outside of the cells has not been understood.
Endoplasmic reticulum (ER) stress characterized as an accumulation of misfolded
proteins in the ER has been involved in Cd-induced oxidative stress and cell death.
However, whether ER stress involves in Cd-induced pulmonary fibrosis is unknown.
Protein disulfide-isomerase associated 3 (PDIA3), an ER anchored protein, associates with fibrotic mediators and airway hyperresponsiveness. Here, we found that
two ER chaperone proteins, PDIA3 and calreticulin (CRT), were increased in a
time-dependent manner after Cd exposure. Phenylbutyric acid (PBA), an ER stress
inhibitor, prevented Cd-induced Cit-Vim production, ER stress proteins accumulation and lung fibrosis. Cd enhanced the binding of Cit-Vim with CRT and PDIA3
by using mass spectrometry and immunoblot analysis. By knocking down PDIA3
using siRNA, we found that PDIA3 was required for Cd-induced Cit-Vim membrane
localization and secretion. PDIA3 deficiency attenuated Cd-induced ER stress-related misfolded proteins accumulation, α-SMA activation, collagen deposition and
cytokine production. A specific PDIA3 inhibitor also inhibited Cd-induced Cit-Vim
secretion and pulmonary fibrosis in mice. In conclusion, our results demonstrate
the important role of PDIA3 in Cd-induced ER stress, Cit-Vim membrane localization, secretion, and subsequent lung fibrosis.
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3525

Environmental Metal Exposure and Risk of Chronic Obstructive
Pulmonary Disease

3528

Live Cell Imaging of Oxidative Stress in Human Airway Epithelial
Cells Exposed to Environmental Peroxides

H. Rahman1, D. Niemann2, and S. H. Munson-McGee3. 1New Mexico State University,
Las Cruces, NM; 2Burrell College of Osteopathic Medicine, Las Cruces, NM; and 3Data
Forward Analytics LLC, Las Cruces, NM.

S. Masood1, E. Pennington2, P. A. Bromberg1, A. Gold1, Z. Zhang1, and J. M. Samet3.
1University of North Carolina at Chapel Hill, Chapel Hill, NC; 2Oak Ridge Institute for
Science and Education, Oak Ridge, TN; and 3US EPA, Chapel Hill, NC.

Exposure to environmental metals can occur from the air, water, and soil. Metal
and chemical exposure can cause acute and chronic respiratory diseases in the
human population. Many adverse effects from environmental air pollution are
observed in human health linked with respiratory diseases, including chronic
obstructive pulmonary disease (COPD) and asthma. However, limited research is
available on environmental metal exposure and the risk of COPD. The objective
of this study was to examine 14 urinary metals (cadmium, barium, cobalt,
molybdenum, mercury, cesium, manganese, antimony, lead, tin, strontium,
tungsten, thallium, uranium), seven species of arsenic, including total and
speciated (arsenous acid, arsenic acid, arsenobetaine, arsenocholine, dimethylarsinic acid, monomethylarsonic acid, total arsenic) and seven polycyclic
aromatic hydrocarbon (PAH) (1-Hydroxynaphthalene, 2-Hydroxynaphthalene,
3-Hydroxyfluorene, 2-Hydroxyfluorene, 1-Hydroxyphenanthrene, 1-Hydroxypyrene,
2 & 3-Hydroxyphenanthrene) compounds’ concentrations in urine and the correlation with COPD in the adult US population. A cross-sectional analysis using the
2013-2014 and 2015-2016 National Health and Nutrition Examination Survey
(NHANES) dataset was performed. Self-questionnaires related to COPD criteria
were used to identify the COPD cases. The correlation between urinary metals and
PAH compounds and COPD was calculated. The total study population analyzed
included 2,885 adults aged 20 years and older. Seven types of urinary PAHs including 1-hydroxynaphthalene [Odds Ratio (OR): 1.832, 95% Confidence Interval (CI):
1.210, 2.775], 2-hydroxynaphthalene [OR: 3.361, 95% CI: 1.519, 7.440], 3-hydroxyfluorene [OR: 2.641, 95% CI: 1.381, 5.053], 2-hydroxyfluorene [OR: 3.628, 95% CI: 1.754,
7.506], 1-hydroxyphenanthrene [OR: 2.864, 95% CI: 1.307, 6.277], 1-hydroxypyrene
[OR: 4.949, 95% CI: 2.540, 9.643] and 2 & 3-hydroxyphenanthrene [OR: 3.487, 95% CI:
1.382, 8.795] were positively associated with COPD. Urinary cadmium [OR: 12.382,
95% CI: 4.459, 34.383] and tin [OR: 1.743, 95% CI: 1.189, 2.555] showed positive
statistically significant associations with COPD. The other types of urinary metals
were not associated with COPD. Our study observed that urinary cadmium, PAHs,
and tin are significantly associated with COPD.

Exposure to air pollution is a leading cause of global morbidity and mortality. Specifically, exposure to fine particulate matter (PM2.5) is known to cause a
range of pathological conditions and premature deaths. The largest atmospheric
source of PM2.5 is the photooxidation of isoprene, the most abundant non-methane
hydrocarbon in the atmosphere, to isoprene hydroxy hydroperoxide (ISOPOOH).
ISOPOOH leads to the formation of isoprene-derived secondary organic aerosols
(SOA). Previous research has shown that isoprene-derived SOA exposure in human
airway epithelial cells (HAEC) induces increased expression of cyclooxygenase-2
and interleukin-8 linking potential inflammation and oxidative stress. Furthermore,
it has been demonstrated that isoprene-derived SOA can generated reactive oxygen
species and exposure to HAEC leads to activation of Nrf-2 (a genetic transcription
factor) and the antioxidant response element. However, the molecular initiating
events of ISOPOOH exposure remain unknown. The current study tests the hypothesis that ISOPOOH exposure of HAEC leads to intracellular glutathione oxidation,
a marker of oxidative stress. Our experimental approach uses live-cell imaging of
HAEC expressing roGFP, a genetically encoded fluorogenic sensor that specifically
reports on the changes in the intracellular glutathione redox potential. Exposure
of HAEC to micromolar concentrations of ISOPOOH induced a rapid and robust
glutathione oxidation independent of the generation of hydrogen peroxide, suggesting ISOPOOH induces lipid peroxidation. Consistent with this, total lipid extracts
of ISOPOOH-exposed HAEC showed oxidative potency towards unexposed cells.
Furthermore, supplementation of HAEC with polyunsaturated fatty acids exacerbated ISOPOOH-induced glutathione oxidation. These findings demonstrate that
ISOPOOH is a potent environmental peroxide that contributes to the oxidative
burden posed by exposure of SOA by initiating lipid peroxidation of the plasma
membrane in HAEC. Does not necessarily reflect US EPA policy.

3526

Effects of Inhalation of Neat and Ethyl Parathion Incorporated
Soil on Plasma Acetylcholinesterase Activity and Dopamine
Levels in a Rat Model

S. K. Amar1, C. P. Gut2, R. M. Styles1, R. J. Johnson2, D. M. Holtzapple2, J. L. Stricker2, S.
M. McInturf2, E. A. Phillips2, K. L. Mumy2, D. R. Mattie3, M. A. Chappell1, and K. A. Gust1.
1US Army Engineer Research and Development Center, Vicksburg, MS; 2Naval Medical
Research Unit Dayton, Wright-Patterson AFB, OH; and 3Air Force Research Laboratory,
Wright-Patterson AFB, OH.
Pesticides such as ethyl parathion (EP), are widely used and known to be acetylcholinesterase (AChE) inhibitors. AChE inhibition can lead to elevation of synaptic
acetylcholine. As such, many pesticides are associated with several neurological
diseases. This study investigated the impact of inhaled EP (0, 1, 10 & 20 mg/m3
targets) and EP (0.0095, 0.09 & 0.185 mg/m3) contaminated soil on cholinergic
signaling and dopamine levels in Sprague Dawley rats. This comparative study
addresses the question as to whether exposure to the dusts from soil contaminated
with EP can induce similar health effects as EP alone. Rats were exposed to three
concentrations of EP or dust incorporated EP for 4 h via inhalation. After the 4-h
exposure, behavioral tests were conducted to evaluate neurological effects, with
no remarkable changes in motor activity or functional observation battery assessments observed except for the high concentration animals being significantly more
limp when handled. After behavioral testing, rats were euthanized and AChE activity
was measured by an improved Ellman method and plasma dopamine levels were
determined by ELISA. At 2 and 24 h post-exposure to 20 mg/m3 of EP, a significant
decrease in AChE activity was observed. After 48 h, full recovery of AChE activity
from the EP-induced inhibition was observed. No significant effects on AChE activity
were observed with exposure to the EP-incorporated dust. Plasma dopamine levels
were significantly increased in the 20 mg/m3 EP exposure at 2 and 24 h post-exposure and returned to control levels by 48 h. Exposure to EP-incorporated dust
had no significant effect on dopamine levels until 48 h post-exposure. Overall, 4 h
exposure to neat EP inhibited circulating AChE activity at 2 and 24 h post-exposure,
but activity returned to control values after 48h with a similar trend observed for the
increase in dopamine levels. The concentrations of EP in the dust were lower than
neat concentrations and did not alter AChE activity. However, EP in dust did impact
dopamine levels starting at the latest observed time point (48 h) after recovery from
neat EP was complete. In compliance with DODI 3216.01.

3529

Nrf2 Protects against Neonatal Oxidative Stress and Altered
Pulmonary T Cell Differentiation following In Utero Ultrafine
Particulate Matter Exposure

C. H. Lau, D. Pendleton, N. Drury, J. Zhao, Y. Li, R. Zhang, G. A. Wright, A. Rodrigues
Hoffmann, and N. M. Johnson. Texas A&M University, College Station, TX.
Early life exposure to particulate matter (PM) air pollution negatively impacts
neonatal health. The underlying mechanisms following prenatal exposure, particularly to ultrafine particles (UFP, diameter ≤ 0.1 μm), are not fully understood.
To evaluate the role of Nrf2 in the oxidative stress response to gestational PM
exposure, we exposed time-mated Nrf2-deficient (Nrf2-/-) or wildtype (WT) mice
to filtered air (FA) or 100 μg/m3 ultrafine PM (~75 nm diameter) daily throughout pregnancy. Offspring were evaluated for pulmonary immunophenotypes and
pulmonary/systemic oxidative stress on postnatal day 5, a timepoint at which we
previously demonstrated viral respiratory infection susceptibility. Nrf2-/- offspring
exposed to FA had significantly lower average body weights compared to
FA-exposed WT pups. Moreover, PM-exposed Nrf2-/- offspring weighed significantly
less than PM-exposed WT pups. Both FA- and PM-exposed Nrf2-/- offspring showed
a decreased pulmonary Th1/Th2 ratio, indicating a Th2 bias. Overall, Th17 cells
were increased in FA-exposed Nrf2-/- offspring yet decreased in PM-exposed Nrf2-/neonates, mirroring slight increases in T regulatory cells. Nrf2-related genes (i.e.,
Gclc, Gclm, Gpx1 and Nqo1) in offspring lung tissue showed decreased expression
in Nrf2-/- offspring in male PM-exposed and female FA- and PM-exposed groups.
Interestingly, male Nrf2-/- offspring exposed to FA showed a high constitutive
expression level for nearly all genes, likely driven through increased AhR signaling in this group. Oxidative stress biomarker analysis in hepatic tissue paralleled
these data, wherein Nrf2-/- offspring in the male PM-exposed and female FA- and
PM-exposed groups, displayed lower cysteine/cystine (reduced/oxidized) ratios
reflective of increased oxidative stress. Collectively, these findings indicate that
the lack of maternal Nrf2 response enhances the growth inhibitory effects induced
by gestational PM exposure, skews CD4+ T lymphocyte differentiation toward Th2,
and reduces the capacity for oxidative stress responses.

3530

Developmental Exposure to Concentrated Ambient Particulate
Matter Increased Cortical Amyloid and Tau in Female Mice

M. Sobolewski1, A. Merrill1, E. Marvin1, G. Oberdorster1, J. T. Zelikoff2, and
D. A. Cory-Slechta1. 1University of Rochester Medical Center, Rochester, NY; and 2New
York University, New York City, NY.
A growing body of evidence indicates that the central nervous system (CNS) is a
target of air pollution (AP). Our prior studies of exposure to concentrated ambient
particles (CAPs) indicate broad, sex-dependent metal dyshomeostasis with
increased brain iron (Fe). X-ray fluorescence identified a large contribution of Fe in
our fine CAPs exposure. Interestingly, recent research has identified elevated fine
particulate matter exposure across subway systems with Fe as a major constituent.
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Of concern, AP exposure, and Fe specifically, has been implicated in Alzheimer’s
Disease (AD). Epidemiological studies indicate AP increases risk for cognitive
decline and dementia. Furthermore, AD patients show increased brain Fe with
significant amounts of Fe found within amyloid-beta (Aβ) plaques and tau-based
neurofibrillary proteins. To test the hypothesis that CAPs would alter AD associated
biomarkers, we measured Aβ, tau and phosphorylated tau in frontal cortex and
hippocampus from adult mice gestationally exposed to CAPs. Pregnant B6C3F1
dams were exposed to daily CAPs or filtered Air (control) via whole-body inhalation
beginning on gestational day (GD) 0.5 through GD16.5 using the Versatile Aerosol
Concentration Enrichment System (VACES). Average exposure levels were 92.69 ±
19.16μg/m3 (mean ± SD) as compared to 3.52 ± 0.87μg/m3 for filtered air controls.
Overall, effects were highly sex-specific with CAPs-exposed adult females showing
increased cortical Aβ, and males exhibiting no effect. There was no change in Aβ in
hippocampus for male or female offspring. Further, females showed increased total
tau and phosphorylated tau (pS199) in frontal cortex, but not in the hippocampus.
These data indicate that developmental exposure to CAPs could influence biochemical pathways associated with AD. However, more work is needed to investigate the
influence of genetic sex and sensitivity of the frontal cortex. Furthermore, given
our previous research indicating that this exposure elevated brain Fe, more work is
needed to directly test the influence of inhaled Fe on Aβ and tau with the addition
of functional endpoints such as memory loss. Overall, these data further expand
our understanding of AP impacts on the CNS. T32 ES07026, P30 ES001247, P30
ES000260, 21-F12-13.

3531

Associations between In Utero Air Pollution Exposure and Body
Mass Index (BMI) Z-Score Trajectories in the Extremely Low
Gestational Age Newborns (ELGAN) Cohort

E. D. Brown, Jr., R. Fry, T. Luben, M. O’Shea, and K. Roell. University of North Carolina at
Chapel Hill, Chapel Hill, NC.
More specifically, ambient air pollution exposure during the gestational period has
been associated; these associations are understudied in the extremely preterm
children. In a sample of extremely preterm children, we analyzed the hypothesis
that increased gestational exposure to fine particulate matter < 2.5 μm (PM2.5) and
ozone (O3) would lead to higher BMI z-scores. We analyzed data from 173 children
within the Extremely Low Gestational Age Newborn (ELGAN) cohort, which was
recruited in five states between the years 2002-2004. Gestational exposure PM2.5
and O3 was estimated based upon the maternal address from the Environmental
Protection Agency’s Downscaler Model combining Community Multiscale Air
Quality (CMAQ) System modeling with air quality monitoring data. BMI scores and
gestational ambient air pollution were analyzed in relation to BMI at ages 10 and 15
using multiple linear regression adjusting for key covariates. ForPM2.5, the average
gestational exposure was 12.71 (interquartile range (IQR) 11.57 - 13.95). For O3, the
mean gestational exposure was 40.31 (IQR : 33.98 - 46.31). BMI at age 2 was statistically associated with mean PM2.5 gestational exposure (β = 0.226, p = 0.0144).
Sensitivity analyses that included both exposures showed that the mean PM2.5
exposure and BMI at age 2 (β = 0.25822, p = 0.00802) was statistically significant.
Mean O3 and BMI at age 10 was also significantly associated (β = -0.0434, p =
0.0241) . This study highlights the relationship between gestational ambient air
pollution and BMI z-scores later in life and support for the developmental origins of
health and disease hypothesis.

3532

Gestational Benzene Exposure Predisposes Offspring to
Metabolic Syndrome through Alterations in Hypothalamic
Development

L. Koshko, L. Kniess Debarba, M. Sacla, H. Jayarathne, P. Fakhoury, I. Ayyar, and
M. Sadagurski. Wayne State University, Detroit, MI. Sponsor: T. Kocarek
The hypothalamus is essential in the regulation of metabolism, notably during
critical windows of neurodevelopment. An abnormal hormonal and inflammatory milieu during development can trigger persistent changes in the function
of hypothalamic neurocircuits, which leads to long lasting effects on the body’s
energy homeostasis and metabolism (Sadagurski et al, 2015). Benzene, a volatile
organic compound, is a known carcinogen capable of crossing the blood-brain
barrier. We recently demonstrated that gestational exposure to low concentrations of benzene, induces a severe metabolic imbalance in both male and female
offspring (Koshko et al, 2021). However, the mechanisms behind these outcomes
have yet to be resolved. We hypothesize that gestational exposure to low-dose
benzene induces hypothalamic stress, contributing to the adverse metabolic
effects seen later in life. In this study, we exposed pregnant C57BL/6JB dams to
benzene at 50 ppm or filtered air for 5 days/week (6h/day from gestational day 1 to
birth), and analyzed the neural outcomes of young offspring. We assessed neuroinflammation and found a significant increase in the microglia-specific ionized
calcium-binding adaptor molecule 1 (Iba1) marker, in the arcuate nucleus (ARC) of
the hypothalamus in benzene-exposed male and female offspring at postnatal day
21 (P21). Quantification of the fiber density in the anterior paraventricular hypothalamus (PVH) revealed significant decreases in both AgRP and α-MSH projections
in benzene- exposed offspring indicating impairment in hypothalamic development. Microglia morphology was also significantly different in benzene-exposed

offspring, as indicated by increases in process length and density. Additionally, the
expression of hypothalamic epigenetic-modifying genes related to glucose metabolism and energy balance were found to be substantially altered in both sexes. Our
results imply that severe metabolic syndrome observed in adult offspring exposed
to benzene during pregnancy (Koshko et al, 2021), might be a consequence of
abnormal hypothalamic development and early-life hypothalamic inflammation.
Our new data provide the evidence and mechanistic basis that gestational VOC
exposure is a potential risk factor for late-life metabolic disorders.

3533

Assessing the Levels of Urinary Oxidative Stress Biomarkers in
Pregnant Women Living in an Area of Unconventional Natural
Gas Operations in Northeastern British Columbia, Canada

E. Caron-Beaudoin1, Y. Wu1, and M. Verner2. 1University of Toronto, Toronto, ON, Canada;
and 2Université de Montréal School of Public Health, Montréal, QC, Canada.
Northeast British Columbia (Canada) is an area of intensive unconventional natural
gas (UNG) exploitation. UNG can release contaminants associated with adverse
birth outcomes that may act through oxidative stress pathways. We undertook
the Exposures in the Peace River Valley study (EXPERIVA) to evaluate exposure
to contaminants associated with UNG exploitation and biomarkers of effect
in pregnant women of this region. Our objectives were to 1) measure a suite of
oxidative stress biomarkers in pooled urine samples from EXPERIVA participants,
and 2) assess associations with different exposure metrics. 85 pregnant women
participated in this study and provided 7 urine samples over 7 consecutive days.
We measured three oxidative stress biomarkers in pools of urine samples using
ELISA assays: (malondialdehyde (MDA), 8-hydroxydeoxyguanosine (8-OHdG),
and 8-Isoprostanes (8-IP). We assessed the association between oxidative stress
biomarkers and indoor air concentrations of volatile organic compounds (acetone,
chloroform, BTEX) and metrics of UNG well density/proximity using multiple linear
regression models. Models were adjusted for maternal age, gestational age,
smoking and Indigenous status. The median concentrations of oxidative stress
biomarkers were 23.89 μmol/g creatinine (MDA), 68.42 μg/g creatinine (8-OHdG)
and 0.1054 μg/g creatinine (8-IP). Each 1 μg/m3 increase in indoor air acetone
concentration was associated with a 0.24 μmol/g creatinine increase in urinary
MDA (Adjusted beta [95% confidence interval] = 0.24 [0.03, 0.46]). Urinary 8-OHdG
levels were negatively associated with density of wells within 5 km (-0.24 [-0.39,
-0.02]), and marginally with UNG wells density/proximity metrics within 10-km
(-0.20 [-0.40, 0.01]) and 5-km (-0.21 [-0.42, 0.00]) radius around the participants’
residences. We found no significant association with 8-IP. Our results suggest that
indoor air acetone and UNG well density/proximity might be associated with urinary
concentrations of MDA and 8-OHdG. Further studies considering other factors
implicated in lipid peroxidation and DNA damage and repair mechanisms (e.g.,
circulating melatonin) are needed.

3534

Role of Nrf2 and MALAT1 in Placental Inflammation and Bile
Acid Metabolism Dysregulation from Gestational Exposure to
Ultrafine Particles

J. C. Behlen1, C. H. Lau1, D. Pendleton1, Y. Li1, A. Rodrigues Hoffman2, M. C. Golding1,
R. Zhang1, and N. M. Johnson1. 1Texas A&M University, College Station, TX; and
2University of Florida, Gainesville, FL.
Exposure to ultrafine particles (UFPs, PM0.1) during pregnancy triggers systemic
and placental oxidative stress and inflammation via various mechanisms. Methods:
To investigate the role of Nrf2 as well as the long noncoding RNA and MALAT1 in
regulating Nrf2-antioxidant defenses from UFP exposure. Wildtype (WT), Nrf2-/-,
and MALAT1-/- mice were exposed to a low dose (LD, 100 µg/m3) or high dose
(HD, 500 µg/m3) throughout gestation. Results: Nrf2-/- HD-exposed female offspring
exhibited significantly reduced fetal and placental weights. There were slight
decreases in fetal weights and lengths of MALAT1-/- LD-exposed female offspring;
however, MALAT1-/- HD-exposed male offspring had significantly longer lengths.
Glutathione (GSH) redox analysis revealed significant increases in the GSH/GSSG
ratios (reduced/oxidized) in MALAT1-/- maternal serum, as well as WT and MALAT1/- female placental tissue, indicating that enhanced antioxidant capacity was absent
in Nrf2-/- mice. The expression of inflammatory cytokine genes (IL1β, TNFα) was
significantly increased across all exposed groups in Nrf2-/- placentas, which was
attenuated in MALAT1-/- groups similar to WT. Likewise, TGFβ1 and its downstream
target SMAD3 were upregulated in Nrf2-/- placentas in comparison to WT and
MALAT1-/- groups. Genes related to bile acid metabolism were differentially altered
across genotypes, sex, and exposure group. The group with the most marked
phenotypic effect (Nrf2-/- HD-exposed females) corresponded to significantly higher
placental APOb expression (i.e., LDL/VLDL). Conversely, MALAT1-/- HD-exposed
males and females showed significantly higher placental APOa1 expression (i.e.,
HDL), groups respectively with increased fetal lengths and enhanced oxidative
capacity (i.e., greater GSH/GSSG ratio and Nqo1 gene expression). Disruption of
Nrf2 exacerbates adverse developmental outcomes in response to UFP exposure
via oxidative stress, inflammatory cytokine signaling, and dysregulation of bile acid
metabolism, while ablation of MALAT1 largely attenuates these effects.
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Increased Hepatic Lipid Content in Female Mice Exposed In
Utero to Ultrafine Particles

D. Pendleton. Texas A&M University, College Station, TX.
Maternal exposure to fine and ultrafine particulate matter directly and indirectly
yields numerous adverse birth outcomes and impacts on children’s respiratory
systems, immune status, and brain development. Emerging studies show impacts
on offspring metabolic health following early life exposure. We developed a mouse
model to investigate long-term effects in offspring following prenatal exposure to
ultrafine particles (UFPs) representative of urban air pollution. Time-mated C57Bl/6n
mice were exposed to filtered air (FA) or UFPs at a low dose (LD, 100 µg/m3) or high
dose (HD, 500 µg/m3) for 6 hours daily from gestation day 0.5-18.5. A significant
decrease in average placental weights and crown to rump lengths was observed
in female offspring in the LD exposure group. In our past work, transcriptomic
analysis of placentae indicated several disturbed cellular functions related to lipid
metabolism, which were most pronounced in the LD group and especially in female
placental tissue. In the current study, dams were allowed to deliver spontaneously
and offspring were evaluated for changes in body weight and length from birth to
15 weeks. We did not observe significant differences in growth in male or female
offspring over this time period. Tissues were analyzed for inflammation (H&E) and
hepatic lipid content (Oil Red O) staining. Male offspring showed no significant
differences in lipid accumulation scores among groups. However, female offspring
displayed significant differences in lipid accumulation scores, wherein LD-exposed
mice had significantly higher lipid accumulation scores in comparison to FA and
HD groups. Interestingly, this sex- and dose-specific finding correlates with earlier
placental findings. Hepatic tissue analysis from adult offspring is ongoing to
evaluate oxidative stress and lipid metabolism related genes to investigate how
prenatal UFP exposure impacts lipid metabolism and development.

3536

Gestational Exposure to Ultrafine Particulate Matter: Cross
Talk between Maternal Oxidative Stress, Nrf2, and the Gut
Microbiome

T. A. Mustapha, C. Lau, J. Zhao, Y. Li, R. Zhang, A. Rodrigues Hoffman, and N. M.
Johnson. Texas A&M University, College Station, TX.
Exposure to particulate matter (PM) air pollution has been shown to cause adverse
pregnancy-related outcomes, including intrauterine growth restriction, preterm
birth, low birth weight, and preeclampsia in pregnant women and their offspring.
Serum metabolomic studies have linked these outcomes to maternal and infant
oxidative stress and inflammation. A recent study in our laboratory employing
a mouse model demonstrated that Nrf2 (a regulator of antioxidant and cellular
protective genes) is crucial to mounting adequate inflammatory and oxidative
stress responses in offspring exposed to ultrafine particulate matter (PM0.1, UFP).
The gut microbiome has emerged as a mediator of the pulmonary health, however,
the crosstalk between the gut microbiome and oxidative stress response following
exposure to UFP have not been well elucidated. To better understand this relationship, time-mated C57Bl/6 background wildtype (WT) and Nrf2 knockout (Nrf2-/-)
mice were exposed to filtered air (FA) or 100 μg/m3 ultrafine PM daily throughout
pregnancy. Shotgun metagenomic sequencing was conducted on fecal samples
from dams following spontaneous delivery. When compared to the FA group,
Nrf2-/- mice exposed to UFP showed decreased microbiome alpha diversity when
analyzed for richness (observed OTU), Chao1 index, and Shannon Index although
this finding was not found to be statistically significant. A principal component
analysis (PCoA) of KEGG (Kyoto Encyclopedia of Genes and Genomes) module
distance showed a reduced clustering of WT PM, Nrf2 -/- FA and Nrf2-/- PM groups.
Reduced clustering of all Nrf2 -/- groups was also observed in PCoA of KEGG
enzyme distance. Collectively, these pilot findings suggests that a relationship
between the gut microbiome and oxidative stress following gestational exposure
to UFP may occur and this may act as an underlying mechanism of adverse effects
seen in the gut-lung axis interaction.

3537

The Toxicological Consequences of Ultrafine Particulate Matter
Exposure on Influenza Infection Severity throughout Pregnancy:
Role of the Immune System

N. L. Drury, C. H. Lau, T. Mustapha, R. A. Shore, D. D. Pendleton, N. Harvey, S. M.
Talcott, and N. M. Johnson. Texas A&M University, College Station, TX.
Particulate matter (PM) air pollution can cause pulmonary immunosuppression.
Although these linkages have been investigated for PM10 and PM2.5, relatively
few investigations consider the ultrafine particles (UFPs, diameter ≤ 0.1 μm).
Furthermore, PM can interact with other insults, including viral infection, especially
in susceptible populations. To clarify the impact of UFPs on influenza infection
severity during pregnancy, a known window of susceptibility, we developed a
mouse model wherein time-mated C57Bl/6 dams were exposed to either filtered
air (FA) control or UFPs (100 μg/m3) from gestational day (GD) 0.5-13.5, followed
by infection with 6.2 x 104 pfu Influenza A/Puerto Rico/8/1934 (PR8) or heat-inactivated PR8 on GD14.5. Dams were sacrificed three days post infection and
lung samples were analyzed for inflammation via H&E histopathology, viral load

via tissue culture infectious dose (TCID50) and qPCR, and Th1/Th2/Th17 immunophenotypes via flow cytometry. Additionally, placentas were harvested, sex-separated, weighed, and assessed for morphological changes by H&E histopathology.
Pup crown-to-rump length (CRL) and weight were assessed as a marker of birth
outcomes. Preliminary data from pilot studies utilizing the C57Bl/6 background
show a robust response to PR8 characterized by excessive neutrophilic and/or
eosinophilic bronchopneumonia and high viral titer in the lungs along with at least
10% weight loss, likely mediated through Th1 and/or Th17-dependent pathways.
Given the fact that PM has been demonstrated to cause immunosuppression,
and the prominent immune cell shifts present during pregnancy, we propose that
exposure to UFPs will result in mitigated viral inflammatory response, higher viral
titer due to decreased immune system activity, and downregulation of Th1, Th2, and
Th17 cells in the lungs of infected pregnant dams. Pregnancy is expected to play a
major modifying role in these responses.

3538

Diesel Exhaust Particles Induce Executive Function Deficits and
Inflammatory Responses in Juvenile Mice

H. J. Rosa, N. A. Pagan, K. M. Casillas, and L. B. Mendez. Universidad Ana G. Méndez
Carolina, Carolina, PR.
Epidemiological studies have found associations between exposure to ambient
particulate matter (PM) and adverse neurocognitive outcomes. Children are particularly vulnerable to the effects of ambient PM since their CNS is still in development,
especially in regions related to executive functions, which develop significantly
between the ages of 6 to 10 years. Toxicological studies have reported cognitive
impairments, alteration in the levels of neurotransmitters, oxidative stress and
neuroinflammatory responses in mice exposed to different types of PM. However,
most studies have focused on prenatal, perinatal, and adult PM exposures.
Therefore, the goal of this study was to assess if PM exposure impairs the postnatal development of executive function in an in vivo model. We hypothesized that
DEP exposure will impair postnatal development of executive function by inducing
inflammatory responses in the CNS and lungs. To test this hypothesis, both female
and male C57BL/6J mice (n=14/group) were exposed intranasally to either saline
or increasing doses of DEP (1-5 µg/day) during postnatal days (PND) 25 to 33.
Neurocognitive processes were evaluated on PND 36-38 with the Open Field Test
and the Puzzle Box paradigm, which is a problem-solving test for screening general
cognitive abilities and executive function in rodents. After completing the cognitive
evaluations were euthanized on PND 39 and the tissue was collected to measure
the concentration of proinflammatory cytokines in the CNS and assess inflammatory cell influx into the lungs. Although DEP exposure did not impair mice locomotion or exploratory behavior, an increase in locomotor activity was observed at the
intermediate dose. In addition, mice exposed to DEP exhibited higher latencies in
problem-solving and short-term memory tasks, but not in long-term memory, when
compared to controls. A week after the last exposure, an increase in proinflammatory markers was still detected. In the brain, the levels of IL-6 and GM-CSF were
significantly higher in exposed mice. In the lungs, a dose-dependent influx of inflammatory cells was also observed, which was significant for polymorphonuclear cells.
The results showed that mice exposed to DEP had concomitant deficits in cognitive
processes related to executive functions and inflammatory responses in the brain
and lungs. These suggest that DEP induced pro-inflammatory responses, which
might be involved in the impairment of executive functions in juvenile mice. This
work was supported by Puerto Rico IDeA Network of Biomedical Research Excellence
5P20GM103475-18.

3539

Exposure Assessment and Mitigation of Exposure of 3D Printer
Emissions

B. Kim1, J. Shin1, H. Kim2, M. Jo2, H. Kim2, J. Lee1, H. Lee2, H. Kwon3, S. Han3, N. Kang4,
M. Gulumian5, D. Bello6, and I. Yu2. 1Institute of Occupation and Environment, Incheon,
Korea, Republic of; 2HCT Co. Ltd., Icheon, Korea, Republic of; 3Konkuk University, Seoul,
Korea, Republic of; 4Samsung Hospital, Seoul, Korea, Republic of; 5National Institute for
Occupational Health, Johannessburg, South Africa; and 6University of Massachusetts,
Lowell, MA.
This study monitored particulates and volatile organic compounds (VOCs) emitted
from 3-D printers using acrylonitrile-butadiene-styrene copolymer (ABS) filaments
at a workplace to assess exposure before and after introducing exposure mitigation measures. Air samples were collected in the printing room, and adjacent
corridor, and real-time measurements of ultrafine and fine particle monitoring
were also conducted. Extensive physicochemical characterization of 3-D printer
emissions was performed, including real-time (size distribution, number concentration) nanoparticle characterization, size-fractionated mass distribution and concentration, as well as chemical composition for metals by ICP-MS and VOCs by GC-FID,
real-time VOC monitors, and proton-transfer-reaction time-of-flight mass spectrometer (PTR-TOF-MS). Air sampling showed low levels of total suspended particulates
(TSP, 9-12.5 /m3), minimal levels (1.93-4 ppm) of total volatile organic chemicals
(TVOC), and formaldehyde (2.5-21.7 ppb), with no detectable levels of styrene.
Various harmful gases, such as formaldehyde, acrolein, acetone, hexane, styrene,
toluene, and trimethylamine, were detected at concentrations in the 1-100 ppb by
PTR-TOF-MS when air sample was collected into the Tedlar bag from the front
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of the 3-D printer. Ultrafine particles having an average particle size (30 nm CMD
and 71 nm MMAD) increased during the 3-D printing operation. They decreased
to the background level after the 3-D printing operation, while fine particles continually increased after the termination of 3-D printing to the next day morning. The
exposure to 3-D printer emissions was greatly reduced after isolating 3-D printers in
the enclosed space. Particle number concentration measured by real-time particle
counters (DMAS and OPC) were greatly reduced after isolating 3-D printers to the
isolated place.

3540

Particular Matter Suppresses House Dust Mite-Induced Th2
Responses via Regulating Rnase 2A and CCL24 Genes in Mice

D. Kim, M. Song, J. Yuk, and K. Lee. Korea Institute of Toxicology, Jeongeup, Korea,
Republic of.
We investigated the effect of particulate matter (PM) in an asthma model and
performed transcriptomic analysis to predict the mechanism. For asthma model,
C57BL/6 mice were intratracheally instilled three times with 5 mg/kg of house dust
mite (HDM). During asthma induction, mice were intratracheally instilled five times
with 1.25, 2.5, or 5 mg/kg of diesel exhaust particulates (DEP) and artificial black
carbon (AB) as PM. We examined pathological features in bronchoalveolar lavage
fluid (BALF) and lung tissues of murine model. And the gene expressions in lung
were profiled using RNA-Seq analyses. Our results showed that the lung and spleen
weights were significantly increased in HDM group. And, HDM induced eosinophils-dominant lung inflammation with increases of helper-T 2(Th2) cytokines
including interleukin (IL)-4, 5, and 13 in BALF of mice. In histological examinations,
eosinophilic cell infiltration and mucus cell hyperplasia were markedly observed in
lung of HDM group. However, exposure to DEP and AB as PM in HDM-induced mice
inhibited HDM-induced eosinophilic inflammation by decreasing the Th2 cytokines
in dose-dependent manner. Also, in histological examination, eosinophilic cell
infiltration and mucus cell hyperplasia were decreased by exposure to PM in
HDM-induced mice. We found Differentially Expressed Genes (DEGs) through gene
profiling in lung of animal model and focused genes of Rnase 2A and CCL24, which
are associated with eosinophil chemotaxis and Th2 responses. These genes were
highly upregulated in HDM group. But, upregulated genes were down-regulated
by DEP and AB exposure in HDM-induced mice. These findings indicated that PM
exposure can reduce eosinophil chemotaxis and releases of Th2 cytokines through
decreasing RNase 2A and CCL24 genes in HDM-instilled asthma model, resulting
in induction of Th2 response-mediated immune suppression. Funding Source: This
work was supported by Korea Institute of Toxicology (Grant No. KK-2103) and by the
KIST Institutional Program (Atmospheric Environment Research Program, Grant No.
SK-2104).

3541

Establishing Procedures for the Collection of Gunshot Residue
for Toxicity Studies

S. Smith, O. Black, and C. Roper. University of Mississippi, Oxford, MS.
Gunshot residue (GSR) inhalation has potential negative health effects in humans
as a result of exposure to the organic and inorganic components of GSR such as
Pb, Sb, Ba, nitrocellulose, and nitroglycerine. The particle size of GSR is a key factor
in the health effects research since particles less than 2.5 microns in aerodynamic
diameter, PM2.5, are able to enter deep into the respiratory tract and potentially
enter into the bloodstream. Currently, there is very limited research investigating
the particle size of GSR. Air sample collection was done during single and triple
firing of a .22 caliber revolver. Both size selective (ultrasonic personal air sampler
(UPAS) collecting PM2.5 onto filters) and non-size selective (double-sided tape
(DST)) collection methods were used to determine the composition and presence
of GSR. In addition to airborne GSR, dermal exposures were considered using hand
swabs on the shooters’ hands post firing and after using a de-leading wipe that is
designed to remove the heavy metals. All samples and controls were collected in at
least triplicate and underwent various analysis to investigate physical (morphology,
size distribution, zeta potential), chemical (black carbon and element concentrations), and potential to induce oxidative stress (oxidative potential via the dithiothreitol (DTT) assay). Morphological analysis using scanning electron microscopy
with energy dispersive x-ray spectroscopy (SEM-EDS) confirmed the ability to
detect GSR on DST and the inability to detect GSR on the filter samples due to the
complex woven fibers of the filters. According to dynamic light scattering analysis,
similar size particles were present, regardless of collection method, indicating that
predominantly particles less than 2.5 microns are present in GSR. Black carbon was
detected on 5 of the 6 filter samples from both shot scenarios. Elemental concentrations on filter samples showed elevated concentrations of Pb (1.808±2.753 ppb
and 8.834±13.819 ppb) and Ba (12.642±24.660 ppb and 20.274±26.810 ppb) from
the single and triple shot samples, respectively. Oxidative potential was elevated in
the size-selective samples for triple shots compared to single shots. Comparison
of oxidative potential for the other collection methods, zeta potential, and further
elemental analysis and correlations are all currently being interpreted. This study
outlines collection methods and sampling procedures for future research into the
impact of GSR on human and environmental health.

3542

Poultry Concentrated Animal Feeding Operations on the Eastern
Shore, Virginia, and Geospatial Associations with Adverse Birth
Outcomes

A. M. Mendrinos, B. Ramesh, and J. Gohlke. Virginia Polytechnic Institute and State
University, Blacksburg, VA.
Concentrated animal feeding operations (CAFOs) emit pollution into surrounding
areas and have been associated with poor health outcomes. Studies assessing
proximity to CAFOs, and adverse birth outcomes are limited. CAFOs have increased
in number and in size over the years, contributing to air pollution in many rural
communities, including the Eastern Shore of Virginia. The objective of this study is
to investigate if home proximity to poultry CAFOs during pregnancy is associated
with adverse birth outcomes, such as preterm birth (PTB) and low birth weight
(LBW). This study includes birth outcome data recorded from births occurring
on the Eastern Shore, Virginia from 2002-2015. The maternal residence address
field on the birth record was geocoded, resulting in 5,768 birth records with streetlevel accuracy and 7,306 birth records with zip code accuracy. The zip code model
matched maternal residence zip code with active poultry CAFO zip codes. Two
exposure estimation approaches were implemented in the street-level analysis:
1) a buffer model considering the # of CAFOs within 1km, 2km and 5km of the
maternal residence and 2) an inverse distance weighted (IDW) approach using
all CAFOs in the study area. Associations between proximity to poultry CAFOs
and adverse birth outcomes were determined, adjusting for available covariates
(child sex, mother’s reported race, age, ethnicity, education, tobacco use, method
of payment, year of birth, and previous births). Logistic regression models were
used to determine associations between PTB/LBW and maternal residence proximity to poultry CAFOs. Linear regression models were run to determine association between birthweight/gestational days and maternal residence proximity to
poultry CAFOs. We found a -52.8g (-95.8, -9.8) change in birthweight and -1.34
(-2.618, -.077) change in gestational days for the highest tertile of inverse distance
to poultry farms. Birthweight of babies with at least 1 CAFO within a 5 km buffer
was -47g (-94.1, -1.7) less that birthweights of babies with no CAFOs within a 5 km
buffer of the maternal address. No significant results were found for preterm birth
or low birth weight. This study suggests maternal residency near active poultry
feeding operations may be associated with decreased birth weight and gestation.
More specific measures of exposure pathways via air and water should be used in
future studies to define mediators of the association found in the present study.

3543

Effects of Developmental 3,3’-Dichlorobiphenyl (PCB 11)
Exposure on Lung Maturation

M. Domanico, C. R. Klocke, H. K. Panesar, L. M. Tran, P. C. Edwards, P. J. Lein, and L. S.
Van Winkle. University of California Davis, Davis, CA.
3,3’-Dichlorobiphenyl (PCB 11) is a contemporary industrial byproduct and ubiquitous environmental contaminant to which humans are exposed via inhalation and
ingestion. PCB exposure is thought to influence risk of childhood disease. Pre
and postnatal chemical exposure is known to alter lung development, and many
cell types in the lung mature throughout childhood. Recent studies demonstrate
PCB 11 from dietary exposures distributes to the lung, however, it is not known
if exposure to PCB 11 during lung maturation alters typical development of the
conducting airway epithelium. To address this data gap, dams were exposed daily
to PCB 11 mixed in peanut butter at 0.1 mg/kg (low dose), 1.0 mg/kg (high dose),
or vehicle beginning 14 days prior to mating and through postnatal day (PND) 21.
Lungs were collected from offspring at PND 4, 21, and 60. Real-time quantitative
reverse transcription polymerase chain reaction (qRT-RCR) was used to analyze
conducting airway epithelial cell gene expression in whole lung lobes: Muc5ac
(major surface mucin; mucus cell), CCSP (Club cell secretory protein; Club cell), and
CGRP (neuropeptide; neuroendocrine cell). Two-way analysis of variance (ANOVA)
of sex-combined animals showed a significant increase in Muc5ac expression with
aging (P=0.028) in all treatment groups. This trend of increased Muc5ac expression with age was dampened in PCB-exposed groups, with Muc5ac fold change in
PND60 mice decreasing from 10x (vehicle) to 1x (PCB 11 low dose) and 6x (PCB
11 high dose). Each litter was a unit of statistical measure. CCSP and CGRP expression was inconsistent and highly variable, potentially due to a lack of specificity with
whole-lobe homogenate rather than isolated conducting airways. Post-hoc Tukey’s
multiple comparisons tests were not significant for all analyses, likely from a lack
of statistical power due to small group sizes. We plan to further evaluate a trend of
highly increased Muc5ac expression seen in high dose exposed PND60 females vs.
males through histological staining for mucin. In conclusion, developmental PCB 11
exposure may alter Muc5ac expression in developing mouse lungs. Supported by
R01ES014901-09S1 and T32HL007013.
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3545

Particulate Matter Exposure Alters the Luminal and Mucosal Gut
Microbiome of ApoE-/- and Ldlr-/- Mice

C. Chang1, R. Gupta1, F. Sedighian1, D. H. Gonzalez1, R. P. O’Donnell1, K. Baek1, J.
Castellanos1, V. Lagishetty1, A. Mousavi2, T. Hsiai1, S. Reddy1, M. Navab1, C. Sioutas2, J.
P. Jacobs1, and J. Araujo1. 1University of California Los Angeles, Los Angeles, CA; and
2University of Southern California, Los Angeles, CA.
There is a strong body of literature demonstrating the adverse effects of ambient air
pollution exposure on human health. Air pollution-related deaths have been primarily attributed to cardiovascular (CV) diseases. Ambient ultrafine particles (UFP)
produced by traffic emissions induce pro-oxidative effects in the blood and alter
plasma lipoproteins. While almost weightless, UFP represent 85-90% of PM2.5,
display biophysical and biochemical properties that lend to their increased toxicity,
and thus promote atherosclerosis to a greater degree than pollution particles
of a larger size. The gastrointestinal (GI) tract may be exposed to UFP as rapid
bronchial mucocilliary clearance transports the inhaled particles to the oropharynx,
followed by swallowing. When the UFP reach the GI tract, they can influence the
gut microbiome, which has been shown to be a critical mediator in maintaining gut
health and plays an important role in the development of cancer, metabolic, and CV
diseases. Dysbiosis (altered composition and reduced diversity of the microbiome)
modulates host metabolism, immunity, and inflammatory responses, leading to
pathogenesis. I hypothesize that UFP promote dysbiosis of the gut microbiome in
metabolic mouse models ApoE-/- and Ldlr-/-. Male 8 week old ApoE-/- mice and 10
week old Ldlr-/- mice were exposed to particulate matter, 3 times a week by gavage
of 30μg/mouse. 16S rRNA gene sequencing was performed to characterize gut
microbiome diversity and composition of the luminal and mucosal jejunum and
cecum. The luminal microbiome of Ldlr-/- mice exposed to PM showed a statistically significant reduction (p<0.05) in alpha diversity by the Shannon index (reflecting species richness and evenness) as well as significant (p<0.001) changes in
beta diversity (reflecting a difference in overall microbial composition). The luminal
microbiome of ApoE-/- mice exposed to UFP also showed significant (p<0.05)
changes in beta diversity. The taxonomic changes in the microbiome speak to the
varied toxicological response of two different hyperlipidemic mouse models to air
pollution particulates, supporting the necessity to further investigate the effects of
UFP on the gut microbiome as an environmental trigger of disease.

3546

Modeling the Load of SARS-CoV-2 Virus in Human-Expelled
Particles during Coughing and Speaking

Y. Wang, G. Xu, and Y. Huang. Missouri University of Science and Technology, Rolla, MO.
Indoor environments are ideal spaces for airborne transmission of pathogens
due to the favorable relative humidity (RH) and temperature levels, as well as the
absence of ultraviolet radiation. These pathogens can also generate endotoxins,
leading to respiratory effects to exposed populations. The load and viability of
indoor bioaerosols transported under various environmental conditions complicate our understanding of risks associated with indoor bioaerosols. However, the
evolution of pathogen-containing droplets and the size-dependent pathogen load
have not been studied in detail. The lack of this information leads to uncertainties in understanding the airborne transmission of respiratory diseases, such as
the COVID-19. In this study, through a set of differential equations describing the
evolution of respiratory droplets and by using the SARS-CoV-2 virus as an example,
we investigated the distribution of airborne virus in human expelled particles from
coughing and speaking. More specifically, by calculating the vertical distances
traveled by the respiratory droplets, we examined the number of viruses that can
remain airborne and the size of particles carrying these airborne viruses after different elapsed times. From a single cough, a person with a high viral load in respiratory fluid (2.35 × 109 copies per ml) may generate as many as 1.23 × 105 copies
of viruses that can remain airborne after 10 seconds, compared to 386 copies
of a normal patient (7.00 × 106 copies per ml). Masking, however, can effectively
block around 94% of the viruses that may otherwise remain airborne after 10
seconds. Our study suggests that in general, particles above 100 μm can settle
down to the ground within a few seconds and those smaller can remain airborne
for a sufficient longer period of time. The results from this study challenge the
conventional understanding of disease transmission routes through airborne and
droplet mechanisms, which are separated by a size boundary of 5 μm. We suggest
that a complete understanding of the respiratory droplet evolution is essential and
needed to identify the transmission mechanisms of respiratory diseases.

3547

Evaluation of Pulmonary Effects of 3D Printer Emissions from
Acrylonitrile Butadiene Styrene Using an Air-Liquid Interface
Model of Primary Normal Human-Derived Bronchial Epithelial
Cells

Y. Qian1, M. T. Farcas1, W. McKinney1, J. Coyle1, M. Orandle1, K. W. Mandler1, A. B.
Stefaniak1, L. Bowers1, L. Battelli1, L. Battelli1, D. Richardson1, M. A. Hammer1, S. A.
Friend1, S. Service1, M. Kashon1, C. Qi1, D. R. Hammond1, T. A. Thomas2, and J. A.
Matheson2. 1NIOSH, Morgantown, WV; and 2Consumer Product Safety Commission,
Rockville, MD.
This study investigated the inhalation toxicity of the emissions from 3-D printing
with acrylonitrile butadiene styrene (ABS) filament using an air-liquid interface (ALI)
in vitro model. Primary normal human-derived bronchial epithelial cells (NHBEs)
were exposed to ABS filament emission particles in an ALI for 4 h. The mean and
mode diameters of ABS emitted particles in the medium were 175 ± 24 nm and
153 ± 15 nm, respectively. The average particle deposition per surface area of the
epithelium was 2.29 × 107 ± 1.47 × 107 particle/cm2, equivalent to an estimated
average particle mass of 0.144 ± 0.042 µg/cm2. Results showed exposure of
NHBEs to ABS emissions did not significantly affect epithelium integrity, ciliation,
mucus production, nor induce cytotoxicity. At 24 h after the exposure, significant
increases in the pro-inflammatory markers IL-12p70, IFN-γ, TNF-α, IL-17A, VEGF,
and MIP-1α were noted in the basolateral cell culture medium of ABS-exposed
cells compared to non-exposed chamber control cells. Results obtained from this
study correspond with those from our previous in vivo studies, indicating that the
increase in inflammatory mediators occur without associated membrane damage.
Furthermore, the combination of the exposure chamber and the ALI-based model is
promising for assessing 3-D printer emission-induced toxicity.

3548

Immunotoxicity Prediction on Chemical Substances through
Profiling of Cytokines Production from THP-1 Cell Line

M. Acharya1, D. Lee1, R. Gautam1, J. Jo1, A. Maharjan1, G. Lee1, H. Kang1, C. Kim1, H.
Kim2, and Y. Heo1. 1Daegu Catholic University, Gyeongsan, Korea, Republic of; and
2Catholic University of Korea, Seoul, Korea, Republic of.
Alternative test method for screening immunotoxic substances has not been
actively challenged and no test guideline has been officialized internationally. We
developed an alternative method for screening immunotoxic substances through
profiling cytokines production from THP-1 dendritic cell line (IMMUNOTOX-T)
considering antigen presenting cell as a major cell involved with immune modulation. Seven immunosuppressants, 15 non-immunotoxicants, and 41 substances
with immunotoxicity potentials based on in vivo data were used. Following 24h
stabilization period, those substances were added as concentrations of 0.01x, 0.1x,
0.5x 75% cell viability, which was decided by CCK assay, in the presence of LPS
stimulant. Cell culture supernatants were collected at 24h after stimulation, and
profiling of 24 cytokines production were examined using a Luminex system. The
relative cytokine production levels (RCPL,% versus vehicle control) were calculated
for each individual cytokine at each concentration of test substance. Then, the
acceptable cytokine production ranges (ACPR) were established for reflecting
lowest to highest RCPL for all 15 non-immunotoxicants. Furthermore, the mean
cytokine production values (MCPVS) were defined to grand average of RCPL for
the 7 immunotoxicants. Prediction of immunotoxicity potential (PIP) was set up
through adopting combinatory algorithm of those parameters. If mean RCPL of 3
test concentrations was below MCPVS, the substance was defined as downregulatory and if mean RCPL was higher than highest ACPR of non-immunotoxicants,
the substance was defined as upregulatory for the that cytokine. PIP was obtained
for 40 substances (97.6%). Considering down- or -up regulatory judgements for
all 24 cytokines together, if over 70% were on downregulatory, the substance was
categorized into suppressor (14 substances), and vice versa for upregulatory, 12
substances were categorized into enhancer, and 14 borderline substances with
no over 70% available. The IMMUNOTOX-T assay method suggests THP-1 cell
line as a valuable cell to develop in vitro method for immunotoxicity. Supported
by grant # 20183MFDS524, Ministry of Food and Drug Safety and by the Ministry of
Environment-Educational training program for the management of information on the
hazards and risk of chemical substances.

3549

Lack of Biological Activity of Benzoic Acid, Its Salts, and Esters

J. M. Naciff, Y. K. Shan, X. Wang, C. Mahony, J. Rose, B. Selman, C. Lester, and G. P.
Daston. Procter & Gamble, Mason, OH.
The objective of this work was to explore the biological activity of benzyl alcohol,
benzoic acid, its salts (Na+-, K+-, Ca2+-, Mg2+- and NH4+-benzoate), and esters
(methyl-, ethyl-, butyl- and propyl-benzoate) to define biological similarity as support
for a read across approach for risk assessment for this class of preservatives. The
comprehensive transcriptional response of MCF7, A549, HepG2 cells and cardiomyocytes was evaluated (TempO-Seq) after exposure to vehicle-control or each of the
benzoates (at 1, 100, or 500 μM), for 6h. Our results show that very few chemicals
of the group elicited a significant transcriptional response (FDR<0.05, fold change
>1.2) in any of the 4 cell lines evaluated. Only Ca2+-benzoate, propyl benzoate and
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4-isobutyl benzoic acid elicited a significant transcriptional response in any of the
4 cell types evaluated. The transcriptional response to Ca2+-benzoate and propyl
benzoate shares a high degree of similarity, and it is different than the one elicited
by 4-isobutyl benzoic acid. The results indicate that these cosmetic ingredients
have low bioactivity. This is not surprising, since these chemicals are not known to
be pharmacologically active or strongly reactive, and thus is not expected to elicit
a response in eukaryotic cells. The biological response, or lack there off, to each
of the chemicals tested was further evaluated by using ToxCast data (CompTox
Chemicals Dashboard | Home (epa.gov)). Although not all the chemicals included
in our case study have been evaluated in all the ToxCast assays, the available
data clearly indicates that these chemicals have very limited biological activity.
For example, the archetype of the group, benzoic acid, displayed activity in only
3 assays (in 2 biological areas) out of 857 assays where it has been evaluated.
Data from other NAMs streams, for example pharmacology profiling may further
substantiate the low bioactivity of the chemicals in the group and better define the
“benzoate category membership.” Overall, benzoic acid, its salts and esters have
low bioactivity in eukaryotic cells. Supported by Cosmetics Europe.

3550

Physiologically Based Kinetic Modeling-Facilitated Reverse
Dosimetry to Predict In Vivo Developmental Toxicity of Benzo[a]
pyrene (B[a]P) in Rats

D. Wang1, P. J. Boogaard2, and I. M. Rietjens1. 1Wageningen University, Wageningen,
Netherlands; and 2Shell International B.V., The Hague, Netherlands.
All substances that are produced in or put onto the EU market at a volume of
≥100 tonnes/year are required to be evaluated for their prenatal developmental
toxicity. To reduce the large number of experimental animals needed for this
testing according to the current OECD 414 guideline, the REACH (Registration,
Evaluation, Authorization, and Restriction of Chemical) legislation promotes
and supports the use of alternative testing strategies for hazard assessment of
chemical substances. Petroleum substances are highly complex substances that
may contain polycyclic aromatic hydrocarbons (PAHs) and application of alternative testing strategies for assessing their developmental toxicity are highly relevant
and important. Previous studies suggested that 3- to 7- ring PAHs are responsible
for prenatal developmental toxicity observed with some petroleum substances.
The present study aims at developing an in vitro-in silico approach to predict the
in vivo developmental toxicity of the model PAH benzo[a]pyrene (B[a]P) in rats
using PBK modeling-facilitated reverse dosimetry. B[a]P needs bioactivation to
3-hydroxy-B[a]P by cytochrome P450 enzymes to induce developmental toxicity.
A PBK model for B[a]P in rats exposed via intravenous, intratracheal and oral
routes was developed with a sub-model of 3-hydroxy-B[a]P using kinetic parameters derived from in vitro metabolic studies. The time dependent blood concentrations of B[a]P and 3-hydroxy-B[a]P via intravenous, intratracheal and oral exposure
routes generated by the developed PBK model were validated based on comparison
to literature available in vivo kinetic data. The validated PBK model was applied
in a reverse dosimetry approach to translate the in vitro concentration-response
data for 3-hydroxy-B[a]P obtained in the embryonic stem cell test (EST) into in vivo
dose-response predictions for developmental toxicity upon single and repeated
dose exposure to B[a]P. The predicted half maximal effect doses (ED50) of B[a]P
were comparable to the ED50 values derived from reported in vivo dose response
data. The developed PBK modeling-facilitated quantitative in vitro-in vivo extrapolation (QIVIVE) approach as described in this study provides a proof of principle
of applying an in vitro-in silico new approach methodology (NAM) for the prediction of developmental toxicity of PAH constituents of concern that can be present
in petroleum substances facilitating the hazard assessment of these complex
substances based on alternative NAM testing methods.

3551

Nrf2 Responses of Commercial Cigarette Whole Smoke and
Aerosol from Six Electronic Nicotine Delivery Systems (ENDS) in
a 3D Human Airway Model

B. M. Keyser1, J. Wertman1, M. Hollings2, R. Bedford2, and K. Jordan1. 1RAI Services
Company, Winston-Salem, NC; and 2Labcorp Early Development Laboratories Ltd.,
Harrogate, United Kingdom.
The nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway, activated
in human lung cells by cigarette smoke, regulates genes involved in the antioxidative stress response. Here, we evaluated whole smoke from a marketed
combustible cigarette (CC) and whole aerosol from six different ENDS (Vuse Alto®)
flavors varying in nicotine concentrations on cell viability and Nrf2 response in a
3D human airway model (EpiAirway™) transfected with a luciferase Nrf2 promoter.
EpiAirway™ tissues were exposed to whole smoke or aerosol generated under
the Health Canada Intense or a modified ISO 20768:2018 regimen, respectively.
Whole smoke/aerosol doses were controlled using dilution airflows of 0.5 to 6 L/
min for CC, and undiluted to 3 L/min for Vuse Alto®. Eighteen hours post-exposure,
luciferase activity and cell viability were measured. Relative luciferase fold activity
was expressed as fold change over the air exposed control. Post-exposure, whole
smoke/aerosol deposition was quantified using chemical analysis (e.g., glycerol,
nicotine, carbonyls). Differential Nrf2 activation was observed following exposure
to whole smoke compared to the ENDS aerosol. A peak response for the CC was

~79 times higher and occurred at ~164 lower equivalent nicotine concentration
than Vuse Alto®. Cell viability remained >80% at all airflows for all ENDS test articles
and >60% for the CC. Moreover, the minimum exposure-correlated nicotine concentration required to induce a >2-fold increase (threshold response) in Nrf2 activation
was >100x lower for CC than the six different Vuse Alto® flavors. These data show
that the 3D Nrf2 EpiAirway™ in vitro model can be used to assess and discriminate
responses from a biomarker (oxidative stress) for disease pathways associated
with tobacco product usage (e.g., respiratory and cardiovascular disease).

3552

Genotoxicity Assessment of Electronic Nicotine Delivery
Systems (ENDS) and Combustible Cigarette Aerosols/Smoke in
the Ames and In Vitro Micronucleus Assays

J. Wertman1, T. Shutsky1, R. McRae1, R. Leverette1, R. Momin2, D. Lakshmanan2, and
K. Jordan1. 1RAI Services Company, Winston-Salem, NC; and 2Labstat International Inc.,
Kitchner, ON, Canada.
In vitro toxicological assessment of combustible and next generation tobacco
products, including Electronic Nicotine Delivery Systems (ENDS), have utilized
standard genotoxicity methods. To determine the genotoxic potential of aerosols
generated from five ENDS (Vuse Alto®) and a combustible cigarette (CC), the
bacterial reverse mutation (Ames) and in vitro micronucleus (IVMN) assays were
conducted using pad collected material [total particulate matter, TPM (CC); aerosol
collected material, ACM (ENDS)] and gas vapor phase (GVP) preparations. Aerosols
were generated from the ENDS using a nonstandard puffing regimen (80 mL puff
volume, 15 sec puff interval, 5 sec puff duration) or the CC under the Health Canada
Intense (HCI) smoking regimen (55 mL puff volume, 30 sec puff interval, 2 sec puff
duration, 100% vent blocking). TPM/ACM trapped on a Cambridge filter pad and
extracted in DMSO, and GVP captured in PBS, were each prepared at concentrations of 10 mg TPM/mL (CC) or 100 mg ACM/mL (ENDS), followed by quantification of nicotine (TPM/ACM) and carbonyl constituents (GVP). Combined samples
(1:1) of the TPM/ACM + GVP (Health Canada T-502) to represent a “whole aerosol”
were used for Ames and IVMN exposures. Ames preincubation assays were
conducted with tester strains TA98, TA100, TA1535, TA1537 and TA102 with and
without metabolic activation, per HC T-501 and OECD 471 guidelines. For the IVMN,
CHO cells were exposed under the three exposure schedules (3 hr ±S9 and 24 hr
-S9) outlined in HC T-503 and OECD 487 (-cytochalasin B) guidelines. In the Ames
assay, the CC was mutagenic in strains TA98 (+S9), TA100 (±S9) and TA1537 (+S9),
while the ENDS aerosols were negative in all strains (±S9) at the doses tested. For
the ENDS, indicators of toxicity were observed at the highest doses tested. In the
IVMN, the CC induced dose related increases in micronuclei in all three exposure
schedules, statistically significant (Dunnett’s, p < 0.01) over background in the 24
hr (-S9) exposure. For ENDS ACM+GVP preparations, no observed MN induction
or >60% cytotoxicity under all conditions and doses tested was observed. Overall,
ENDS ACM+GVP was nongenotoxic in both the Ames and IVMN assays at doses
containing ~10X greater the level of nicotine when compared to the doses of CC
TPM+GVP.

3553

Fabrication of a Physiologically Relevant Lung-on-a-Chip Device
to Quantify Extracellular Matrix Deposition

E. Anderson, M. Williams, C. Wiens, G. Martinez, D. Rodriguez, C. Cole, J. Jessing, and
D. J. Blake. Fort Lewis College, Durango, CO.
In this work, we have developed a novel Lung-on-a-Chip device that more accurately
mimics the physiological boundaries of human alveoli compared to animal models
or traditional in vitro studies. Utilizing multiple microfabrication techniques, we have
developed a microfluidic device with an ultra-thin (25 µm) biodegradable porous
silicon (PSi) membrane. Current data suggests that human pulmonary epithelial,
endothelial cells and macrophages are viable and proliferate on the microfabricated silicon membrane during long-term studies (14 days) while exhibiting normal
cell morphology. The novel, thinned PSi membranes also provide a non-toxic,
supportive and adherent surface to maintain cellular co-cultures with at least three
separate cell types without additional surface treatments. Due to the biodegradability of the fabricated PSi membranes, adherent macrophages were observed
in long-term studies significantly modifying the material leading to a reduction in
thickness of approximately 25%, but this reduction was not observed on nonporous
silicon membranes indicating surface roughness or chemistry induces cellular
activation. Human macrophages were observed trafficking through the PSi and
increasing pore diameters, which were initially within the nanometer range (day 0)
created by the anodization process, into micron-scale pores (day 14). This degradation in the future may allow for physiological cellular contact between membranes
mimicking a true blood gas exchange interface as observed in vivo. To further
validate this model’s ability to recapitulate human physiology, we have begun to
culture pulmonary cell types on PSi membranes to identify the extent to which
extracellular matrix proteins are secreted in vitro. ECM secretion will be identified
via LC-MS. Future studies will include additional cell types, including NSCLC cells
as a preliminary lung cancer model, to determine the extent of ECM deposition and
alteration in the presence of chemotherapeutic compounds. Broadly, we believe
that this model may be used to further characterize and study human pulmonary
lung cancers and its effect on pulmonary remodeling and fibrosis.
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3554

Application of Three-Dimensional (3D) HepaRG Spheroid Model
for High-Throughput Genotoxicity Testing Using the CometChip
Platform

X. Guo1, J. Seo1, L. Muskhelishvili2, P. Malhi2, X. He1, M. Manjanatha1, and N. Mei1.
1US FDA/NCTR, Jefferson, AR; and 2TPA Inc., Jefferson, AR.
Three-dimensional (3D) culture systems are increasingly being used for genotoxicity studies due to the improved cell-to-cell interactions and tissue-like structures
that are limited or lacking in 2D culture systems. The present study optimized a 3D
culture system using metabolically competent HepaRG cells for in vitro genotoxicity
testing. 3D HepaRG spheroids, formed in 96/384-well ultra-low attachment plates,
were exposed to various concentrations of 34 test articles, including 8 direct-acting
and 11 indirect-acting genotoxicants/carcinogens as well as 15 compounds that
show different genotoxic responses in vitro and in vivo. DNA damage was evaluated
using the high-throughput CometChip assay with concurrent cytotoxicity assessment by the ATP assay in both 2D and 3D cultures. Our results showed that 3D
HepaRG spheroids maintained a stable phenotype up to 30 days with higher levels
of albumin secretion, CYP450 gene expression and enzyme activities compared to
2D cultures. 3D spheroids also demonstrated a higher sensitivity than 2D culture
for detecting both direct- and indirect-acting genotoxicants/carcinogens, indicating
a better prediction of in vivo genotoxicity responses. When DNA damage dose-response data were quantified using PROAST, 3D spheroids generally had lower
or similar benchmark dose values compared to 2D HepaRG cells and were more
comparable with those of primary human hepatocytes. These results demonstrate
that 3D models can be adapted to the CometChip technology for high-throughput
genotoxicity testing, and that 3D HepaRG spheroids may be used as a reliable and
pragmatic in vitro approach to better support the hazard identification and risk
assessment of human genotoxic carcinogens.

3555

Physiological Oxygen and Human Fibroblasts Enhance Human
Renal Proximal Tubule Epithelial Cell Functionality

S. Beneke, F. Piossek, and D. Dietrich. Universität Konstanz, Konstanz, Germany.
Pharmacological testing of new drugs is time consuming and expensive, even
before reaching the clinical phase I. One essential part is testing in animals, most
often rodents, to predict safe usage in humans. Despite the fact that animals are
the gold standard model system to test drug distribution, activity and metabolism in a complete organism, still a high number of drugs entering clinical trials
have to be retracted due to adverse effects detected in humans, and some of
them are related to impairment of kidney function. This is based on molecular
and physiological differences between rodents and humans, i.e., enzyme sub-type
usage and anatomy. Thus, changing current testing strategies is mandatory, not
only because data from animal models have only a restricted predictability to drug
activity and fate in humans, but also because of high cost associated with animal
testing and ethical reasons, summarized in the 3R concept. We therefore set out
to develop an improved in vitro-test system, which recapitulates essential parts
present in whole organisms, i.e., co-culturing of different cell types and physiological oxygen concentration. Most in vitro setups use ambient oxygen concentration, which exceeds O2-concentration in many tissues more than twofold. To
mimic the human renal cortex environment, we co-cultured human renal proximal
tubule cells (RPTEC) together with human fibroblasts, both immortalized by stable
expression of human TERT1 protein, and measured a variety of different parameters, ranging from metabolic effects to protein expression and functional changes.
In addition, we analyzed the impact of physiological (PhysOx) and ambient (AtmOx)
oxygen concentration on the different co-culture setups. Our results show that
both, fibroblasts and PhysOx, significantly change RPTEC-associated parameters in
regard of protein expression and functional properties, cumulating in facilitation of
directional transport of organic anions, which was nearly undetectable in standard
culture conditions.

3556

In Vitro Cytotoxicity Assessment of 3D Human Airway Tissue
following Exposure to Whole Aerosol/Smoke Generated from
Electronic and Combustible Cigarettes

T. Shutsky1, B. M. Keyser1, M. Hollings2, E. Rothwell2, and K. Jordan1. 1RAI Services
Company, Winston-Salem, NC; and 2Labcorp Early Development Laboratories Ltd.,
Harrogate, United Kingdom.
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay
measures the metabolic activity of the cell and is therefore an indicator of cell
survival/viability. Characterization of the capacity of the 3D culture systems
comprised of human airway tissue (e.g., EpiAirway™) to evaluate the cytotoxicological exposures to the respiratory tract provides a useful tool to distinguish the
impact of known and potential respiratory irritants. In this study, EpiAirway™ tissues
were exposed to whole aerosol/smoke generated from six different Vuse Alto®
electronic nicotine delivery system (ENDS) flavors with various nicotine concentrations and a combustible cigarette (CC). A Vitrocell® VC10® robot was used to
generate whole aerosol/smoke with either a modified ISO 20768:2018 (ENDS) or
the Health Canada Intense (HCI) smoking regimen (CC). Whole smoke/aerosol was

diluted with clean air with a series of different air flows (L/minute) to achieve the
delivered dose range. The exposure conditions were 4.0 - 0 L/min (undiluted) for the
ENDS and 10 - 1 L/min for the combustible cigarette. Liquid traps containing PBS
within the exposure module allowed aerosol/smoke dosimetry via nicotine quantification. The whole smoke generated from the CC was found to be cytotoxic in the
EpiAirway™ tissue model, as measured by the MTT assay with a mean calculated
IC50 value of 6.5 µg nicotine /mL. Whole aerosol from the variety of ENDS products
did not induce any observed cytotoxicity, with tissue viability not falling below 83%
at the highest delivered dose (undiluted aerosol). In the absence of ENDS aerosol
cytotoxicity, the highest doses delivered based on nicotine concentration (356.75 982 µg nicotine/mL depending on ENDS nicotine levels), were orders of magnitude
greater than the mean calculated CC IC50 value (6.5 µg nicotine /mL). These data
demonstrate that the MTT assay using the EpiAirway™ model can be used to
differentiate cytotoxic response to whole aerosol/smoke exposure from different
tobacco product categories in a relevant human in vitro respiratory test system.

3557

Reducing Animal Use for Eye Irritation Testing of Agrochemicals
in Brazil

S. Catalano1, N. Choksi2, M. Corvaro3, S. Kolle4, S. Stinchcombe4, A. Latorre5, J.
Baldassari6, M. Ogasawara7, M. Inforzato8, W. Masinja9, J. Pires10, P. Habe11, M. Silva12,
A. Grivel13, R. Murata14, and D. Allen2. 1Corteva Agriscience, Barueri, Brazil; 2Integrated
Laboratory Systems Inc., Research Triangle Park, NC; 3Corteva Agriscience, Rome, Italy;
4BASF SE, Ludwigshafen, Germany; 5BASF SA, Sao Paulo, Brazil; 6FMC Corporation,
Philadelphia, PA; 7FMC Corporation, Campinas, Brazil; 8Syngenta Crop Protection LLC,
Greensboro, NC; 9Syngenta, Bracknell, United Kingdom; 10Ouro Fino Quimica S.A.,
Ribeirao Preto, Brazil; 11Sumitomo Chemical do Brasil, Sao Paulo, Brazil; 12Iharabras S.A.,
Sorocaba, Brazil; 13Bayer SAS, Sophia Antipolis, France; and 14Bayer SA, Sao Paulo, Brazil.
While multiple in vitro methods have been developed, none are considered a
complete replacement for the in vivo rabbit test for eye irritation classification.
Instead, they are considered adequate for identifying seriously eye damaging
chemicals and chemicals not requiring classification, based on GHS criteria for
hazard classification and labelling. Due to the complexity of formulations, these
mixtures are not included as reference chemicals in test method validation efforts.
Herein we described two approaches to potentially reduce the use of animals for
eye irritation testing of agrochemical formulations, both involving retrospective
evaluations of existing data. First, we describe an evaluation of more than 160
agrochemical formulations to determine the usefulness and limitations of three
in vitro ocular irritation test methods (Bovine Corneal Opacity and Permeability
assay OECD 437, Isolated Chicken Eye Test method OECD 438, and EpiOcular eye
irritation test OECD 492) to assign hazard classification for eye irritation potential.
Second, we review the performance of the GHS concentration threshold approach
for predicting eye irritation of agrochemical formulations based on the collective toxicities of individual formulation components. While there was insufficient
overlap of formulations tested in multiple in vitro methods to evaluate a potential
Defined Approach (DA), our results suggest that the individual in vitro methods
and the concentration threshold approach were highly predictive of agrochemical formulations that would not require classification for eye irritation (negative
predictivity ranged from 86% to 100%). Given the preponderance of agrochemical formulations that fall into this category, such an approach could significantly
reduce the use of animals for this endpoint.

3558

Variability in Reference Test Method Data and the Impact on
NAM Evaluations

D. G. Allen1, J. Rooney1, K. To1, N. Choksi1, P. Ceger1, A. Daniel1, A. L. Karmaus1,
J. Strickland1, J. Truax1, W. Casey2, and N. C. Kleinstreuer3. 1Integrated Laboratory
Systems Inc., Research Triangle Park, NC; 2NIEHS/NTP, Research Triangle Park, NC; and
3NIEHS/NICEATM, Research Triangle Park, NC.
Historically, toxicity testing has been conducted using in vivo test methods.
Confidence in data from these methods is such that regulatory hazard classification and labeling systems have been designed around their results and the methods
are used as the benchmark against which new approach methodologies (NAMs)
that replace or reduce animal use are compared. For many toxicity endpoints there
is no NAM accepted as a complete replacement for animal use because hazard
categorizations based on data from the NAM do not always agree with hazard
categorizations based on in vivo data for the same chemical set. However, discordance with in vivo results may not always indicate that the NAM is generating
an incorrect prediction. Variability of results from in vivo test methods could be
an important contributor to such discordance and therefore should be carefully
considered when comparing in vivo and NAM results. To establish confidence in
NAMs, it is critical to understand any variability inherent to the in vivo test a NAM
is intended to replace, as this variability will directly affect the expectations for
performance of NAMs that seek to replace it. Sources of such variability might
include both the inherent variability among animals and the subjective nature of
observational in vivo endpoints. In this study, we characterized the variability of in
vivo reference test methods for multiple endpoints, including skin and eye irritation,
skin sensitization, and acute systemic toxicity. Our results indicate that in many
cases in vivo test method variability is sufficiently high to warrant reassessing how
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NAMs are evaluated for these endpoints, particularly in the mild to moderate range
of toxicity. For example, we found that chemicals classified as mild skin irritants
by the in vivo test method were less than 50% likely to be classified as such if
retested. These efforts provide the basis for redefining benchmarks against which
to evaluate NAMs and thereby set appropriate expectations for NAM performance.
This project was funded with federal funds from the NIEHS, NIH under Contract No.
HHSN273201500010C.

3559

A Comparative Analysis of Chemical Permeability between
Microphysiological Tissue Chip Models

H. Moyer1, A. Valdiviezo1, C. Sakolish1, W. A. Chiu1, L. Vergara2, C. Stephan2, and
I. Rusyn1. 1Texas A&M University, College Station, TX; and 2Texas A&M University,
Houston, TX.
Microphysiological systems that can accurately represent in vivo parameters have
been recently developed as alternatives to animal testing. However, representative toxicity testing requires that absorptive, distributive, metabolic, and excretion
(ADME) characteristics of microphysiological systems are characterized to ensure
that they closely mimic those in vivo. The present study employed the Mimetas
OrganoPlate® 3-lane tissue chip microphysiological system and traditional
transwell techniques to study intestinal permeability of four drugs. The Mimetas
model is comprised of two microfluidic channels separated by a gel barrier. Caco-2
cells were seeded in one channel. The transwell system contains two chambers
separated by a membrane barrier. In this system, Caco-2, and human intestinal
enteroid cells isolated from jejunal (J2 isolate) and duodenal (D109 isolate) tissues
of adult patients were seeded inside the transwell. Caffeine (1, 10, or 100 µM),
fexofenadine (4, 40, or 400 µM), indomethacin (2, 20, or 200 µM) or propranolol (0.1,
1, or 10 µM) were added to the apical or basolateral chambers. In both systems,
the compounds were allowed to diffuse from the donor to the recipient channel
(Mimetas) or chamber (Transwell) over 100 minutes or 15 hours. Media was
collected from both sides, concentrations were determined using liquid chromatography tandem mass spectrometry, and apparent permeability was quantified
for each condition. We found that it is difficult to establish mass balance in the
Mimetas system for tested compounds due to considerable retention of the
test substances in the chip’s gel layer. These observations indicate that use of
the Mimetas 3-lane model for ADME studies may be limited, as permeability of
compounds in this model is a function of both the cell-enabled physiological barrier
and the artificial gel barrier. Additionally, apparent permeability was generally lower
in the transwell model using the enteroid cell types. Overall, this study highlights the
importance of comprehensive evaluation of new models as alternative approaches
to toxicity testing. Future studies will investigate the effects of flow on transport
kinetics using the CN-Bio PhysiomimixTM OOC system.

3560

Precision-Cut Lung Slices: An Optimized Cold Storage Protocol
for Convenient Stockpiling of Lung Tissue and Their Application
as Model for Organophosphorus Pesticide Poisoning Research

J. Tigges, F. Worek, H. Thiermann, and T. Wille. Bundeswehr Institute of Pharmacology
and Toxicology, Munich, Germany.
Precision-cut lung slices (PCLS) are an excellent way to gain 3D tissue samples
including all resident cells bridging the gap between cell culture and in vivo experiments. However, the lifespan at 37°C is limited and the number of generated PCLS
might exceed the number of at once manageable experiments. Cold storage in
optimized preservation solutions is a convenient method to stockpile PCLS and
decreases required animal total numbers (3R reduce). Therefore, we investigated
the effects of long-term cold storage in an optimized preservation solution (PS) and
used PCLS as model to investigate organophosphorus pesticide (OP) poisoning in
lung tissue. PCLS were cold-stored in DMEM and an optimized preservation solution
(PS) for 14 days at 4°C and rewarmed in DMEM for 3 h at 37°C. Cell viability was
better preserved after storage in PS compared to DMEM (65 ± 8% vs 8 ± 3%) which
was supported by a higher mitochondrial membrane potential (95 ± 5% vs 18 ± 5%).
Total cell number in single cell suspensions of 20 PCLS after 14 days cold storage
was significantly lower with DMEM (0.5 ± 0.2 x 106) compared to storage in PS (2.8
± 0.2 x 106). TNF-α expression after 24 h LPS stimulation (100 ng/ml) was 165 ± 27
pg/ml in unstored control PCLS, but still 45 ± 14 pg/ml after 10 day cold storage
in PS, while no significant inflammatory response was detectable after storage in
DMEM (4 ± 1 pg/ml). After cold storage in DMEM, bronchoconstriction efficiency
was reduced to 5 ± 3% of unstored controls, while a good response of airways was
observed in PS stored PCLS (100 ± 10%). Taken together PS improved cold storage
of PCLS substantially compared to DMEM. OP exposure and acetylcholine stimulus
(0.5 µmol/L) resulted in a significant impairment of airway relaxation for paraoxon
from 0.1 - 10 µmol/L (-26 - - 43%) and malaoxon from 1 - 10 µmol/L (53 and -20%),
which was not observed with the respective thion-forms parathion and malathion.
Viability was impaired by paraoxon (1200 µmol/L; 63 ± 5%), malaoxon (600 µmol/L;
59 ± 14%) and malathion (1000 µmol/L; 63 ± 14%) but not for parathion (2000
µmol/L). However, parathion induced the highest inflammatory response, as
detected by IL-6 expression (553 ± 53%). Inhibition of the NFκB-pathway decreased
inflammation (451 ± 39% vs 231 ± 36%). In conclusion, PCLS can be conveniently

stockpiled under hypothermic conditions in PS maintaining viability and functional
parameters. PCLS are a valuable tool to investigate compound specific toxic
effects including mechanisms of OP poisoning in lung tissue.

3561

Cytotoxicity Assessment of Electronic Nicotine Delivery
Systems (ENDS) and Combustible Cigarette Aerosols Utilizing
Standard and Whole Aerosol Exposure Approaches in the
Neutral Red Uptake Assay

R. Leverette1, T. Shutsky1, J. Wertman1, K. Aleska2, D. Lakshmanan2, R. Payne3, and
K. Jordan1. 1RAI Services Company, Winston-Salem, NC; 2Labstat International Inc.,
Kitchner, ON, Canada; and 3Labcorp Early Development Laboratories Ltd., Harrogate,
United Kingdom.
In vitro toxicological methods are being used to assess the biological activities of combustible and next generation tobacco products, including Electronic
Nicotine Delivery Systems (ENDS). Historically, toxicological testing of combustible
cigarettes involved pad-collected total particulate matter (TPM) and / or gas-vapor
phase (GVP) samples extracted or trapped in solvents and applied to cell cultures,
resulting in the fractionation of the aerosol phases. Exposure of cell cultures to
whole aerosol (WA) at an air liquid interface (ALI) prevents this separation of the
particulate and gas phases. Two independent studies were conducted to determine
the aerosol cytotoxicity from six ENDS (Vuse Alto®) and a marketed combustible cigarette (CC). Both studies utilized the Neutral Red Uptake (NRU) assay in
which mammalian cells were exposed to either combined TPM+GVP (submerged
culture) or WA (ALI). CHO cells seeded in 96-well plates were exposed to increasing concentrations of TPM+GVP for 24 hours. WA exposures utilized a Vitrocell®
VC10® robot and 6/48 exposure module. H292 cells seeded on Transwell® culture
inserts (24mm) were exposed (ALI) to either combustible or ENDS aerosols. Liquid
traps within the exposure module allowed WA dosimetry via nicotine quantification.
GVP and WA carbonyl constituents were also quantified. The combustible cigarette
was cytotoxic, both TPM+GVP (IC50 = 6.2 µg nicotine/mL) and WA (IC50 = 2.4 µg
nicotine), while an IC50 could not be calculated for the ENDS, even at the concentrations of delivered nicotine (up to ~120 µg/mL TPM+GVP, ~3 mg, WA). These
studies were not designed for direct comparison, complicating attempts to relate
the results of the submerged culture (TPM+GVP) and ALI (WA) exposures due
to differences in cell types, culture methods (96-well plates versus 24mm culture
inserts), exposures and doses utilized. However, both approaches demonstrated
the ENDS aerosols were noncytotoxic, compared to the combustible cigarette, at
the doses tested. The WA approach allowed direct exposure, at higher concentrations, of an aerosol more representative of that delivered to a product user, versus
the fractionated TPM+GVP preparations.

3562

Immunotoxicity Prediction on Chemical Substances through
Profiling of Cytokines Production from Human Peripheral Blood
Mononuclear Cells

D. Lee1, M. Acharya1, R. Gautam1, J. Jo1, A. Maharjan1, S. Yang1, G. Lee1, J. Kim1, C.
Kim1, H. Kim2, and Y. Heo1. 1Daegu Catholic University, Gyeongsan, Korea, Republic of;
and 2Catholic University of Korea, Seoul, Korea, Republic of.
Alternative test method for screening immunotoxic substances has not been
actively challenged and no test guideline has been officialized internationally. We
developed an alternative method for screening immunotoxic substances through
profiling cytokines production from human peripheral blood mononuclear cells
(IMMUNOTOX-hP) reflecting interaction of chemical substances with various
immune component cells. Seven immunosuppressants, 15 non-immunotoxicants, and 41 substances with immunotoxicity potentials based on in vivo data
were used. Following 24h stabilization period, those substances were added as
concentrations of 0.01x, 0.1x, 0.5x 75% cell viability, which was decided by CCK
assay, in the presence of PMA+ionomycin. Cell culture supernatants were collected
at 72h after stimulation, and profiling of 12 cytokines production were examined
using a Luminex system. The relative cytokine production levels (RCPL,% versus
vehicle control) were calculated for each individual cytokine at each concentration
of test substance. Then, the acceptable cytokine production ranges (ACPR) were
established for reflecting lowest to highest RCPL for all 15 non-immunotoxicants.
Furthermore, the mean cytokine production values (MCPVS) were defined to grand
average of RCPL for the 7 immunotoxicants. Prediction of immunotoxicity potential
(PIP) was set up through adopting combinatory algorithm of those parameters. If
mean RCPL of 3 test concentrations was below MCPVS, the substance was defined
as downregulatory and if mean RCPL was higher than highest ACPR of non-immunotoxicants, the substance was defined as upregulatory for the that cytokine.
PIP was obtained for all 41 substances (100%). Considering down- or -up regulatory judgements for all 12 cytokines together, if over 70% were on downregulatory,
the substance was categorized into suppressor (23 substances), and vice versa
for upregulatory, 7 substances were categorized into enhancer, and 11 borderline
substances with no over 70% available. The IMMUNOTOX-hP assay method could
be a valuable tool for in vitro prediction of immunotoxicity potentials. Supported
by grant # 20183MFDS524, Ministry of Food and Drug Safety and by the Ministry
of Environment-Educational training program for the hazards and risk of chemical
substances.
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3563

Hepatic Bile Acid Metabolism and Transport: Evaluation of In
Vitro Methods

V. M. de Bruijn1, Z. Wang2, W. Bakker1, W. Zheng1, I. M. Rietjens1, L. H. de Haan1, B.
Spee2, and H. Bouwmeester1. 1Wageningen University and Research, Wageningen,
Netherlands; and 2Universiteit Utrecht, Utrecht, Netherlands.
Reliable hepatic in vitro systems are crucial for the safety assessment of xenobiotics. Besides being important for xenobiotic biotransformation, hepatocytes are
involved in the enterohepatic circulation of bile acids (BAs) by synthesizing and
actively secreting BAs to the bile ducts. Certain xenobiotics can decrease the
bile flow from the liver to the bile duct, which results in cholestasis. As animalbased testing poorly predicts the cholestatic potential of xenobiotics in humans,
human-based in vitro methods are needed. Here, we compared the phenotype and
capacity of three in vitro systems to emulate human functionality to synthesize
and secrete BAs. To this end, basal BA production of primary human hepatocytes
(PHHs), HepaRG cells (HepaRGs) and liver organoids were analysed using LC-MS/
MS, and the effect of the known BSEP (Bile Salt Export Pump)-inhibitors bosentan
and lopinavir on BA homeostasis in PHHs and HepaRGs was quantified. qPCR
of selected target genes involved in maturation status, synthesis, transport and
conjugation of BAs was performed to mechanistically underpin the observed differences in BA homeostasis. PHHs synthesized the highest amount of BAs, followed
by HepaRGs and liver organoids. Hierarchical clustering analysis revealed that
the BA profile of HepaRGs is most similar to the profile found in liver tissue and
bile reported in literature. BA transporters (BSEP, MRP2 and NTCP) were higher
expressed in PHHs than in liver organoids and HepaRGs. In HepaRGs, bosentan and
lopinavir induced a decrease in the intracellular BA content and in PHHs, medium
glycochenodeoxycholic acid content decreased upon lopinavir, but not bosentan,
treatment. Collectively, the data reveal important differences in phenotype and
BA homeostasis between the three human hepatic cell systems. Due to their high
basal production of BAs and high transporter expression, PHHs are a powerful
tool in cholestasis-testing. Despite a lower transporter expression than the PHHs,
the HepaRGs are responsive to both selected BSEP-inhibitors and produce a BA
profile most similar to the human in vivo situation, making them another suitable
candidate for cholestasis-testing.

3564

Deoxynivalenol Reduces the Active Transport of Conjugated Bile
Acids by Intestinal Caco-2 Cell Layers

J. Wang, W. Bakker, W. Zheng, L. D. Haan, I. M. Rietjens, and H. Bouwmeester.
Wageningen University and Research, Wageningen, Netherlands.
The trichothecene toxin deoxynivalenol (DON) is a fungal secondary metabolite
that contaminates cereal-based food. Human exposure to DON has long been
associated with intestinal dysfunction. Conjugated bile acids are synthesized in
liver and secreted into the intestinal lumen where they are actively reabsorbed and
transported back to liver. The efficient enterohepatic circulation of conjugated bile
acids is important to maintain intestinal function and health. The effects of DON
exposure on the intestinal absorption of conjugated bile acids and the expression
of bile acid transporters were studied using an in vitro model based on Caco-2 cell
layers grown in transwells. Results showed that the active transport of taurocholic
acid (TCA), selected as a model bile acid, decreased after pre-exposure of the
Caco-2 cells to 2 µM DON, which was a non-cytotoxic concentration. The gene
expression of apical sodium-dependent bile acid transporter (ASBT), the ileal bile
acid-binding protein (IBABP) and the organic solute transporter α (OSTα) was
downregulated following DON exposure. In Caco-2 cells, DON exposure counteracted the activity of the Farnesoid X receptor (FXR) agonist GW4064 on the differential expression of these genes. Lastly, the transport of a physiological relevant
mixture of ten taurine or glycine conjugated bile acids across intestinal Caco-2 cell
layers was quantified with LC-MS detection. The results showed that the transport
of all ten conjugated bile acids decreased after pre-exposure of the Caco-2 cells to
DON. Together the results reveal that DON decreases intestinal bile acid reabsorption by reducing bile acid transporter expression thereby affecting bile acid kinetics.
Extrapolated to in vivo, such bile acid malabsorption in the intestine could result
in an accumulation of the conjugated bile acids at the luminal side of intestine.
Overall, this study provides new insights into the hazards of DON exposure.

3565

A Model of Human Small Airway-on-a-Chip for Studies of
Subacute Effects of Inhalation Toxicants

C. Sakolish1, A. Georgescu2, D. Huh2, and I. Rusyn1. 1Texas A&M University, College
Station, TX; and 2University of Pennsylvania, Philadelphia, PA.
Testing for acute inhalation hazards is conducted in animals; however, a number
of robust in vitro human cell-based models have been developed and tested. These
models range in complexity from cultures of cell lines or primary cells in air-liquid
interface on trans-wells, to more complex and physiologically-relevant flow- and
mechanical stimulation-enabled tissue chips. While the former is relatively straightforward to establish and can be tested in medium/high-throughput, the latter
require specialized equipment and lack in throughput. To address the need for a
device that can be easily manufactured and tested in large numbers while allowing

for air-liquid interface culture of human airway epithelial cells and liquid culture
of vascular endothelial cells, we developed a two-chamber device molded from
polydimethylsiloxane separated by a porous membrane for direct ALI exposure.
This device was tested with primary human small airway epithelial cells and lung
microvascular endothelial cells that were cultured for up to 14 days and exposed
to noxious stimuli known to cause lung effects (dry flowing air, lipopolysaccharide, particulate matter, iodomethane). The model was used to derive biochemical
(lactate dehydrogenase), barrier (dextran permeability), functional (ciliary beating),
and molecular (imaging for various markers) quantitative phenotypes that are
informative of the potential adverse effects of inhalational exposures on the small
airway epithelium. We show that direct gas/aerosol exposures can be performed
in this model. This study is significant because it established an in vitro model of
human small airway on a chip that can be used in medium/high-throughput studies
of sub-acute and sub-chronic effects of inhalation toxicants.

3566

Assessment of the Effects of Organic vs. Inorganic Arsenic and
Mercury in Caenorhabditis elegans

J. Camacho, and P. R. Hunt. US FDA, Laurel, MD.
Exposures to mercury and arsenic are known to pose significant threats to
human health, however, effects specific to organic vs. inorganic forms of these
toxic elements are less understood. Inorganic mercury chloride (HgCl2) and
sodium (meta)arsenite (NaAsO2) were assessed alongside organic methymercury chloride (meHgCl) and dimethylarsinic acid (DMA) for effects in C. elegans.
For timing of developmental milestone acquisition in C. elegans, meHgCl was 2
to 4-fold more toxic than HgCl2, and NaAsO2 was 20-fold more toxic than DMA,
ranking the four compounds meHgCl > HgCl2 > NaAsO2 >> DMA for developmental toxicity. Methylmercury induced significant decreases in population locomotor
activity levels in developing C. elegans. DMA was also associated with developmental hypoactivity, but at > 100-fold higher concentrations than meHgCl. Data
from C. elegans transgenic for biomarkers of pathway induction showed that as in
mammals, NaAsO2 was a very strong inducer of oxidative stress response (OxStrR)
in C. elegans, however approximately 20-fold concentrations of DMA were required
to elicit similar levels of response. OxStrR was ranked NaAsO2 = meHgCl > HgCl2
> DMA. A conserved biomarker of proteasome specific unfolded protein response
(UPRPR) was strongly induced by NaAsO2 but was not significantly altered by
DMA, consistent with disparate effects on UPRPR for these two forms of arsenic.
Expression of a conserved marker for ER specific unfolded protein response
(UPRER) was increased by HgCl2 but decreased by meHgCl, also consistent with
disparate effects on UPRER for these two forms of mercury. For developmental
toxicity and oxidative stress in C. elegans, monomethylation increased mercury
toxicity while dimethylation decreased arsenic toxicity. Our findings in C. elegans
reflect findings in mammals for which there is data, stress the disparity of effects
from exposure to different chemical forms of arsenic and mercury, and indicate low
oral toxicity for DMA relative to inorganic arsenic in this model organism. This work
contributes to the understanding of the accuracy and fit-for-purpose categories for
C. elegans toxicity screening and its usefulness to prioritize compounds of concern
for further testing.

3567

Characterization of an Engineered Heart Tissue Containing
Cardiomyocytes Differentiated from Human Induced Pluripotent
Stem Cells for Predicting Drug Inotropic Effects

A. Arefin1, M. Mendoza2, K. Dame3, M. I. Garcia4, D. G. Strauss4, and A. J. Ribeiro4.
1US FDA/NCTR, Jefferson, AR; 2Binghamton University, Binghamton, NY; 3United
Therapeutics Corporation, Manchester, NH; and 4US FDA, Silver Spring, MD.
Engineered heart tissues (EHTs) are three-dimensional cellular systems known to
enhance the physiological relevance of cardiomyocytes differentiated from induced
pluripotent stem cells and hold high potential for predicting clinical drug cardiac
effects. However, EHTs must yield reproducible results and have stable function.
The primary goals of our study were to 1) establish quality control criteria by
evaluating baseline measurements of the contractile outputs, sensitivity to extracellular calcium, and rate-dependent activity of EHTs; 2) investigate the rate-dependent effect of EMD 57033, omecamtiv mecarbil, verapamil, and mavacamten on
contractile function in EHTs generated from two distinct cell lines; 3) compare
contraction responses of EHTs and motion vector analysis of monolayers derived
from the same cell line upon isoproterenol, verapamil, or ranolazine treatment; 4)
investigate drug-induced contractile responses in EHTs with variations in calcium
cycling kinetics; and 5) demonstrate the ability of EHTs to detect long-term cardiotoxic effects upon exposure to doxorubicin, sunitinib or erlotinib. EHT stability was
achieved two weeks after fabrication. Tissue that satisfied quality control criteria
lasted beyond 90 days. Similar contraction responses were observed between
monolayers and the EHTs, but changes could be detected at lower concentrations
in monolayers. For example, verapamil effects in relaxation velocity were observed
at 0.03 µM in monolayers and at 0.3 µM in EHTs. Concentration-dependent effects
of tested compounds on EHTs contractility reproduced published results, such as
50 µM of EMD57033 induced prolongation of relaxation time when compared to
baseline. Omecamtiv mercarbil a cardiac myotrope, did not change calcium cycling,
yet increased contractile force at 0.1 µM. Long-term effects were observed in the
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EHTs with doses as low as 100 nM for doxorubicin and 1 µM for sunitinib. Overall,
our results reproduced published results and quality control criteria were proposed
to ensure that reproducibility is observed between EHT batches. Future work should
focus on cell quality control criteria to further study differences between EHTs
using cells from different origins.

3568

A Benchmark Concentration Analysis Method for Larval
Zebrafish Photomotor Response Data Using ToxCast Pipeline
Software

Z. Rowson1,2, W. Setzer1, K. Paul-Friedman1, R. Judson1, and S. Padilla1. 1US EPA,
Research Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, Oak
Ridge, TN.
Larval zebrafish (Danio rerio) photomotor response (PMR) behavior may inform
developmental neurotoxicity hazard, but there is no widely accepted analysis
method for the high-throughput zebrafish PMR assay. This work proposes a
method for evaluating chemical activity in the PMR assay that produces probabilistic representations of the likelihood of chemical activity and estimates point of
departure (POD) using Benchmark Concentration (BMC) analysis. These metrics
can be used to group chemicals by their activity and potency to elucidate common
behavioral phenotypes. To allow for BMC analysis, complex time-series data
derived from zebrafish larvae exposed during development to 61 chemicals were
summarized into 16 endpoints. These endpoints characterized larval activity during
the PMR: average speed, acceleration, and jerk; area under the curve; and habituation in Light or Dark, as well as acceleration during Light/Dark transition startles.
After Box-Cox power transformation, curves were fit using the new ToxCast
Pipeline curve-fitting and hit-calling utility, tcplfit2, a publicly available R package.
Chemicals were grouped by their activity in each endpoint and clustered by their
activity across all 16 endpoints. The analysis approach was compiled into a new
R package, gabi, which summarized and transformed longitudinal data prior to
application of tcplfit2. Of the 61 assayed chemicals, 23 were found to be active in
at least one endpoint. No more than 7 chemicals were active in any given endpoint
and all endpoints other than those describing jerk in Light or Dark found at least
two chemicals to be active. The sets of active chemicals associated with these
endpoints were often unique, implying that endpoints detected different kinds of
behavioral change. Characterization of chemical activity in multiple endpoints
better captured changes in the PMR that were implied by plots of the longitudinal
data. This analysis method quantifies the significance of behavioral changes and
estimates BMC which could be used to compare chemical potency across assays.
It is possible that production of activity profiles for large sets of chemicals could
establish common behavioral phenotypes elucidating common modes of action.
This abstract does not necessarily reflect US. EPA policy.

3569

Adaptation of a Human Pluripotent Stem Cell Assay for
Developmental Toxicity Screening

J. Gamble1,2, K. Hopperstad1, and C. Deisenroth1. 1US EPA, Research Triangle Park, NC;
and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.
The US EPA is committed to developing non-animal, new approach methods to
detect chemical risks to susceptible populations, including pregnant women.
Additional coverage for cellular processes associated with human development
in the ToxCast and Tox21 assay portfolio could enhance identification and prioritization of potential developmental toxicants. The objective of this study was to
adapt a human pluripotent stem cell-based high-throughput screening assay to
assess potential teratogens. For this assay, a transgenic human pluripotent stem
cell line (RUES2-GLR) containing three fluorescent germ layer reporter biomarkers, SOX2-mCitrine (ectoderm/pluripotency), BRA-mCerulean (mesoderm), and
SOX17-tdTomato (endoderm), was used to assess perturbations to directed stem
cell differentiation toward definitive endoderm using high-content image analysis.
After two days of chemical exposure, cytotoxicity was measured via nuclear stain
and the percentage of SOX17+ cells was obtained to examine developmental
toxicity. Initial testing was done on four reference teratogens (all-trans retinoic
acid, lenalidomide, pomalidomide, thalidomide) and four non-teratogens (aspirin,
caffeine, folic acid, saccharin). Teratogens demonstrated IC50 values of 0.13, 0.15,
0.047, and 1.4µm respectively for Sox-17 expression, while non-teratogens had
no effect on biomarker expression. For further evaluation, a training set of 58
chemicals was screened using the assay and revealed a balanced accuracy 72%
(65% specificity and 79% sensitivity). This study successfully adapted a human
stem cell-based developmental toxicity screening assay to assess chemical perturbations during endoderm differentiation with the potential capability to evaluate
disruptions during differentiation to all three germ layer lineages. This abstract
does not necessarily reflect EPA policy, nor endorse or recommend any products
mentioned.
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Close to the Border: On the Uncertainty of Skin Sensitization
New Approach Methodologies Based on Their Ring Trial Data

S. N. Kolle1, M. Mathea1, A. Natsch2, and R. Landsiedel1. 1BASF SE, Ludwigshafen,
Germany; and 2Givaudan, Kempthal, Switzerland.
In many (toxicological) assays, continuous data is translated into a binary classifications (“positive” or “negative”) using cut-off values. Any test result is however
subject to variation and these variations increase the uncertainty of a test result
in particular close to a (classification) cut-off (in the borderline range). While the
variability of the data is not considered in most assay, some OECD test guidelines,
call for repetitions of the test when a result in a range close to the cut-off is obtained.
Nevertheless, these ranges are typically based on the test method developer’s
experience and not on a systematic analysis. In the present study, borderline
ranges from multi-laboratory ring trial studies for five new approach methodologies
addressing skin sensitization were determined: the direct peptide reactivity assay
(DPRA, OECD TG 442C) and the kinetic direct peptide reactivity assay (kDPRA,
OECD TG 442C), KeratinoSens® (OECD TG 442D) and LuSens (OECD TG 442D), and
human cell line activation test (h-CLAT, OECD TG 442E). Using the data produced
during the interlaboratory assessments of the individual methods, we have used a
statistical approach based on the log median absolute deviation (MAD) to derive
the borderline ranges for the individual methods. Meanwhile the determined borderline ranges have found regulatory implementation in OECD guideline 497on defined
approaches to skin sensitization to assess the uncertainty of predictions in the “2
out of 3” defined approach for skin sensitization.

3571

Results of the In Vitro Skin Sensitization Assay SENS-IS Using
Multiple Agrochemical Formulations

H. M. Groux1, W. H. Masinja2, R. Currie2, M. Cronin3, S. Enoch3, and F. Cottrez1.
1ImmunoSearch, Grasse, France; 2Syngenta, Berkshire, United Kingdom; and 3Liverpool
John Moores University, Liverpool, United Kingdom. Sponsor: H. Raabe
At present there are no industry or OECD accepted in vitro methods for a complete
skin sensitization hazard assessment of complex agrochemical formulations.
Since 2011 in vivo testing (i.e. the Local Lymph Node Assay or the Buehler guinea
pig assay) to assess the skin sensitization of complex formulations has not been
permitted in the European Union. The aim of this work was to address the current
absence of a single, in vitro method for the accurate assessment of the skin
sensitization potential of agrochemical formulations. The SENS-IS assay is a 3D
skin model based on the analysis by RT-PCR (reverse transcription polymerase
chain reaction) of two sets of genes. One set of genes is associated with irritation
potential, i.e. the “IRRITATION” gene set. The second set of genes is divided into two
subsets i.e. the “SENS-IS” and “REDOX” gene sets and these are associated with
skin sensitization. Ten Syngenta agrochemical formulations which had previous,
historic, in vivo, local lymph node assay study data were chosen for this evaluation.
The SENS-IS assay measured the level of expression of the two separate gene sets
at a given time point after application of the formulation as compared to an internal
negative, irritant (sodium lauryl sulphate) and positive sensitizer (2,4,6-trinitrobenzene sulfonic acid) controls. The SENS-IS assay displayed good agreement with the
in vivo skin sensitization results, correctly predicting five out of six of the previously
identified formulations with skin sensitizing potential. In addition, the assay
demonstrated agreement with the previous potency evaluations for these formulations. The SENS-IS assay also correctly identified three out of four formulations
previously shown to be non-skin sensitizers. In conclusion, this study indicates that
the SENS-IS assay clearly provides an in vitro testing option for accurate hazard
assessment of skin sensitization potential for agrochemical formulations.

3572

Liver Metabolomics In Vitro: A Screening Approach to Predict
the Mode of Action of Liver Toxicants in HepG2 Cells

S. Ramirez Hincapie1, B. Birk1, M. Herold2, P. Ternes2, V. Haake2, V. Giri1, F. M.
Zickgraf1, H. Huener1, A. Verlohner1, H. Kamp1, R. Landsiedel1, E. Richling3, D. FunkWeyer1, and B. van Ravenzwaay1. 1BASF SE, Frankenthal, Germany; 2BASF Metabolome
Solutions GmbH, Berlin, Germany; and 3Technische Universität Kaiserslautern,
Kaiserslautern, Germany.
In vitro Metabolomics (MIV) enables to predict the mode of action (MoA) of liver
toxicants in HepG2 cells. The currently used method at BASF (LUMOX-MIV) is
robust, reproducible, and predictive for different MoA [1]. However, it is costly and
time consuming and therefore, not appropriate for screening purposes. The aim of
this study was to miniaturize the method on a 96-well plate (µMIV). 7 substances
(aroclor, pendimethalin, β-naphthoflavone, WY-14643, acifluorfen, bezafibrate, and
ketoconazole) known to cause liver toxicity through 3 different MoAs (Peroxisome
proliferation (PP), liver enzyme induction (EIND) and liver enzyme inhibition (EINH))
were tested. The analytical method, cell seeding number, passage number, cytotoxicity testing were optimized. To define IC concentrations, the cytotoxicity assay was
established multiplexing ATP measurement with membrane integrity assessment.
15.000 HepG2 cells/well were cultivated in 96 well plates (TPP), the substances
were added after 24 hours, in 5 concentrations (IC1, IC5, IC15 IC50 IC85). 48 hours
later, the assay was stopped by quenching with isopropanol 80% and freezing at
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-80°C. The plates were analyzed by LC-MS/MS for metabolic profiling. 243 unique
metabolites were annotated. The PCA analysis of the metabolic profiles showed
a clear clustering by the specific MoA. A common impact in the lipid metabolism
was shared by the 3 MoAs (general liver toxicity). A set of specific metabolite
changes was identified to be specific for each MoA: PP showed a downregulation
of metabolites belonging to fatty acid oxidation (FAO), glycerolipids, sphingolipids
and cofactors and an upregulation of phospholipids (PL) and TAGs. EINDs were
characterized by an upregulation of redox carriers (RC), Lysoglycerophospholipids
and triacylglycerol’s (TAGs) and a downregulation FAO metabolite. EINHs exhibited
a downregulation of amino acids and related metabolites, RC, acylglycerols,
ceramides and cholesterol and an upregulation of sphingolipids and FAO metabolites. Additionally, a metabolomics dose response was observed for each of the
treatments. The µMIV method differentiates between different MoAs and provides
mechanistic information about the affected pathways at lower costs and high
throughput. µMIV is a promising in vitro tool for screening approaches in pharmacology and toxicology. [1] Ramirez et al., Arch Tox, 2018.

3573

Development of a Simple In Vitro Fermentation Model to Detect
Alterations in Bile Acid Metabolism

W. Zheng1,2, W. Bakker1, M. Baccaro1, M. Jin2, J. Wang2, J. Vervoort1, and I. M. Rietjens1.
1Wageningen University and Research, Wageningen, Netherlands; and 2Chinese Academy
of Agricultural Sciences, Beijing, China.
Bile acids, the products of host and gut microbial co-metabolism, not only have
important signaling functions within the mammalian metabolic system and
digestion, but can also themselves influence the gut microbiota. Since the gut
microbiota in return affect the size and composition of the bile acid pool, the
complexity of the associations between individual bacterial genera and bile acid
processing is of interest. Especially upon exposure of the host to xenobiotics,
studying the bile acid profile and its modulation via effects on the gut bacterial
community is of interest. In this study, rat fecal samples and two lincosamides
were employed for developing a novel in vitro fermentation model to elucidate
compound-induced changes of bile acid metabolism and microbial communities,
but also to identify key metabolites in the bile acid pool related to gut microbial
changes. Anaerobic, pH-controlled batch cultures were inoculated with rat fecal
microbiota, followed by the treatment with lincosamides and tauro-conjugated
primary bile acids as the model compounds. Samples were collected throughout
the fermentation and the bacterial composition was determined by 16S rRNA gene
sequencing while the quantification of 24 different bile acids was implemented
using liquid chromatography tandem mass spectrometry (LC-MS/MS). Correlation
analysis identified that the treatment with lincosamides resulted in a significant
decrease of most analyzed secondary bile acids while an increase of cholic
acids was observed. The accumulation of cholic acids and the reduction of its
metabolite deoxycholic acid revealed a slower dihydroxylation, which reflected the
altered gut bacterial community induced by the lincosamides. Moreover, comparison of the changes to literature reported effects of the lincosamides in an in vivo
rat study revealed that the consequences for the alteration of unconjugated bile
acids modulated by gut microbiome were consistent, which provided a proof for
the reliability of the developed 24h in vitro model. This in vitro system enables a
greater understanding of how variation of the gut microbiota influences host bile
acid signatures.
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Tox-GAN: An AI Approach Alternative to Animal Studies: A Case
Study with Toxicogenomics

X. Chen1, R. Roberts2,3, W. Tong1, and Z. Liu1. 1US FDA/NCTR, Jefferson, AR;
2ApconiX, Alderley Edge, United Kingdom; and 3University of Birmingham, Birmingham,
United Kingdom.
Animal studies are a critical component in biomedical research, pharmaceutical product development, and regulatory submissions. Alongside the emerging
technical development, there is a worldwide effort in toxicology towards “reducing,
refining and replacing” (3Rs) animal use. Here, we proposed a deep generative
adversarial network (GAN)-based framework capable of deriving new animal
results from existing animal studies without additional experiments. To prove the
concept, we employed this Tox-GAN framework to generate both gene activities
and expression profiles for multiple doses and treatment durations in toxicogenomics (TGx). Using the pre-existing rat liver TGx data from the Open TG-GATEs, we
generated Tox-GAN transcriptomic profiles with high similarity (0.997±0.002 in
intensity and 0.740±0.082 in fold change) to the corresponding real gene expression profiles. Consequently, Tox-GAN showed an outstanding performance in two
critical TGx applications, gaining a molecular understanding of underlying toxicological mechanisms and gene expression-based biomarker development. For the
former, over 85% agreement in Gene Ontology was found between the Tox-GAN
results and real gene expression data. For the latter, the concordance of biomarkers between real and generated data was high in both predictive performance and
biomarker genes. We also demonstrated that the Tox-GAN models constructed
with TG-GATEs data were capable of generating transcriptomic profiles reported
in DrugMatrix. Finally, we demonstrated potential utility for Tox-GAN in aiding
chemical-based read-across. To the best of our knowledge, the proposed Tox-GAN

model is novel in its ability to generate in vivo transcriptomic profiles at different
doses and different durations from chemical structures. Overall, Tox-GAN holds
great promise for generating high-quality toxicogenomic profiles without the need
for animal experimentation.

3575

A New Approach Method for Characterizing Inter-species
Toxicodynamic Variability

S. D. Burnett, M. Karmakar, W. J. Murphy, W. A. Chiu, and I. Rusyn. Texas A&M
University, College Station, TX.
Inter-species differences in toxicodynamics are often a critical source of uncertainty
in safety evaluations and typically dealt with using default adjustment factors. In
vitro studies that use cells from different species have previously demonstrated
some success for estimating the relationships between lifespan and/or body
weight and sensitivity to cytotoxicity; however, no investigation has evaluated
the utility of these models for risk assessment. We hypothesized that an in vitro
model using dermal fibroblasts derived from diverse species and individuals can
inform the extent of inter-species and inter-individual variability in toxicodynamics. To test this hypothesis, concentration-response cytotoxicity screening of 40
chemicals in primary dermal fibroblasts from 68 individuals of 54 diverse species
was conducted. Chemicals examined included drugs, environmental pollutants, and
food/flavor/fragrance agents; most of these were previously assessed either in
vivo or in vitro for inter-species or inter-individual variation. Species tested included
humans; common preclinical species rat, dog, monkey; and representatives from
other orders of mammals and birds. We found that both inter-species and inter-individual components of variability contribute to the observed differences in sensitivity to cell death. Further, the magnitude of the observed inter-species and inter-individual differences was chemical-dependent. This study contributes to the paradigm
shift in risk assessment from reliance on in vivo toxicity testing to higher-throughput in vitro or alternative approaches, extending the strategy to replace default
adjustment factors with chemical-specific experimental characterization of toxicodynamic inter-individual and inter-species variability.
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Modification of the Peroxidase Peptide Reactivity Assay
for Screening Botanicals and Natural Substances for Skin
Sensitization Potential: Proof of Concept Study

P. S. Kern1, K. Ellingson2, Y. Gao3, N. L. Krutz1, K. Krivos2, M. Quijano2, Y. Xu2, and C. R.
Ryan4. 1Procter & Gamble, Strombeek-Bever, Belgium; 2Procter & Gamble, Mason, OH;
3Procter & Gamble, Beijing, China; and 4ToxTech Solution LLC, Milan, IN.
The marketplace has seen a consumer preference for products which contain
botanical and other natural substances (BNS), as there is a perception is that
‘natural’ is safe. However, as with any consumer product ingredient, a thorough
safety assessment must be conducted, including a determination of skin sensitization potential. To meet this need, a modification of the Peroxidase Peptide
Reactivity Assay (PPRA) was explored for screening BNS for their ability to react
with a synthetic peptide containing cysteine, as a surrogate for the first key event
in the sensitization adverse outcome pathway. The PPRA is a peptide reactivity
assay which incorporates a horseradish peroxidase-hydrogen peroxide (HRP/P)
oxidation system for the activation of potential pre- and pro-hapten sensitizers.
Test materials containing a botanical constituent at <2% in a carrier of either
glycerin or propylene glycol were obtained. Stock solutions of BNS were prepared
at 20 mg/mL in an appropriate solvent. Serial dilutions were prepared from the
stock to obtain 8 working concentrations. Direct reactivity to the cysteine peptide
was determined in reaction mixtures containing 20 ug/mL cysteine peptide and 10
mM deferoxamine in 0.1M potassium phosphate buffer, pH 7.4 with a final reaction
volume of 0.3 ml. Enzyme-mediated reactivity determinations were performed in
sample reactions with cysteine prepared as described above, but with addition
of HRP and hydrogen peroxide (HRP/P) at final concentrations of 3 U/ml and 100
uM, respectively. A series of initial studies demonstrated that assay’s results were
reproducible and impact of carrier solvent low. To determine the sensitivity of the
assay, spiking experiments were conducted: a non-reactive chamomile extract
was spiked with different doses of the sensitizers citral, cinnamic aldehyde and
isoeugenol. Significant peptide depletion was observed in the +HRP/P reaction
mixtures with isoeugenol spikes as low as 0.05%. Based on these proof-of-concept
studies, the Botanical PPRA shows promise as a screening method for skin sensitization potential and could become part of a skin sensitization New Generation Risk
Assessment framework for BNS.
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ReproTracker: A Human Stem Cell-Based Biomarker Assay for
In Vitro Assessment of Developmental Toxicity

A. Jamalpoor1, A. Riu2, G. Ouedraogo2, A. Noel-Voisin2, N. De Crozé2, S. Hartvelt1, T.
Osterlund1, and G. Hendriks1. 1Toxys, Oegstgeest, Netherlands; and 2L’Oréal, Aulnaysous-Bois, France.
Birth defects due to chemical exposure remain a significant problem worldwide.
Currently, assessing potential developmental toxicants relies mainly on murinebased models which do not always mimic the human situation. Over the past
decades, several alternative in vitro assays have been developed, but these
often suffered from low predictability and the inability to provide a mechanistic
understanding of developmental toxicity. ReproTracker is a human induced pluripotent stem cell (hiPSC)-based biomarker assay that follows the differentiation
during early embryonic development. The hiPSCs were directed to differentiate
toward three germ layer-specific cell types, hepatocytes, cardiomyocytes, and
neural rosettes. Proper stem cell differentiation is investigated by morphological profiling and assessment of time-dependent expression patterns of cell-specific biomarkers. In this system, a decrease in the expression of the biomarker
genes and morphology disruption of the differentiated cells following compound
treatment indicates teratogenicity. To illustrate the applicability of ReproTracker,
the assay was assessed with 5 well-known in vivo animal teratogenic and non-teratogenic compounds. Exposure to the in vivo teratogenic compound flusilazole,
resulted in the decreased expression of all three tissue-specific biomarker genes
and disrupted the development of contracting cardiomyocytes and morphology of
hepatocytes, and neural rosettes. Mirex selectively decreased expression of the
neuroectoderm-specific biomarker gene and disrupted the development of neural
rosettes. Non-teratogenic substances (ascorbic acid and amaranth) had no effect
on the morphology of the differentiated cells, nor on the expression of the biomarker
genes. However, ReproTracker identified ethylene thiourea, an in vivo animal teratogen, as a non-developmental toxicant, as it showed no effect on the morphology
of the differentiated cells, nor on the expression of the biomarker genes. Overall,
compared to in vivo classification, ReproTracker was able to correctly classify 4 out
5 chemicals, demonstrating that the assay can identify the teratogenic potential
of new chemicals and provide evidence as to the likely outcome of in vivo test
systems.

3578

Establishment of an In Vitro Sonic Hedgehog Inhibition
Screening System with Complete Pathway Coverage

T. G. Beames, and R. J. Lipinski. University of Wisconsin–Madison, Madison, WI.
Birth defects cause tremendous individual and societal burden, and many of the
most common congenital malformations are etiologically complex and associated with numerous environmental factors. The identification of environmental chemicals that contribute to birth defect risk requires screening an ever-expanding library of poorly characterized new and existing compounds, but current
high-throughput screening approaches fail to replicate the complexity of developmental processes. Sonic hedgehog (Shh) signaling is critical for proper craniofacial and limb development and is sensitive to xenobiotic disruption at multiple
points along its signaling cascade. However, most in vitro tools for investigating
Shh inhibition do not recapitulate the entire pathway, precluding the identification
of antagonists that target upstream events such as post-translational modification and secretion of SHH peptide. To address this limitation, a pathway-complete
cell culture system was created by overexpressing the SHH gene in Shh-LIGHT 2
cells - NIH/3T3 cells containing a Shh-responsive luciferase reporter - to produce
Constitutively Active Shh-LIGHT 2 (CAL 2) cells. Whole pathway sensitivity was
examined by exposing co-cultures of Shh-LIGHT 2 and CAL 2 cells to chemical
inhibitors targeting upstream events such as cholesterol modification (AY 9944,
U18666a) and palmitoylation (RU-SKI 43) as well as downstream signal transduction through the Smoothened protein (cyclopamine, vismodegib, piperonyl butoxide)
and GLI transcription factor activation (GANT 61). Benzo[a]pyrene, which causes
malformations through a Shh-independent mechanism, was used as a negative
control. Upstream and downstream Shh inhibitors reduced pathway activity in a
dose-dependent manner, while benzo[a]pyrene had no impact on Shh signaling
activity. This novel, throughput-compatible in vitro system is ideally suited for
screening environmentally relevant chemicals for Shh signaling inhibition throughout the entire pathway and will be leveraged to evaluate additive and synergistic
interactions resulting from co-exposure to Shh antagonists with distinct pathway
targets.

3579

Characterization of Human Isogenic Epithelial Cell Lines as a
Relevant Tool to Study Colon Carcinogenesis and Interaction
between Genes and Environment

A. Tete1, L. C. Arnaud2, H. Le Mentec3, I. Gallais3, N. Poupin2, N. Tournadre3, C. DuarteHospital4, Y. Lippi2, F. Mathevet5, G. Lefort5, A. Burel6, R. Surya7, E. Boutet-Robinet2,
J. W. Shay8, N. Vialaneix5, S. Bortoli1, D. Lagadic-Gossmann3, and L. Huc2. 1Inserm,
Paris, France; 2INRAE UMR 1331, Toulouse, France; 3Inserm, Rennes, France; 4University
Paris Descartes, Paris, France; 5INRAE UR875, Toulouse, France; 6SFR UMS CNRS 3480,
Rennes, France; 7Bina Nusantara University, Jakarta, Indonesia; and 8University of Texas
Southwestern Medical Center, Dallas, TX. Sponsor: R. Barouki
Colorectal cancer (CRC) is the fourth most common cause of death from cancer
worldwide. CRC is a multistep and progressive disease where genetic factors are
important in the initiation, the development and the progression of the disease.
CRC can arise from sequential steps including the acquisition of mutations in
the adenomatous polyposis coli (APC), followed by the mutational activation of
oncogene KRAS and the inactivation of the tumor suppressor gene, TP53. The
occurrence of colorectal cancer is largely influenced by the environment, including food contaminants, lifestyle and nutrition. However, the influence of mutations
on the response to environmental pollutants is poorly evaluated. Environmental
carcinogenesis lacks robust models to explore the interaction between genes and
environment and to determine whether genetic mutations associated with colon
carcinogenesis generate a particular susceptibility to the harmful effects of pollutants. Here, we outline the characterization of an innovative cellular model that
consists in 6 human isogenic epithelial colon cell lines bearing mutations on driver
genes of CRC. Altogether, these cell lines recapitulate colon carcinogenesis from
the healthy, preneoplastic, adenoma and carcinoma stages in a simplified way. We
aim to perform a phenotypic and metabolic description of these cell lines, with a
particular focus on their ability to express the battery of detoxification enzymes,
to have a differential sensitivity to genotoxicity and cell death stimuli, to display
a flexible energy metabolism, to migrate and grow without anchorage. We show
that these models of human isogenic colonic cells of CRC could be a powerful
and relevant tool to study the effects of environmental pollutants on the colorectal
carcinogenesis from the early to the late and metastatic stages and to evaluate
gene-environment interactions in food toxicology.

3580

Establishment and Maintenance of Mouse Hepatic Progenitor
Organoids for In Vitro Evaluation of Antifibrotic Drugs

F. Magdaleno Verduzco, A. Bonavita, and F. Ponthan. Epistem Ltd., Manchester, United
Kingdom. Sponsor: F. Ponthan, American Association for Cancer Research
The development of antifibrotic drugs remains heavily reliant on animal testing.
There is an urgent need to develop robust and relevant in vitro models to support
the identification and preclinical evaluation of potential new antifibrotic drugs. 3D
models can be successfully used for studying complex biological effects, tissue
architecture, and functionality. Here we describe the potential utility of 3D liver
organoids monitoring, maintenance, and characterization for compound screening. Liver progenitor organoids were derived from primary mouse hepatic duct
fragments. Briefly, hepatic ducts were seeded in Matrigel® (Corning) domes in a
24-well plate format (one dome per well) and fed every second day for 10 days
using the HepatiCult™ Organoid Growth Medium (Stemcell Technologies) according to the manufacturer’s protocol. Liver progenitor organoids were maintained
for 5 days before treating with Lipopolysaccharide, Transforming Growth Factorβ1, Dexamethasone, Rifampicin and Acetaminophen. For immunocytochemistry,
organoids were fixed with formalin, permeabilized, blocked with goat serum and
incubated with primary antibodies against albumin, alpha-smooth muscle actin
and F4/80. After washing, secondary antibodies were incubated, and fluorescent
images were acquired on the Cytation 5 Cell Imaging Multi-Mode Reader. Cell viability determination was performed using the CellTiter-Glo® 3D cell assay (Promega,
G9682) according to manufacturer’s protocol. Markers for hepatocytes, cholangiocytes, hepatic stellate cells, endothelial cells, and macrophages were analysed by
flow cytometry and the RNA fluidigm assay. 3D hepatic organoids were developed
from mouse hepatic duct fragments cultured in Matrigel® with a mixture of growth
factors. Organoids were monitored using transmitted light, then stained and imaged
using fluorescent imaging. Liver progenitor organoids comprised spherical objects
with a complex morphology including protrusions and vesicle structures. Increased
size and complexity were monitored over 10 days. Advanced image analysis
allowed co-analysis of organoids and differentiation markers. Multiple quantitative
descriptors of organoids could be used for studying both disease phenotypes and
compound effects. Liver organoid cultures provide a method that can be used for
the study of hepatic development, regeneration, detoxification, metabolism, and
disease modelling.
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Application of Physiologically Relevant In Vitro Inhalation Model
to Predict Acute Respiratory Toxicity of Mists and Volatile
Liquids

Y. Kaluzhny1, G. R. Jackson1, J. Markus2, O. Gabriel1, P. Kearney1, S. Letasiova2, M.
Klausner1, and A. Armento1. 1MatTek, Ashland, MA; and 2MatTek In Vitro Life Science
Laboratories, Bratislava, Slovakia.
Acute respiratory toxicity (ART) testing is required to assess the health effects
of inhaled substances. OECD accepted methods utilize GHS categorization that
is based on animal death. There is no validated in vitro ART assay, even though
animal tests have been discredited as predictors of human responses and on
ethical grounds. The goals of this work were to develop physiologically relevant
ART tests using the EpiAirway™ tissue model, demonstrate interlaboratory transferability, and correlate the results to an established categorization system relevant
to human respiratory irritation. Test articles (TA) were applied to EpiAirway tissues
(0.6 cm2) at MatTek (USA, n=53) and IVLSL (Slovakia, n=43) with ART protocols
developed for exposure to mists/sprays (Direct Application Protocol, DAP) and
vapors/volatile liquids (Vapor Cap Protocol, VCP). In both protocols, tissues were
exposed for 4 hours to 4 fixed doses of the TA (0.5, 2, 10, 20 mg/tissue, diluted in
corn oil or water). In the DAP, TAs were applied to the apical tissue surface and in
the VCP - to an absorbent material in a specially designed cap that forms a tight
seal above the tissue allowing exposure to TA vapor. The effects on tissue viability
(MTT assay) and barrier properties (Transepithelial Electrical Resistance, TEER)
were determined. The effective doses which reduced tissue viability by 25% (ED-25)
or by 75% (ED-75) were mathematically interpolated for the DAP and VCP methods,
respectively. The ED-25 and ED-75 were correlated to the acute irritation Health
Effects (HE) Codes (HE14/15/16) listed by OSHA, which are relevant to human
exposure. Using the MTT assay, the DAP discriminated between HE14/15/16&NH
with a Sensitivity/Specificity/Accuracy (S/S/A) of 72.2/85.5/78.8%; correlation
to GHS Cat.1&2/3&4/5&NC gave results of 55.9/74.0/64.9% S/S/A. The VCP
discriminated between HE codes with S/S/A of 80.9/90.5/85.7% (MatTek) and
77.0/88.7/82.8% (IVLSL); correlation to GHS was 68.0/81.2/74.6% S/S/A (MatTek)
and 62.2/76.1/69.1% (IVLSL). Both protocols demonstrated high predictivity of
human HE Codes, which are more relevant to human respiratory toxicity than the
GHS categories. Good inter-laboratory reproducibility was observed for the VCP.
The VCP and DAP provide physiologically relevant, organ-specific in vitro tests
that can improve the predictivity of human responses and significantly reduce the
number of animals being used.
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In Vitro Assays for Eye and Dermal Irritation Assessment: A
Case Study

N. Bhowmik, and N. Verma. California Environmental Protection Agency,
Sacramento, CA.
Spray adjuvants are considered pesticides in California and are required to be
registered with the Department of Pesticide Regulation (DPR). The use of New
Approach Methodologies (NAMs) was examined to support the California-only
registration of an adjuvant (“Product B”) as a case study. For spray adjuvants,
DPR accepts Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) or Global
Harmonized System (GHS) labeling elements on the product label to convey
hazards to humans. In vitro studies for eye and dermal irritation, designed as
alternative approaches to the in vivo tests with scientifically validated protocols,
were submitted to support the registration of Product B. The first study was
performed using the Bovine Corneal Opacity and Permeability (BCOP) Test. The
test resulted in corrected mean opacity values of 43 and 34 and corrected mean
optical permeability (OD490 value) scores of 0.082 and 0.352 for the first and second
experiment, respectively. This gave rise to a mean in vitro irritancy score (IVIS) of 42,
which classified Product B as a US EPA Toxicity Category II eye irritant. However,
per GHS, no prediction could be made for the ocular hazard category. The second
study was conducted to assess the skin corrosion potential of Product B using the
reconstructed human epidermis model EpiDerm™ (EPI-200). The assay resulted
in an absolute mean OD570 (optical density at 570 nm) values of 1.915 ± 0.282
and 1.071 ± 0.118 and mean relative tissue viability (as % of control) values of 99
and 55 following 3-minute and 1-hour exposures, respectively. Because the mean
relative tissue viability for the test substance was not below 50% after 3-minute
exposure and not below 15% after 1-hour exposure, Product B is considered to be
non-corrosive. This in vitro test cannot be used to differentiate among primary skin
irritation hazard categories used by US EPA; no definitive conclusion could be made
whether Product B belongs in Toxicity Category II or III for primary dermal irritation hazard. However, Product B can be classified as non-irritant (No Category) to
skin in accordance with GHS. Nevertheless, observations from the present investigation showed that in vitro studies incorporating the 3Rs as guiding principles
(Replacement, Reduction, and Refinement of animal use) can be useful in identifying potential eye irritancy and dermal corrosivity/irritancy of spray adjuvants.
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Validation of Zebrafish Embryotoxicity Test (ZET) as a Qualified
Alternative Assay for Its Regulatory Use

A. Muriana, A. Weiner, A. Alday, C. Quevedo, and J. C. Solis. Biobide, Cambridge, MA.
The ICH S5 (R3) guideline on reproductive toxicology that applies to all pharmaceuticals for which reproductive and/or developmental toxicity studies are appropriate,
proposes the use of alternative assays as part of an integrated testing strategy to
minimize the use of animals. The guide provides a list that contains 29 Reference
Compounds that have been shown to induce specific malformation or embryo-fetal
lethality plus 3 Negative Compounds that can be used to support the qualification
of an alternative assay. Our research focused on the predictivity of the zebrafish
developmental toxicity assay. Zebrafish embryo model is highly popular in toxicology and provides an ethically acceptable small-scale analysis system with the
complexity of a complete organism. This model enables continuous developmental
monitoring and has been widely used for the generation of relevant answers on
mammalian developmental hazard. Our goal is to further validate this model for its
regulatory use by testing the 32 compounds indicated in the ICH S5 guideline. To
determine the teratogenic risk of these chemicals, the presence of morphological
alterations is analyzed at two different stages and the teratogenic indexes (TI) are
established as the ratio between LC50/EC50 for each stage. The 32 compounds
have been assayed with the zebrafish developmental toxicity test: i) 23 out of
the 29 Reference Compounds evaluated have been correctly classified. For the
rest of compounds, results obtained for 2 compounds are conclusive while the
concentrations assayed for the other 4 are restricted due to their limited solubility
in embryo medium. ii) all negative compounds have been properly identified. A total
of three replicates have been conducted to study the reproducibility of the assay
as well as the evaluation of the internal concentration of these chemicals in zebrafish embryos. Finally, our objective is also to compare results with the mammalian
exposures provided in the guide to determine the ability of this assay to predict
mammalian embryotoxic exposure.

3585

Phenotypic Evaluation of Intracellular Triglycerides in Response
to Inhibitors of Fatty Acid Regulation in Human and Monkey
Small Intestinal Cell Lines

V. Bhaskaran, and M. Davis. Bristol-Myers Squibb Company, Princeton, NJ.
Long chain fatty acids are taken up from the intestinal lumen into enterocytes
and converted to triacyglycerol, which is then stored in lipid droplets (LD) along
with cholestryl ester in the cytosol. Any perturbation to the uptake, trafficking or
metabolism of fatty acids ultimately affects triacylglycerol (TAG) concentration
in the enterocyte and may lead to gastrointestinal toxicity. We describe herein an
in vitro system that can serves as measure of TAG handling. We employed human
and monkey small intestine epithelial cells to assess compound effects on LD’s.
We qualified the use of LD intensity in the cytoplasm as measured by high content
imaging and quantification of TAG by an enzyme-based luminescence assay in
a medium throughput format (96 or 384 well) as a measure of perturbation of
triglyceride metabolism. After 18h exposure to varying concentrations of inhibitors
of fatty acid transport protein 2 (grassofermata and lipofermata), fatty acid translocase (sulfosuccinimidyl oleate), fatty acid binding protein 4 (BMS-309403) or inhibition or activation of free fatty acid receptor 4 with TUG1387 and AH7614, there
were measurable increases in LD’s in response to 30 and 100 µM Grassofermata
or 100 µM sulfosuccinimidyl oleate in human cells. Inhibitors of acyl coA carboxylase 1/2 (firsocostat), acyl coA synthase (triacsin C) and diacylglycerol o-acyltransferase 1 (PF-04620110 and AZD 3988) caused maximum decreases in LD’s
and TAG a in both human and monkey cells. Inhibitors of acetyl-CoA acetyltransferase (avasimibe) and microsomal transfer protein (lomitapide) decreased LD’s
and TAG in both the species, whereas inhibitor of acyl-CoA synthetase short
chain family member 2 reduced LD’s and TAG in human cells only. To assess the
molecular mechanisms that govern LD biogenesis, responses to inhibitors of PI3K,
ERK pathways and PPAR agonists, PPAR antagonists were evaluated. Inhibitors
of PI3Kα/δ/β (LY294002), PI3Kα/mTOR (CAY10626), PI3Kδ (Idelalisib, IPI-3063),
mTORC1 (rapamycin), PPARα (GW6471) and PPARγ (T0070907) reduced LD and
TAG with clear difference in sensitivity between human and monkey cells. Overall,
this in vitro evaluation using human and monkey small intestine epithelial cells
can serve as a robust model to evaluate compounds for their potential to regulate
triglyceride metabolism and species specificity.

3586

Feto-Maternal Interface Organ on Chip (FM-OOC) for Rapid
Evaluation of Chemical Hazards That May Cause Preterm Birth

S. Kim1, L. Richardson2, E. Radnaa2, Z. Chen1, I. Rusyn1, R. Menon2, and A. Han1.
1Texas A&M University, College Station, TX; and 2University of Texas Medical Branch at
Galveston, Galveston, TX.
Human labor is associated with feto-maternal-derived signals that coordinate to
initiate delivery. Exposure to environmental chemicals can prematurely trigger
labor-initiating signals at the feto-maternal interface (FMi: decidua, amniochorion),
leading to spontaneous preterm birth (PTB). Testing the association between
environmental chemical exposure and PTB is difficult due to many in vivo or in
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vitro limitations. Physiological organ-on-chips (OOCs) are potential alternatives for
studying both potential hazards and mechanisms leading to PTB. This study tested
the FMi-OOC that incorporates maternal decidua cells and three different fetal cells
(chorion, amnion mesenchymal, and amnion epithelial cells) as a model for rapid
evaluation of chemical hazards that may cause preterm birth. As a case scenario,
we evaluated the effect of maternal exposure to cadmium (Cd), an environmental
toxin, using FMi-OOC. Cd transport through the FMi and its impact on cell cycle,
cell death, and inflammation were analyzed. Cd treatment resulted in significant
cell death and a pro-inflammatory environment in the maternal decidua, but had
minimal effect on the fetal chorion cells, and no effect in the fetal amnion cells
compared to controls. The maternal response, but lack of fetal response, indicates
that Cd-mediated adverse effects originate from maternal pathophysiology rather
than fetal-derived triggers of preterm labor. Overall, this study demonstrates that
the FMi-OOC can indeed predict the response of FMi upon exposure to chemicals,
opening the possibility for using OOC models for environmental chemical screens.

3587

Validation of an In Vitro Gastrointestinal Digestion and
Co-culture Model for Toxicity Testing

A. Sevcik, S. Pradhan, M. Gibb, and C. Sayes. Baylor University, Waco, TX.
There is momentum in biomedical research to improve the structure and function
of in vitro intestinal models that better represent human biology. Multiple cell types
cultured in three dimensions produce a better representation of an intact organ. To
build a model that can predict barrier integrity, antigen transport, and inflammatory
response, human cells isolated from the gut were co-cultured and characterized.
The culture consisted of intestinal mucous-producing goblet cells (HT29-MTX),
colon epithelial cells (undifferentiated Caco-2), and monocytic-like immune cells
(U937). Lymphocytes (Raji B) were initially utilized to transform a subpopulation
of Caco-2 epithelial cells into phagocytic and transcytotic immune-supporting
microfold cells (M-cells). An important step in simulating exposure in a gut-based
model is ex vivo digestion of substances to simulate decomposed material prior to
cell culture inoculation. Following the enzymatic/chemical digestion steps, positive
and negative controls were used to validate the tri-culture model. Perfluorooctanoic
acid was used to assess effects on barrier integrity; bisphenol A was used to
assess effects on antigen transport; and glyphosate was used to assess inflammatory response. The ability of the model to represent actual barrier permeability
was validated via TEER and ZO-1 staining after treatment. Verification of antigen
transport was performed via mass spectrometry and inflammatory response was
verified via measurable gene expression and cytokine profiling. When exposed to
the chemicals noted, the model produced similar effects as the same substances
previously reported on in the clinical literature. Adoption of this gastrointestinal
digestion and co-culture model for toxicity testing of environmental chemicals
would aid in hazard screening assessments for new and existing substances.

3588

A Novel High-Throughput Toxicity Assessment of Environmental
Chemicals on Reproduction Using a Yeast-Based Assessment
of Gamete Viability

R. Kumar1, A. Oke1, B. Rockmill1, M. de Cruz1, X. Madeira-Woodruff1, J. Robinson1,
P. Allard2, T. Woodruff1, and J. C. Fung1. 1University of California San Francisco, San
Francisco, CA; and 2University of California Los Angeles, Los Angeles, CA.
Environmental chemical exposure has been identified as a cause of infertility, yet
there has been minimal characterization of the responsible chemical constituents thereby limiting the evidence base for policy and regulations. Impediments
to evaluating reproductive toxicity is the generational delay between exposure and
the manifestation of reproductive perturbations and the reliance on whole-animal
rodent tests which are costly and time consuming. These limit the rapidity at which
one can assess the thousands of chemicals yet to be tested. We have recently
developed a fast and reliable high-throughput reproductive toxicity strategy to
test a larger number of chemicals using the yeast S. cerevisiae. In yeast, gamete
viability is an easily measurable parameter of meiotic success as it relies only on
absorbance measurements to assess the proliferative growth of viable gametes.
We tested our assay exposing yeast to 30, 100, 120, 140, 160 and 180 μM doses
of BPA, and showed significant shifts in the growth curve in a dose-dependent
matter, consistent with previous studies showing reproductive toxicity in both
mammals and other nonmammalian models. We find that BPA in yeast has similar
detrimental effects on prophase I of meiosis as previously been shown in worms
and mammals. By performing competition assays to evaluate whether independent, synergistic or antagonistic effects occur in combination with BPA, we find
that two of out of 19 BPA substitutes examined show synergistic effects with BPA
(bisphenol E and 17β-estradiol). We then evaluated 199 additional environmental
chemicals for their toxicity to reproduction at 30 μM and 100 μM and found 54
chemicals that show growth curve shifts indicative of reproductive toxicity. Finally,
by comparing chemicals in our cohort that have been evaluated for reproductive toxicity in mammalian studies, we find a statistically significant association
between chemicals identified to have a toxic response in yeast and mammals.
Together this shows that a high-throughput assay using yeast may be a useful
approach for rapidly and reliably identifying chemicals that pose a reproductive risk.

3589

In Vitro Genotoxicity Assessment of Whole Smoke Condensate
from Reference Cigarettes Using the Mouse Lymphoma Assay

U. B. Doshi1, S. Hurtado2, and K. Lee1. 1Altria Client Services LLC, Richmond, VA; and
2Charles River, Skokie, IL.
Cigarette smoke is typically fractionated into particulate and gas-vapor phase prior
to assessment in submerged cell-culture-based in vitro toxicology assays. The
objective of the current study was to create a whole smoke condensate, by combining particulate and gas-vapor fractions of smoke from a 3R4F reference cigarette
and evaluate its genotoxicity potential using the in vitro mouse lymphoma assay
(MLA). The mainstream smoke from 3R4F was generated using the Health Canada
Intense smoking regimen and collected on a Cambridge filter pad (CFP), connected
in series to an ethanol-filled impinger in an ice-bath. The CFP was extracted
with the impinger content to produce the whole smoke condensates containing
1.35 mg/mL of nicotine. The genotoxicity experiments were conducted using
a micro-well version of the MLA with the mouse L5178Y tk+/- cell line and three
treatment conditions (3-hours ± metabolic activation [S9] and 24-hours [-S9]) at
up to 0.013 mg/mL of nicotine (1% of ethanol condensate) according to the OECD
test guidance TG490. The 3R4F whole smoke condensate showed concentration
dependent toxicity (measured as % relative total growth) and dose dependent
increases in small and large colonies in all three treatment groups. Furthermore,
mutant frequency exceeding the global evaluation factor (GEF) ≥ 126 mutants/106
cloneable cells, was observed in all treatment groups. In summary, cigarette whole
smoke condensate was mutagenic and genotoxic in the MLA and the results
demonstrate that the current approach of preparing whole smoke condensate is
also appropriate for in vitro testing of combustibles.

3590

In Vitro Assessment of Cytotoxicity and Genotoxicity of Black
Cohosh Extract and Its Constituents

Y. Le1, X. Li1, S. Chen1, K. Ning1, X. Guo1, C. Wu2, M. Manjanatha1, and N. Mei1. 1US FDA/
NCTR, Jefferson, AR; and 2US FDA/CDER, Silver Spring, MD.
Black cohosh extract (BCE) is one of the most popular botanical products for
relieving menopausal symptoms. However, recent studies indicate that BCE is not
only ineffective for menopausal therapy, but also induces genotoxicity through
aneugenic mode of action (MoA). In this study, the cytotoxicity of five constituents
of BCE was evaluated in human lymphoblastoid TK6 cells. Among the five constituents, actein (up to 50 µM) showed the highest cytotoxicity and was thus selected
for further genotoxicity evaluations. Actein caused DNA damage proportional to
concentration as evidenced by the phosphorylation of the histone protein H2A.X
(γH2A.X) and resulted in chromosomal damage as measured by the increased
percentage of micronuclei (MN) cells. In addition, actein activated DNA damage
response through induction of p-ATM, p-Chk1, and p-Chk2, accompanied with cell
cycle changes and apoptosis. Moreover, both BCE and actein increased intracellular reactive oxygen species (ROS) production, decreased glutathione levels,
and activated the mitogen-activated protein kinases (MAPK) signaling pathway.
N-acetylcysteine, an ROS scavenger, attenuated BCE- and actein-induced ROS
production, apoptosis, and DNA damage. These findings indicate that BCE- and
actein-induced genotoxicity is mediated through oxidative stress. Taken together,
our data show that actein is likely one of the major contributors to BCE-induced
genotoxicity.

3591

In Vitro Assessment of the DNA Damage Responses in Primary
Hepatocytes Isolated from Rhesus Macaque

J. Seo, K. Davis, P. Malhi, X. He, M. Bryant, J. Talpos, S. Burks, N. Mei, and X. Guo. US
FDA/NCTR, Jefferson, AR.
Non-human primates (NHPs) have been extremely useful models in understanding the toxic effects of drugs intended for human use due to their genetic and
physiological similarity to humans. In this study, we established a method to isolate
primary macaque hepatocytes (PMHs) from NHPs and evaluated the suitability
of using PMHs for in vitro genotoxicity assessment. PMHs were isolated from
the livers of eight adult male rhesus macaques after in situ whole liver perfusion.
Following a 21-h incubation after plating, the basal activities of six CYP450
enzymes were examined. PMHs were treated with 16 compounds known to have
different pathways of genotoxicity/carcinogenicity for 24 h and DNA damage was
evaluated using the high-throughput CometChip assay. The DNA damage dose-response data were quantified using benchmark dose (BMD) modeling and the BMD50
values of PMHs were compared with those generated from primary human hepatocytes (PHHs) in our previous study. Regardless of varying CYP450 activities and
cytotoxic effects, PMHs showed the same sensitivity and specificity as PHHs in
detecting four indirect-acting and seven direct-acting genotoxicants/carcinogens,
as well as five non-carcinogens that are negative or equivocal for genotoxicity in
vivo. Although quantitative differences were seen between PMHs and PHHs regarding DNA damage responses, especially for direct-acting genotoxicants/carcinogens, the strong correlation of the BMD50 values was observed between PMHs and
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PHHs. In conclusion, by comparing DNA damage responses between PMHs and
PHHs, our data support the use of PMHs as a surrogate for PHHs for evaluating the
genotoxic hazard of compounds in humans.

3592

The Genotoxicity Potential of Luteolin Is Enhanced by CYP1A1
and CYP1A2 in Human Lymphoblastoid TK6 Cells

X. Li1, X. He1, S. Chen1, Y. Le1, M. S. Bryant1, L. Guo1, K. L. Witt2, and N. Mei1. 1US FDA/
NCTR, Jefferson, AR; and 2NIEHS, Research Triangle Park, NC.
Luteolin (5,7,3’,4’-tetrahydroxyflavone) belongs to the flavone subclass of flavonoids.
Luteolin and its glycosides are present in many edible plants, fruits, and vegetables.
While the beneficial properties of luteolin have been widely studied, fewer studies
have investigated its toxicity. In the present study, using human lymphoblastoid
TK6 cells and our genetic engineered TK6 cell lines expressing human cytochrome
P450s, we systematically evaluated luteolin-induced cytotoxicity and genotoxicity, and the role of specific CYPs in the biotransformation of luteolin. Treatments
with luteolin for 4-24 h induced cytotoxicity, apoptosis, DNA damage, and chromosome damage in TK6 cells in a concentration-dependent manner. We observed
that luteolin-induced cytotoxicity and genotoxicity, measured by the high-throughput micronucleus assay, were significantly increased in TK6 cells transduced with
CYP1A1 and 1A2. In addition, key apoptosis and DNA damage biomarkers, including cleaved PARP-1, cleaved caspase-3, and phosphorylated histone 2AX (γH2A.X),
were all significantly increased in the CYP1A1- and 1A2-expressing cells compared
with the empty vector controls. Analysis by LC-MS/MS revealed that TK6 cells
biotransformed the majority of luteolin into diosmetin, a less toxic O-methylated
flavone, after 24 h; the presence of CYP1A1 and 1A2 partially reversed this process.
Altogether, these results indicate that metabolism by CYP1A1 and 1A2 enhanced
the toxicity of luteolin in vitro. Our results further support the utility of our TK6 cell
system for identification of the specific CYPs responsible for chemical biotransformation and toxicity potential.

3593

Measuring and Mapping the DNA Damage Landscape after
Environmental Exposures

M. Sonavane1, K. J. Lee2, and N. R. Gassman1. 1University of Alabama at Birmingham,
Birmingham, AL; and 2University of South Alabama, Mobile, AL.
Environmental exposures to pathogens, stress, carcinogens and other reactive
species result in strand breaks and various covalent modifications to DNA that
can induce mutations and contribute to the initiation and progression of disease.
Measurements of DNA damage within tissue samples can be a biomarker for
exposures or assess DNA repair capacity changes relevant to disease development
and treatment. Numerous methods to characterize DNA damage exist. However,
these methods are primarily applicable to isolated DNA or cultured human cells,
often require substantial material, and may be limited to the detection and quantification of only a handful of DNA adducts. We have developed the Repair Assisted
Damage Detection (RADD) assay to detect and excise DNA adducts using a cocktail
of DNA repair enzymes. The damage site within the genome is then tagged for
detection using a modified nucleotide. This method does not have species limitations and can be used for any biological sample of interest from isolated DNA to
tissue samples from species of interest. Here, we describe the use of RADD to
detect DNA damage within tissue samples from various species of interest exposed
to exogenous agents. We also demonstrate the detection abilities of RADD across
different agents and tissue types. In sum, RADD is a flexible and easy-to-use assay
that allows DNA damage levels to be determined within FFPE samples and allows
the heterogeneity of DNA adducts and strand breaks within biological samples
to be measured. It would be amenable to field studies to understand genotoxic
exposures and offer new insight into DNA repair challenges faced through environmental exposures.

3594

Potential Signaling Regulations of Stereisomeric DNA
Interstrand Cross Links Produced by Mitomycins in K562 Cells

K. Harun1, O. Zacarias1, C. Clement2, S. Cheng1, and E. Champeil1. 1John Jay College of
Criminal Justice, New York, NY; and 2Weill Cornell Medicine, New York, NY.
Mutant p53 is the most mutated tumor suppressor gene in cancer development.
These tumors represent at least 50% of all cancers. Unlike Mitomycin C (MC),
decarbamoyl mitomycin C (DMC) triggers a p53 independent cell death. MC is a
DNA alkylating agent broadly used in chemotherapy. MC and Decarbamoyl mitomycin C (DMC), a synthetic MC derivative which lacks the carbamoyl at the C10
position, can form interstrand crosslinks (ICLs) between the exocyclic amines of
opposing deoxyguanosine moieties. These ICLs are responsible for the cytotoxicity
of mitomycins towards cancer cells. MC and DMC can crosslink DNA in both 5’-CpG
and 5’-GpC sequence contexts, and the crosslinking is diastereospecific: At 5’-CpG,
mitomycins produce trans-ICLs whereas cis-ICLs are found at 5’-GpC steps. The
major ICL formed by MC in culture cells is the trans-ICL whereas DMC yields the
stereoisomeric cis-ICL preferentially. Our goal is to synthesize oligonucleotides

bearing the cis and trans isomeric crosslinks to investigate the relationship between
the ICL structure and the cellular response. Research uncovering mechanisms
through which p53 independent cell death occurs is crucial to identify molecular
targets to treat tumors with a mutant p53. In this study, we present the different
synthetic routes to access cis and trans isomeric ICLs formed by mitomycins in
their reaction with DNA. Proteomic study from K562 leukemia cells transfected
with the purified ICLs for 24 hours showed several interesting proteins differently
regulated by the trans- and cis-ICLs: (1) Histone-lysine N-methyltransferase EHMT2
which down-regulates a cell cycle inhibitory gene expression network (decreased
46% upon treatment with the trans-ICL, but no change observed with the cis-ICL);
(2) Target of EGR1 protein 1 which inhibits cell growth rate and cell cycle (increased
69% upon treatment with the trans-ICL, but decreased 30% with the cis-ICL); (3)
Poly(ADP-ribose) glycohydrolase DNA repair, involved in DNA repair (decreased
19% upon treatment with the trans-ICL, but increased 63% with the cis-ICL); (4)
Telomerase Cajal body protein 1, involved in cell cycle regulation (no change
observed upon treatment with the trans-ICL, but decreased 75% with the cis-ICL).
Further validations are needed to confirm the changes.

3595

Assessing Mutagenicity of Propyl-Nitrosourea and Procarbazine
in Rats via Whole Genome Sequencing of T Cell Clones

V. N. Dobrovolsky, J. R. Revollo, and P. B. McKinzie. US FDA/NCTR, Jefferson, AR.
Detecting in vivo mutagenicity for identifying potential carcinogens is an essential
component in regulatory nonclinical safety research. Existing models for detecting mutation in laboratory animals are limited to indirect (phenotypic) methods
of quantifying mutation in select endogenous or transgenic reporter genes. Next
generation sequencing (NGS) has the potential to replace the reporter gene-based
assays with measuring of mutations over the entire genome directly. We exposed
rats to two known mutagens, N-propyl-N-nitrosourea (PNU, final cumulative dose of
300 mg/kg) and procarbazine (PCZ, final cumulative dose of 450 mg/kg). Control
rats received vehicle solvent. Seven to 10 weeks later, we derived T-cells from the
rats and expanded them into clones. Genomic DNA from single cell-derived clones
was analyzed by NGS to determine spectra of spontaneous and chemical-induced
mutations. Cumulative spectra from several clones were combined to derive the
background, PNU- and PCZ-induced mutational signatures. The spontaneous
T-cell mutational signature in untreated rats was dominated by C>T transitions.
The PNU-induced mutational signature showed relatively equal contributions from
C>T and T>C transitions, and T>A transversions. The PCZ-induced signature was
characterized by T>C transitions, T>A transversions, and T>G transversions (to
a smaller extent). C>G transversions were infrequent in either the PNU or PCZ
signatures. The number of mutations per T-cell clone from mutagen-treated rats
were 10- to 40-fold higher than in T-cell clones from control rats. Our results
suggest that whole genome sequencing (WGS) may be a valuable tool in safety
research and risk assessment. The determined mutational signatures may provide
reference data for future applications of WGS.

3596

The In Vitro Micronucleus Genotoxicity Method: A Novel
Breakthrough in Medical Device Genotoxicity Risk Assessment

A. M. Awad. Edwards Lifesciences Corporation, Irvine, CA. Sponsor: Y. Chen
Assessing the potential of a medical device to induce a toxicological risk to the
patient is one of the most important Quality Control steps involved in the manufacturing and release of implantable devices. ISO and OECD internationally recognized
guidelines provide a battery of tests to evaluate this prospect and ensure the
absence of genotoxicity risk factors in manufactured products. The hurdle to this
type of extensive and rigorous testing is heightened by the limited capacity of
current mammalian testing methods. The existing methods, while effective and
available, are time-consuming, highly labor-intensive, and heavily qualitative. The
in vitro Micronucleus test (“MNvit assay”) is a breakthrough genotoxicity test for
the rapid, automated, and robust detection of micronuclei and hypodiploid nuclei
in the cytoplasm of interphase cells, all signs of genotoxicity induction. Published
in 2016 by OECD 487, the novel MNvit genotoxicity assay has been successfully
implemented in a very limited number of laboratories across North America, the
majority of which are pharmaceutical and academic/contract laboratories. The
vision of the Quality Laboratories at Edwards Lifesciences is to bring in-house all
the testing methods needed to ensure the safety of our cardiovascular therapy
devices. While once not possible to do with the in vitro Micronucleus assay, mainly
because of the intense nature, rigor, and various technicalities, as of 2021 the
method has been verified, enhanced, and proven feasible to complete in a robust
manner in the Edwards Lifesciences Quality Biology Laboratory, Irvine, CA. This
major advancement would render Edwards the first medical device company to
implement this genotoxicity assay in-house, allowing us to be the market leaders
in advanced quality and biological testing of our renowned implantable products.
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3597

The Impact of TAp63g and p53 Point Mutations to the Bladder
Cancer Cells

M. Weng. NYU School of Medicine, New York City, NY.
It has long been recognized that non-muscle-invasive bladder cancer (NMIBC) has
a low propensity (20%) of becoming muscle-invasive (MIBC), and that MIBC carry
many more p53 point mutations (p53m) than NMIBC (50% vs 10%). MIBC also
has a higher mutation burden than NMIBC. These results suggest that DNA repair
capacities, mutational susceptibility and p53m are crucial for MIBC development.
We found MIBC cells are hypermutable, deficient in DNA repair and have markedly
downregulated DNA repair genes, XPC, hOGG1/2 and Ref1, and the tumor suppressor, TAp63γ. In contrast, NMIBC cells are hyperactive in DNA repair and exhibit
upregulated DNA repair genes and TAp63γ. A parallel exists in human tumors, as
MIBC tissues have markedly lower DNA repair activity, and lower expression of DNA
repair genes and TAp63γ compared to NMIBC tissues. Forced TAp63γ expression
in MIBC significantly mitigates DNA repair deficiencies and reduces mutational
susceptibility. Knockdown of TAp63γ in NMIBC greatly reduces DNA repair
capacity and enhances mutational susceptibility. Manipulated TAp63γ expression or knockdown of p53m reduce the invasion of MIBC by 40-60%. However,
the combination of p53m knockdown with forced TAp63γ expression reduce the
invasion ability to nil suggesting that p53m contributes to invasion phenotype
independent from TAp63γ. These results indicate that in BC, TAp63γ regulates DNA
repair capacities, mutational susceptibility and invasion, and that p53m contribute
to the invasion phenotype. We conclude that concurrent TAp63γ suppression and
acquisition of p53m are a major cause for MIBC development.

3598

Toxicological Mechanism of Stereisomeric DNA Interstrand
Cross Links Produced by Mitomycins in MCF-7 Cells

M. Rosas1, O. Zacarias1, C. Clement2, S. Cheng1, and E. Champeil1. 1John Jay College of
Criminal Justice, New York, NY; and 2Weill Cornell Medicine, New York, NY.
Mitomycin C (MC,) is a DNA alkylating agent broadly used in chemotherapy. MC
and Decarbamoyl mitomycin C (DMC), a synthetic MC derivative which lacks the
carbamoyl at the C10 position, can form interstrand crosslinks (ICLs) between the
exocyclic amines of opposing deoxyguanosine moieties. These ICLs are responsible for the cytotoxicity of mitomycins towards cancer cells since they prevent
replication of highly proliferating cells. MC and DMC can crosslink DNA in both
5’-CpG and 5’-GpC sequence contexts, and the crosslinking is diastereospecific:
At 5’-CpG, mitomycins produce trans-ICLs whereas cis-ICLs are found at 5’-GpC
steps. The major ICL formed by Mitomycin C in culture cells is the trans-ICL
whereas decarbamoylmitomycin C yields the stereoisomeric cis-ICL preferentially.
Our overarching goal is to synthesize oligonucleotides bearing the cis and trans
isomeric crosslinks to investigate the relationship between the ICL structure and
the cellular response. There is evidence that the ICL produced by DMC triggers a
p53 independent cell death and research uncovering mechanisms through which
p53 independent cell death occurs is crucial to identify molecular targets to treat
tumors with a mutant p53. These tumors represent at least 50% of all cancers.
In this study, we present the different synthetic routes to access cis and trans
isomeric interstrand crosslinks formed by mitomycins in their reaction with DNA.
Proteomic study from MCF-7 cells transfected with the purified ICLs for 24 hours
showed several interesting proteins were differently regulated by the trans- and
cis-ICLs: (1) TBC1 domain family member 9 which regulates cell proliferation
(increased 41% upon treatment with the trans-ICL treatment, but decreased 50%
with the cis-ICL); (2) Core histone macro-H2A.2, involved in DNA repair (decreased
75% upon treatment with the trans-ICL, but increased 89% with the cis-ICL); (3)
Aurora kinase B which inhibits p21 expression and regulates cell cycle (increased
50% upon treatment with the trans-ICL, but decreased 73% by the cis-ICL); and (4)
Membrane-associated tyrosine- and threonine-specific cdc2-inhibitory kinase which
acts a negative regulator of G2 to M transition (decreased 36% upon treatment with
the trans-ICL, but increased 5% with the cis-ICL). Further validations are needed to
confirm the changes.

3599

Direct Detection of Ultra-Low-Frequency Mutations in Cultures
of Mouse Lymphoma L5178Y Cells and C. elegans Worms by
PacBio Sequencing

J. Revollo, J. Miranda, A. Alund, P. McKinzie, and V. Dobrovolsky. US FDA/NCTR,
Jefferson, AR.
Mutation detection and characterization is essential for the identification of
potential carcinogens. Conventional genetic toxicology assays detect mutation
indirectly (i.e., by phenotypic selection) in a limited number of endogenous genes
(e.g., Pig-a, Hprt, Tk1) or transgenes (e.g., cII, LacI, LacZ). As a result, these assays
require specialized cell cultures or genetically modified animals and can only
detect mutations that alter the function of the reporter gene. These constraints
make many toxicological models incompatible with genetic toxicology research—a
situation that could be remedied by the development of direct mutation detection
techniques through DNA sequencing. PacBio sequencing can generate almost
error-free consensus reads by repeatedly inspecting both DNA strands from circular

molecules (a method known as PacBio-HiFi). Here we show that PacBio-HiFi can
detect genome-wide ultra-low-frequency mutations from unexposed and ethyl
methanesulfonate (EMS)-exposed cultures of mouse lymphoma L5178Y cells and
C. elegans worms. Sequenced samples had no prior selection to enrich for potential
mutants, and all analyses were done on bulk cultures. To identify mutations specific
to each culture, we subtracted variants present in other cultures from variants
present in each culture, on the assumption that common variants were likely to
be germ-line mutations, while culture-specific variants were likely to be somatic
mutations. The mutation frequencies (MFs) of unexposed samples in both models
were about 1×10-7 mutations per base pair. Compared to unexposed controls,
PacBio-HiFi detected a 23-fold increase in MFs in cultures of mouse lymphoma
L5178Y cells exposed to 5 mM EMS for 4 hours, and a 5-, 12-, and 29-fold increase
in MFs in cultures of C. elegans worms exposed to 12.5, 25, and 50 mM EMS for 4
hours, respectively. In both models, the mutation spectra of unexposed cultures
were diverse, while those derived from EMS-exposed cultures were dominated
by C:G→T:A transitions, which is the type of mutation known to be caused by this
mutagen. To validate these results, clone-sequencing analyses were performed
on the same cultures of mouse lymphoma L5178Y cells. The results obtained by
clone-sequencing were almost identical to those obtained by PacBio-HiFi. Our
results suggest that PacBio-HiFi could be used for the detection, quantitation, and
characterization of mutations in any DNA-containing sample, including those that
are not compatible with conventional genetic toxicology assays.

3600

Development of a Micronucleus Test Using the ThreeDimensional Human Airway Model EpiAirway

S. Munakata, T. Watanabe, T. Takahashi, and T. Hashizume. Japan Tobacco Inc.,
Yokohama, Japan.
In vitro micronucleus (MN) tests are widely used as a genotoxicity assay to easily
assess the potential of chemicals to induce structural and numerical chromosomal
aberrations. The use of a three-dimensional (3D) cell culture model of human skin
and liver in MN tests was recently reported as an alternative to animal testing,
which improved extrapolation of the data to humans. Human 3D airway models are
composed of a fully differentiated and functional human respiratory epithelium that
includes cilia and the mucus layer. These 3D airway models allow relevant exposure
to air because they are cultured at the air-liquid interface (ALI). However, the limited
proliferation rate of the cells in 3D airway models poses an issue for assessing the
MN-inducing potential when a 3D cell culture model is highly differentiated and cell
proliferation is not thought to be active. In this study, we aimed to develop a MN
test using the 3D human airway model EpiAirway™ as a respiratory tissue system
that included cytochalasin B (CB) and epidermal growth factor (EGF). In our system,
CB was added to the recovery culture after 24 h of chemical exposure and the
culture medium was exchanged every 24 h over a 72-h recovery period to capture a
sufficient number of binucleated cells (BNCs) for MN observation. Additionally, EGF
was simultaneously added to the recovery culture medium in the same regimen
as CB to stimulate cell division. Addition of CB to the EpiAirway™ culture induced
BNCs and EGF increased the incidence of BNCs in a dose-dependent manner.
Furthermore, we exposed the EpiAirway™ system to well-studied clastogens and
aneugens to examine the feasibility of our 3D human airway system that combined
CB and EGF treatments for MN testing. Mitomycin C and methyl methanesulfonate
as clastogens and colchicine as an aneugen were selected. A 10-μL stock chemical
solution was applied from the apical side of the ALI culture. Under the present
experimental conditions, the percentages of BNCs and micronucleated cells were
decreased and increased, respectively, by these chemicals in a dose-dependent
manner. For future studies, we plan to examine various genotoxic agents, particularly those that exert their genotoxicities under a metabolically activated condition,
to demonstrate the performance of this MN test using a 3D human airway model.

3601

Establishment and Validation of the Reconstructed Skin
Micronucleus Assay Using EpiDerm

H. Gehrke, F. Hirsch, M. Vurucu, and C. Donath. Eurofins BioPharma Product Testing
Munich GmbH, Munich, Germany. Sponsor: H. Gehrke, EUROTOX
The ban of animal testing for cosmetics and cosmetic ingredients in the European
Union in March 2009 has left a gap when in come to the evaluation of potential
genotoxicity As a potential replacement for the in vivo micronucleus assay for
chemical substances or products like cosmetics for which human dermal exposure
is expected and as possible follow-up study on positive results from the in vitro
genotoxicity battery, a skin micronucleus assay using reconstructed human epidermis models was developed. The assay was established based on a standardized
protocol published in the literature (Dahl et al., 2011) with some modifications
concerning cell harvest. The EpiDerm™ models were obtained from MatTek in vitro
Life Science Laboratories. Both, the 48 h and the 72 h protocol were established
and validated using acetone as solvent control and mitomycin C (MMC) and
cyclophosphamide (CPA) as positive controls for the 48 h and the 72 h protocol,
respectively. Upon arrival models were placed in medium and incubated for 24
h (48 h protocol) or 1 h (72 h protocol) before transferred in medium containing
cytochalasin B and application of the first topical dose. Dosing was performed
two or three times at a 24 h interval using 10 µL of acetone or 10 µL of the positive
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control in acetone. Three replicate tissues per treatment group were used. 48 h
or 72 h after first treatment cells were harvested and slides were prepared. Slide
scoring was performed using fluorescence microscopy. Experiments were considered valid if 2 tissues of the solvent control showed at least 50,000 viable cells and
an average percent binucleation (BN) of at least 25%. For two tissues per treatment
group the cytokinesis block proliferation index (CBPI) for estimation of cytotoxicity
and micronuclei frequencies from at least 500 BN cells were determined.For the 48
h protocol, solvent control tissues showed an average viable cell number of 85,000
and an average percent BN of 36%. Evaluation of CBPI showed a mean value of
1.37 and 1.22 for the solvent control and MMC, respectively. For the micronucleus
frequency a mean value of 0.16% and 0.60% was determined for the solvent control
and MMC, respectively. For the 72 h protocol, solvent control tissues showed an
average viable cell number of 97,000 and an average percent BN of 45%. For CBPI a
mean value of 1.45 and 1.32 was observed for the solvent control and CPA, respectively. For the micronucleus frequency a mean value of 0.10% for the solvent control
and 0.41% for CPA was determined. Validation experiments showed good repeatability and intermediate precision for both protocols, indicating that this method
provides a useful and reliable tool as replacement of in vivo micronucleus tests.

3602

Space Toxicology: An Emerging Environmental Health Field

M. Flores1, and J. Wise, Sr.2. 1St. Mary’s University, San Antonio, TX; and 2University of
Louisville, Louisville, KY.
“One small step for man, one giant leap for mankind,” and with those words, Neil
Armstrong ushered in the first space age and a human set foot on the moon for
the very first time. This first chapter of the space age was one of inspiration and
invention as a chosen few explored the surface of the moon. All were amazed with
wonder, but only a select few actually experienced life away from planet Earth.
“This experience; it was something unbelievable,” and with these words, William
Shatner, the man behind Captain Kirk, our fictional space hero, ushered the newest
chapter in the space age. Only, this new chapter, in our quest to conquer space,
will not be limited to the few. Rather, this chapter will be about a bustling near orbit
economy with many enjoying the thrill of space. What begins today, with celebrities
and the wealthy enjoying joyrides into near space, will soon grow to include many
travelling to near space to spend time in hospitals, hotels and other amenities,
all floating in a near space orbit. A central concern, as more people experience
space, will be the toxic exposures they may encounter. Space toxicology concerns
will range from health challenges that people may face from being extensively
exposed to air pollutants via outgasses while in small spaces during interstellar
space travel, to exposures to dusts and particulates from asteroids, moons, and
planets, to increased susceptibility from microgravity-induced cellular and physiological changes that exacerbate toxic outcomes. In this study, in anticipation of this
increasing wave of spaceflight missions in this new chapter of the space age, we
consider key aspects of this critical emerging field including the history of space
toxicology, the current role it has in space flight, and urgent future directions to
advance research progress. Specifically, we will use hexavalent chromium as a
representative space toxicant to show how microgravity may greatly exacerbate
genotoxicity in space and potentially increase risk of disease. This work was
supported by NIEHS grants R01ES016893 and R35 ES032876 (JPW).

3603

In Vitro and In Vivo Assessments of the Genotoxic Potential of
Plant Protection Product Degradant 3-chloroallyl Alcohol

W. Cheng1, F. Zhang2, and B. Gollapudi3. 1UPL Limited Inc., Durham, NC; 2Dow, Midland,
MI; and 3Toxicology Consulting, Midland, MI.
3-Chloroallyl alcohol (3-CAA) can be found in the environment resulting from the
application of plant protection products. Human exposure to 3-CAA may occur
from groundwater. To characterize 3-CAA’s potential to cause genotoxicity in
mammals, in vitro and in vivo studies were conducted, and the data were used to
draw a weight of evidence conclusion. 3-CAA was non-mutagenic in an Ames test,
weakly positive in an in vitro mouse lymphoma forward mutation assay occurring
near the acceptable cytotoxicity limits, and non-genotoxic in an in vivo mouse bone
marrow micronucleus assay. To further characterize the genotoxicity of 3-CAA, a
transgenic rodent gene mutation assay (TGR) in male Fischer 344 Big Blue rats with
micronucleus assessment had been conducted. In this study, 3-CAA was administered via drinking water at targeted dose levels of 0 (C), 10 (L), 30 (M), and 100 (H)
mg/kg/day for 29 days. Peripheral blood samples collected at the end of treatment
were analyzed for micronucleus (MN) induction in reticulocytes using flow cytometry. Liver and bone marrow (BM) samples collected 2 days after the termination of
the treatment were analyzed for the induction of mutations at the cII locus. 3-CAA
did not induce significant increases in mutant frequency (MF) or MN as compared
to the concurrent solvent controls under the above experimental conditions (C, L,
M, and H, respectively - bone marrow MF: 27.7x10-6, 30.0x10-6, 29.9x10-6, 32.9x10-6;
Liver MF: 27.7x10-6, 30.0x10-6, 29.3x10-6, 33.0x10-6; MN (MN/1000 polychromatic
erythrocytes): 0.6, 0.7, 0.5, 0.8). In conclusion the weak in vitro mutagenic response
observed in the mouse lymphoma assay is not confirmed in the whole animal
and factoring rapid 3-CAA clearance in vivo, 3-CAA is not considered to pose a
mutagenic risk.

3604

Humidity Influence on Slide Preparation in Comet Assay

X. Shan, L. Gao, H. Chen, N. Xu, and M. Chen. WuXi AppTec, Suzhou, China.
The in vivo Comet assay is a sensitive technique for the detection of DNA damage
at the level of the individual eukaryotic cell. This assay is used worldwide as part
of the ICH S2(R1) standard battery (Option 2) or as a follow up to a positive in vitro
mammalian cell clastogenic response. Although it’s widely used and fully validated,
however, there is very limited article to elucidate the humidity influence on slide
preparation. In this abstract, humidity influence on slide preparation are discussed
and the timing for slide preparation is proposed. In our laboratory, the samples for
Comet assay are randomly placed into commercial 20-well plates with blind codes,
which means the duration for slide preparation starting from the first well to the
last well is generally long if not well-controlled. In a routine Comet study, % tail DNA
increase response was not detected in the positive control group, which made the
assay invalid. The technical procedures were carefully reviewed, no abnormal activities were observed except that the duration for slide preparation is longer (almost 2
hours, due to the sample collection timepoints are different among positive control
and test article treatment groups) and the humidity for slide preparation is lower
(<30%, due to seasonal humidity variation and dehumidifier). To investigate the
effect of the duration and the humidity on slide preparation, 3 animals were dosed
with EMS at 200 mg/kg for 2 days and the liver was collected at 3-4 hours post last
dosing. After tissue sampling and single cell preparation, two sets of slides were
prepared simultaneously with one set of slides kept at room temperature (humidity
around 30%) for 0, 0.5, 1 and 2 hours, and the other set of slides were kept in a
home-made wet box with humidifier (humidity around 60%) for 0, 0.5, 1 and 2 hours.
Other procedures were followed with OECD TG489 and facility SOPs. The results
showed that the positive signal was only observed at 0 hours (22.26%, 0.26% to
0.94% % tail DNA were observed at 0.5 to 2 hours and the agarose was dried at
these slides due to low humidity) when slides are prepared and placed at room
temperature (humidity around 30%). Positive signals can also be observed at 0 to 1
hour (23.49% to 27.66%) when slides are prepared and placed in a home-made wet
box with humidifier (humidity around 60%), % tail DNA increase was not induced
at 2 hours (3.53%) since the agarose was dried at these slides due to the longer
duration. Our data showed humidity variations and the duration of slide preparation
impacted the % tail DNA in positive control group. We therefore suggest to increase
the humidity (around 60%) in the slide-making area and reduce the duration for slide
preparation (<1 hour) to avoid agarose dried.

3605

Development of a Universal Machine-Learning Model
to Facilitate Interlaboratory Transferability of an In Vitro
Multiplexed Genotoxicity Mode-of-Action Assay

S. Bryce1, S. Dertinger1, J. Bemis1, L. Recio2, D. Roberts3, A. Hamel4, M. Tate5, R. Smith6,
and R. Kulkarni7. 1Litron Laboratories, Rochester, NY; 2Integrated Laboratory Systems
Inc., Durham, NC; 3Charles River, Skokie, IL; 4Charels River, Montréal, QC, Canada;
5Gentronix, Manchester, United Kingdom; 6Labcorp Drug Development, Harrogate, United
Kingdom; and 7EMD Serono, Billerica, MA.
The utility of modern in vitro methods that inform on genotoxic potential as well
as mode of action (MoA) have clearly been established. These approaches, such
as the MultiFlow assay, can provide highly quantitative and in-depth biological
information, which are critical when assessing chemical safety concerns. In order
to realize the benefits associated with machine learning-based data analytics,
these methods currently involve either the development of in-house training sets
to establish predictive models or engagement with service providers that have
previously established the assay at their facility. Here we report on the development
of a “Universal Model” that can be applied to a user’s dataset without the need for
dedicated, site-specific training sets and tailored algorithms. These studies were
performed in human TK6 cells and established biomarkers of genotoxicity MoA
were monitored using the MultiFlow method. A total of 127 compounds with a priori
genotoxicity profiles were analyzed to generate a universal training set. A model
screening platform that evaluated 8 predictive models indicated that a boosted
artificial neural net model performed the best, with R value > 0.92, and misclassification rate < 0.02. Evaluation of receiver operating characteristic curves as well
as cross validation studies showed excellent performance of the model with over
a 90% concordance. A test set of 98 independent studies from a single test site
revealed 92% concordance with a priori classifications. Additional test sets (N = X to
Y independent studies) from external labs’ also had high concordance with a priori
calls, ranging from 85-100% across the laboratories. This evaluation demonstrates
the high predictive value of the universal model in identifying genotoxic MoA and
facilitates direct adoption by groups without the upfront resource drain of creating
lab-specific machine learning models.
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3607

Environmental Contaminant Naphthalene Forms Adducts with
DNA In Vivo in Mice

S. Hannon1, L. Yin1, W. Han1, W. Yang1, L. Tran1, Q. Zhang1, R. Turesky2, L. Van Winkle3,
and X. Ding1. 1University of Arizona, Tucson, AZ; 2University of Minnesota, Minneapolis,
MN; and 3University of California Davis, Davis, CA.
Naphthalene (NA) is a persistent environmental contaminant and a possible human
carcinogen. The mechanisms of NA-induced lung tumor formation have yet to be
elucidated. NA and its metabolite 1,2-naphthoquinone (1,2-NQ) form stable adducts
with DNA ex vivo in cultured rodent and primate airway explants, and in mouse
skin following topical exposure; but the identity of the stable DNA adducts has
not been determined. The ability of 1,2-NQ to form depurinating DNA adducts has
also been demonstrated in vitro and following topical exposure in skin. The goal of
this project is to identify and characterize NA-DNA adducts formed in vivo following either inhalation or systemic NA exposure. Initial studies were conducted to
detect DNA adducts in male wildtype (C57BL/6) mice injected intraperitoneally with
200 mg/kg of NA in corn oil. Two depurinating DNA adducts, 1,2-dihydroxynaphthalene (DHN)-4-N7-guanine and 1,2-DHN-4-N3-adenine, identified on the basis
of chromatographic retention-time and mass-spectral matching with synthetic
standards, were detected in blood, liver and lung homogenates of NA-treated
mice, at various times after NA exposure (30 min - 24 h), but not in untreated
control mice. Subsequently, DNA from white blood cells of NA-treated mice were
isolated, digested enzymatically, subjected to solid-phase extraction, and then
analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS) for
NA-DNA adducts. Adducts 1,2-DHN-4-N7-guanine, 1,2-DHN-4-N7-deoxyguanosine,
and 1,2-NQ-4-N7-deoxyguanosine, preliminarily identified by comparisons to
synthesized standards, were detected in the in vivo specimens. Further studies
are underway to confirm adduct identification and characterize adduct levels and
persistence in lung and liver of mice exposed to NA via inhalation. The outcome
of this study will facilitate further investigations on the genotoxic mechanisms of
NA-induced lung carcinogenesis. Supported in part by NIEHS grant ES020867.

3608

Human Cell-Based Aneugen Molecular Mechanism Assay

N. Hall, K. Tichenor, S. Bryce, J. Bemis, and S. Dertinger. Litron Laboratories,
Rochester, NY.
This laboratory previously described a human cell-based bioassay and data
analysis scheme that elucidates the most common molecular targets responsible
for chemical-induced in vitro aneugenicity: tubulin destabilization, tubulin stabilization, and inhibition of mitotic kinase(s) [Bernacki et al., Toxicol. Sci. 170 (2019)
382-393]. The current presentation describes updated procedures that simplify
benchtop processing and data analysis methods. For these experiments, human
TK6 cells were exposed to each of 25 reference aneugens over a range of concentrations in the presence of fluorescent paclitaxel (i.e., ‘488 Taxol’). After 4 hr, cells
were lysed and liberated nuclei were stained with a nucleic acid dye and labeled
with fluorescent antibodies against phospho-histone H3 (p-H3). Flow cytometric
analyses revealed several signatures: tubulin binders as a class caused increased
frequencies of p-H3-positive events, with concentration-dependent increases or
decreases in 488 Taxol fluorescence in the case of stabilizers and destabilizers,
respectively; mitotic kinase inhibitors with known aurora kinase B inhibiting activity
caused reduced frequencies of p-H3-positive events, and reductions to median
fluorescent intensity of p-H3-positive events. These results demonstrate a simple
rubric based on 488 Taxol- and p-H3-associated metrics can reliably elucidate
commonly encountered aneugenic molecular mechanisms.

3609

Application of Modifying Agents to a Multiplexed DNA Damage
Assay Yields Deeper Levels of Mechanistic Information on
Genotoxic Mechanisms and Molecular Targets

J. Bemis, S. Bryce, K. Tichenor, N. Hall, and S. Dertinger. Litron Laboratories,
Rochester, NY.
The base MultiFlow system enables categorization of compounds with regard to
activity profiles for clastogenicity, aneugenicity or non-genotoxicity. In an effort
to go beyond this genotoxicity mode of action assessment, we added multiple
DNA damage and repair modifying agents to selectively alter biomarker response
patterns and reveal in-depth information on mechanisms and molecular targets.
For this method-development study, we used TK6 cells pre-exposed to the modifying agents olaparib (PARP inhibitor), MK-8776 (CHK1 inhibitor), NU7441 (DNA-PK
inhibitor) or a cocktail of reactive oxygen species (ROS) scavengers. Cells were
then exposed to 29 clastogens identified by MultiFlow MoA analyses. Samples
were taken at 4 and 24 hours, with one arm experiencing a washout of chemical
at 4 hours, and processed using the standard MultiFlow protocol. Flow cytometric
analyses collected information on the following clastogen-associated biomarkers:
γH2AX as a marker of DNA double strand breaks and p53 as a marker of genotoxic
stress. All clastogens studied induced elevations in the γH2AX and/or p53 under
standard conditions, but showed varied patterns of response following washout
or in the presence of the modifying agents. Biomarker response data were used
to generate Benchmark Dose metrics which were then put through a decision-tree

framework for categorization of compounds into like-performing classes. Alkylating
or cross-linking compounds such as methylmethane sulfonate or chlorambucil showed persistence of γH2AX at 24 hrs after washout, whereas etoposide or
methotrexate did not. Compounds known to form ROS, e.g. menadione, hydrogen
peroxide, displayed attenuated γH2AX and p53 responses in the presence of the
scavenger cocktail. Topoisomerase (Topo) 1 inhibitors such as camptothecin or
topotecan were differentiated from Topo 2 inhibitors, e.g. etoposide, mitoxantrone
or DNA synthesis inhibitors like methotrexate or cytosine arabinoside. Based on
this approach, we were able to correctly categorize the vast majority of clastogens
into a priori-established classifications. This approach continues to extend the suite
of assays based on the MultiFlow system that starts with MoA determinations and
then further elaborates on mechanisms of genotoxicity at the molecular level.

3610

Determination of a Maximum Tolerated UVA Exposure for the
Photo-Genotoxicity Test Method Using the Reconstructed Skin
Micronucleus Assay

H. Raabe1, A. Irizar2, F. G. Gerberick3, A. Giusti4, N. Hewitt4, Y. Thakkar5, N. Wilt1, and S.
Pfuhler6. 1Institute for In Vitro Sciences Inc., Gaithersburg, MD; 2International Fragrance
Association, Brussels, Belgium; 3GF3 Consultancy LLC, West Chester, OH; 4Cosmetics
Europe, Brussels, Belgium; 5Research Institute for Fragrance Materials, Woodcliff Lake,
NJ; and 6Procter & Gamble, Cincinnati, OH.
To address a lack of suitable tools to screen novel ingredients in personal care
products for mutagenic/clastogenic activity after solar light exposure, Cosmetics
Europe and IFRA initiated a three-phase project to integrate established UVA/visible
light (UVA/vis) photo activation techniques to the reconstructed skin micronucleus
(RSMN) assay. The first phase was conducted to establish an appropriate photo
irradiation schedule to identify a maximum tolerated UVA/vis exposure compatible with the repeat dose regimen of the 72-hour RSMN protocol. Reconstructed
human epidermal (RhE) tissues were irradiated daily over 3 days with UVA/vis
ranging from 1 to 6 J/cm2 and compared to RhE tissues cultured without UVA/vis
to determine the cytotoxicity and micronucleus induction potential. Two tissues in
each group were assessed for binucleation frequency and induction of micronuclei, and two tissues were assessed for viability using the MTT viability assay. No
UVA/vis-related effects on MTT metabolism were observed. The 3 J/cm2 group
induced a notable increase in the % binucleated cells (135%), while the 6 J/cm2
group induced a decrease (64.9%), suggesting some toxic effects at the highest
exposures. No significant increases of micronuclei induction in the binucleated
cells were observed in any of the UVA/vis treatment groups. Accordingly, 3 J/cm2
was determined to be a well-tolerated UVA/vis exposure, and will be utilized in the
subsequent phases to evaluate test method performance in identifying promutagens requiring photoactivation.

3611

Synergistic Mutagenicity of Alcohol and Benzo[a]pyrene in
Mouse Lymphoma and HepaG2 Cells

T. Chen, A. W. Alund, B. Pan, J. Yan, and X. Guo. US FDA/NCTR, Jefferson, AR.
Alcohol use accounts for about 6% of all cancers and 4% of all cancer deaths in
the United States according to American Cancer Society; it has been linked with
several cancers, including those of the mouth, liver, and breast. The underlying
mechanisms for alcohol carcinogenesis are still unclear. Alcohol has not been
proven mutagenic. Although synergistic effects of combining drugs and alcohol
have been widely described, their combination relative to mutagenic endpoints
has not been previously reported. In this study, mouse lymphoma cells and HepG2
cells were treated with alcohol and benzo[a]pyrene (B[a]P), a genotoxic carcinogen, separately or in combination. Synergistic mutagenicity of alcohol and benzo[a]
pyrene (B[a]P) was evaluated using the mouse lymphoma assay and whole
genome sequencing of the treated HepG2 cells. While alcohol itself did not induce
mutations in both assays, co-treatment of alcohol and B[a]P induced higher mutant
frequencies in mouse lymphoma assay and whole genome sequencing assay than
B[a]P alone. While 5 µM B[a]P caused a 9.3-fold increase in mutant frequency in
mouse lymphoma cells and 8.7-fold increase in mutation frequency in HepG2 cells
compared to controls, co-treatment of 50 mM alcohol and 5 µM B[a]P increased
mutant frequencies by 14.2-fold in mouse lymphoma cells and 23-fold in mutation
frequency in HepaG2 cells over the controls. The mutation spectrum obtained from
the whole genome sequencing featured predominantly indel mutations and G:C >
A:T transitions in cells treated with the vehicle or alcohol, and G:C > T:A transversions and G:C to A:T transitions in the cells treated with B[a]P alone or the combination of alcohol and B[a]P with a much higher ratio of G:C > T:A transversions in the
combined treatment than that in the B[a]P alone treatment. The results suggest
that alcohol can have a synergistic effect on mutagenicity of some carcinogens
such as B[a]P.
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3612

Myrtus communis Extract Attenuates Neurotoxicant Effects
Mediated by Emamectin Benzoate in Mice

K. M. Alharthy. Prince Sattam bin Abdulaziz University, Alkharj, Saudi Arabia.
Emamectin benzoate (EMB), a semi-synthetic derivative of avermectin, is widely
used as insecticide. Its neurotoxicant effects have been previously shown such
as oxidative stress and various histopathological changes in the liver, kidney, and
brain. Myrtle (Myrtus communis L., Myrtaceae) is cultivated in Egypt as an ornamental plant. It is worldwide known for its used in traditional medicine. The protective
effect of Myrtus communis extracts on brain oxidative stress and DNA damage
mediated by emamectin benzoate (EMB) was investigated. Twenty-four mice were
administered orally with EMB at dose 17.6 mg/kg either alone or in combination
with Myrtus communis extract at 50 and 100 mg/kg daily for 14 days. Genotoxic
effects mediated by EMB in mice brain were assessed by comet assay (single cell
gel electrophoresis). Also, oxidative stress markers as malondialdehyde (MDA),
superoxide dismutase (SOD), reduced glutathione (GSH), and nitric oxide (NO)
levels were assessed in brain tissues. In addition to the activity of paraoxonase-1
(PON1), and acetylcholinesterase (AChE) were evaluated. The results showed EMB
significantly increased the DNA tail length by 61.89 ± 2.26 compared to the control
DNA tail length 9.99 ± 0.85 um, whereas Myrtus communis extracts significantly
counteracted the increased in the DNA tail length as 34.25 ± 2.45 and 19.21 ±
2.54, respectively. Also, Both Myrtus communis extracts doses 50 and 100 mg/kg
significantly reduced the induction of MDA and NO levels mediated by EMB from
50 nmol/g tissue and 36 umol/g tissue, respectively, in dose dependent manner.
Whereas Myrtus communis extracts doses significantly increased the reduction of
SOD and GSH mediated by EMB exposure. Both AChE and PON1 enzymes activity
were reduced by EMB administration by 41% and 37% respectively compared to the
control. These inhibition effects were significantly attenuated by Myrtus communis
extracts treatment. In conclusion, Myrtus communis extract potentially poses
neuroprotective effects via antioxidant and apoptotic effects.

3613

Mutational Spectra of N-nitrosodimethylamine in Mice Reflect
Mutational Patterns in Human Cancers and in Cells Treated with
SN1 Alkylating Agents

A. L. Armijo1, B. I. Fedeles1, J. Yau1, P. Thongararm1, S. Chawanthayatham1, J. E. Kay1,
J. J. Corrigan1, R. G. Croy1, S. E. Carrasco2, J. G. Fox1, B. P. Engelward1, and J. M.
Essigmann1. 1Massachusetts Institute of Technology, Cambridge, MA; and 2Memorial
Sloan Kettering Cancer Center, New York, NY.
N-Nitrosodimethylamine (NDMA) is a versatile carcinogen found in contaminated
water, polluted air, preserved foods, tobacco products and multiple pharmaceuticals. There is a need for molecular biomarkers that provide insight into the
mechanisms by which NDMA triggers cancer and that identify the subset of tumors
induced by this agent. We hypothesize that high resolution mutational spectra
(HRMS) analysis of environmental toxicants, such as NDMA, can reveal early onset
genetic signatures of toxicant-driven human disease. Mice possessing the gpt
transgene were given NDMA via a regimen that induces liver cancer; 10 weeks later,
livers, lungs and kidneys were found to have ~35-fold, 4-fold and 2-fold, respectively, elevated mutation frequencies over background. Duplex sequencing revealed
a distinctive mutational spectrum in which GC>AT mutations dominated in 5’-Pu-G3’ contexts. The NDMA spectrum shows high cosine similarity (>0.9) to COSMIC
signature SBS 11, which is seen in glioblastomas of people treated with the DNA
alkylator, temozolomide (TMZ); TMZ reacts with DNA via a putative methyldiazonium ion, identical to that generated by NDMA. Cells isogenic with the mice,
when treated with TMZ and two other SN1 alkylators, also displayed NDMA-like
mutational spectra. The NDMA-induced mutations are generally attributed to the
DNA adduct, O6-methylguanine (m6G), which is repaired by MGMT in a suicidal
reaction. Mice deleted for MGMT, which exclusively repairs m6G, displayed a 4-fold
enhanced mutation frequency at the gpt locus, while the mutational spectrum
remained unchanged, which underscores the mechanistic role of m6G to the
pattern observed. In summary, this work describes an in vivo mutational spectrum
that appears to be a signature of exposure to carcinogens and drugs that methylate
DNA by an SN1 mechanism.

3614

In Vitro and In Vivo Genotoxicity Studies with 2,3,3,3-tetrafluoro2-(trifluoromethyl) Propane Nitrile

M. DeLorme, J. G. Owens, P. Lieder, and J. D. Bonk. 3M, Saint Paul, MN.
The objective of this study was to evaluate the genotoxicity of 2,3,3,3-tetrafluoro-2-(trifluoromethyl) propanenitrile (C4 isonitrile). C4 isonitrile, a gas at room
temperature, is used as an insulator in high-voltage electrical equipment. C4
isonitrile was evaluated in vitro for gene mutation potential in bacteria (Ames
assay), cultured mouse lymphoma cells (L5178Y), and for chromosomal aberrations in cultured human lymphocytes. In vivo genotoxic potential was evaluated
in a combined micronucleus and comet assay in rats exposed nose only to 0, 375,
750, or 1500 ppm 6-hr/day for 3-days. C4 isonitrile demonstrated no mutagenicity
in 4 strains of S. typhimurium (TA1537, TA98, TA100, and TA1535) and the WP2
uvrA E. coli strain, without and with S9 activation at gas exposure concentrations

ranging from 0.0781% to 10%. Testing at concentrations >10% was not feasible due
to frank cytotoxicity to the bacteria. In L5178Y cells, an increase of >126 mutants
per 106 cloneable cells was observed in cells exposed to the highest exposure
concentration (76%) at the 4-hr timepoint without S9. In contrast, no increase in
mutants were observed in L5178Y cells following 24-hrs of exposure up to 76%
without S9. No mutagenicity was observed in L5178Y cells exposed to C4 isonitrile
with S9 activation (4-hrs). In the cultured human lymphocytes, a 4-hour exposure
(pulsed treatment) in both the absence and presence of S9, C4 isonitrile did not
demonstrate an increase in the number of aberrant cells at any concentration
when compared to the negative control. Exposure of lymphocytes for 24 hours
(continuous treatment) to C4 isonitrile resulted in an insufficient number of concentrations suitable for microscopic evaluation due to cytotoxicity, thus the acceptability criterium was not fulfilled. In the in vivo assay, rats exposed t0 1500 ppm
demonstrated up 6% loss in body weight. C4 isonitrile did not induce an increase
in the number of micronucleated erythrocytes and comet assay evaluation of DNA
from the nasal cavity, lung, liver, and kidney demonstrated no DNA damage. While
the in vitro assays were negative or inconclusive, the in vivo micronucleus assay
clearly demonstrates no genotoxic potential at the target organ (nasal cavity) and
other key systemic organ systems (lung, liver, and kidney). Therefore, C4 isonitrile
does have genotoxic potential.

3615

Assessment of the Sensitivity of the HPRT Assay in Relationship
to the Spontaneous Mutant Frequency of the Cell Line

M. Kimonyok1, S. Spang2, A. Zander2, N. Honarvar2, C. Gomes2, D. Funk-Weyer2,
and R. Landsiedel2. 1Universität Mannheim, Mannheim, Germany; and 2BASF SE,
Ludwigshafen, Germany.
The HPRT assay (OECD 4761) is used for the in vitro assessment of gene mutations
in eukaryotic cells. The guideline recommends a treatment of 2x107 cells based on
the “general rule” to maintain at least 10 mutants per culture. This approach insinuates that lower spontaneous mutant frequencies indicate lower sensitivity towards
mutagenicity of test substances. Different experimental protocols were compared
to elucidate the origin of low spontaneous mutant frequencies and their significance for the overall sensitivity of the assay. One particular aspect, which had a
significant impact on the spontaneous mutant frequency was the timing of the cell
line cleansing. The OECD guideline prescribes that the cells need to be cleansed
of pre-existing mutants by treatment with Hypoxanthine, Aminopterin, Thymidine
(HAT) medium and then frozen for routine usage. An alternative protocol included
a HAT treatment prior to the treatment of the cells. Thus, the cells had at least
2 passages less from the time of HAT treatment until test substance treatment.
A direct comparison using the two protocols in parallel showed, that the HAT
treatment at later time is indeed determining the lower frequency observed using
the alternative protocol. Further, we assessed whether increased spontaneous
mutant frequency is linked to a higher sensitivity towards mutagens. Reference
mutagens were tested using both protocols in parallel. The obtained concentration
response curves were compared using the PROAST benchmark dosing approach.
The results showed that there is no difference in the sensitivity of the two protocols
to detect mutagenic effects. Therefore, it is concluded that an alternative protocol
resulting in less spontaneous mutants is as sensitive as the original protocol
described in the OECD 476. Lower spontaneous mutant frequency per se is not an
indication of low sensitivity of the HPRT assay. [1] Test No. 476: In vitro Mammalian
Cell Gene Mutations Tests using Hprt and xprt gene.

3616

Lung Cancer-Associated DNA Damageome Reveals a Genome
Destabilizing Role of Aquaporin 3

J. Xia, M. Lin, Z. Song, G. F. Fernandes, S. M. Rosenberg, and C. Amos. Baylor College of
Medicine, Houston, TX. Sponsor: J. Xia, American Association for Cancer Research
Lung cancer is a multifactorial disease caused by both environmental exposures
and genetic factors. Genome and transcriptome-wide association studies (GWAS
and TWAS) successfully identified many genetic variants and candidate causal
genes associated with lung cancer. However, the lack of functional studies of
these genes remains a major bottleneck to clinical translation. Recently, we discovered that large networks of evolutionarily conserved DNA damageome proteins
(DDPs) promote DNA damage and genome instability. Here, we discovered a lung
cancer-associated DNA damageome network. We further discovered that one of the
lung cancer DDPs, Aquaporin 3 (AQP3), can promote ROS dependent DNA damage
upon overproduction. Furthermore, it potentiates DNA damage by a low dose of
arsenic exposure, creating unique double strand break hotspots which help predict
mutational signatures. We screened for high endogenous DNA damage levels for
more than 40 TWAS and GWAS-nominated candidates using high-throughput single
cell-based flow cytometric assays. We optimized and performed Mre11-Cut&Tag
(Cleavage Under Targets and Tagmentation) to map double strand breaks, which
are the most deleterious form of DNA damage. In addition, we used END-Seq
to provide a much higher resolution of the DSB map and uncovered hotspots in
arsenic-detoxifying genes. We are implementing duplex sequencing to map the
mutational signatures caused by arsenic and the arsenic-Aquaporin 3 interaction.
Our study brings function to endogenous DNA damage and DNA damageome
proteins that interact with environmental toxicants. Mechanistic insights into how
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low-dose arsenic interacts with risk genes yield critical knowledge for the prevention, diagnosis, and treatment of arsenic-associated diseases. We also uncovered
several early biomarkers to potentially predict the long-term health impacts of
arsenic.

3617

Metabolism and Genotoxicity of New Psychoactive
Substances (NPS) and 4,4’-oxydianiline (ODA) Is Modified by
N-acetyltransferase 2 Genetic Polymorphism

R. A. Salazar-Gonzalez, M. A. Doll, and D. W. Hein. University of Louisville, Louisville, KY.
The use of new psychoactive substances (NPS) as drugs of abuse is common
and increasingly popular, particularly among youth and neglected communities.
Similarly, hookah smoking is increasingly popular; where 4,4’-oxydianiline (ODA), a
carcinogenic aromatic amine, is one of the main components in the smoke. Recent
studies have reported toxic effects from these chemicals; however, their long-term
toxicity is unknown. It is likely that genetic differences between individuals affect
the toxicity risk. Arylamine N-acetyltransferase capacity differs among individuals
due to genetic inheritance. Our goal is to investigate the gene-environment interaction between NAT2 polymorphism and toxicity after exposure to these chemicals.
We compared N-acetylation by human NAT1 and NAT2, found that N-acetylation
of NPS and ODA is carried out exclusively by NAT2. Differences in N-acetylation
between NAT2*4 (reference allele) and NAT2*5B (common variant allele) were highly
significant (p<0.0001). Using genetically engineered CHO cells, expressing CYP1A2
and either NAT2*4 or NAT2*5B, we tested the induction of DNA double-strand
breaks (H2Ax); cells were exposed to increasing concentrations of NPS including
3,4-methylenedioxymethamphetamine (MDMA), dimethocaine (DMC), mescaline
(TMPEA), metaphedrone (3MMC), 2,5-Dimethoxy-4-ethylthiophenethylamine
(2C-T2) or ODA. The induction of H2Ax showed a NAT2 allele dependent response,
being higher in the NAT2*4 vs NAT2*5B alleles (p<0.05). Finally, induction of
oxidative stress (ROS/RNS) was evaluated; we observed NAT2 allele dependent
response for all compounds in concentrations as low as 10 M, where NAT2*4
showed increased ROS/RNS vs NAT2*5B (p<0.05). In summary, these results
provide evidence that ODA and NPS are N-acetylated by NAT2, and such metabolic
reaction is dependent on NAT2 genotype. Furthermore, our results provide evidence
that exposure to psychoactive chemicals results in NAT2 genotype dependent
genotoxic and oxidative damage. Research reported in this publication/presentation
was supported by the National Institute of Environmental Health Sciences of the
National Institutes of Health under Award Number P30ES030283. The content is
solely the responsibility of the authors and does not necessarily represent the official
views of the National Institutes of Health.

3618

Polyploidy Confers Protection from Chemotherapy Drug Toxicity
in Caenorhabditis elegans

E. A. Ampolini, K. R. Misare, J. B. Dunne, C. Voelkel-Johnson, and J. H. Hartman.
Medical University of South Carolina, Charleston, SC.
Polyploidy occurs normally in developing germlines and embryos as well as some
mature somatic tissues such as the heart, liver, and muscle. Polyploidy also arises
pathologically in many cancers. Roles of polyploidy during development, disease,
and stress have increasingly been studied and emerging data suggest that cells
containing normal vs. duplicated genomes have different properties that affect
cellular response to drugs and toxicants. More tractable strategies for studying
polyploidy biology are needed to understand the mechanisms underlying these
effects. In pursuit of that goal, this study utilized tetraploid Caenorhabditis elegans
(C. elegans) with whole-genome duplication in every cell. C. elegans is the only
multicellular animal that can be propagated in a fully tetraploid state. This system
was used to study differential response to toxic exposures to chemotherapeutic
drugs cisplatin and doxorubicin. Following exposure to each drug, growth delay,
brood size, and germline apoptosis were measured as markers of drug toxicity.
The underlying hypothesis was that polyploid C. elegans would be protected
from chemotherapeutic toxicity when compared with diploid C. elegans. A stable
polyploid line was first generated in a wild-type genetic background by rec-8
knockdown for two generations using dsRNA-expressing E. coli. Growth delay
was tested by measuring larval growth in the presence of chemotherapy drugs.
Following a 48-hour exposure, tetraploid animals were modestly protected (~10%)
from growth delay at high doses of both cisplatin and doxorubicin when compared
to diploid (p<0.01). Germline apoptosis was measured by counting apoptotic
bodies in unexposed diploid and tetraploid worms, stained with acridine orange.
Without exposure, tetraploid worms had >5-fold increase in apoptotic bodies when
compared with diploid worms (p<0.001). Preliminary experiments showed differential response to chemotherapeutics, with diploid animals showing increased
germline apoptosis and tetraploid animals showing decreased apoptosis after
drug exposure. In ongoing experiments, the effects of these drugs on reproduction
(brood size) are being measured. Based on the data collected thus far, tetraploid
worms show a differential response to chemotherapy-induced toxicity. To explore
the mechanism underlying this response, RNA was isolated for mRNA-sequencing
to compare diploid and tetraploid animals exposed to each drug, and the results
are forthcoming. Together, the results of this study will provide key phenotypic and
molecular mechanistic information about the conserved biology of polyploidy.

3619

The Effects of Cadmium Exposure on Maternal Health Are
Modulated by High-Fructose Diet

M. L. Moore1, H. H. Nguyen1, F. D. Thomas1, M. C. Schladweiler2, D. Hill2, A. F.
Johnstone2, L. F. Strader2, C. Hoyo3, S. M. Belcher3, J. A. Dye2, C. S. Lau2, and C. N.
Miller2. 1Oak Ridge Institute for Science and Education, Research Triangle Park, NC; 2US
EPA, Research Triangle Park, NC; and 3North Carolina State University, Raleigh, NC.
Exposure to pollutants rarely occurs in isolation and often co-exists with other
environmental stressors. Recognizing the cumulative effects of these exposures
is crucial in understanding the community-level factors that drive adverse fetal and
maternal health outcomes. In this study, we investigated the interactive effects of
two known hepatotoxicants—cadmium (Cd) and fructose overconsumption—on
maternal health. Female CD-1 mice were exposed to Cd (0.0 ppm, 0.5 ppm, or 5.0
ppm) via drinking water ± 59% high fructose in the diet (HFrD) for two weeks prior
to breeding and through gestation day (GD) 18. Bodyweight, body composition,
and blood glucose were periodically monitored, and maternal tissue weights were
collected at GD18. Before pregnancy, data showed that HFrD mice gained 161%
more weight, had higher adiposity (fat-to-lean mass), and higher blood glucose
than control diet mice. The pre-pregnancy HFrD-mediated hyperglycemia was
resolved by GD8 and replaced with a Cd-dependent increase in blood glucose that
was evident in both dietary groups. Throughout pregnancy, mice fed HFrD gained
less weight than mice fed the control diet (70.2% vs. 79.2%), which resulted in a
loss of the HFrD response on adiposity in non-Cd exposed dams. Nonetheless,
mice exposed to 0.5 ppm Cd + HFrD maintained an elevated adiposity compared
to controls. Blood glucose differences at GD8 were resolved in control diet dams,
with the Cd-mediated hyperglycemia only remaining in the 5.0 ppm Cd + HFrD dams
at GD18. Despite varying effects of HFrD on maternal body weight gain and body
composition, HFrD intake resulted in increased kidney and liver weights at GD18.
Our data support that HFrD consumption and exposure to Cd have unique effects
on maternal health indices. However, the combination of these stressors results in
hyperglycemia in late gestation, suggesting that a co-exposure of Cd and HFrD may
impede adequate glycemic control during pregnancy. This abstract does not reflect
US EPA policy.

3620

Prenatal and Postnatal Exposure to Polychlorinated Biphenyls
Alters Hormone Receptor Expression in the Rat Ovary

K. M. De La Torre1, M. J. Laws1, D. J. Meling1, L. M. Thompson2, M. Bell2, L. T.
Raetzman1, A. C. Gore2, and J. A. Flaws1. 1University of Illinois at Urbana-Champaign,
Champaign, IL; and 2University of Texas, Austin, TX.
Endocrine-disrupting chemicals (EDCs) are exogenous chemicals known to have
adverse effects on hormone expression, health, and neurological outcomes.
Among the several EDCs, polychlorinated biphenyls (PCBs) were used in industrial
applications until being banned in the 1970s for being a probable human carcinogen and an environmental toxicant. However, PCB- contaminated products were
stored and disposed improperly, leading to soil and water pollution. Decades later,
PCBs still persist in the environment, contaminating food products for humans.
Although PCBs are widely known for their negative effects on development and the
nervous system, little is known about whether they are ovarian toxicants. Thus, this
study focused on whether pre- and post-conception exposures to PCBs affect gene
expression in ovaries. Sprague-Dawley rats were treated with PCB mixture Aroclor
1221 (A1221) at 1 mg/kg/day during each of two critical windows from embryonic
days 8-18 and postnatal days (PND) 1-21. Ovaries from PND8, PND32, and PND60
rats from the F1 generation were collected for RNA extraction and qPCR. Analysis
of differential gene expression was performed on androgen receptor (Ar), progesterone receptor (Pgr), a marker of proliferation Ki-67 (Ki67), estrogen receptor 1
(Esr1), and estrogen receptor 2 (Esr2) at each age. In the F1 generation, pre- and
post-conception PCB exposure significantly decreased Ar (PND8) expression
compared to control. However, PCB exposure did not significantly affect expression
of Pgr, Ki67, Esr1, and Esr2 compared to control at any time-point. Overall, these
data suggest that pre- and post-conception exposures to PCBs affects androgen
receptor expression in the rat ovary. This work is supported by NIH R01 ES029464.

3621

Phthalate Metabolites Act through PPAR Nuclear Receptors in
the Mouse Ovary

D. D. Meling, K. M. De La Torre, A. R. Deviney, A. M. Neff, M. J. Laws, G. R. Warner, and
J. A. Flaws. University of Illinois at Urbana-Champaign, Urbana, IL.
Widespread use of phthalates as solvents and plasticizers leads to everyday
human exposure. The mechanisms by which phthalate metabolites act as ovarian
toxicants are not fully understood. Thus, this study tested the hypothesis that
the phthalate metabolites monononyl phthalate (MNP), monoisononyl phthalate
(MiNP), mono(2-ethylhexyl) phthalate (MEHP), monobutyl phthalate (MBP), and
monoisobutyl phthalate (MiBP) act through peroxisome proliferator-activated
receptors (PPARs) in mouse granulosa cells in vitro. Primary granulosa cells were
isolated from CD-1 mice and cultured with vehicle control (DMSO) or MNP, MiNP,
MEHP, MBP, or MiBP (0.4-400 μM) for 24 hours. Following culture, total RNA was
extracted and qPCR was performed for genes known to be directly regulated by the
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PPAR nuclear receptors. Treatment with the phthalate metabolites led to significant
increases in expression of the PPAR targets Fabp4 and Cd36 relative to control in
dose-dependent fashion. Primary granulosa cell cultures were also transfected with
a DNA plasmid containing luciferase expressed under the control of a consensus
PPAR response element. MNP, MiNP, and MEHP caused dose-dependent increases
in expression of luciferase, thus indicating the presence of functional endogenous PPAR receptors in the granulosa cells that respond to phthalate metabolites.
For some phthalate metabolites, increases in gene expression were reversed by
co-treatment with the PPAR gamma inhibitor T0070907. Collectively, these data
suggest that individual phthalate metabolites likely act through PPAR nuclear
receptors in the ovary. Supported by NIH T32 ES 007326 and R01 ES 028661.

3622

Subchronic Exposure to Bis (2-ethylhexyl) Phthalate (DEHP)
Affects the Expression of Transcription Factors (OCT-4 and
CDX-2) Related to the Activation of Pluripotency in Blastocysts
of CD-1 Mice

L. Y. Parra Forero1, R. Braz Arcanjo2, M. I. Hernández Ochoa1, J. A. Flaws2, and R.
A. Nowak2. 1Cinvestav, Mexico City, Mexico; and 2University of Illinois at UrbanaChampaign, Urbana, IL.
Bis (2-ethylhexyl) phthalate (DEHP) affects the number of blastocysts and their
quality at concentrations 0 a 2000 µg/kg/day. During blastocyst development, cells
differentiate into two main lineages, trophectoderm (TE) and inner cell mass (ICM),
which will give rise to the placenta and the organs of the embryo. The molecular
mechanisms and regulatory networks of establishment and differentiation of those
cell lineages are not well known. However, there are some transcription factors
that are decisive for the establishment of the pluripotency. CDX-2 is a transcription
factor expressed mainly in the surface of the TE cells and it is used to indirectly
evaluate extraembryonic tissue, such as the placenta. As for the ICM, the absence
of protein expression, such as GATA-6 and OCT-4 may cause low blastocysts viability in knockouts. These transcription factors markers were assessed as potential
mechanisms of toxicity of DEHP on TE and ICM of blastocysts. The objective of
this study was to evaluate the expression of GATA-6, OCT-4 and CDX-2 inembryos
of CD-1 female mice exposed to 0, 20, 200 and 2000 µg/kg/day for 30 days. The
estrous cycle was monitored by vaginal cytology and ovulation was induced with
a PMSG and hCG protocol, followed by mating. The blastocysts were recovered
4 days later by uterine lavage. In OCT-4, the means and the standard error of the
mean of the quantification of the arbitrary fluorescence units were 2.85 ± 0.45 for
the control group and 1.98 ± 1.27 and 1.24 ± 0.95 for the groups of 200 and 2000
µg/kg/day, respectively. While for CDX-2, the control group had 3.39 ± 0.85, the 200
µg/kg/day 1.72 ± 0.45 and the 2000µg/kg/day 1.62 ± 0.66, suggesting that DEHP
may cause failures in the activation of pluripotencyand lineage fate differentiation
that can subsequently affect the implantation (OCT-4) and the placentation (CDX-2)
of the embryo. More studies are needed to determine if the differences in expression could be the causes of the low quality of the blastocysts that would compromise their implantation capacity.

3623

Short-Term Exposure to Di-(2-ethylhexyl) Phthalate and
Diisononyl Phthalate May Have Short-Term and Long-Term
Consequences on Inflammatory Markers in the Ovary

R. Santacruz-Marquez, C. Chiang, and J. A. Flaws. University of Illinois at UrbanaChampaign, Urbana, IL.
Phthalates such as di-(2-ethylhexyl) phthalate (DEHP) and diisononyl phthalate
(DiNP) are used as plasticizers in polyvinyl chloride plastics, flooring, food packaging, personal care products, medical tubing, plastic toys, and paints. Due to their
uses, phthalates are found ubiquitously in the environment and humans are continuously exposed via oral, dermal, and inhalation routes of exposure. Published
studies indicate that fibrosis and inflammation increase as ovaries age, and that
phthalate exposure increases inflammation in non-ovarian tissues. However, little is
known about how short-term exposure to phthalates impacts inflammation markers
in the ovary. Thus, the goal of this work was to determine whether short-term
phthalate exposure has short-term and long-term effects on inflammation markers
in the ovary. Adult CD1 female mice were orally dosed with vehicle (tocopherol
striped corn oil), DEHP (20 µg/kg/day, 200 µg/kg/day, 20 mg/kg/day and 200 mg/
kg/day), or DiNP (20 µg/kg/day, 100 µg/kg/day, 20 mg/kg/day and 200 mg/kg/
day) for 10 days. For short-term evaluations, mice were euthanized immediately
after the exposure period. For long-term evaluations, mice were euthanized at 15
months after dosing. Ovaries were collected and processed for analysis of inflammation markers and fibrosis. Our results indicate that DEHP and DiNP exposure
caused short-term and long-term disruption of the inflammation process evidenced
by increased levels of inflammation markers immediately after dosing as well as
decreased inflammation markers 15 months post-exposure. When ovarian sections
were analyzed for fibrosis using picrosirius red staining (PSR) as an indicator of
ovarian aging, DEHP and DiNP did not affect PSR staining compared to control.
In conclusion, these data suggest that short-term DEHP and DiNP exposure may
have short-term and long-term effects on inflammation, but not on ovarian fibrosis.
Supported by R01 ES028661 and NIH T32 007326.

3624

Effects of Prenatal Exposure to Environmentally Relevant
Phthalate Mixtures on Ovarian Gene Expression in F1 Female
Mice

E. J. Fletcher, M. J. Laws, and J. A. Flaws. University of Illinois at Urbana-Champaign,
Urbana, IL.
Phthalates are a family of synthetic chemical compounds used as plasticizers and
solvents. Phthalates are commonly seen in the environment as mixtures in building
materials, medical equipment, and personal care products. Although virtually 100%
of the US population has measurable exposure to several types of phthalates,
little research has been done to understand the effects of prenatal exposure to
phthalate mixtures on reproductive health in female offspring. Thus, this study
tested the hypothesis that prenatal exposure to an environmentally relevant phthalate mixture affects ovarian gene expression of steroidogenic enzymes in the F1
generation. To test this hypothesis, pregnant CD1 dams were dosed orally with
vehicle control or three different doses of phthalate mixture (20 µg/kg/day, 200 µg/
kg/day, 200 mg/kg/day). The pregnant dams were allowed to deliver pups naturally
and the ovaries from the F1 female offspring were collected at 6 months. RNA
was isolated from the ovaries and used in qPCR reactions to quantify expression
of steroidogenic genes: steroidogenic acute regulatory protein (Star), cytochrome
P450 family 11 (Cyp11a1), and aromatase (Cyp19a1). The results indicate that
prenatal exposure to the mixture at low doses significantly increased expression
of Star in the F1 ovaries compared to control. In contrast, prenatal exposure to the
mixture decreased expression of Cyp11a1 and Cyp19al in the F1 ovaries compared
to control. These data suggest that prenatal exposure to a phthalate mixture significantly alters ovarian expression of steroidogenic enzymes in the F1 generation long
after initial exposure to a phthalate mixture. Supported by NIH-R01 ES032163.

3625

Long-Term Dietary Phthalate Exposure Alters Estrous Cyclicity
in Mice

M. Laws, D. Meling, A. Deviney, I. Marquez, R. Angles, J. Chiu, S. Kramer, E. Fletcher, Z.
Li, and J. Flaws. University of Illinois Urbana-Champaign, Urbana, IL.
Phthalates are a class of environmental contaminants found in many consumer
goods, including plastic food containers, blood bags, and medical tubing.
Phthalates have been shown to negatively impact the female reproductive tract, but
the direct effects of individual phthalates and phthalate mixtures on the ovary are
largely unknown. Because oral ingestion of phthalates is a main route of exposure,
this study investigated the effects of phthalate exposure via food on estrous cyclicity and serum estradiol levels in the female mouse. Beginning at 1.5 months of
age, female CD1 mice were exposed to either di(2- ethylhexyl) phthalate (DEHP),
diisononyl phthalate (DiNP), or a mixture of phthalates (Mix) containing DEHP,
DiNP, benzyl butyl phthalate (BBzP), di-n-butyl phthalate (DBP), diisobutyl phthalate
(DiBP), and diethyl phthalate (DEP). Mice were fed ad libitum rodent diet containing
vehicle control (corn oil), or 0.15 ppm, 1.5 ppm, or 1500 ppm of phthalates. Food
consumption by mice did not differ between treatment groups through 33 weeks
of exposure. Measurements of phthalates in the urine by liquid chromatography
coupled with tandem mass spectrometry confirmed effective delivery of phthalates
in the rodent diet. After one month, phthalate exposure did not significantly affect
serum estradiol levels compared to control. However, one month of 1500 ppm Mix
food led to a borderline significant decline in the amount of time spent in diestrus/
metestrus compared to control diet. After three months of 0.15 ppm and 1500 ppm
Mix food exposure, mice spent significantly less time in diestrus/metestrus and
significantly more time in estrus compared to mice fed control diet. Mice exposed
to 0.15 ppm DEHP and 1.5 ppm DiNP for three months spent less time in diestrus/
metestrus and more time in estrus compared to control. Following five months of
0.15 ppm DEHP exposure, mice spent significantly less time in diestrus/metestrus
and significantly more time in estrus compared to mice fed control diet. After seven
months of 0.15 ppm DiNP exposure, mice spent more time in diestrus/metestrus
and less time in estrus compared to mice fed control diet. These data confirm that
chronic oral exposure to phthalates via the diet alters estrous cyclicity in mice.
Supported by NIH R01 ES028661and NIH T32 ES007326.

3626

Mono(2-ethylhexyl) Phthalate Increases Aryl Hydrocarbon
Receptor Activity Indirectly in the Mouse Ovary

A. Neff, Z. Inman, and J. A. Flaws. University of Illinois at Urbana-Champaign, Urbana, IL.
Phthalates such as di(2-ethylhexyl) phthalate (DEHP) are pervasive environmental
toxicants used in the manufacturing of numerous consumer products, medical
supplies, and building materials. DEHP is metabolized to mono(2-ethylhexyl)
phthalate (MEHP) in the body. MEHP is an endocrine disruptor that adversely
affects folliculogenesis and steroidogenesis in the ovary. Previously, we showed
that MEHP increases aryl hydrocarbon receptor (AHR) transcriptional activity in
antral follicles isolated from mice. However, it is still unclear whether MEHP acts
as a ligand to the AHR or induces AHR activation indirectly. We hypothesized that
MEHP binds to the AHR directly to induce transcriptional activity in the ovary. To
test this hypothesis, we utilized granulosa cells isolated from mouse ovaries. To
observe AHR binding activity, a xenobiotic response element (XRE) luciferase
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reporter assay (Cignal) was performed. Granulosa cells were transfected with the
XRE reporter construct, a positive control construct, or a negative control construct
for 24 hours. Following transfections, cells were treated with different concentrations of MEHP (0.4-400µM), 2,3,7,8-tetrachlorodibenzodioxin (TCDD, 10nM) as a
positive control, or dimethyl sulfoxide (DMSO) as a vehicle control for 24 hours.
Following treatment, luciferase activity was measured as a read out of AHR
activity. Luciferase activity increased following exposure to the positive control
TCDD, compared to DMSO-treated granulosa cells. In contrast, MEHP exposure did
not increase luciferase activity, suggesting that MEHP does not bind to the AHR.
Gene expression analysis was also performed to observe expression of the AHR
target gene cytochrome P450 enzyme Cyp1a1. Interestingly, despite its inability
to bind to the AHR, MEHP exposure increased expression of Cyp1a1, compared to
DMSO control, indicating increased AHR transcriptional activity in response to the
chemical. Together, these data suggest that MEHP is not a ligand of the AHR, but
activates the AHR through an indirect mechanism. Further research is needed to
elucidate the intermediate cellular events linking MEHP exposure and increased
AHR activity in the ovary. Supported by NIH T32 ES007326 and R01 ES028661.

3627

Environmentally Relevant Exposure to Harmful Algal Bloom
Toxin Microcystin-LR Compromises Ovarian Follicle Maturation
and Ovulation in Mice

Y. Wang1,2, P. Pattarawat1, J. Zhang3, E. Kim1, J. J. Kim3, S. Chatterjee2, G. I. Scott2,
Q. Zhang4, and S. Xiao1. 1Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ;
2University of South Carolina, Columbia, SC; 3Northwestern University, Chicago, IL; and
4Emory University, Atlanta, GA.
Microcystin-LR (MC-LR) is the most common and hazardous type of harmful algal
bloom (HAB) toxin; however, its impact on women’s reproductive health is poorly
understood. The present study aimed to investigate the ovarian toxic effects of
MC-LR. Twenty-one-day-old CD-1 female mice were intraperitoneally injected daily
with vehicle (1xPBS) or 10 μg/kg MC-LR during the follicle maturation and/or
ovulation window. Results showed that MC-LR accumulated in ovarian stroma cells,
thecal cells, and granulosa cells of antral follicles. Using a superovulation model,
we found that exposure to MC-LR during the ovulation window did not affect follicle
ovulation, but exposure to MC-LR during the follicle maturation window or both
follicle maturation and ovulation windows significantly inhibited follicle ovulation.
Mice treated with MC-LR during the follicle maturation window had significantly
more unruptured follicles after ovulation induction, indicating that MC-LR compromises ovulation through disrupting follicle stimulating hormone (FSH)-dependent
follicle maturation. RNA sequencing analysis further showed that there were
decreased expression of several follicle maturation genes, such as Pappa, Inha,
and Lhcgr, and PI3K/AKT/FOXO signaling pathway were altered in preovulatory
follicles isolated from MC-LR-treated mice. Using a 3D encapsulated in vitro follicle
growth (eIVFG) model, qPCR results consistently showed that exposure to 10 µM
MC-LR significantly decreased the expression of follicle maturation genes and
inhibited follicle ovulation in vitro. Meanwhile, MC-LR inhibited the activation of
protein phosphatase 1 (PP1), AKT, and FOXO1, three key mediators for immature
follicles to respond to FSH for acquiring maturation and then respond to luteinizing hormone (LH) for ovulation. These results suggest that MC-LR disrupted
FSH-dependent follicle maturation via affecting the PP1/PI3K/AKT/FOXO1 signaling pathway. Together, our studies demonstrate that environmentally-relevant
exposure to MC-LR compromises ovarian follicle maturation and ovulation in mice.

3628

The Ovarian Response to a Genotoxicant Exposure Is Altered by
Diet-Induced Obesity

K. Timme, H. White, and A. F. Keating. Iowa State University, Ames, IA.
Female fertility is impacted by both lifestyle and environmental factors, such as
obesity and ovotoxicant exposure. Obesity affects approximately 42% of reproductive age women in the United States. Female reproductive capacity is limited
by obesity through reduction of conception and implantation and is associated
with poor oocyte quality. Polycyclic aromatic hydrocarbons (PAH) are formed
through the combustion of organic materials and are known ovotoxicants. The
PAH 7,12-dimethylbenz[a]anthracene (DMBA) results in female infertility through
DNA damage and reduction of the ovarian oocyte reserve. The objective of this
study is to identify alterations in ovarian proteins involved in oocyte development.
This study investigated the hypothesis that a blunted response to DMBA exposure
would occur due to a diet-induced model of obesity. Female C57BL6J mice were
fed either a normal rodent diet comprised of 3.5% kCal from fat (lean; n = 20), or a
high fat high sucrose diet containing 45% kCal from fat and 20% kCal from sucrose
(HFHS; n = 20) from six weeks of age. Mice were fed ad libitum until the HFHS mice
attained a 30% increase in body weight compared to the lean mice, at which time
each diet group was divided and injected with corn oil (CO) as vehicle control or 1
mg/kg DMBA for 7 days. Vaginal cytology was performed starting at the time of
injection until euthanasia at day two of diestrus. Body, ovary, uterus, spleen, and
liver weights were collected at time of euthanasia. Ovarian protein was isolated for
LC-MS/MS analysis. Body weight was increased (P < 0.05) by the HFHS diet but
DMBA exposure had no effect. Liver weight was increased (P < 0.05) in the HFHS
DMBA (0.96g ± 0.04) compared to lean DMBA (0.80g ± 0.04) with no difference

in the CO treated lean or HFHS groups. DMBA exposure reduced (P < 0.05) 18
and increased (P < 0.05) 31 ovarian proteins in lean mice. Serine/threonine-protein
phosphatase 2A catalytic subunit alpha isoform (PPP2CA) was decreased (P <
0.05) 1.5-fold, while Zona pellucida sperm-binding protein 3 (ZP3) was increased
(P < 0.05) 1.5-fold due to DMBA exposure. Obesity caused by HFHS decreased (P
< 0.05) 34 and increased (P < 0.05) 46 proteins and PPP2CA was increased (P <
0.05) 1.1-fold by HFHS diet. In DMBA exposed mice, HFHS reduced (P < 0.05) 8 and
increased (P < 0.05) 6 ovarian proteins compared to lean mice. Protein-arginine
deiminase type-6 (PADI6) was increased (P < 0.05) by 1.1-fold in HFHS DMBA mice.
These findings support the posit that the ovary of an obese female responds differently to an ovotoxicant exposure than a lean female and that proteins necessary
for oocyte reorganization and fertilization are altered by a genotoxicant exposure.
Supported by 1R01ES030341-01 from NIEHS.

3629

Impact of Chronic Pre-conceptional Glyphosate Exposure on
Maternal Ovarian Proteome and Follicular Composition

G. Novbatova, K. Timme, and A. F. Keating. Iowa State University, Ames, IA.
Glyphosate (GLY) is a commonly used herbicide in agriculture and for urban weed
control. Human ubiquitous exposure is supported by urinary GLY detection. High
GLY urinary levels in women are associated with shortened gestational length. This
study tested the hypothesis that chronic pre-conceptional GLY exposure would
impair maternal ovarian function mid- and post-gestation. Mice (C57BL/6; n = 10
per treatment) were exposed per os to saline vehicle control (CT) or GLY (2 mg/
kg) daily for ten weeks starting at 7 weeks of age. Following exposure, female
mice were mated with unexposed males and the appearance of vaginal plugs was
monitored. Cohort 1 mice were euthanized at gestation day (GD) 14, and Cohort 2
mice completed gestation and were euthanized at post-weaning day 27. Ovarian
samples were processed for follicle counting and for total ovarian homogenate
protein detection and quantification via LC-MS/MS. Serum 17β-estradiol and
progesterone were measured by ELISA. In Cohort 1 mice, the number of atretic
follicles and corpora lutea did not differ (P > 0.05) between CT and GLY exposed
dam ovaries. In Cohort 2 mice, exposure to GLY decreased (P < 0.05) secondary
follicle number but did not affect the number of primordial, pre-antral, or antral
follicles nor did it impact the number of atretic follicles or corpora lutea. In Cohort
1 mice, exposure to GLY altered (P < 0.05) 26 ovarian proteins relative to CT mice.
Out of those, the abundance of SEC16A, PDXDC1, NUP214 and MACROD1 proteins
were increased more than 1.5-fold; and levels of PRSS1, EEF1A2, HARS2, MOB1
and ACSL1 proteins were decreased greater than 1.5-fold. The level of circulating
17β-estradiol and progesterone was not different between CT and GLY exposed
mice in Cohort 1. These data suggest that pre-conceptional GLY exposure may
affect maternal ovarian function in ways that could alter fertility and systemic
metabolism. Supported by R21ES026282 and R21ES026282-02S1 from NIEHS.

3630

Zearalenone Exposure Alters Serum Metabolites in Pre-pubertal
Heat Stressed Gilts

C. M. Roach, and A. F. Keating. Iowa State University, Ames, IA.
Zearalenone (ZEN) is a nonsteroid, estrogenic mycotoxin produced by Fusarium
which structurally mimics endogenous estrogen, acting as an endocrine disruptor. Humans are exposed to ZEN orally through contaminated water and food or
indirectly through animal by-products. Female ZEN exposure causes precocious
puberty, persistent estrus, and reduced fertility. Humans and pigs metabolize ZEN
similarly and swine are reproductively sensitive to ZEN. Extreme weather events
and global temperatures are increasing in incidence with climate change, inducing
heat stress (HS), a metabolic condition in which heat accumulation exceeds heat
dissipation increasing body temperature. HS causes intestinal hyperpermeability
resulting in metabolic endotoxemia, hyperinsulinemia, and an activated immune
response. Utilizing a swine model, this study investigated the hypothesis that ZEN
exposure would alter serum metabolites with an additive effect of HS. Pre-pubertal
female pigs (n = 38) were randomly assigned to one of six treatment groups:
thermal neutral (TN) ad libitum fed controls (TC; n = 6); TN + ZEN (0.04 ppm; TZ;
n = 6); pair-fed (PF) control (PC; n = 6); PF + ZEN (0.04 ppm; PZ; n = 6); cyclical
HS control (HC; n = 7); or HS + ZEN (0.04 ppm; HZ; n = 7) for 7 d. ZEN dosage was
chosen based on documented ovarian effects and the NOAEL for humans and was
administrated orally in a cookie dough vehicle. Serum (n = 4) was collected on day
7 and analyzed using non-targeted GC-MS. Metabolites were statistically evaluated
with an R-based software from MetaboAnalyst 5.0, with important features identified using the univariate analysis tool. Differentially expressed metabolites were
identified if the log-fold change > 2 and a P-value ≤ 0.05. Fifteen metabolites differed
between TC and TZ, 11 were different between PC and PZ, and 25 were altered
between HC and HZ. A ZEN effect (P = 0.02) on nonanoic acid, an endogenous
anti-fungal metabolite, was increased among treatments. Myo-inositol phosphate,
an insulin signaling and glucose metabolism regulator was decreased (P < 0.01) by
ZEN exposure during HS. An anti-inflammatory regulator, L-glutamine (P < 0.01), and
immunomodulator β-D-glucose (P < 0.01) were increased by ZEN exposure in HS
pigs. These findings suggest that during HS, ZEN exposure activates metabolites
involved with anti-inflammatory and immunoregulation, potentially to compensate
for mycotoxin exposure and thermal load in pre-pubertal females. ZEN exposure
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also reduces metabolites associated with insulin regulation, interesting since HS
causes hyperinsulinemia. This project was supported by the Iowa Pork Producers
Association and 1F31ES033551-01 from the NIEHS.

3631

Effects of Prenatal Benzo(a)pyrene Exposure on Macrophage
Numbers in Embryonic Ovaries

F. Freeland, J. Lim, and U. Luderer. University of California Irvine, Irvine, CA.
Benzo(a)pyrene (BaP) is a ubiquitous polycyclic aromatic hydrocarbon pollutant
formed during incomplete combustion of organic materials and a known reproductive toxicant. Exposure to BaP has been noted to activate inflammatory markers
within the body, yet little is known regarding these inflammatory effects on female
reproduction. Prenatal BaP exposure destroys germ cells in the ovaries of developing mice. Our published work revealed that prenatal exposure to BaP increases
mRNA and protein expression of chemokines involved in monocyte recruitment in
the embryonic ovaries. We hypothesized that this results in increased macrophage
numbers in the embryonic gonads. Two macrophage markers, CD68 and CD163,
were used to investigate the presence of macrophages in exposed embryonic
ovaries. Pregnant C57BL/6J mice were treated with either 0 or 2.0 mg/kg-day BaP
on days 6.5-11.5 post-coitum (dpc), the window of ovarian development during
which germ cells form, proliferate, and migrate to the gonad. On day 13.5 dpc, the
mice were euthanized, and embryonic ovaries with attached mesonephros fixed in
4% paraformaldehyde. Immunohistochemistry was performed for CD68 and CD163
and the number of positively stained cells counted in both the ovary and mesonephros. The mean number of positively stained ovarian cells per unit area was higher
in the control group; however, there was no significant difference observed between
the two treatment groups for CD68 (p=0.289 ovary, p=0.077 mesonephros) or
CD163 (p=0.186 ovary, p=0.186 mesonephros, Mann Whitney tests). These results
suggest that the increased ovarian chemokine expression induced by prenatal BaP
exposure does not result in increased macrophage numbers within the ovaries
or adjacent mesonephros. Supported by NIH R01 ES020454 to UL and UC Irvine
Summer Undergraduate Research Program Fellowship to FF.

3632

Ovary Equally Sensitive to Benzo(a)pyrene-Induced Germ
Cell Loss during Mitosis or Meiosis Developmental Windows,
Mediated through Mitochondrial Apoptosis Pathway

K. F. Malott, M. Lee, L. Ortiz, and U. Luderer. University of California Irvine, Irvine, CA.
Polycyclic aromatic hydrocarbons (PAHs), such as benzo(a)pyrene (BaP), are
products of incomplete combustion of organic materials. PAH exposure during
ovarian development causes premature ovarian failure in rodents. Primordial
germ cells (PGCs), embryonic precursors of oocytes, arise in the mouse yolk sac
at embryonic day 7.25 (E7.25). PGCs proliferate before and after arriving at the
gonadal ridge E10.5 and begin entering meiosis at E13.5. Now oocytes, they arrest
in the first meiotic prophase beginning at E17.5. This finite oocyte pool is the
primary determinant of female fertility and reproductive lifespan. We have shown
that exposure of female mice in utero to 2 or 10 mg/kg/day BaP spanning the
mitotic and meiotic stages of PGC development depletes germ cells. We have also
demonstrated that exposure of E13.5 ovaries to 1000 ng/mL BaP for 6 h in vitro
increased germ cell BAX expression, inducing apoptosis. We hypothesized that
PGCs are more sensitive to BaP exposure during mitosis and that BaP-induced
germ cell death is mediated by cytochrome C release in the oocytes. We dosed
pregnant female mice to 0 or 2 mg/kg/day of BaP in oil, by oral pipetting, from
E6.5-11.5 or E12.5-17.5 corresponding to germ cell mitosis and meiosis, respectively. One female from each litter was euthanized for ovarian follicle counts on the
morning of first estrus. We observed statistically significant decreases in primordial, primary, and secondary follicle counts with BaP dose (P<0.02), but no statistically significant effects of dosing window or interaction between BaP dose and
window (P>0.48). E13.5 embryonic ovaries were cultured in 0, 500, or 1000 ng/
mL BaP in 0.005% DMSO for 6 h. Following exposure, cytochrome C release in
germ cells was analyzed using immunofluorescence. BaP exposure increased the
percentage of germ cells positive for cytochrome C release in a dose-dependent
manner (P=0.001). These results suggest that germ cells are equally sensitive to
BaP-induced cell death during mitosis and meiosis. These data further demonstrate
that a primary mechanism of BaP-induced germ cell loss is mediated through
mitochondrial apoptosis. This research was supported by NIH R01ES020454 to UL
and UCOP TRDRP T30DT0816 to KM.

3633

In Utero Cadmium Exposure Disrupts Development of the
Placental Vasculature, Leading to Growth Restriction in Male
Offspring

D. L. Kozlosky, A. Lu, C. Doherty, B. Buckley, M. J. Goedken, E. Barrett, and L. M.
Aleksunes. Rutgers, The State University of New Jersey, Piscataway, NJ.
Cadmium (Cd) is a ubiquitous environmental toxicant that causes fetal growth
restriction (FGR) in mice and humans. Cd selectively accumulates in the placenta
with little passing to the fetus. In this study, we sought to determine whether Cd
alters the development of the placental vasculature as a mechanism contributing
to FGR in mice. Pregnant female C57BL/6Crl mice (n=10/group) were administered
a single dose of saline (5 ml/kg ip) or CdCl2 (2.5 or 5 mg/kg ip) on gestational day
(GD) 9. On GD 18, fetuses and placentas were collected, measured, and weighed.
There were no changes in the total number of fetuses across treatments nor in the
male:female ratio. Treatment with 5 mg/kg CdCl2 reduced the weight and length
of male fetuses and their placentas by up to 13% with little change in females.
Surprisingly, the placentas of female offspring had 44% higher Cd concentrations compared to males. To identify mechanisms responsible for the selective
sensitivity of male offspring to in utero Cd toxicity, we examined changes in placental vasculature. No histomorphological changes were observed in Cd-exposed
placentas. Immunostaining for Cd34, a marker of endothelial cell differentiation,
and β-catenin, an cadherin and regulator of vascular integrity, was strong in the
labyrinth zones of control placentas. Exposure to 5 mg/kg CdCl2 reduced immunostaining of Cd34 preferentially in male placentas (37% of control) compared to
female placentas (55% of control). Similar declines (~50%) in β-catenin immunostaining were observed in male and female placentas following CdCl2 treatment.
Further, significant reductions in the area of maternal and fetal vessels by one-third
were detected in male placentas compared to vehicle-treated controls following
exposure to 5 mg/kg CdCl2. Vessel areas in female placentas were minimally
affected by Cd treatment. Alterations in the development of the placental vasculature and secondary effects on the maternal transfer of nutrients to offspring may be
a mechanism behind the sensitivity of male fetuses to Cd-induced FGR. Supported
by F31ES032319, R01ES029275, T32ES007148, and P30ES005022.

3634

Human Placental Macrophage Responses to Cadmium Exposure

L. M. Walker1, C. R. Gardner1, K. Bodenlos2, D. Sachdev2, S. Wang1, D. L. Laskin1, and
L. M. Aleksunes1. 1Rutgers, The State University of New Jersey, Piscataway, NJ; and
2Rutgers Robert Wood Johnson School of Medicine, New Brunswick, NJ.
Disruption of resident macrophage function in the placenta by environmental
chemicals may increase the risk of perinatal infections and preterm birth. Cadmium
is a heavy metal of significant environmental concern. In these studies, we analyzed
the effects of cadmium exposure on placental macrophage phenotype and
function. We found that expression of mannose receptor (CD206) was reduced in
placental macrophages, while expression of the folate transport receptor (FOLR)
was increased in healthy full-term human placentas with high cadmium content
(> 2.9 ppb, n=6) when compared to low cadmium controls (cadmium content <
2.9 ppb, n=6). To further assess the effects of cadmium, placental macrophages
were isolated from healthy full-term human placentas (n=5) within 30 min of
delivery using collagenase II/DNaseI enzymatic digestion followed by Percoll
density gradient separation. Macrophages were purified using negative antibody
(anti-CD10, anti-EGFR) depletion to remove fibroblasts and cytotrophoblasts. Flow
cytometric analyses of freshly isolated macrophages revealed consistently high
expression of HLA-DR and CD14 (60-80%), scavenger receptor CD163 (50-76%),
and FOLR (50-68%). Culturing the cells for 24 hr resulted in increased expression
of CD206 and reduced expression of HLA-DR compared to freshly plated cells, with
no effect on CD163, FOLR, or CD14 levels. Isolated placental macrophages were
found to be highly phagocytic as measured by uptake of pH-sensitive pH-rodo-labeled S. aureus; thus ~73% of the macrophages phagocytized bacteria. Treatment
of placental macrophages with cadmium chloride (1-10 μM) for 4 hr reduced their
phagocytic activity. These results demonstrate that cadmium exposure causes
an enrichment of folate receptors on human placental macrophages; conversely,
phagocytic activity is reduced. These results suggest that cadmium targets placental macrophages which may be important in the toxicity of this heavy metal in
pregnant women. Supported by NIH Grants T32ES007148, P30ES005022, and
R01ES029275.

3636

Examining the Effects of Inorganic Arsenic on Chromatin
Accessibility in Placental Cells Using ATACseq

L. Boateng, H. Hartwell, A. Freedman, and R. Fry. University of North Carolina at Chapel
Hill, Chapel Hill, NC.
Inorganic arsenic (iAs) is a ubiquitous toxic metal in the environment known to be
detrimental to human health. More than 100 million people, including those in the
United States, are at risk of exposure that exceeds the World Health Organization’s
recommended limit of 10 parts per billion (ppb). Prenatal exposure to iAs is a global
public health concern as iAs can cross the placental barrier and cause genomic
and epigenomic perturbations in the fetus leading to developmental and later onset
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effects. Adverse health outcomes such as low birth weight, and cancers have been
linked to iAs exposure. In this study, we exposed JEG-3 placental choriocarcinoma
cells to varying iAs doses for 24 hours. The Assay for Transposase-Accessible
Chromatin with high-throughput sequencing (ATAC-seq) was then used to identify
open regions of chromatin. We observed that iAs modified the chromatin structure
differentially across the genome with potential effects on gene activation or silencing. A 3% difference in chromatin accessibility was observed across the entire
genome when comparing the highest dosage to the controls. Future research will
investigate the gene-specific locations of chromatin accessibility and integrate
RNA-seq gene expression data. Our findings provide mechanistic insight into the
toxicity of iAs on human placental cells. These data are relevant to the known
effects of prenatal exposure to iAs on fetal development and provide support for
the Developmental Origins of Health and Human Diseases (DOHaD) hypothesis.

3637

Ovarian Tumor Development Induced by Mixed Heavy Ion
Irradiation in Mice

K. N. Leon Parada1, G. Lawson2, B. Mishra3, P. Chang4, E. A. Blakely2, and U. Luderer1.
1University of California Irvine, Irvine, CA; 2University of California Berkeley, Berkeley, CA;
3University of Hawai’i at Mānoa, Honolulu, HI; and 4SRI International, Menlo Park, CA.
One percent of the particles in galactic cosmic rays (GCRs) are High-charge (Z)
and High-energy (E) ions (HZE particles), which contribute 21% of the GCR ionizing
radiation dose. Our prior work showed that exposure of female mice to iron or
oxygen ion radiation induced ovarian DNA double strand breaks, oxidative lipid
damage, and apoptosis, resulting in ovarian follicle depletion and development of
epithelial ovarian tumors. It is critical that the ovarian effects of HZE ion radiation
be fully elucidated, as women make up 50% of NASA’s recent astronaut classes.
We hypothesized that exposure of female mice to mixed heavy ion beam irradiation composed of iron (Fe), silicon (Si), and titanium (Ti) ions will induce epithelial ovarian tumors. Female mice were exposed to Fe, Si, and Ti ion radiation in
quick succession at a total dose of 0, 30, or 60 cGy. 16 months after exposure
ovaries were processed for histopathological examination by a veterinary pathologist, and tumor composition was evaluated with immunostaining. Hyperplasia and
fibrosis of the ovarian surface epithelium were noted in 13%, 59%, and 22% of the
0, 0.3, and 0.6 Gy irradiated mice, respectively (P=0.002). The prevalence of ovarian
tubular adenomas increased in a dose dependent manner (P<0.0001, Fisher’s
Exact Test). Positive immunostaining with the epithelial cell marker pancytokeratin was observed in the cells lining the tubular lumens of the tubular adenomas.
Immunostaining for the granulosa cell marker FOXL2 revealed that 85% of mice in
the 0.60 Gy group developed mixed tumors in which the cells between the cytokeratin positive tubules were positive for FOXL2 (P<0.001). Our results show that mixed
heavy ion beam irradiation is highly tumorigenic and detrimental to ovarian health.

3638

Tributyltin Enhances Lipid Accumulation Inducing a PCOS-Like
Cytokine Secretion Profile in Human Ovarian Theca Cells

Y. Pu1, S. Pearl2, D. Martin2, and A. Veiga-Lopez1. 1University of Illinois at Chicago,
Chicago, IL; and 2Sparrow Health System, Lansing, MI.
Over 39% of US women are obese with obesity being a risk factor for dyslipidemia. Both obesity and dyslipidemia are highly associated with female reproductive
disorders, including the polycystic ovarian syndrome (PCOS). Endocrine-disrupting
chemicals (EDCs) are increasingly recognized as obesogenic chemicals. The
organotin tributyltin (TBT) is one of such EDCs known to impair ovarian hormonal
and follicular disruption. We have shown that TBT disrupts ovarian theca cells
(TCs) by reducing intracellular cholesterol. This, coupled with TBT’s obesogenic
effect in adipose tissue led us to hypothesize that TBT induces ovarian TCs dyslipidemia altering their biosynthetic ability. We used a combination of primary human
and sheep TCs and mouse ovaries. Prepubertal mouse (C57BL/6) whole ovaries
(n=4/group) were cultured in transwell inserts for 7 days to vehicle (0.1% DMSO) or
TBT (50 ng/ml). Ovarian cryosections were stained for neutral lipids with BODIPY.
TBT-exposed ovaries had increased lipid droplet (LD) accumulation circumscribed
to the theca-interstitial cell layer. To assess if TBT induced LD accumulation in TCs
(n=3/group), primary ovine TCs were treated with TBT (0 and 10 ng/ml) for 3 (pre-luteinized) or 6 (during luteinization) days. BODIPY stain revealed that TBT induced
a dose-dependent increase of LD in both cell stages. Then, intracellular lipids were
methanol-extracted (n=3/group) and an untargeted lipidomic assay by HPLC-MS.
Triglyceride were increased and cholesterol-ester reduced in TBT treated TCs. TBT
also upregulated mRNA expression of genes involved in lipogenesis and fatty acid
synthesis and transport. Using human primary TCs (n=3/group; TBT: 50 ng/ml), we
recapitulated findings observed in ovine TCs, including LD accumulation, intracellular dyslipidemic and gene expression profile. TBT also dysregulated cytokine
secretion profile in human TCs (increased IL-18 and IL-1RA, and decreased LIF
and PDGF-AA). This cytokine profile recapitulates changes observed in serum and
follicular fluid of PCOS women. In conclusion, TBT-induced dyslipidemia in ovarian
TCs and the similarity to a PCOS-like cytokines profile suggests that dyslipidemia
may be one of the underlying mechanisms driving TBT’s reproductive dysfunction.
Supported by NIEHS R01 ES027863 to A.V-L.

3639

Δ⁹-tetrahydrocannabinol Might Counteract the Effects of
Cortisol in Granulosa Cells

J. M. Dufour, R. Sabry, J. Khokhar, and L. A. Favetta. University of Guelph, Guelph,
ON, Canada.
Cannabis is used amongst women of reproductive age for its effects on stress.
Under physiological conditions, the psychoactive component of cannabis,
Δ⁹-tetrahydrocannabinol (THC), appears to be detrimental for fertility. However,
cannabis is also used to combat stress under pathological conditions. THC acts on
endocannabinoid receptors present in granulosa cells (GCs), which reflect oocyte
competency, in opposition to stress. The bovine model is an ideal translational
model for humans due to similarities in ovarian dynamics. Pathological stress,
resulting in elevated cortisol, affects GCs, oocyte competence and, ultimately,
fertility. 11β-hydroxysteroid dehydrogenase types 1 and 2 (11βHSD1, 11βHSD2)
convert cortisol into its active and inactive forms, respectively. Upon activation by
cortisol, the glucocorticoid receptor (GR) translocates to the nucleus to regulate
transcription. MAPK8 and MAPK9 increase JNK enzyme activity, enhancing GR
nuclear export and terminating GR-mediated transcription. Heat shock protein
70 and 90 (HSP70, HSP90) are molecular chaperones involved in both THC and
cortisol pathways. The hypothesis of this study is that THC counteracts the
effects of elevated cortisol in GCs by i) modulating 11βHSDs, ii) increasing GR
nuclear export via MAPK8 and MAPK9 upregulation, and iii) oversaturating HSP70
and HSP90. THC was used at the therapeutic dose (0.032μM) found in prescription drugs such as Marinol©, mid (0.32μM) and high recreational (3.2μM) doses.
Treatments were divided into acute (12 hrs) or chronic (12 hrs + 12 hrs). GCs were
isolated from bovine ovaries and in vitro cultured. The (CCK)-8 proliferation assay
showed that THC had no effect on GC viability. Moreover, THC had no significant
effects on apoptosis as measured by flow cytometry. No effect on the expression
of 11βHSD2, MAPK8, MAPK9, HSP70, HSP90 was observed. Chronic THC at the
high dose significantly decreased 11βHSD1 (n = 5, p ≤ 0.05), while chronic low
THC dose increased GR expression (n = 3, p ≤ 0.05). Previous research (Misner et
al., 2021) together with these preliminary results suggest that THC affects oocyte
competence, but might also reduce the reproductive effects of cortisol related to
stress. Further research is needed to confirm this and to provide physicians with
science-based evidence to properly advise women undergoing assisted reproductive technologies on the possible use of cannabis to combat stress.

3640

Obesity Alters BRCA1 Localization in Oocytes of DMBA-Treated
Mice

J. K. Rishi. Iowa State University, Ames, IA.
In the ovary, dimethylbenz[a]anthracene (DMBA) is converted to a genotoxic
epoxide which induces DNA double stranded breaks (DSBs). For DSB repair (DDR)
in oocytes within primordial follicles, homologous repair (HR) is the predominant
repair pathway, involving the ataxia telangiectasia mutated pathway, of which
breast cancer type 1 susceptibility protein (BRCA1) is a member. Our group
has previously observed increased BRCA1 level in ovaries of 6-week-old mice,
unchanged BRCA1 levels in 12-week-old mice and decreased BRCA1 in 18-week-old
mice due to obesity. This study investigated the hypothesis that obesity potentiates ovotoxicity through ineffective repair of DNA damage. Wild type non-agouti,
lean (KK.Cg-a/a) and heterozygous agouti lethal yellow, obese mice (KK.Cg-Ay/J)
aged nine weeks were exposed to either corn oil (vehicle control) or DMBA (1 mg/
kg) for 7 days via intraperitoneal injection (n = 10/treatment). Post euthanasia,
one ovary from each female was frozen for protein analysis and the other fixed in
paraformaldehyde for histological analysis. Abundance of BRCA1 was measured
through three techniques. Total ovarian homogenates were analyzed by LC-MS/
MS (n = 5/treatment) detected no changes to BRCA1 protein abundance (P > 0.05).
Western blot analysis also did not detect changes in the level of BRCA1 protein
as a response to DMBA or obesity (P > 0.05). However, immunostaining revealed
differing localization patterns of BRCA1 within follicle types (n = 4/treatment).
In primary oocytes of lean control mice, BRCA1 abundance was greater (P <
0.05) compared to lean DMBA-exposed or obese mice. In larger follicles, BRCA1
abundance remained unchanged. In the oocytes of all follicles combined, BRCA1
abundance was increased in DMBA-exposed obese mice as compared to the other
three treatment groups (P < 0.05). LC-MS/MS analysis also revealed an increase
in abundance of small ubiquitin-like modifiers (SUMO proteins) which interact
with BRCA1’s N-terminal for conjugation and constitute an important part of DDR,
regulating the meiotic processes. SUMO 1 was increased (P < 0.05) by 0.7-fold due
to DMBA treatment in obese mice vs lean whereas SUMO2 was increased (P < 0.05)
by 1.7-fold in the same treatment. SUMO 3 was increased (P < 0.05) by 1.3-fold
in DMBA-exposed relative to CT treated obese mice. These findings suggest that
ovaries from obese mice have altered response to an ovotoxicant exposure and
that BRCA1 localization differ depending on follicle maturation status. Supported
by 1R01ES030341-01 from NIEHS.
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3641

Imidacloprid and Desnitro-imidacloprid Elicit Different
Mechanisms of Toxicity in Neonatal Ovaries and Antral Follicles
in Culture

3643

Sex-Specific Changes in Placental Glucose Metabolism and
Cellular Energy after Gestational Inhalation of Titanium Dioxide
Nanoparticles

V. E. Mourikes, M. J. Laws, R. Santacruz-Marquez, A. Neff, A. Gonsioroski, and J. A.
Flaws. University of Illinois at Urbana-Champaign, Urbana, IL.

J. D’Errico, C. Cary, and P. Stapleton. Rutgers, The State University of New Jersey,
Piscataway, NJ.

Imidacloprid (IMI) is a neonicotinoid pesticide used in large scale agricultural
systems, home gardens, and pharmaceuticals. IMI is a small molecule that is
more water soluble than other insecticides, increasing the likelihood of large-scale
environmental accumulation and chronic exposure of humans, birds, fish, and
pollinators. IMI is readily absorbed in the GI tract of mammals where it travels to
the liver and undergoes phase I biotransformation into a variety of intermediate
metabolites such as desnitro-imidacloprid (DNI), a metabolite with more toxicity
than IMI. Although IMI reaches the ovaries almost immediately after oral exposure,
little research has been done to characterize mechanisms of toxicity and detoxification of IMI or DNI in the mammalian ovary. Thus, we tested the hypothesis that
IMI and DNI elicit different mechanisms of toxicity and detoxification in neonatal
ovaries and antral follicles in vitro. Whole ovaries, rich in germ cells, primordial
follicles, and primary follicles, were collected from neonatal mice (4 days old)
and cultured in media with vehicle control or 0.2µg/ml - 200µg/ml of IMI or DNI.
After 48 hours, the ovaries were collected for gene expression analysis. In other
experiments, antral follicles were dissected from ovaries of CD-1 mice (31-41 days
old) and cultured in media containing vehicle control or 0.2µg/ml - 200µg/ml of
IMI or DNI. After 48 hours, follicle growth was measured and then follicles were
collected for gene expression analysis. IMI increased follicle growth, whereas DNI
inhibited follicle growth compared to control. Both IMI and DNI altered expression
of the apoptotic regulator Bcl2 in neonatal ovaries and antral follicles. DNI affected
expression of antioxidant enzymes (Sod1, Cat, and Gpx) more than IMI compared
to control neonatal ovaries and antral follicles. IMI downregulated the nicotinic
acetylcholine receptor subunit Chrna2 in neonatal ovaries and upregulated it in
antral follicles compared to control. IMI and DNI did not alter expression of the
metabolic enzymes, Aox1 and Aox3 compared to control in neonatal ovaries and
antral follicles. Together, these data suggest that ovarian follicles are targets of
IMI and DNI toxicity and mechanisms of toxicity and detoxification vary at different
stages of follicle development. Supported by NIH T32 ES007326 and R01 ES028661.

Human and animal studies have correlated nanoparticle (NP) inhalation with fetal
growth restriction. It is unknown if gestational NP exposure reduces nutritional
transfer to the fetus. The placenta is responsible for glucose transfer during
pregnancy. It also has a high requirement for glucose to sustain placental growth
and function. We hypothesized that gestational nano-TiO2 exposure leads to
increased placental glucose metabolism, which may contribute to restricted fetal
nutrition and growth. Time-pregnant Sprague-Dawley rats were exposed to HEPA
filtered air or nano-TiO2 aerosols between gestational day (GD) 4 and GD 19.
Animals were necropsied on GD 20 where fetal sex was determined by testes or
uterine horn visualization and fetal blood glucose concentrations were measured.
Placenta tissue was harvested for cellular AMP and NAD+/NADH quantification.
Colorimetric assays were used to evaluate hexokinase (HK), phosphofructokinase
(PFK), and lactate dehydrogenase (LDH) activity. Male fetuses had 25% reduction in
blood glucose (76.5±3.7 vs 57.7±4.8) and placentas had significant AMP increase
by 35% (144.6±8.6 vs 196.1±11.3). HK activity was decreased by 66.1% (5.9±2.7
vs 2.0±0.6), PFK activity increased by 57% (2.08±1.1 vs 3.3±0.8), and LDH activity
increased by 45.6% (1633.6±200.4 vs 2378.5±442.16). In contrast, in female
fetuses had 17% reduction in blood glucose (72.3±6.4 vs 60.4±4.2) and placentas had decreases in AMP by 9% (215.2±10.5 vs 194.7±4.1), HK activity by 60%
(7.2±3.46 vs 2.85±0.79) and PFK significantly by 67% (5.6±0.8 vs 1.83±0.6), and
LDH activity increase by 19.7% (22311.7±415.3 vs 2671.6±101.9). No difference in
NAD+/NADH found. Results show a sex-dependent response in placental glucose
metabolism after gestational nano-TiO2 inhalation. The increase in cellular AMP
may be the result of increased ATP consumption leading to increased PFK activity
identified in male placentas. Increase in LDH activity may be related to a shift
in placental anerobic metabolism indicating placental ischemia for both sexes.
Overall, sex-dependent changes in placental glucose metabolism and energetic
status may compromise the maternal-fetal transfer of nutrients. This information
supports that gestational NP exposure to may impair feto-placental health. Support:
NIH-R01-ES031285; R00-ES024783; T32-ES007148; P30-ES005022.

3642

Comparing the Toxic Effects of PFAS Chemicals on Mouse
Oocyte Maturation

A. Prakash, N. Liu, J. Feng, X. Jiao, and H. Qiao. University of Illinois at UrbanaChampaign, Urbana, IL.
Poly- and perfluoroalkyl substances (PFASs) are manufactured chemicals that
can be found in ubiquitous materials, such as non-stick cookware, stain-resistant coating, and food packaging. They are subsequently found in the environment as pollutants. Some notable and popular PFASs include Perfluorononanoic
acid (PFNA), Perfluorooctanoic acid (PFOA), Perfluorobutyric acid (PFBA), and
Perfluorobutanesulfonic acid (PFBS). PFNA and PFOA have been shown to have
many negative effects on animal health, including immunotoxicity, hepatotoxicity,
developmental toxicity, and reproductive toxicity. It has been shown that PFBS is
a disruptor of ovarian function and reproduction, but such studies have not been
conducted on PFBA. We found that PFNA, as one of the most toxic PFAS, interferes
greatly with mouse oocyte maturation in vitro. We found that both germinal vesicle
breakdown (GVBD) and polar body extrusion (PBE) were inhibited in oocytes after
treatment with 600 μM of PFNA. Our recent study also shows that 1000 μM PFOA
inhibits GVBD and PBE, similar to the effects of PFNA. PFNA and PFOA both disrupt
mitochondrial function, induce oxidative stress and abnormal spindle assembly in
mouse oocytes. Since they have come to be known as highly toxic, PFOA has been
phased out of production in the United States, while PFNA is beginning to follow
suit. Currently, they are being replaced with other PFASs - primarily PFBA and PFBS.
These chemicals have smaller carbon chains, and therefore are less likely to be
lethal for animals, but the effects of these substitutes on reproduction are not fully
understood yet. Our further study aims to show the effects of PFBA and PFBS on
oocyte maturation. This will be done through examination of GVBD and PBE rates
after treatment of PFBA and PFBS in increasing concentrations. We predict that
PFBA will have similar effects as PFBS, as they both have a carbon chain length of
four. To further study the intrinsic reasons behind different toxic effects of PFAS on
oocytes maturation, we used LC/MS to detect and calculate the concentration of
PFAS within a single oocyte. We will continue to also test and compare the effects
of Perfluorohexanoic acid (PFHxA), and Potassium perfluorohexane-1-sulfonate
(PFHxS). These chemicals are less toxic than PFOA and PFNA, but as they become
more prominent in day-to-day life, it is important to know whether they are safe for
human exposure.

3644

Inhibition of Trophoblast Migration by HIV Drugs:
Downregulation of Placental MMP-9 Signaling

E. Vujic, C. J. Meakin, and L. M. Aleksunes. Rutgers, The State University of New Jersey,
Piscataway, NJ.
Perinatal HIV transmission to the fetus has significantly decreased due to clinical
recommendations for use of antiretroviral therapy (ART) in pregnant women.
Despite these improved outcomes, emerging data suggest that ART may be linked
to pregnancy complications including pre-eclampsia and spiral artery malperfusion in the placenta. Migration of extravillous trophoblasts (EVT) and remodeling
of spiral arteries allow exchange between the mother and fetus late in the first
trimester. EVT migration is enhanced by the matrix metalloproteinase MMP-9, and
inhibited by tissue inhibitor of matrix metalloproteinase, TIMP-1. In the present
study, we sought to determine whether ART would decrease EVT migration and
alter MMP-9 and TIMP-1 expression, which could contribute to the pathologies
observed clinically. For this purpose, human immortalized EVT HTR-8/SVneo cells
were cultured in an OrisTM migration plate and treated with HIV drugs (emtricitabine,
tenofovir, atazanavir, raltegravir, lamivudine, ritonavir, and darunavir at 1-10 µM) for
48 hours. These concentrations of ART did not impair EVT cell viability or proliferation as assessed by a propidium iodide and Hoescht 33342 staining. Significant
reductions in EVT migration by ~20% were observed with raltegravir (1 and 10 µM)
and lamivudine (10 µM) compared to control cells. Additionally, HTR-8/SVneo cells
were treated with 10 µM raltegravir or lamivudine and media collected at 24 hours
to quantify MMP-9 and TIMP-1 levels by ELISA. Decreased MMP-9 secretion was
observed in cells treated with raltegravir and lamivudine, although a significant
decline was only observed with lamivudine. Compared to control cells, secretion of
MMP-9 into media was reduced in cells treated with lamivudine (34% decrease) and
raltegravir (29% decrease). No significant changes in TIMP-1 levels were observed
for either ART. Taken together, these data provide a novel mechanism by which
in utero ART disrupts EVT migration, which may contribute to the development
of gestational complications in HIV-positive women. Supported by: T32ES007148,
R01ES029275, P30ES005022.
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3645

Human Placental microRNAs Dysregulated by Cadmium
Exposure Predict Neurobehavioral Outcomes at Birth in Two
Independent Birth Cohorts

J. M. Tehrani1, E. Kennedy1, P. Tung1, A. Burt1, K. Hermetz1, T. Punshon2, B. P. Jackson2,
K. Hao3, J. Chen3, M. R. Karagas2, D. C. Koestler4, B. Lester5, and C. J. Marsit1. 1Emory
University, Atlanta, GA; 2Dartmouth College, Hanover, NH; 3Icahn School of Medicine at
Mount Sinai, New York, NY; 4University of Kansas Medical Center, Kansas City, KS; and
5Brown University, Providence, RI.
Cadmium (Cd), an environmental toxicant with no known biological role in humans,
can accumulate in the placenta. As the master regulator of early development, the
placenta is responsible for initiating changes in maternal physiology to sustain
pregnancy as well as promoting fetal growth and development. Prenatal Cd
exposure is implicated in placental toxicity as well as in adverse neurobehavioral
outcomes. MicroRNAs (miRNAs) are small RNAs capable of post-transcriptional
regulation of gene expression and their regulatory potential may be impacted by Cd
accumulation. The dysregulation of placental miRNAs in response to gestational Cd
exposure may ultimately lead to adverse pregnancy and newborn health outcomes.
In this study, placentae from the New Hampshire Birth Cohort Study (NHBCS, n=281)
and from the Rhode Island Child Health Study (RICHS, n=115) were selected for
trace element profiling and small RNA transcriptomic analysis. Placental cadmium
concentrations were determined by ICP-MS, and the abundance of all placental
miRNAs by small RNA sequencing. We used negative binominal generalized linear
models, fit to each cohort separately, to identify miRNAs associated with placental
cadmium concentrations, then aggregated cohort-level results using an inverse
variance weighted fixed-effects meta-analysis. We then characterized the relationships between Cd-associated miRNAs, their in silico predicted mRNA targets, and
neurobehavioral outcomes at birth through the integration of transcriptomic data
and summary scores from the NICU Network Neurobehavioral Scale (NNNS).
The expression of five placental miRNAs (miR-10b-3p, miR-10b-5p, miR-193b-5p,
miR-506-3p and miR-509-3p) were differentially expressed with respect to placental
Cd concentrations in NHBCS (FDR < 0.1), with similar directions and effect sizes in
RICHS. The mRNA targets of these miRNA are overrepresented in nervous system
development, and the expression of these miRNAs correlate with NNNS metrics
suggestive of atypical neurobehavioral outcomes at birth. The dysregulation
of these Cd-sensitive placental miRNAs may serve as a mechanism by which a
lifelong risk of adverse health outcomes is established during in utero development.

3646

Characterization of Human Uterine Endometrial Epithelial Cells
for Use in Evaluating the Effects of Environmental Estrogens
That Target the Uterus

J. E. Hunter1,2, E. Rios1, J. Liu1, N. Martin1, L. Yu1, and D. Dixon1. 1NIEHS, Research
Triangle Park, NC; and 2North Carolina Agricultural and Technical State University,
Greensboro, NC.
Endometrial cancer is the most common gynecological cancer in the United States,
with approximately 53,000 cases each year. Currently, there are few studies that
have evaluated environmental chemical exposures and the role of the environment
in the pathogenesis of endometrial cancer. Additionally, there are few suitable in
vitro models that mimic the human endometrium to use to evaluate the effects
of chemical exposures. Tetrabromobisphenol A (TBBPA) is a brominated flame
retardant that is ubiquitous in the environment and is found in paints, plastics, and
biological matrices. TBBPA was shown to have estrogenic effects and found to
induce endometrial cancer in rats in an NTP 2-year assay. We created and characterized a TERT-immortalized human endometrial epithelial cell line (ht-UtEEC) to
address the lack of an in vitro system to study the pathogenesis and mechanisms
of endometrial cancer in response to environmental exposures. We characterized the ht-UtEEC cultures for their use in the development of a three-dimensional
(3D) coculture model to recapitulate the two major cell types (uterine endometrial epithelial and stromal cells) observed histologically in the human endometrium. To characterize the ht-UtEEC cells, immunocytochemical staining was used
to evaluate anti-pan cytokeratin (PCK) and epithelial antigen (EA) expression in
ht-UtEEC compared to UtEEC (parental cells). Western blotting was used to evaluate
the expression of ESR1 (ERα), ESR2 (ERβ), and PGR (PR) hormone receptors. The
MTS proliferation assay was used to measure the responsiveness of ht-UtEEC cells
to progesterone and 17β-estradiol. Ht-UtEEC and parental cells both expressed
the epithelial cell markers, PCK and EA, and the hormone receptors, ERα, ERβ, and
PR. The ht-UtEEC cells were responsive to physiological levels of hormones that
mimicked the human menstrual cycle phases. Epithelial cell markers and hormone
receptor expression between the ht-UtEEC and the UtEEC cells were similar. The
ht-UtEEC were hormone responsive, which is important in the assessment of
environmental hormone mimics and will serve to develop a reliable 3D in vitro
coculture model for assessing the pathogenesis of endometrial cancer.

3647

Identifying Chemical-Gene Interactions That Underlie the
Autism-Associated Regulatory Complex in the Placenta

A. N. Freedman, R. Fry, J. Rager, and T. O’Shea. University of North Carolina at Chapel
Hill, Chapel Hill, NC.
Chemical-gene interactions within the placenta are critical for later-in-life neurodevelopmental trajectories. We set out to identify chemical-transcription factor
interactions related to the Autism Spectrum Disorder (ASD) regulatory complex.
Transcript members of the 111-gene regulatory complex were predicted to be
under control of transcription factor La Ribonucleoprotein 1 (LARP1). Two chemical
databases were used Comparative Toxicogenomics Database and Expocast were
used to identify high priority chemicals relevant to reproductive-aged women
predicted to activate LARP1 expression, namely Bisphenol A (BPA), Benzo(a)pyrene
(BaP), and Estradiol (E2). The effects of these chemicals were tested in vitro for
the impact on placental gene expression of LARP1 and six target genes: Ribosomal
Protein L26 (RPL26), Ribosomal Protein S23 (RPS23), Eukaryotic Translation
Elongation Factor 1 Alpha 1 (EEF1A1), Tumor Protein, Translationally-Controlled
(TPT1), Ribosomal Protein S27a (RPS27A), Ribosomal Protein L32 (RPL32). We
hypothesized that chemical exposure to trophoblasts would altered expression
of LARP1, and subsequent inverse expression of the downstream targets. We
employed in vitro methods by using the HTR-8/SVneo immortalized placental cell
line to evaluate gene expression changes via qRT-PCR. Increase gene expression
of LARP1 was observed in relation to BPA exposure, with decreased expression
observed in target genes RPS23, RPS27A, RPL32, and TPT1 with fold changes
ranging from -1.3 to -3.1. Similarly, increased expression of LARP1 was observed in
relation to E2 exposure, with decreased expression observed in target genes RPS23,
RPS27A, and RPL32 with fold changes from -1.9 to -1.0. In relation to BaP exposure,
LARP1 showed decreased expression, and subsequent targets RPL26 and EEF1A1
showed increased gene expression with fold changes of 2.4 and 4.4. This study
provides an approach to identify novel chemical-gene interactions that may play a
role in placentally-mediated neuro-impairment.

3648

Toxicant-Pathogen Interactions during Pregnancy: Pilot Study
of Pregnant Murine Co-exposure to Trichloroethylene (TCE) and
Group B Streptococcus (GBS)

E. Scheeres1, E. Schellenboom1, S. Harris2, and E. Boldenow1. 1Calvin University, Grand
Rapids, MI; and 2University of Michigan, Ann Arbor, MI.
Trichloroethylene (TCE) is a widespread environmental contaminant that interferes
with immune defenses against pathogens, but little is known about how TCE
affects these immune processes during pregnancy. Previous in-vitro data showed
the bioactive TCE metabolite, S-(1,2-dichlorovinyl)-L-cysteine (DCVC), inhibited
pathogen stimulated cytokine release, indicating the potential for immune disruption and increased risk of uncontrolled infections. There was also evidence
of phagocytic inhibition. These immunological disruptions may lead to adverse
pregnancy outcomes, such as preterm birth. However, little in-vivo data exists on
toxicant-pathogen interactions during pregnancy. This pilot experiment investigated co-exposure to TCE and Group B Streptococcus (GBS) in a pregnant murine
model, specifically predicting that GBS+TCE co-exposure would impact cytokine,
matrix metalloproteinase-9 (MMP-9), and prostaglandin E2 (PGE2) secretion.
Timed pregnant Wistar rats (n=4 per treatment) were exposed to either TCE (480
mg/kg) on a wafer for gestational days (GD) 6-17 or no treatment wafers. At GD
15, rats were vaginally inoculated with Group B Streptococcus (GBS) or saline.
Rats were euthanized on GD 18 and examined for gross pathological changes.
In addition, amniotic fluid and gestational tissues were analyzed for parturition
markers (cytokines, MMPs, and prostaglandins) with Luminex and ELISAs—these
protein levels were highly variable among treatment groups. However, distinct
patterns of expression were observed in different tissues. As expected, GBS
inoculation increased several cytokines, MMP-9, and PGE2 in the amniotic fluid, as
well as uterine and placental tissues. Notably, TCE appeared to inhibit GBS induced
CXCL-2, CXCL-3, IL-1a, and MMP-9 in co-exposed amniotic fluid. Furthermore, fetal
resorptions were increased in TCE exposed rats, but not in co-exposed rats. While
statistical significance was not observed, these data provide a foundation for the
feasibility of future studies and highlight the importance of better understanding
toxicant and pathogen co-exposure during pregnancy.

3649

EGFR-Mediated Trophoblast Cell Invasion Is Reduced by
Exposure to a Complex Chemical Mixture

A. A. Waye, E. Ticiani, and A. Veiga-Lopez. University of Illinois at Chicago, Chicago, IL.
Pregnant women can be exposed to over 50 different chemicals, some of which are
known to interfere with the epidermal growth factor receptor (EGFR) pathway. This
is significant because the placenta highly expresses EGFR, which mediates extravillous trophoblast (EVTs) cell invasion, a critical process for adequate placental
development and attachment. It has been previously reported that polychlorinated
biphenyl (PCB)126, PCB153, atrazine, and trans-nonachlor prevents EGF endocytosis and reduces EGFR phosphorylation. Our preliminary work has demonstrated
that bisphenol S (BPS) interferes with EGF-dependent EGFR activation leading to
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reduced placental cell invasion. We hypothesized that PCB126, PCB153, atrazine,
niclosamine, trans-nonachlor, or BPS would independently reduce EGFR phosphorylation, compete with EGF binding to EGFR and as a mixture (Chem-Mix), reduce
EGF-mediated trophoblast cell invasion. We first assessed the invasion ability of
HTR-8/SVneo cells, an EVT cell line when exposed to the Chem-Mix at a non-cytotoxic dose of 100 ng/ml each. EGF-mediated invasion of HTR-8/SVneo cells
was significantly reduced when treated with the Chem-Mix compared to EGF
alone (p=0.02). To assess which specific chemicals were the main drivers of this
effect, we explored individual chemical competitive binding ability using an EGF/
EGFR AlphaLISA at doses of 0.01, 0.1, and 1 µg/ml. PCB153, niclosamine, and
trans-nonachlor at 1 µg/ml blocked EGF binding to EGFR, reducing the alpha signal
by 55.56%, 22.96%, and 68.15%, respectively. Lastly, we assessed the 6 chemicals’
ability to interfere with EGFR phosphorylation by exposing HTR-8/SVneo cells to
each of the chemicals individually at dose of 100 ng/ml plus 30 ng/ml of EGF for 15
min. None of the individual chemicals affected EGFR phosphorylation. However, the
Chem-Mix, tended to reduce pEGFR by 26.33% (p=0.056). We have demonstrated
that despite the ability of some chemicals to block EGF binding to EGFR, they were
unable to interfere with EGFR phosphorylation. Importantly, when in a mixture,
they reduced EGFR phosphorylation and trophoblast cell invasion. These findings
support previous work where complex mixtures exacerbated individual chemical
effects and highlights the need to investigate the effect on cell invasion in an in vivo
setting. Supported by NIEHS R01 ES027863 to A.V-L.

3650

Chemical Mixture Known to Interfere with the Epidermal Growth
Factor Receptor Disrupts Mitochondrial Bioenergetics in
Trophoblast Cells

E. Ticiani, A. Waye, and A. Veiga-Lopez. University of Illinois at Chicago, Chicago, IL.
Human exposure to endocrine-disrupting chemicals occurs in complex mixtures.
During pregnancy, over 50 different chemicals can be detected in maternal circulation, including the emerging chemical bisphenol S (BPS). We have recently shown
that BPS can block epidermal growth factor receptor (EGFR) signaling and block
EGF-mediated placental cell fusion. EGF can stimulate mitochondrial respiration in
placental cells, a needed process in cellular bioenergetics. We hypothesized that a
mixture of chemicals known to interfere with EGFR phosphorylation would disrupt
placental cells’ mitochondrial bioenergetics. To test this, we exposed first trimester HTR-8/SVneo extravillous trophoblast cells to a chemical mixture (ChemMix:
BPS, PCB126, PCB153, atrazine, niclosamine, and transnonachlor) at 100 ng/ml
with or without 30 ng/ml of EGF for 24 h. Each chemical was also tested individually. None of the single or mixture exposures induced cytotoxicity. The oxygen
consumption rate (OCR) was measured using a Seahorse XFe 24 flux analyzer
following a mitochondria stress test protocol. EGF did not affect the basal OCR or
maximal mitochondria respiration capacity (MRCmax). The ChemMix reduced the
basal mitochondria respiration in ~46 and 43% and the MRCmax by ~37 and 30%
in the presence and absence of EGF, respectively. Single exposure to niclosamine
and transnonachlor reduced basal OCR in ~19 and 8% and MRCmax in ~30 and
18%, respectively. After the ChemMix exposure, gene expression of mitochondrial
electron transport chain (NDUFS3, SDHC, CYTC, COX4, and ATP5G1) and glycolytic
(HK2, PFK2, and PKM2) genes was done by RT-qPCR. Only the glycolytic pathway
gene HK2 was upregulated by ~50%, suggesting changes in the availability of
precursors such as NADPH for mitochondrial electron transfer. We demonstrated
that the ChemMix affects mitochondria respiration independent of EGF. Since the
electron transport chain gene expression remained unaltered, the effect is likely
driven by changes in the glycolytic pathway. While niclosamine and transnonachlor
independently impaired OCR, the chemical mixture exacerbated this effect suggesting a potentiation when in chemical combination. Future studies should investigate whether this effect occurs by modulation of the EGFR pathway and if these
chemicals redirect energy substrates towards other metabolic pathways, such as
lipid synthesis or the pentose phosphate pathway, and ultimately impact placental
cell function. Supported by NIEHS R01 ES027863 to A.V-L.

3651

Ti Deposition in Fetal Tissue Evaluated against Uterine Position
and Fetal Sex after Maternal Inhalation of Nano-TiO2 during
Pregnancy

J. J. Reyes George, J. D. D’Errico, C. L. Doherty, B. T. Buckley, and P. A. Stapleton.
Rutgers, The State University of New Jersey, Piscataway, NJ.
Nano-Titanium Dioxide (nano-TiO2) can be found everywhere, food, sunscreen,
air pollution, and its availability increases every day. Previous work in our lab
has identified fetal growth restriction (FRG) after maternal whole-body inhalation
exposure to nano-TiO2 aerosols; however, fetal intrauterine horn position has a role
in this as well. Furthermore, literature has shown that nano-sized particles can
translocate from the maternal lungs into the uterus, the placenta and fetal tissue.
The aims of this study were to: (1) identify if nano-TiO2 could translocate from
the maternal lungs into the fetus by crossing the placental barrier and (2) if this
nano-TiO2 concentration may be affected by fetal growth, intrauterine position, and
fetal sex. Sprague Dawley rats were exposed via full-body inhalation to nano-TiO2
on gestation days (GD) 4 through 19 and sacrificed on GD 20. Placenta and fetal
tissues from the Ovarian, Middle, and Cervical positions of the left and right uterine

horns were collected. Tissues were digested and ICP-MS analysis was used to
measure Ti in the tissues. As expected, significantly higher Ti (ppb) was found in
the maternal lung (232404.87 ± 44637.59 vs 42.69 ± 44.86). We also quantified
significant Ti concentrations in the fetal liver (24.72 ± 17.52 vs 15.37 ± 13.11).
Interestingly, the concentrations in the fetus were higher in exposed groups, but
equally dispersed throughout the uterine horn regardless of their location. Fetal
sex did not significantly impact Ti concentrations. Therefore, while Ti was able
to translocate from mother to fetus, concentrations were not affected by uterine
position or sex. This study demonstrates that Ti can translocate from the maternal
lungs, across the placental barrier, into the fetus. As a result, fetuses may be born
with xenobiotic particles while having FGR. This is concerning because fetuses
suffering from FGR are predisposed to postnatal morbidity, along with cardiovascular and metabolic complications. Although the translocation was successful there
are still unknowns about the long-term effects of Ti exposure within the progeny.
Supported by: National Institute of Environmental Health Sciences (R01-ES031285,
T32-ES007148, P30-ES005022, R25-ES020721) and ASPET-SURF.

3652

Maternal Nanoparticle Inhalation during Gestation Impact on
Cyclooxygenase Metabolites

J. A. Griffith1,2, K. L. Garner1,2, E. C. Bowdridge1,2, E. DeVallance1,2, W. T. Goldsmith1,2,
K. Wix1,2, S. Hussain1,2, T. R. Nurkiewicz1,2, A. Rand3, and T. Harris3. 1West Virginia University,
Morgantown, WV; 2Center for Inhalation Toxicology (iTOX), Morgantown, WV; and 3Carleton
University, Ottawa, ON, Canada.
Engineered nanomaterials are commonly incorporated into commercial products
and medical devices. We have reported that nano-TiO2 inhalation exposure impairs
microvascular function. A healthy pregnancy requires rapid uterine microvascular
growth and adaptation to support fetal health/ development. Uterine blood flow is
influenced by a variety of endothelial factors. Cyclooxygenase metabolites such as
prostacyclin (PGI2) and thromboxane (TXA2) are important endothelial signaling
factors. In a healthy gestational environment, PGI2 and TXA2 regulate uteroplacental blood flow. We hypothesized that maternal nano-TiO2 inhalation exposure
during pregnancy negatively impacts uterine radial arteriole reactivity, via PGI2 and
TXA2 mechanisms. Rats were assigned to filtered air or nano-TiO2 groups and then
exposed 6 hrs/d for 6 days on gestational day (GD) 10-19 to nano-TiO2 aerosols
(primary particle size = 21 nm; zeta potential = -57 mV; concentration = 12±0.5 mg/
m3; cumulative lung burden = 525±16 µg). On GD20 rats were euthanized. Maternal
weight, age, litter size, or litter distribution within the uterine horns were not different between groups. Circulating TXB2 was decreased (p<0.05) in nano-TiO2 group
(1483±64 vs 1978±87 pg/ml). RT-PCR analysis revealed decreased (p<0.05) expression of thromboxane receptors in nano-TiO2 exposed uterine artery (0.18±0.16 vs
1.02±0.12). Cytosolic phospholipase A2 enzymatic activity was decreased (p<0.05)
in nano-TiO2 exposed at the implantation site (54±1 vs 60±1 U/mg). Mass spectrometry revealed a decrease (p<0.05) in 6-keto-PGF1α, the stable PGI2 metabolite, within
nano-TiO2 exposed placentas (0.15±0.01 vs 0.37±0.05 ng/mg). Uterine arteriole
responsiveness to PGI2 and TXA2 had unique subpopulation responses in exposed
arterioles. A subpopulation of PGI2 vessels demonstrated increased (p<0.05)
response with nano-TiO2 exposure (54±6% vs 30±5% maximal response). A similar
phenomenon occurred in response to TXA2, where a subpopulation of exposed
vessels presented hyper constrictive responses (-41±4% vs -13±3%). These vessels
also demonstrate reduced efficacy of TXA2 receptor inhibition (-28±9% vs -7±6%).
Considered together, maternal nanomaterial exposure may uterine vasculature
thromboxane signaling during pregnancy. NIH ES015022 (TRN); GM104942 (SH);
GM104942-05 (ECB); F32 HL152534 (ED); AG52375 (JAG).

3653

Effects of Maternal Inhalation Exposure to Propylene Glycerol
and Vegetable Glycerin on Fetoplacental Health

K. J. Schafner1,2, T. R. Nurkiewicz1,2, and E. C. Bowdridge1,2. 1West Virginia University,
Morgantown, WV; and 2Center for Inhalation Toxicology (iTOX), Morgantown, WV.
Propylene glycerol and vegetable glycerin (PG/VG) are the main components in
the liquid of electronic cigarettes (e-cigs). Previous research shows that nicotine
exposure has a negative effect on maternal and fetal health, however little to no
work has been done to show the effects of PG/VG alone. This is further confounded
by the observation that many women continue to use e-cigs during pregnancy
under false pretense that they are the healthier alternative to traditional cigarettes.
Therefore, the purpose of the study was to identify adverse effects on fetoplacental
outcomes due to maternal inhalation exposure to PG/VG during gestation with the
hypothesis that e-cig pup mass would be significantly decreased while placental
mass would have no significant difference. Pregnant Sprague-Dawley rats were
randomly assigned to two groups: sham-air control (6 litters, 60 pups) or 50/50
ratio of PG/VG (6 liters, 54 pups). E-cig exposures were performed with a 30 W
chamber, for 90 min per exposure, 6 times between gestational days (GD) 10-19,
with the last exposure occurring 24 hours prior to sacrifice. Mean aerosol concentration in the exposure chamber was 569 ± 56 mg/mL. The dams were sacrificed
on GD 20 and pup and placental mass were measured and placental efficiency
(PE; grams of pup per gram of placenta) calculated. Pup mass was significantly
reduced in the e-cig group (2.1 ± 1.1 g) compared to sham-air control (3.3 ± 0.7g;
p < 0.05). Additionally, placental mass was significantly reduced in the e-cig dams
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compared to sham-control (0.6 + 0.2 g vs. 0.7 + 0.1 g, respectively; p < 0.05). Due
to decreased pup and placental mass, PE was significantly reduced in e-cig dams
(3.7) versus 4.4 in sham-control. Sex ratio within pups was also calculated. There
was a trend for fewer male pups to be born to e-cig dams, however at the time of
submission the ratio was trending, but not significant (p=0.06). Interestingly, 4 of
6 e-cig dams exhibited signs of pyometra, a uterine infection noted by pus within
the uterine body. Whereas pyometra was not observed in any sham-control dams.
Future directions will include protein analysis of placental tissues. At this time, it
appears that PG/VG exposure alone has adverse health effects on fetoplacental
health. Support: WV-CTSI NIH-U54 GM104942-05 (ECB), NIH-R01 ES015022 (TRN).
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Mechanisms of Cell Injury following Pulmonary Exposure to
Inhaled Molybdenum Trioxide Nanoparticles (MoO3 NPs) in
Golden Syrian Hamsters

E. A. Huber, and J. M. Cerreta. St. John’s University, Queens, NY.
MoO3 NPs are extensively used in biomedical, agricultural, and engineering
industries due to their physical properties. With an increased use of MoO3 NPs
the risk of exposure leading to adverse health effects to the human population is
heightened. The purpose of this study is to evaluate the possible mechanism of
injury from pulmonary exposure to inhaled MoO3 NPs in Golden Syrian Hamsters.
Hamsters were exposed via a whole body exposure chamber and divided into four
groups: a room air control group, a control group exposed to aerosolized H2O for
4h/day for 8 days, a group exposed to 5mg/m3 MoO3 NPs for 4h/day for 8 days
(5-NP), and a group exposed to 5-NP, but given a 1 week recovery period post
exposure (5-REC). Lung tissue from the 5-NP and 5-REC groups had increased
levels of Beclin-1 (1.4 and 1.8 fold, respectively with significance in the 5-REC group)
and Cathepsin B (2.8 and 2.3 fold, respectively, with significance in the 5-NP group).
LC3-I was decreased in both 5-NP and 5-REC (.85 and .79 fold, respectively) and
LC3-II decreased in 5-NP (.78 fold) and increased in 5-REC (1.2 fold), data was not
significant for LC3-I and II. The NLRP3 inflammasome biomarkers were increased
in both 5-NP and 5-REC respectively: NLRP3 (2.5 and 3.6 fold, with significance in
5-REC), ASC (1.3 and 1.7 fold, no significance for both groups), and Caspase 1 (3.8
and 3.0 fold, with significance in the 5-NP group). Levels of inflammatory cytokines
were increased in 5-NP and 5-REC: IL-1β (1.5 fold significance for both groups)
and TNF-α (1.5 and 2.6 fold, respectively, with significance in the 5-REC group).
Ultrastructure morphology of the lungs in the 5-NP and 5-REC group had particles
internalized in the interstitial cells and formation of autolysosomes. Animals in both
the 5-NP and 5-REC groups were able to initialize autophagy, but protein expression
of LC3 was decreased; indicating interference in autophagosome formation. MoO3
NPs exposure resulted in increased expression of Cathepsin B that activated the
formation of the NLRP3 inflammasome and release of Caspase 1 in both 5-NP and
5-REC groups. Active Caspase 1 led to an increase of IL-1β in both 5-NP and 5-REC
groups that led to cell death via pyroptosis. Internalization of MoO3 NPs may further
support cell damage and death induced by pyroptosis. Results from this study
indicate that toxicity from inhalation exposure to MoO3 NPs may be mediated by
autophagy and pyroptosis.

3655

Lung Toxicity and Gene Expression Changes in Response to
Multiwalled Carbon Nanotubes Exposure in Rats

P. Joseph, C. Umbright, G. Mustafa, T. Boots, M. Kashon, W. McKinney, and T. Sager.
NIOSH, Morgantown, WV.
Carbon-based nanomaterials have many applications and, therefore, human
exposure to them potentially resulting in adverse health effects should be anticipated. Determination of the molecular mechanisms underlying the toxicity
induced by carbon nanotubes has merit in the prevention of the adverse health
effects potentially resulting from their exposures. Currently, a rat toxicity model
was employed to investigate the molecular mechanisms underlying the lung
toxicity induced by exposure to multi-walled carbon nanotubes (MWCNT). Rats
were exposed, by whole-body inhalation, to air or an aerosol containing MWCNT
particles to result in cumulative doses (concentration x time) ranging from 22.5
to 180 (mg/m3)•h over a three-day period. Toxicity and global gene expression
profiles were determined in the rat lungs, 16-hours following the last exposure.
MWCNT particles, associated with alveolar macrophages (AMs), were detected
in the lungs of the exposed rats. Mild to moderate histological changes consisting of increased cellularity, thickening of the alveolar wall, alveolitis, fibrosis, and
granuloma formation were detected in the rat lungs. Bronchoalveolar lavage (BAL)
toxicity parameters such as lactate dehydrogenase activity, number of AMs and
PMNs, oxidant production by phagocytes, and levels of multiple cytokines (IL-1β,
IL-10, IL-13, IL-16, IL-18, MCP-1, MIP-2, and TNF-α) were significantly altered in
response to inhalation exposure to MWCNT in the rats. Global gene expression
profiling identified several significantly differentially expressed genes (fold change
>1.5 and FDR p value <0.05) in the lungs of the MWCNT exposed rats, compared
with the controls. Bioinformatics analysis of the gene expression data identified
significant enrichment of several diseases/biological functions (for example,
cancer, leukocyte migration, inflammatory response, mitosis, and cell movement of
phagocytes) and canonical pathways (for example, kinetochore metaphase signaling pathway, granulocyte and agranulocyte adhesion and diapedesis, acute phase

response, and LXR/RXR activation). The alterations in the lung toxicity parameters
and gene expression changes exhibited a dose-response to the MWCNT exposure.
Taken together, the data provided insights into the molecular mechanisms underlying the pulmonary toxicity induced by inhalation exposure of rats to MWCNT.
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The Protective Role of Quercetin on Silver NanoparticlesInduced Hepatotoxicity in Sprague-Dawley Rats

A. K. Patlolla, and P. B. Tchounwou. Jackson State University, Ridgeland, MS.
Silver nanoparticles (Ag-NPs) are among the most commercially used nanomaterial
globally. Due to their strong antibacterial properties, Ag-NPs can be found in many
consumer products, as well as applications for life sciences. Due to its extensive
usage it can cause adverse biological effects, leading to great concern about the
human health and environment. The current study aims to confirm the hepatotoxicity induced by silver nanoparticles (Ag-NPs) and to assess the possible role
of quercetin (Qur) against hepatotoxicity caused by Ag-NPs. Twenty five healthy
male Sprague-Dawley rats were divided into three groups. First group of rats were
control group (distill water), in the second group Ag-NPs was administered orally to
the rats at the dose of 100 mg/Kg and the third group was administered with 100
mg/Kg Ag-NPs along with 100 µl of Qur for five consecutive days. The role of Qur
antioxidant against toxicity of Ag-NPs was determined by measuring certain serum
liver enzymes (alanine and aspartate aminotransferases, gamma-glutamy transferases, alkaline phopshatases) and biomarkers of oxidative stress malondialdehdye (MDA) and reduced glutathione (GST) in the liver tissues of the rats. Samples
were collected 24 hrs after the last treatment following standard protocols.
There was a significant increase in the level of serum liver enzymes (ALT, AST,
ALP, GGT) and MDA in the Ag-NPs exposed rats relative to control rats; whereas,
on the contrary, reduced glutathione was considerably decreased in the Ag-NPs
exposed rats compared to the control rats. Co-administration of Qur to AgNPs (100
mg/Kg) exposed rats produced significant changes in the biochemical parameters compared to Ag-NPs exposed rats. There was a decrease in the level of liver
enzymes and oxidative stress biomarkers and increase in reduced glutathione in
the Qur +Ag-NPs group. This may indicate that Qur antioxidant might have acted as
a protective agent against the liver dysfunction caused by hepatotoxcity of Ag-NPs.

3657

Chronic Exposure to the Food Additive Silicon Dioxide (E551) at
a Human-Relevant Dose Blocks Induction of Oral Tolerance to
Dietary Antigens

N. Martins Breyner, E. Gaultier, C. Cartier, B. Lamas, and E. Houdeau. INRAE, Toulouse,
France. Sponsor: D. Zalko
Food-grade SiO2 (E551 in EU), composed of aggregated nanoparticles (NPs), is used
as an anticaking and antifoaming agent in powdered foods, with chronic dietary
exposure in humans (0.8-74 mg/kg/day). Because SiO2-NP models block induction
of oral tolerance (OT, an immune mechanism for food antigen acceptance), the
current study in mice aimed at evaluating whether chronic exposure to E551 at a
human-relevant dose, added to a solid food matrix or in liquid suspension, alters
the establishment of OT towards a food antigen model. Mice were daily treated for
60 days without (controls) or with E551 (10mg/kg BW/day) in water suspension
(gastric gavage) or incorporated into food pellets (solid matrix). Food intake was
controlled. At day 41, mice were orally exposed to the dietary antigen ovalbumin
(OVA) (20mg/mouse; OVA-tolerized mice) or PBS vehicle for 3 days. All mice were
subsequently immunized by subcutaneous injection of OVA (100µg/mouse) on
day 48. Blood was collected 1 week after for anti-OVA IgG serum titers to evaluate
OT induction in ova-tolerized mice exposed or not to E551. In all groups, to further
assess OT to food antigens, mice were de novo challenged by oral OVA (25µg/
mouse) for 5 days before sacrifice. Isolated immune cells from mesenteric lymph
nodes (MLN) were activated by PMA/ionomycin to assess pro- (IFNγ) and anti-inflammatory (IL-10, TGFβ) cytokine secretion measured by ELISA. Fecal lipocalin
(Lcn)-2 level was used as a global marker of gut inflammation. In control mice,
OVA tolerance protocol (oral OVA) lowered by 87% circulating anti-OVA IgG levels
(p<0.0001) compared to oral PBS group, showing normal OT induction to OVA.
In contrast, anti-OVA IgG titers did not decrease in ova-tolerized mice chronically
exposed to E551 regardless of the vehicle, showing blockade of OT to food
antigens. in ova-tolerized mice exposed to E551 through food pellets, de novo
oral challenge with OVA increased (p<0.05) fecal Lcn-2 levels (+131%) and IFNγ
(+139%) production by MLN cells, together with a drop (p<0.05) of TGFβ (-46%) and
IL10 (-46%) compared to OVA-tolerized controls, demonstrating gut inflammation.
These results showed that chronic E551 exposure at a human dietary level in solid
or liquid matrix impairs OT to dietary antigens, and promotes intestinal inflammation supporting food intolerance.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 217

3658

Toxicokinetic Study following Intratracheal Instillation or Oral
Gavage of Two Be-7 Tagged Carbon Black Samples

3660

Effect of Inhalation Exposure to Cellulose Nanocrystals on
Reproductive Outcomes of Male Mice

O. H. Creutzenberg1, V. Hammann1, S. Wolf1, and J. Daul2. 1Fraunhofer Institute
for Toxicology and Experimental Medicine, Hannover, Germany; and 2Zyklotron AG,
Karlsruhe, Germany. Sponsor: A. Bitsch

S. Guppi1, E. R. Kisin1, W. McKinney1, D. Gutkin2, M. Shurin2, and A. A. Shvedova1,3.
1NIOSH, Morgantown, WV; 2University of Pittsburgh, Pittsburgh, PA; and 3West Virginia
University, Morgantown, WV. Sponsor: T. Stueckle

Carbon black can be “intrinsically” labelled with a γ-tracer without evidently altering
the material structure. In this study two carbon black samples, i.e. Monarch® 1000
(oxidized carbon black grade) and Printex® 90 (untreated grade) were labelled with
Beryllium-7 using proton beam irradiation (half-time of Be-7: 53.3 days; γ-tracer).
A triplicate of solvents (EtOH/H2O 1/1 v/v - 0.01 N HCl - Artificial lysosomal fluid)
was applied to consecutively wash and filter the carbon black samples to liberate
them from soluble Be-7. Approx. 0.3 mg of the purified test items were intratracheally instilled to lungs of Wistar rats. This dose avoided a particle overload effect,
thus, the toxicokinetic fate of the test item could be followed under physiological
conditions of lung clearance. A total of 8 females (4 rats: feces/urine, organs; 4
rats: blood kinetics) and 4 males (lungs, liver, kidney, reproductive organs) were
analysed. - In feces, Be-7 Monarch® 1000 and Be-7 Printex® 90 was detected in the
first 3 days after treatment at significant levels, i.e. 17.6% and 8.2%, resp. In urine,
small percentages of 6.7% and 0.4 were observed. In blood the test item was not
detected at relevant levels. At day 20 post-instillation, upon necropsy, both test
items were practically exclusively found in lungs (75.1% and 91.0%, resp.) Approx.
0.5% were detected in the lung-associated lymph nodes, however, the test items
were not detectable in other organs/tissues. Separation of leukocytes and cell-free
supernatant of a broncholaveolar lavagate by centrifugation revealed that the Be-7
Printex® 90 activity was completely located in the cell sediment indicating total
engulfment by alveolar macrophages. - Approx. 0.3 mg of Be-7 Monarch® 1000 and
Be-7 Printex® 90 were administered to rats by oral gavage. Within 3 days post-treatment 98% and 99% of the retained doses were detected in feces. - In conclusion,
the results of both administration modes indicate that the two carbon black grades
acted as microscaled agglomerates, not as nanosized aggregates, and displayed
no potential for translocation. In the instillation study besides lungs, Be-7 Printex®
90 and Be-7 Monarch® 1000 were detected at very small amounts only in LALN; this
finding is consistent with the behaviour of poorly soluble particles. Overall, carbon
black was not systemically available after deposition in lungs or stomach.

Crystalline nanocelluloses (CNC) have good electrical, optical, and mechanical
properties which make them desirable for industrial applications. We investigated adverse reproductive outcomes due to inhalation exposure to CNC aerosol,
generated from a bulk supply of wood pulp derived cellulose nanocrystals.
C57BL6/J male mice were exposed to precise concentration of airborne CNC (5
mg/m3, 5 h/day, 5 days/week for 1st and 2nd week and 4 days/week for 3rd week).
Cauda epididymal sperm samples, testes and serum were collected to evaluate
sperm alterations, oxidative stress, changes in the hormonal levels and inflammatory cytokine responses and perform testes histopathology at 24 h, 2-, 6- and
12-months post exposure. CNC inhalation significantly elevated abnormality in
sperm heads and tail/mid-piece as well as reduced the number of motile sperm at
all time points of recovery. Sperm DNA integrity assessed as DNA fragmentation
index was significantly elevated only 24h post CNC inhalation and then reduced
to the air-control level. Interstitial edema and occasional dystrophic seminiferous
tubules with arrested spermatogenesis and degenerating spermatocytes were
found in testes 6- and 12-month post inhalation while no changes were seen at
the early time points. CNC inhalation produced significant imbalance in the levels
of testosterone (throughout the recovery time of 2-12 month) and luteinizing
hormone (only at 12-month post exposure). Assessment of testicular oxidative
damage showed significantly higher amounts of protein carbonyls at all time points
of recovery. A hierarchical cluster analysis of 23 cytokines/chemokines/growth
factors of the testes separated inflammatory cytokines (G-CSF, IL-6, IL-12p70 and
MIP-1α) and revealed patterns that differentiate early responses from later time
points. Serum cytokines at the later time points clustered together in the close
proximity to the 24h acute response. Overall, these results demonstrate that CNC
inhalation exposure induces sustained male reproductive toxicity observed up to 12
months of recovery.
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Fate of Gold and Silver Nanoparticles in Organs after Subacute
Co-inhalation Exposure to Gold and Silver Nanoparticles of
Similar Sizes

P. Lee1, J. Kim2, M. Jo1, H. Kim1, J. Park3, M. Gulumian4, G. Oberdorster5, and I. Yu1.
1HCT Co. Ltd., Icheon, Korea, Republic of; 2Hanyang University, Ansan, Korea, Republic of;
3Choong-Ang University, Seoul, Korea, Republic of; 4National Institute for Occupational
Health, Johannesburg, South Africa; and 5University of Rochester, Rochester, NY.
The toxicokinetics of nanomaterials, including studies on the absorption, distribution, metabolism, and elimination (ADME) of nanomaterials, are essential in
assessing their potential health effects. The fate of nanomaterials after inhalation
exposure to multiple nanomaterials is not clearly understood. Male Sprague-Dawley
rats were exposed to similar sizes of silver nanoparticles (AgNPs, 10.86 nm) and
gold nanoparticles (AuNPs, 10.82 nm) for 28 days (6-hr/day, 5-days/week for 4
weeks) either separately or combined using a nose-only inhalation system. The
mass concentrations sampled from the breathing zone were AuNP 19.34 ± 2.55 μg/
m3 and AgNP 17.38 ± 1.88 μg/m3 for the separate exposure and AuNP 8.20 μg/m3
and AgNP 8.99 μg/m3 for the co-exposure. The lung retention and clearance were
previously determined on exposure day 1 (E-1, 6-hr) and on post-exposure days
1, 7, and 28 (PEO-1, PEO-7, and PEO-28) (Kim et al., 2021). In addition, the fate of
the nanoparticles, including their translocation and elimination from the lungs to
major organs, was determined during the post-exposure observation period. After
subacute inhalation, the AuNP translocation to extrapulmonary organs included
the liver, kidneys, spleen, testes, epididymis, olfactory bulb, hilar and brachial
lymph nodes, and brain (is that cerebrum and cerebellum, or cerebrum only?) and
showed biopersistence, regardless of single exposure or co-exposure, with similar
retention half-times. In contrast, the tissue translocated tissue Ag was rapidly
eliminated, regardless of single or co-exposure, except for continual accumulation in the olfactory bulb and brain that persisted until PEO-28. This co-exposure
study of AuNPs and AgNPs indicated that soluble AgNPs and insoluble AuNPs
translocate differently, probably due to soluble AgNPs being dissolved into Ag ions
when translocating to extrapulmonary organs where they were rapidly removed
from most of them, except for the brain and olfactory bulb. In contrast, the insoluble
AuNPs were continually translocated to extrapulmonary organs and not rapidly
eliminated.

Preliminary Report of the Two-Year, Every Four-Week-Interval
Intermittent Whole Body Inhalation Study of the Multiwalled
Carbon Nanotube in Male Mice

Y. Taquahashi1, S. Yokota1, K. Morita1, M. Tsuji1, K. Suga1, M. Kuwagata1, M. Hojyo2, A.
Hirose1, and J. Kanno1,3. 1National Institute of Health Sciences Japan, Kawasaki, Japan;
2Tokyo Metropolitan Institute of Public Health, Tokyo, Japan; and 3University of Tsukuba,
Tsukuba, Japan.
In a whole-body inhalation toxicology study on gaseous test substance, the lungs
are exposed to a same concentration throughout the study. In contrast, in a particulate matter inhalation study, especially when the particle is biopersistent, and
concentration of the aerosol of the particle is constant throughout the inhalation
study, the lung burden or the amount of the perticle deposited in the lung gradually
increases over time, from zero to a certain amount at the end of the study. If the
lung toxicity is induced by the deposited particles, the particulate matter inhalation
gives small effects at the beginning and larger effects towards the end of the study.
If compared with the study of gaseous test substance, the particulate matter study
has half of the “area under the curve (AUC)” of the lung tissue concentration-time
curve. We started a project to seek for the experimental conditions to make the
lung burden constant during the two-year period by boosting it at the beginning of
the study followed by intermittent maintenance exposure. In order to compare lung
conditions with the conventional protocol, we first initiated a 4-week intermittent
exposure 2-year inhalation study without initial boost, mimicking the increment
of lung burden of the rat study reported by Kasai et al., 2016. Male C57BL/6
mice were exposed to 53 micrometer mesh-filtered Mitsui MWNT-7 aerosol by
Taquann system (J. Toxicol. Sci. 2013) at the mass concentrations of 2.6±0.1 and
5.0±0.1mg/m3, 6 hours per day, once every 4 weeks. MMAD was ca. 500 nm. Here,
we report the finding of 24 months preliminary data. Average lung weight of control,
low and high dose groups were 165.6±8.8 microgram, 336.2±25.2 microgram,
and 369.4±25.5 microgram, respectively. Histologically, advanced precipitation of
MWNT-7 with chronic granulomatous foreign body responses and fibrosis in a form
of respiratory bronchiolitis was observed along with terminal bronchial epithelial
proliferative changes were observed. Lymphatics and pleural inflammatory/fibrotic
lesions were also observed. At least two epithelial neoplasms were identified in
the low dose group. Further details will be presented. Health and Labour Sciences
Research Grant, Japan.
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Nose-to-Brain Translocation of Zinc Oxide Engineered
Nanomaterials without Significant Microglial Activation

P. Upadhyay, N. Singh, M. Keil, A. Rao, L. S. VanWinkle, S. M. Thomasy, and K. E.
Pinkerton. University of California Davis, Davis, CA.
Zinc Oxide (ZnO) engineered nanomaterials (ENMs) are widely used in medical
and consumer applications, including antibacterial, antifungal, anti-corrosive, and
UV filtering agents. Increased use has created concerns for the potential risk of
exposure by inhaling these ENMs during synthesis and commercial application.
Nanoparticles are capable of nose-to-brain translocation via the olfactory epithelium and nerve fascicles. Therefore, the primary objective of this study was to
determine if ZnO ENM translocation to the olfactory bulb (OB) would activate
microglia, resident macrophages of the central nervous system, to induce an
immune response. Male Sprague Dawley rats were randomly assigned to filtered air
(control; n=6) or ZnO inhalation (n=20) groups. The rats were exposed to aerosolized 50-nm diameter ZnO for a single 6-hour period, during which aerosolized
ENMs were collected for characterization by gravimetric, x-ray fluorescence (XRF),
cascade impactor, and transmission electron microscopy (TEM). The rats were
necropsied0, 1, 7, and 21 days following exposure. The nose and cranium were fixed
in 4% paraformaldehyde, decalcified, and embedded in paraffin in a sagittal orientation. The paraffin-embedded blocks were then sectioned at 5- and 10-µm thickness
for histopathological and immunohistochemical staining, respectively. Hematoxylin
and eosin staining was used to assess histopathology. Anti-ionized calcium-binding adapter molecule-1 (anti-Iba-1) immunohistochemical staining was used
to identify microglia in the OB. The mass concentration of the ZnO aerosol was
4.23 +/- 1.27 mg/m3. XRF analyses revealed the Zn concentration in the aerosol
was 2.5 +/- 0.2 mg/m3. TEM showed the average aerosolized ZnO ENM size was
118 nm (range 50-340 nm), with clear and varied agglomeration. These findings
demonstrated aerosolized ENMs were inhalable, with a high deposition efficiency
in the nose and potential for translocation to the brain. However, no statistically
significant changes in OB histopathology or microglial activation were observed.
These findings suggest a single 6-hour exposure to aerosolized ZnO ENMs does
not induce an immunological reaction in the OB by microglial activation.

3663

Any Lobe of the Right Lung Lobe Is Sufficient to Measure Lung
Burden for Some Inhaled Nanomaterials in Rats

I. Yu1, J. Park2, H. Kim1, M. Jo1, M. Gulumian3, and G. Oberdorster4. 1HCT Co. Ltd.,
Icheon, Korea, Republic of; 2Choong-Ang University, Seoul, Korea, Republic of; 3National
Institute for Occupational Health, Johannesburg, South Africa; and 4University of
Rochester, Rochester, NY.
OECD inhalation toxicity test guidelines 412 (28- day subacute inhalation toxicity
studies) and 413 (90-day subchronic inhalation toxicity studies) were revised to
provide appropriate inhalation toxicity testing of nanomaterials and reflect state-ofthe-art testing of inhaled gases, vapors, and aerosols. In particular, the revisions
address the overall study design, the physical form of the test chemical (gas,
vapor, liquid aerosol, or solid aerosol), and whether a range-finding study or other
information indicates that the test chemical is deposited and retained in the lungs,
causing adverse local or systemic effects. The revised guidelines involving lung
burden require a higher number of test animals to conduct the BALF (bronchoalveolar lavage fluid) analysis and lung burden measurement during the post-exposure
observation period (PEO). Lung burden measurement is required for solid aerosol
at PEO-1 (within 24 hrs after exposure termination) and optional for PEO-2 and
PEO-3 (additional time points). The optional lung burden measurement should be
conducted to obtain clearance kinetic results. These BAL fluid analyses and lung
burden measurements would require an increased number of animals compared
to the previous guidelines. To avoid increased animal numbers and to maximize
endpoints, we tested whether inhaled soluble and insoluble nanoparticles are
deposited/retained evenly in the lung lobes. Rats inhaled silver and gold nanoparticles (AgNP 20 nm & AuNP 11nm) for one and five days, the five lung lobes were
separated and silver and gold concentrations measured using inductively coupled
plasma-mass spectrophotometer (ICP-MS). The results showed no statistically
significant difference in the AgNP and AuNP deposition/retention among the
different lung lobes expressed as mass per gram of lung tissue. Therefore, we
suggest that any rat lung lobe can be used for measuring lung burden after short or
long-term NP inhalation, while the other lobes can be used for collecting and analyzing the broncho-alveolar lavage fluid (BALF) and for histopathological analysis.
We conclude, that combining lung burden measurement, histopathological tissue
preparation, and BALF analysis from the same rat can minimize the number of
animals used and - moreover - maximizes the number of endpoints measured.

3664

Subchronic Exposure to Spherical Iron Oxide Nanoparticles
Induces Structural Changes and Oxidative Stress in Testes of
Wistar Rats

P. J. John, G. S. Verma, and N. K. Nirmal. University of Rajasthan, Jaipur, India.
Interaction of nanoparticles with male reproductive system is less explored area
in nanotoxicology. Current study strives to demonstrate the effects of iron oxide
nanoparticles (IONP) on structural and functional integrity of testes and epididymis
of adult Wistar rats. Spherical iron oxide nanoparticles with 15-20 nanometer size
were administered over a period of 60 days (a total of 12 intraperitoneal doses).
Three increasing doses (20, 40 and 80 mg/kg bw) along with a control group were
tested. Results such as histology of testes and epididymis, oxidative stress and
male fertility status are reported in this study. Histopathological findings clearly
indicated signs of structural damage in a dose dependent fashion. Seminiferous
tubules showed significant shrinkage in many instances both in mid and high dose
groups. Germinal epithelium underwent considerable degeneration and loss along
with vacuolations. Loss of spermatozoa in lumen was observed. Histology of
epididymis displayed relatively lesser and mild damage even with high dose. Lipid
peroxidation was elevated due to the exposure in all the treated groups. Activities
of antioxidant enzymes were also altered significantly. However, male fertility was
not affected significantly in any of the treated group. Present study demonstrates
that IONP exposure has adverse and toxic effects on male reproductive physiology.
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Comparison of the Kinetics of Elemental Silver following
Inhalation of Silver Nanoparticles and Silver Nitrate

S. Andriamasinoro, D. Dieme, S. Haddad, and M. Bouchard. Université de Montréal,
Montréal, QC, Canada.
Silver (Ag) is a priority substance closely monitored by health and safety agencies.
It is present in different forms including as nanoparticles (NPs). Despite its
extensive use, some aspects of its toxicokinetics remain to be documented, in
particular following inhalation, the predominant route of exposure in the workplace.
The kinetic time courses of Ag elements following inhalation of either Ag NPs or
silver nitrate (AgNO3) were documented using similar experimental protocols and
exposure conditions. Exposure to AgNO3 aimed to better understand the contribution of the ion to the time courses of inhaled NPs. Rats were exposed nose-only
to 20 nm Ag NPs or to AgNO3 during 6 h at a target concentration of 15 mg/m3.
The time courses of elemental silver in the lungs, blood, tissues and excreta were
determined over 14 days. Results show that only a small percentage of the inhaled
Ag NPs and AgNO3 doses reached the lungs; most of the dose likely remained in
the upper respiratory tract. However, inhalation of AgNO3 aerosols (rapidly generating ions) resulted in Ag levels in the lungs that were 4 to 6 times lower than after
exposure to Ag NPs. Ag concentrations in blood and in extrapulmonary organs
(liver, kidneys and spleen) were also higher for animals exposed to AgNO3 than for
Ag NPs. Results following AgNO3 inhalation confirm that soluble forms reach less
the lung due to an early clearance from the upper respiratory tract and the fraction
that reaches the lungs is rapidly cleared. Overall, comparison of the two inhaled
forms provided further insights into the mechanisms of pulmonary clearance
and biodistribution of the part of Ag NPs known to release silver ions (Ag+), and
presumed to behave similarly to Ag ions released from AgNO3.

3666

Size- and Oxidation-Dependent Toxicity of Graphene Oxide
Nanomaterials in Embryonic Zebrafish

R. M. Lopez, J. R. White, L. Truong, and R. L. Tanguay. Oregon State University,
Corvallis, OR.
Graphene and its derivatives are two-dimensional hexagonal lattices that possess
desirable physicochemical properties leading to an ever-expanding list of industrial
and biomedical uses. Graphene oxides (GOs) are becoming a popular graphene
alternative and while there have been human safety studies, investigations of
developmental toxicity are lacking. The use of distinct GOs are rapidly increasing, outpacing our efforts to understand their GO-specific impacts on biological
systems. The overall goal of this study is to further understand the developmental
toxicity of structurally distinct GOs on early life stage zebrafish. Our previous work
advanced the use of the early life stage zebrafish as an ideal model to interrogate the interactions between engineered nanomaterials (ENMs) and biological
systems. We investigated GO 250 x 250 nm (sGO), 400 x 400 nm (mGO), 1 x 1 μm
(lGO); partially reduced GO (prGO) 400 x 400 nm; reduced GO (rGO) 400 x 400 nm,
and 2 x 2 μm which first underwent extensive materials characterization under
support from the NHIR Consortium. GOs were stabilized in water (GOs), while prGO
and rGOs were stably dispersed in sodium cholate. Zebrafish were exposed to 0,
2.32, 5, 10.7, 23.2, and 50 μg/mL of each GO at 6 hours post-fertilization (hpf) until
120 hpf. Developmental toxicity was induced in a GO-specific manner, with mGO as
the most toxic material. We determined that mGO-specific developmental toxicity
manifested in the yolk syncytial layer (YSL). Additionally, the presence of sodium
cholate significantly increased GO toxicity. In efforts to mitigate GO toxicity, Fetal
Bovine Serum (FBS) or ascorbic acid (AA) were mixed with mGO; only FBS was
able to mitigate the toxicity of the nanomaterial. The observed GO-specific develop-
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mental effects are likely indicative of size-and oxidation-dependent toxicity and
reveals the importance of identifying structure-specific toxicity which is particularly
relevant in biomedical applications of GOs.

3667

Striatal Astrocytic REST Plays a Critical Role against
Manganese-Induced Neurotoxicity in Mice

E. Pajarillo1, A. Digman1, I. Nyarko-Danquah1, M. Aschner2, and E. Lee1. 1Florida A&M
University, Tallahassee, FL; and 2Albert Einstein College of Medicine, New York, NY.
Chronic manganese (Mn) overexposure causes a neurological disorder, referred
to as manganism, exhibiting symptoms similar to parkinsonism. Dysfunction of
the repressor element-1 silencing transcription factor (REST) is associated with
various neurodegenerative diseases including Mn-induced neurotoxicity. Although
neuronal REST showed neuroprotection in several neurological diseases, the role
of astrocytic REST in neuroprotection remains to be studied. We investigated if
astrocytic REST in the brain striatal region where Mn preferentially accumulates
plays a role in Mn-induced neurotoxicity. Striatal astrocytic REST was deleted
by infusion of adeno-associated viral vectors (AAV) containing sequences of
the glial fibrillary acidic protein (GFAP) promoter-driven Cre recombinase into
the striatum of RESTflox/flox mice for 3 weeks, followed by Mn exposure (30 mg/
kg, daily, intranasally) for an additional 3 weeks. Striatal astrocytic REST deletion
exacerbated Mn-induced impairment of locomotor function, motor coordination,
and cognitive function Moreover, this deletion further decreased Mn-reduced
tyrosine hydroxylase (TH) expression and glutamate transporter 1 (GLT-1) in the
striatum. REST deletion also exacerbated Mn-induced proinflammatory cytokines,
such as TNF-α, and COX-2 in the striatum as well as human H4 astrocyte cultures.
To confirm these changes are from astrocytic REST in the mouse brain, we used
an in vitro astrocytes and neuronal cultures. Incubation with conditioned media
from Mn-treated astrocytes with DN-REST for REST inhibition led to exacerbated
oxidative stress and cytotoxicity in Cath.-a-differentiated (CAD) neuronal cultures
compared to CAD cells exposed to media from control astrocytes. But CAD cells
exposed to conditioned media from Mn-exposed astrocytes with REST overexpression showed lower ROS levels and increased cell viability compared to those
from Mn-treated astrocytes with DN-REST or control vector. REST overexpression
attenuated Mn-reduced GLT-1, while its inhibition exacerbated Mn-reduced GLT-1 in
astrocytes. These findings indicate that astrocytic REST plays a critical role against
Mn-induced neurotoxicity, at least in part, by modulating proinflammatory cytokines
and GLT-1.

3668

Changes in Fecal and Cecal Microbiota in Male and Female
Offspring Exposed Prenatally and Postnatally to Silver and
Palladium Nanoparticles

S. E. Woodman, J. Pedersen, and P. L. Durham. Missouri State University, Springfield,
MO. Sponsor: P. L. Durham, American Association for the Advancement of Science
Heavy metal nanoparticles are increasingly being used in cosmetics, agriculture,
biomedical applications, and food and beverage products. Acid rain can cause
leaching of heavy metals into water systems, which can then be ingested and
depending on the concentration may lead to pathology in the digestive system.
A growing body of evidence points to the crucial role of the gut microbiome in
maintaining a healthy immune system and in helping to prevent development of
various chronic diseases, including IBD, obesity, diabetes, and various allergies.
However, the impact of nanoparticle exposure on the gut microbiome is not yet
fully understood, especially when exposure occurs early in life, as most studies
in mammalian models have focused primarily on adult organs and tissues.
Additionally, nanoparticles ingested by the mother may be passed down to their
offspring through breast milk. To investigate the impact of nanoparticles on
the gut microbiome, male and female rats were exposed to palladium (15 nm; 2
mg/L) and silver (20 nm; 0.1 mg/L) nanoparticles in their drinking water during
mating. Nanoparticle exposure continued throughout gestation and postpartum.
Control rats were given deionized water to drink throughout the study. Fecal and
cecal samples were collected from pups that had been exposed to prenatal and
postnatal nanoparticles and from control rats at day 21 after birth. DNA was
extracted from samples using a QIAamp DNA Stool Mini Kit, and bacterial tag
encoded FLX titanium amplicon pyrosequencing (bTEFAP) Illumina sequencing
of the 16s ribosomal DNA was used to determine the bacterial types present in
the samples. Decreases in the Firmicutes to Bacteroidetes ratios, an indication of
gut dysbiosis, were observed in both fecal and cecal samples of male and female
animals exposed to silver or palladium when compared to control animals. Also, a
decrease in diversity was observed in the silver and palladium exposed offspring.
Changes were seen in bacterial abundance across all taxonomic levels, including
a decrease in Verrucomicrobiae, Spirochaetia, and Clostridiales and an increase
in Bacteroidetes and Eacteroidales within both fecal and cecal samples in both
sexes. Additionally, Ruminococcaceae and Akkermansiaceae decreased in male
and female fecal samples, but not in cecal samples. These results provide the first
evidence to our knowledge that exposure to silver and palladium nanoparticles
during development and early life can promote gut dysbiosis. Since gut dysbiosis
is a risk factor for irritable bowel disease (IBD), chronic exposure to nanoparticles
could result in development of IBD.

3669

Orally Administered Cellulose Nanofibrils Impact Cardiac
Performance, Neurotransmitters, and Metabolite Profile in Male
and Female Rat Pups in an Age- and Sex-Related Manner

N. P. Mortensen1, M. M. Moreno Caffaro1, W. Pathmasiri2, R. W. Snyder1, S. L. Watson1,
P. R. Patel1, S. J. Sumner2, and T. R. Fennell1. 1RTI International, Research Triangle Park,
NC; and 2University of North Carolina at Chapel Hill, Chapel Hill, NC.
The potential applications of cellulose nanofibrils (CNFs) as food additives or in
food packaging, present a possible source of human ingestion. Little is known
about biological responses to CNFs exposure during infancy when both the intestinal tract and brain are still undergoing considerable development. In the study
presented here male and female rat pups received four daily oral doses of 10
mg/kg CNFs between postnatal day (PND) 7-10 or 17-20 and were sacrificed at
PND 21. Basic neurobehavioral (acoustic startle response, locomotor activity, and
rotarod) and cardiac assessments were performed at PND 20. Six neurotransmitters/metabolites were quantified in brain by UPLC with electrochemical detection.
Plasma metabolites (n = 186) were quantified using AbsoluteIDQ® p180Kits
(Biocrates) analyzed by LC-MS. Pups dosed between PND 7-10 had significantly
(P<0.05) increased neurotransmitters/metabolites in brain tissue (male: dopamine,
norepinephrine, and serotonin, female: dopamine and serotonin). The plasma ratio
serotonin/tryptophan was found to have a significantly increased fold change (FC,
male: 1.29, female: 1.42), tryptophan is a biosynthetic precursor for serotonin.
No changes in the neurobehavioral assessment were observed following dosing
between PND 7-10. However, female pups dosed between PND 17-20 had a significantly increased response time in the acoustic startle test. While no significant
changes in neurotransmitters/metabolites were found in the brain for female pups
orally administered CNF between PND 17-20, 16 amino acids had a decreased
FC in plasma, including glutamate (FC: 0.75) and aspartate (FC: 0.67). Also, the
FC for the sums of essential, non-essential, branch-chain, and aromatic acids
were decreased. Amino acids are important for proper neurotransmission, having
specific, but interconnected, roles. Metabolomic analysis of plasma showed that
23-48 individual metabolites were important for discrimination of CNF dose groups
from control, and that largest class of metabolites was amino acids for all dosing
groups with between 7-16 individual amino acids. Our results show that the biological responses to orally dosed CNF in early life happen in an age- and sex-related
manner. Our data suggests that CNF may impact neurobehavioral, neurotransmitter/metabolite concentrations in brain, as well as the metabolite profile in plasma.

3670

CNC-Exposed Paternal Reproductive Toxicity Affects the
Placenta

I. Shrivastava1, L. Campagnolo2, N. Yanamala3, A. Pietroiusti4, G. Somma2, E. R. Kisin1,
V. E. Kagan5, and A. A. Shvedova1. 1NIOSH, Morgantown, WV; 2Università degli Studi di
Roma Tor Vergata, Rome, Italy; 3Rutgers Robert Wood Johnson Medical School, Newark,
NJ; 4UniCamillus—Saint Camillus International University of Health Sciences, Rome, Italy;
and 5University of Pittsburgh, Pittsburgh, PA.
Exposure of mice to nanocellulose crystals (CNC) is known to affect male
reproductivity caused by alterations in sperm properties such as concentration,
motility, morphology and DNA integrity. Mechanisms driving these malfunctioning
reproductive responses to CNC exposure are unclear. Published results support
the idea that epigenetic changes contributing to male infertility have the potential
for transgenerational transfer. We explored if epigenetic changes in testis affect
both male reproductive function and gene/protein expression in placental tissue
of unexposed females impregnated by CNC exposed males. A group of C57/
BL6J male mice was sub-chronically exposed to CNC (40μg/mouse/twice a
week/3 weeks) by pharyngeal aspiration; the control group was exposed to the
vehicle (USP grade water). Three months post exposure, mice were mated with
naïve females and the testis and placenta tissues (exposed and control) were
evaluated for gene-expression data. The CNC-exposed mice showed a significant
difference in sperm cell counts, motility and immotile spermatozoa compared to
non-exposed control mice. Post-weaning, 8 pups from CNC-exposed fathers died,
while no death was observed in the litters from unexposed fathers, suggesting
a higher fragility of pups from the CNC-exposed fathers. Differentially expressed
genes (DEGs) that overlap between exposed testis and placenta of mice plugged by
the exposed males was identified, resulting in a gene-set of 63 DEGs. Hierarchical
clustering identified EIF3A, FXR1, LUZP1 in testis and EIF3A, TGFBR3 in placenta
as significantly upregulated. The top enriched pathways and network using IPA for
the same gene-set was PTEN-Signaling and Organismal Injury and Abnormalities,
respectively. In conclusion, our data support the hypothesis that paternal exposure
to CNC reflects adverse effects on the progeny, probably via placental mediated
pathways. Disclaimer: The findings and conclusions of this report are those of the
authors and do not necessarily represent the official position of National Institute for
Occupational Safety and Health, Centers for Disease Control and Prevention.
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Keratinocytes and Melanocytes Have Distinct and Shared
Responses to Metal‐Based Nanocatalysts and UVB

E. R. Kisin1, S. Guppi1, I. H. Shrivastava1, V. E. Kagan2, and A. A. Shvedova1,3. 1NIOSH,
Morgantown, WV; 2University of Pittsburgh, Pittsburgh, PA; and 3West Virginia University,
Morgantown, WV. Sponsor: T. Stueckle
Metal‐based nanocatalysts (NCT) have an irreplaceable role in energy conversion,
chemical production, and automotive exhaust purification. Common metal NCT
include transition metals (Me) and alloys, which provide active sites for catalytic
reactions. However, the same properties that make these NCT very attractive
can pose potential health risks. In addition, interactions of nanoparticles (NPs)
with constituent skin cell types, in particular after the cells have been subjected
to environmental stress like UVB exposure (considered as the main cause of skin
cancer) are essential. In this study, we evaluated the ability of four different NCT
(NiFe2O4, CoFe2O4, Ni and Co3O4) to initiate oxidative stress, induce redox-sensitive transcription factors and trigger inflammatory response in primary human
epidermal keratinocytes (HEK) and melanocytes (HEM). Me/MeO-exposed cells,
both HEK and HEM, revealed a dose- and time-dependent reduction in viability, cell
damage, activation of NF-κB, elevated ROS generation, release of inflammatory
mediators, increase in oxidative stress and DNA damage markers. Me/MeO adverse
responses were significantly amplified by pre-exposure of both cell types to UVB
(4KJ/m2). Hierarchical clustering analysis of inflammatory responses suggested
cell-type specific effects as well as treatment related differences. Interestingly,
only HEM-exposure to Me/MeO resulted in the amplification of placenta growth
factor’s (VEGF) response (with and without pre-exposure to UVB). Notably, VEGF
plays a crucial role in melanoma invasiveness, vasculogenic mimicry and tumor-associated angiogenesis. HEK pre-exposure to UVB induced expression of IL-17, a
pro-inflammatory cytokine, associated with hyperproliferation and abnormal differentiation of keratinocytes. Our results indicate that topically applied metal NP may
exert differential cellular effects on UVB exposed skin which are important in the
context of neoplastic transformations.

3672

Size and Coating-Dependent Toxicity and Pro-inflammatory
Effects of Silver Nanoparticles in Human Monocytes and
Macrophages

3673

Neoplastic Transformation and Changes in Transcriptome
Induced by Riebeckite/Tremolite Asbestiform and Nonasbestiform Elongate Mineral Particles in Human Mesothelial
Cells

A. A. Shvedova1,2, S. Guppi1, I. H. Shrivastava1, T. O. Khaliullin3, N. Yanamala4, E.
R. Kisin1, and V. E. Kagan5. 1NIOSH, Morgantown, WV; 2West Virginia University,
Morgantown, WV; 3Ohio State University, Columbus, OH; 4Rutgers Robert Wood Johnson
Medical School, Newark, NJ; and 5University of Pittsburgh, Pittsburgh, PA. Sponsor:
T. Stueckle
Inhalation of respirable amphibole asbestiform elongate mineral particles (EMPs)
can cause asbestosis, lung cancer as well as pleural and peritoneal mesothelioma.
Amphiboles can also occur in a non-asbestiform habit that can be mechanically
broken into so-called cleavage fragments (CF) which can meet the mineralogical/
regulatory criteria for fibers. While the health effects of riebeckite (RF) and tremolite
(TF) asbestos are well documented, there is uncertainty regarding the toxicity of
their CF. In this work, we evaluated several neoplastic-like transformation hallmarks
and changes in the gene expression profiles in immortalized human mesothelial
(MET-5A) cells after continuous long-term exposure to sub-toxic (2.5 µg/cm2)
concentrations of RF, TF and corresponding CF. TF- and RF-exposed MET-5A cells
acquired a neoplastic-like transformed phenotype characterized by significant
morphological changes accompanied by an increase in anchorage-independent
growth (AIG), invasion/migration and proliferation. No AIG was observed in cells
treated with riebeckite and tremolite CF, although an increase in migration and
invasion parameters were detected. Hierarchical cluster analysis and ingenuity
pathway analysis revealed altered gene expression profiles common for asbestos
fibers and corresponding cleavage fragments. RF and riebeckite CF had enriched
pathways pertaining to cellular development, cellular growth, proliferation, as well
as cancer and organismal injury disease categories. RF exposure alone induced
pronounced upregulation of genes governing cell-to-cell signaling and interactions related to cell death and survival. Genes regulated by TF and its CF were also
associated with cell-to-cell signaling and interactions, cell development, growth and
proliferation, whereas only TF caused enrichment of immune cell trafficking and
cancer-related pathways. In conclusion, at equal mass-based doses, asbestiform
amphiboles had greater potential for the neoplastic transformation of mesothelial cells than corresponding CF. Discrete mineral-specific responses were also
induced in MET-5A cells by non-asbestiform EMPs.

E. Fernandes, and F. Carvalho. Universidade do Porto, Porto, Portugal.
There is a growing concern about the increased human exposure to silver nanoparticles (AgNP) and their potential harmful effects. When AgNP reach the bloodstream,
interact with “guard cells” of the immune system, contributing to the onset and
development of an inflammatory response. Monocytes and macrophages play a
pivotal role in our defense system, being both involved in the regulation of the
initiation, development, and resolution of inflammation. The objective of this work
was to assess the pro-inflammatory effects induced by AgNP of different sizes (5,
10 and 50 nm), and capped with two coating agents [polyvinylpyrrolidone (PVP) and
citrate], in human monocytes isolated from human blood and human macrophages
derived from a monocytic cell line (THP-1). Several steps of the inflammatory
cascade were assessed including the interference with cells viability, production of
reactive pro-oxidant species, depolarization of mitochondrial membrane potential,
and cytokines and chemokines release (IL-8, IL-1β, IL-6, IL-10, TNF and IL-12p70). It
was observed that the studied AgNP exert deleterious effects in both cell types. On
human monocytes, it was observed an induction of late apoptosis, more exuberant
for smaller AgNP with the two tested coatings. On human macrophages, it was
observed the occurrence of apoptosis, late apoptosis and necrosis. While apoptosis and late apoptosis were induced by the smaller sizes of PVP and citrate-coated
AgNP (5 and 10 nm), necrosis was only induced by PVP and citrate-coated 50
nm AgNP. No effect was observed on pro-oxidant species production, irrespective
of size and coating. Human monocytes exhibited an exuberant depolarization of
mitochondrial membrane potential, which was dependent on the concentration, but
not on size and/or coating, while no effects were observed in human macrophages.
Interestingly, a significant production of anti-inflammatory IL-10 and pro-inflammatory cytokines, namely TNF, IL-8 and also IL-6 was observed in both cellular models.
In general, these results showed that human monocytes seem to be more sensitive to
AgNP exposure than human macrophages. This work prompts us to further explore
the adverse outcomes and mechanistic pathways leading to AgNP-induced pro-inflammatory effects. The present work was supported by UID/QUI/50006/2020 and
COMPETE (PTDC/NAN-MAT/29248/2017-POCI010145FEDER029248). AS thanks
FCT and ESF through POCH for her PhD grant reference SFRH/BD/150656/2020.
ATR thank to FCT for the funding through the project PTDC/MED-QUI/29243/2017.
MF acknowledges her contract under the Scientific Employment Stimulus - Individual
Call 2020.04126.CEECIND/CP1596/CT0006.
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Biotransformation Modulates the Penetration of Metallic
Nanomaterials across the Blood-Brain Barrier

Z. Guo, P. Zhang, and I. Lynch. University of Birmingham, Birmingham, United Kingdom.
Although brain is protected by a tight physiological guardian named blood brain
barrier (BBB), deposition of engineered nanomaterials (ENMs) in brain and
consequent neurotoxicity has been reported. To date, it is still unclear whether
and how ENMs enter the brain by crossing the BBB. Understanding the potential
of ENMs to cross the BBB as a function of their physicochemical properties and
subsequent behavior, fate, and adverse effect beyond that point is vital for evaluating the neurological effects arising from their unintentional entry into the brain,
which is yet to be fully explored. This is not only due to the complex nature of the
brain but also the existing analytical limitations for characterization and quantification of NMs in the complex brain environment. Herein, we conducted an interdisciplinary study by using a novel analytical workflow and in vitro BBB model, as
a complex biological barrier, to determine and quantify the biotransformation of
metallic NMs as a function of their physicochemical properties and correlate the
influence of the biotransformation to the BBB-penetration ability and transport
pathways. We found metallic ENMs transform in the BBB as affected by their shape,
size and intrinsic solubility, which in turn modulates their transport form, efficiency
and pathways through the BBB, and consequently their neurotoxicity. Very little
was transcytosed to the basolateral (brain) side of the BBB model, with significant
amounts being recycled back to the apical (bloodstream) side and limited retention
in the BBB cells. Paracellular transport was only observed at the higher concentration tested and was associated with membrane damage and NM dissolution. The
generated data about biotransformation modulated uptake and transport of NMs
through BBB open a new horizon for medical application of NMs, e.g. targetable
drug delivery systems for brain diseases and also for biological fate assessment of
NMs in brain to support their risk assessment.

3675

Exposure to MgO Food Additives Affects Human Commensal
Bacteria

A. Garcia-Rodriguez1, A. Stillwell1, B. Tochilovsky1, R. Limage1, J. V. Tanzman1, N.
Kolba2, E. Tako2, C. Marques1, and G. Mahler1. 1University of Binghamton, Binghamton,
NY; and 2Cornell University, Ithaca, NY.
The gastrointestinal (GI) microbiota is linked to intestinal homeostasis and is
crucial for overall host health. When the microbiota is impaired or altered, common
inflammatory and metabolic disorders are more likely to develop. Exogenous
factors such as diet have been reported to highly impact microbial dysbiosis.
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Due to their unique physicochemical properties metal oxide nanoparticles (NPs)
are widely used as food additives. MgO NPs are an EU-approved food additive (E
530) present in milk, canned food, and dietary supplements, and can be used as
an anti-acid and laxative. In high doses, MgO is an antimicrobial and antibiofilm.
The relationship between MgO NPs and the human intestinal microbiota, however,
has not been thoroughly investigated. The aim of this study is to investigate the
impact of physiologically relevant concentrations (267 mg/day) of food additive
MgO NPs (65 nm) on the viability, growth, and biofilm development of two human
gut-derived commensal bacteria: the Gram-positives Lactobacillus rhamnosus
and Bifidobacterium bifidum. Considering the biological implications of human
digestion, MgO NPs were subjected to an in vitro digestion (with gastric enzymes;
inorganic salts; changing pH and temperature), and used at low (L-MgO; 4.3×10-5
mg/mL), medium (M-MgO; 4.3×10-4 mg/mL), and high (H-MgO; 4.3×10-3 mg/mL)
physiologically-relevant concentrations to treat both planktonic and biofilms of L.
rhamnosus and B. Bifidum for 5 days. We found that after in vitro digestion and
due to pH oscillations, MgO NPs partially dissociate into Mg2+, with some particles
remaining as crystal structures in the nm range. The presence of M-MgO and
H-MgO significantly increased cell growth of both L. rhamnosus and B. bifidum when
growing as biofilms but not as planktonic cells. Although no differences in biofilm
morphology were detected by confocal imaging, COMSTAT2® analysis quantified a
1.5-fold increase in biomass in H-MgO samples compared to controls. Interestingly,
M-MgO and H-MgO maximized the biofilm development of L. rhamnosus, but
reduced B. bifidum. Hence, we suggest that the presence of released Mg2+ could be
the nutrient playing a major role in the described results. Moreover, no detrimental
effects were detected after short-term exposures (24 hours) as interactions of MgO
NPs-bacteria are not favored as both structures are negatively charged.
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Effects of Silver Nanoparticle Exposure on Cell Viability and
NFkB Gene Expression in a Neuronal-Like Cell Line: Inhibition of
Basal and Stimulated NFkB Promoter Activity

C. Keyes, J. Pederson, and P. L. Durham. Missouri State University, Springfield, MO.
Sponsor: P. L. Durham, American Association for the Advancement of Science
Heavy metal nanoparticle usage is increasing in various applications including
electronics, textiles, cosmetics, agriculture, and medicine, which generates waste
materials. However, the potential negative health effects of acid rain mediated
leaching of heavy metals from these waste products on neuronal cells are not
fully known. To determine the effect of overnight nanoparticle exposure on cell
viability in a neuronal-like cell line, rat CA77 cells grown overnight in tissue culturetreated plates were treated with silver (Ag) nanoparticles (20 nm; 0.01, 0.1, and
1 mg/L in sodium citrate buffer) and cytotoxicity was measured via the CellTiter
96 Cell Proliferation Assay. Dimethyl sulfoxide (DMSO) was used as a positive
control condition to validate the viability assay results. No significant changes in
cell viability were observed following overnight exposure to Ag nanoparticles at
any of the concentrations. To investigate the potential modulatory effects of Ag
nanoparticles on the neuronal cell line, transcriptional regulation of the inflammatory gene nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB) was
determined by transient transfection and luciferase assay. NFkB is an inducible
transcription factor that regulates expression of genes involved in cell survival and
is stimulated by the signaling protein MEK kinase. CA77 cells grown overnight on
tissue culture plates were transfected using the Lipofectamine 3000 procedure
and plasmid DNA containing the NFkB promoter sequence, the MEK kinase, and
luciferase reporter gene (PathDetect Cis-Reporting System). Following overnight
incubation with Ag nanoparticles, cells were scraped, lysed, and assayed for
luciferase activity. Relative luciferase values were obtained using a luminometer
and normalized to total protein levels and galactosidase levels. In Ag exposed
cells, basal NFkB promoter activity was suppressed in a dose-dependent manner.
Similarly, incubation with Ag nanoparticles caused a dose-dependent decrease in
MEK kinase stimulated NFkB promoter activity. Thus, our results provide evidence
that while Ag nanoparticles do not cause a loss of cell viability, overnight incubation
is sufficient to suppress basal and stimulated NFkB promoter activity in a neuronallike cell line. Inhibition of NFkB transcription would diminish the normal protective
cellular activities induced by chronic stimulation of the inflammatory response that
is reported in many chronic inflammatory diseases.
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Dynamic Evaluation of Vascular Endothelial Cell Toxicity of
Silver Nanoparticles: Flow Rate, Concentration, and SizeDependent Cellular Uptake, Inflammation, and Cytotoxicity

Y. Liu, D. Diaz-Diestra, J. Liang, M. Patel, H. Shin, J. Zheng, T. Palacios-Hernandez, P. L.
Goering, and S. A. Skoog. US FDA, Silver Spring, MD.
With expanding applications of nanotechnology in novel biomedical applications,
there is a need for improved test methods to evaluate safety prior to clinical use.
Safety evaluation of nanomaterials using data from traditional in vitro and non-human in vivo studies is challenging due to lack of physiologically relevant conditions
and human-specific responses. Advanced in vitro test methods, such as microphysiological systems, have shown potential in toxicological research and may provide
better prediction of clinical outcomes in safety evaluation of nanomaterials. In
this study, the toxicity effects of citrate-coated silver nanoparticles (AgNPs) of

different sizes (10, 20, and 100 nm) on human cerebral microvascular endothelial cells (hCMECs) were investigated using an endothelium-on-a-chip microfluidic
system under different physiologically relevant hemodynamic conditions. After
exposure to AgNPs at different concentrations under dynamic flow conditions
and static (no flow) conditions for 24 h, hCMECs were imaged using optical,
confocal, and transmission electron microscopy and assessed for viability, stress
markers, and inflammatory cytokines. Comparison of different AgNP sizes showed
higher toxicity of smaller AgNPs compared to larger AgNPs under the same flow
conditions (10 dyn/cm2 shear stress). For 10 nm AgNPs, the results showed
increased AgNP cell uptake and significantly increased, concentration-dependent
cytotoxicity at 10 dyn/cm2 shear stress compared to static conditions. Lactate
dehydrogenases (LDH), total nitric oxide (NO), caspase-1, endocan (ESM-1), and
inflammatory cytokines (IL-1β, IL-6, IL-8, TNF-α) also substantially increased under
flow conditions. Exposure to 10 nm AgNPs at 4 dyn/cm2 shear stress increased
cytotoxicity and inflammatory cytokines compared to 10 dyn/cm2 shear stress.
The results demonstrated that toxicity of AgNPs on hCMECs is inflammation-related and dependent on AgNP size, concentration, and flow rate. These findings
highlight the complexity of nanotoxicity, the importance of physiologically relevant
conditions in nanotoxicity evaluation, and the potential application of microfluidic
systems in safety evaluation of nanomaterials.
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Advanced Epithelial Lung and Gut Barrier Models Demonstrate
Passage of Microplastic Particles

J. M. Donkers1, E. M. Höppener1, I. S. Grigoriev2, L. M. Will2, B. N. Melgert3, B. van der
Zaan4, E. M. van de Steeg1, and I. M. Kooter1. 1Nederlandse Organisatie voor Toegepast
Natuurwetenschappelijk Onderzoek, Utrecht, Netherlands; 2Universiteit Utrecht, Utrecht,
Netherlands; 3University of Groningen, Groningen, Netherlands; and 4Deltares, Utrecht,
Netherlands. Sponsor: R. Woutersen
Micro- and nanoplastics (MNP) can be found virtually everywhere around us in the
biosphere and food chain, therefore humans are continuously exposed to MNP,
mainly via inhalation and ingestion. Here, we have applied physiologically relevant
human-based advanced in vitro models representing the lung (MucilAir™) and gut
(InTESTine TM and Intestinal Explant Barrier Chip (IEBC)) to study membrane
passage of various MNP and their potency to induce cytotoxic effects, barrier
disturbances or pro-inflammatory cell activation. Selected MNP of various materials (polystyrene, polyethylene, nylon, car tire, and marine MNP collected from the
ocean), shapes (spheres, fragments and fibers), sizes (0.05 - 100 μm), some of
which were fluorescently labelled for tracking, were included. Without affecting
cell viability, nylon fibers and (cleaned) HDPE (high density polyethylene) disrupted
the MucilAir™ epithelial barrier. Luminal exposure to polystyrene particles (1 and
10 μm) and pristine HDPE fragments significantly decreased human colon tissue
functionality. Furthermore, all polystyrene particles (0.05, 1 and 10 μm) affected
tissue viability in porcine jejunum, ileum and colon tissue after 5 h exposure, and
this was further confirmed in the IEBC after 24 h of exposure to 10 mm polystyrene particles and nylon fibers. Exposure to nylon fibers and its supernatant led to
pro-inflammatory cell activation, as shown by increased IL-6 release in MucilAir™
and in human colon tissue after 96 or 24 h, respectively. Regarding transepithelial penetration of the MNP, permeability of 0.05 mm polystyrene spheres in the
MucilAir™ lung cell model reached 3.6 ± 1.2% after 24 h. With 3.37 ± 0.46% after 5 h
under static conditions and 5.5 ± 1.3% after 24 h under microfluidic conditions MNP
permeability across intestinal tissue was highest for the largest (10 μm) polystyrene spheres. Confocal microscopy confirmed the translocation of MNP across
the lung and intestinal epithelial barrier. In conclusion, we present a study revealing
the passage of MNP over the epithelium of advanced in vitro models for the lung
and intestine barrier. Furthermore, proinflammatory cell activation and disrupted
barrier integrity were observed after exposure to several of the tested MNP. Future
research is needed to further identify the effects of shape, size and material on
these processes and subsequently the health effects of humans.
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Commensal Gut Bacteria Alter Intestinal Mucus Composition in
an In Vitro Model

R. Limage1, A. García-Rodríguez1, E. Tako2, C. N. Marques1, and G. J. Mahler1.
1Binghamton University, Vestal, NY; and 2US Department of Agriculture, Ithaca, NY.
The incorporation of co-cultures of Caco-2/HT29-MTX-E12 in in vitro models of
the gastrointestinal (GI) tract have been shown to be a rapid, reliable, and cost-effective experimental method in (nano)toxicology. The human GI tract, however, is
composed of a single layer of epithelial cells covered and protected by a mucus
layer and microbiota (primarily composed of bacteria). The GI mucus forms
a single, easily removable layer in the small intestine and a double layer firmly
attached to the epithelium in the colon. The mucus traps and transports debris and
bacteria, lubricates and lowers mechanical stress on the epithelium. Few studies
have been performed on the intestinal mucus lining to better understand the
interactions between the mucus layer and small intestinal gut microbiota. Hence,
the goal of this study is to determine if and how the mucus layer is affected by
the presence of beneficial and opportunistic bacteria including the Gram positives
Lactobacillus rhamnosus, Bifidobacterium bifidum, Streptococcus salivarius and
Enterococcus faecalis, which are the most common bacteria residing in the small
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intestine. To observe and measure the role of bacteria on mucus function, structure
and composition, the in vitro model of Caco-2/HT29-MTX-E12 was exposed to
bacteria (103 CFU/mL) for 24, 48 and 72 hours. Mucus was then stained with Alcian
Blue (AB), Periodic Acid Schiff (PAS), MUC2, or an Alexa Fluor® 488 conjugate
of Wheat germ agglutinin (WGA) to determine and quantify changes in mucus
secretion and composition. The obtained results indicate that the production of
mucosubstances increased over time following exposure to commensal bacteria.
However, a decrease in mucus content after 72 hours following exposure to the
opportunistic species S. salivarius and E. faecalis was detected. Although these
bacteria are known as commensal when in homeostasis, bacterial overgrowth can
result in mucus over-consumption and affect barrier permeability, which can lead to
epithelial bacteria translocation and infection.

3680

Cytotoxicity of Carbon Nanotubes Functionalized with
Fucosyltransferase 4-Derived Peptides

J. Guzmán-Mendoza1, B. E. Sánchez-Ramírez2, R. Arroyo-Verástegui1, J. L. RosalesEncina1, O. E. Cigarroa-Mayorga1, E. Orrantia-Borunda3, J. P. Luna-Arias1, and P.
Talamás-Rohana1. 1National Polytechnic Institute, Mexico City, Mexico; 2Autonomous
University of Chihuahua, Chihuahua, Mexico; and 3Research Center on Advanced
Materials, Chihuahua, Mexico.
Ovarian cancer (OvCa) is the third most common and fatal gynecological cancer.
An alternative treatment is the use of nano vaccines to generate immunotherapies.
Among the possible therapeutic targets for OvCa is the protein fucosyltransferase-4 (FUT4), a protein overexpressed in this cancer. Carbon nanotubes (CNTs)
are promising for nano vaccines development since they can be peptide-functionalized to evoke an effective immune response. Nevertheless, their toxicity should be
evaluated before their biomedical application. This work aimed to design, characterize, and assess the cytotoxicity of CNTs functionalized with FUT4-derived peptides.
FUT4 antigenic epitopes with an affinity for MHC-I and MHC-II molecules were
predicted using NetMHC4.0 and NetMHCII2.3 software. The CNTs were functionalized with synthetic epitopes (f-CNTs) and characterized by Raman, FTIR, XPS,
and SDS-PAGE; the cytotoxicity was evaluated in SKOV-3 and J774A.1 cell lines.
Raman spectra of the f-CNTs showed an increase in structural defects, and the
FTIR revealed the presence of the carboxyl, ester, and amide bonds. Furthermore,
XPS analysis confirmed the functionalization with an efficiency of 90%. SDS-PAGE
showed 50, 90, and> 250 kDa bands in f-CNTs suggesting the formation of peptide
polymers. Assays in SKOV-3 and J774A.1 cells revealed that f-CNTs did not
significantly decrease cell viability or induce reactive oxygen species production
compared to non-functionalized or raw CNTs. Also, the confocal location of the
actin cytoskeleton showed no evidence neither of cytoskeleton disruption nor nuclei
changes in cells exposed to f-CNTs. Finally, f-CNTs binding produced morphological changes and activation in J774A.1 macrophages. These results confirm that
f-CNTs were correctly functionalized with FUT4 peptides, presented low cytotoxicity in both cell types, showing recognition and activation signals in macrophages
which suggest that they can be considered a safe nanocarrier system for vaccine
production.

3681

Characterization of Nano-Sized Silica in Agricultural Exposures
and Its Role in the Pathogenesis of Chronic Kidney Disease of
an Unknown Etiology

K. L. Rogers, C. A. Roncal, R. J. Johnson, and J. M. Brown. University of Colorado
Anschutz Medical Campus, Aurora, CO.
We have hypothesized that sugarcane burning in developing countries contributes to an endemic kidney pathology in agricultural workers called chronic kidney
disease of an unknown etiology (CKDu). Elemental analysis shows that sugarcane
stalks contain a high percentage of amorphous silica (SiO2). We hypothesized that
burning of sugarcane generates and releases nano-sized silica particles (SiNPs) that
upon inhalation are translocated to the kidney contributing to CKDu. To determine if
SiNPs are present in sugarcane ash and kidney biopsies from agricultural workers,
we utilized single particle inductively coupled plasma mass spectrometry (ICP-MS).
Using single particle ICP-MS, we identified SiNPs within digested sugarcane ash
which ranged in size from 190-212 nm. In kidney tissue, we identified the same
representative SiNP population in a diagnosed CKDu patient that was not present in
a negative patient. In a small case control study, we found that there was a significant increase to the risk of being diagnosed with CKDu when a certain amount of
SiNPs were detected in a patients’ kidney biopsy. To determine the effects of SiNPs
on the kidney, we used a human proximal convoluted tubule (PCT) cell line (HK-2) to
recapitulate the nephron’s exposure to sugarcane ash, desilicated ash, sugarcane
ash derived SiNPs, and pristine 200 nm SiNPs at 0.25, 2.5, and 25 μg/mL. Despite
not being directly cytotoxic to HK-2 cells at 6 hours at any concentration, SiNPs
were taken up and generated reactive oxygen species within 1 hr of exposure at all
doses. Vimentin staining confirmed HK-2 cells underwent epithelial-mesenchymal
transition (EMT) following treatment with ash but not with desilicated ash. These
findings suggest SiNPs in sugarcane ash are capable of driving EMT in PCT cells
potentially contributing to a CKDu phenotype.

3683

Impact of Digestive Enzymes on the Agglomeration Behavior of
Latex Nanoplastics in Simulated Gastrointestinal Fluids

J. Stine, P. Nguyen, B. Harper, and S. Harper. Oregon State University, Corvallis, OR.
With plastic waste continuing to accumulate and erode in the environment, the
presence of nanoscale plastic particles (nanoplastics) is expected to grow. Given
their potential to transfer into human food systems, dietary intake is expected to
be a major source of nanoplastics exposure. To better understand and predict the
human health risks of global plastic pollution, knowledge of the physicochemical and biological interactions of nanoplastics in the human gastrointestinal (GI)
tract is needed. Size plays a key role in nanoparticle bioavailability in the GI tract.
This research simulated the temperature, pH, and ionic strength conditions present
in the salivary, gastric, and intestinal phases of digestion. Digestive enzymes
including amylase, pepsin, and pancreatin were studied in each of these successive phases to observe enzyme-specific nanoparticle interactions. Three material
types including 40nm and 100nm sulfate latex, and 40nm amine latex spheres
were chosen to evaluate drivers of agglomeration associated with nanoparticle
size and surface chemistry. Simulated digestive fluids were sequentially mixed
and incubated with 10 mg/L nanoplastics at 37°C. Hydrodynamic diameter and
zeta potential were measured using dynamic light scattering following incubation in each phase. Experimental data showed significant agglomeration for both
40nm and 100nm sulfate latex particles following incubation in simulated gastric
fluid prepared with pepsin, while 40nm amine latex particles were significantly
agglomerated in all simulated fluids with and without the inclusion of digestive
enzymes. Interestingly, the agglomerated 40nm and 100nm sulfate latex particles,
when successively mixed with simulated intestinal fluid, deagglomerated to their
original size. These results indicate that digestive enzymes may play a key role in
the bioavailability of ingested nanoplastics. Related research studying amylase and
pancreatin in simulated digestive fluids is currently underway. In addition to providing an indication of the potential bioavailability of environmental nanoplastics in the
human GI tract, this study may also benefit the development of orally administered
nanomedicines.

3684

Two-Year Study for the Assessment of the Carcinogenic and
Toxic Effect of Double Walled Carbon Nanotubes in the Rat Lung
after Intratracheal Instillation

D. M. Saleh1,2, O. H. Ahmed1,3, D. B. Alexander1, W. T. Alexander1, H. Takase1, M.
Ohnishi4, S. Tomono5, J. Kanno6, A. Hirose6, S. Takahashi1, and H. Tsuda1. 1Nagoya City
University, Nagoya, Japan; 2Assiut University, Assuit, Egypt; 3Aswan University, Aswan,
Egypt; 4Japan Bioassay Research Center, Hadano, Japan; 5Aichi Medical University
School of Medicine, Nagakute, Japan; and 6National Institute of Hygienic Sciences,
Kawasaki, Japan.
Despite the expanding industrial applications of carbon nanotubes (CNTs), safety
assessment of these materials is far less than needed. This is the first 2-year in vivo
study to investigate the effects of double walled carbon nanotubes (DWCNTs) in
the lung and pleura after pulmonary exposure. Rats were divided into six groups:
Untreated, Vehicle, 3 DWCNT groups (0.12mg/rat, 0.25mg/rat and 0.5mg/rat), and
MWCNT-7 (0.5mg/rat). The test materials were administrated by intratracheal intrapulmonary spraying method (TIPS) every other day for 15 days. Rats were
observed without further treatment until sacrifice at weeks 52 and 104. DWCNT
were biopersistent in the lung and induced marked pulmonary inflammation
with increased macrophage count and elevated levels of chemotactic cytokines
CCL2 and CCL3 in the lung tissues at weeks 52 and 104. The incidence of lung
tumors bronchiolo-alveolar adenoma (BAA) and bronchiolo-alveolar carcinoma
(BAC) combined in the 0.5mg group of DWCNT is (7/24, 29 %) was significantly
higher (p<0.05) than the vehicle control group (1/21, 8.3%). The combined tumor
incidences of the three doses of DWCNT is (15/75, 20%) was also significantly
higher than the vehicle group. Notably, two of the rats treated with DWCNT, one
in the DWCNT 0.25 mg group and one in the DWCNT 0.5mg group developed
mesothelioma. DWCNT is biopersistent and induced chronic inflammation of the
bronchiolo-alveolar cells and is considered as a possible carcinogen to the lung
when administrated via the airway.

3685

Single Walled vs. Multiwalled Carbon Nanotubes-Induced
Toxicity

S. Solorio-Rodriguez1, A. Williams1, D. Wu1, A. Boyadzhiev1, S. S. Poulsen2, P. H.
Danielsen2, U. Vogel2, and S. Halappanavar1. 1Health Canada, Ottawa, ON, Canada;
and 2National Research Centre for the Working Environment, Copenhagen, Denmark.
Sponsor: A. Nong
Carbon nanotubes (CNTs) are cylindrical nanomaterials with one or more multiple
layers of carbon rolled sheets designated as single-walled (SWCNTs) and
multi-walled carbon nanotubes (MWCNTs). The production of these nanomaterials
has been increasing over the years, which has raised concerns about the risk of
CNTs exposure due to their small size, poor solubility, and high length diameter
aspect ratio, which are very similar to asbestos properties. Understanding the
toxicological mechanisms of various CNTs types is challenging with traditional
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toxicological testing strategies. Therefore, transcriptomics can provide information
on the mode of action and development of biomarkers to prioritize and rank the
potency of nanomaterials. The aim of this study was to investigate global gene
expression responses in the lungs of mice exposed at 6, 18, and 54 μg/mouse for
24 h to individual SWCNT or MWCNT of different properties. Bioinformatics tools,
such as Ingenuity Pathway Analysis (IPA) and gene set enrichment analysis (GSEA),
were used to identify genes and canonical pathways differentially regulated in
CNT exposed mice versus unexposed animals. Statistical analysis was conducted
to determine the doses at which CNTs induce toxicity. The results showed that
SWCNTs and MWCNTs revealed differences in their toxicity potential, and the
type of modifications on their surfaces further influenced this. Among the CNTs
types, short uncoated SWCNTs exhibited the least toxicity; meanwhile, long pristine
SWCNTs showed the most potency and perturbed several canonical pathways in a
dose-dependent manner, related to cellular stress, inflammation, and lipid metabolism. At the highest dose, all CNTs induced similar biological responses. The results
indicate that the exposure to long pristine SWCNTs is a high priority for toxicity
testing. Moreover, the gene expression profiles would allow the identification of
potential disease-causing CNTs for further testing and potential biomarkers that
can be applied for grouping and hazard identification.

3686

Superiority of a New Route-Specific versus Traditional Routeto-Route Extrapolation Approach in Developing a Physiologically
Based Pharmacokinetic Model for Gold Nanoparticles in Rats

W. Chou1,2, Y. Cheng2, J. E. Riviere2, N. A. Monteiro-Riviere2, W. G. Kreyling3, and Z.
Lin1,2. 1University of Florida, Gainesville, FL; 2Kansas State University, Manhattan, KS; and
3Helmholtz Zentrum München, Munich, Germany.
In this study, we developed a physiologically based pharmacokinetic (PBPK)
model for different sizes (1.4-200 nm) of gold nanoparticles (AuNPs) in adult rats
following different routes of administration (i.e., intravenous (IV), oral gavage,
intratracheal instillation, and endotracheal inhalation) using two approaches: a
traditional route-to-route extrapolation typically used for small molecules and a
new approach that is based on route-specific data we propose for NPs. We found
that the PBPK model using the new approach had better performance than that
using the traditional approach. The final PBPK model was rigorously optimized
using a Bayesian hierarchical approach with Markov chain Monte Carlo simulations,
and then converted to a web-based interface using R Shiny. In addition, quantitative structure-activity relationships (QSAR) based multivariate linear regressions
were established to predict route-specific key biodistribution parameters (e.g.,
maximum uptake rate) based on physicochemical properties of AuNPs (e.g.,
size, surface area, dose, Zeta potential, and NP numbers). These results showed
the size and surface area of AuNPs were the main determinants for endocytic/
phagocytic uptake rates regardless of administration routes, while Zeta potential
was an important parameter for the estimation of exocytic release rates following
IV administration. This study suggests that traditional route-to-route extrapolation
approaches for PBPK modeling of small molecules are not applicable to NPs and
multi-route PBPK models for NPs should be developed using route-specific data.
This new PBPK-based web interface serves as a basis for extrapolating to other
NPs and to humans to facilitate biodistribution estimation, safety, and risk assessment of nanomedicines.

3687

Graphene Oxide-Induced Alterations in the Gut Microbiome:
Role of Aryl Hydrocarbon Receptor

G. Peng1, H. Sinkko2, H. Alenius2, N. Lozano3, K. Kostarelos4,3, and B. Fadeel1.
1Karolinska Institutet, Stockholm, Sweden; 2University of Helsinki, Helsinki, Finland;
3Catalan Institute of Nanoscience and Nanotechnology, Barcelona, Spain; and 4University
of Manchester, Manchester, United Kingdom.
The gut microbiome produces metabolites that interact with the aryl hydrocarbon receptor (AhR), a key sensor of exogenous compounds or xenobiotics. In this
study, we determined whether graphene oxide (GO) modulates the gut microbiota composition, and whether the AhR plays a role in shaping the microbiota in
unexposed or exposed animals. To this end, we used adult zebrafish (Danio rerio)
as a model. We exposed wild-type and ahr2-deficient zebrafish to GO (50 µg/L
and 500 µg/L) continuously for 7 days at which time intestines were dissected
and samples harvested for 16S rRNA gene sequencing. Tissue sections were
processed to assess intestinal barrier integrity following exposure to GO. No gross
abnormalities were found in the low-dose group, while the epithelial barrier was
disrupted in the high-dose group. We found that oral exposure to GO modulated
the composition of the gut microbiome with significant differences in wild-type
and ahr2-deficient animals. Exposure to GO shifted the relative abundance from
Fusobacteria to Proteobacteria and this was more pronounced in ahr2-deficient
animals. Thus, GO affected the gut microbiota composition, and the response was
significantly shaped by the AhR. Acknowledgements: This work was supported
by the European Commission through the Graphene Flagship (grant no. 785219).
We thank the Bioinformatics and Expression Analysis (BEA) Core Facility for 16S
rRNA gene sequencing, and the Wellcome Sanger Institute (UK) for the ahr2 mutant
zebrafish strain.

3688

Agglomeration Characteristics of Latex Nanoplastics in
Simulated Human Digestive Fluids

P. D. Nguyen, J. S. Stine, B. J. Harper, and S. L. Harper. Oregon State University,
Corvallis, OR.
As plastic litter degrades in the environment, it eventually degrades into nanoscale
plastic particles (nanoplastics). Because micron sized plastic particles have been
detected in every environmental compartment on the globe, nanoplastics are
presumed to be ubiquitous in the environment, likely resulting in increased human
exposure as plastic pollution persists. Ingested nanoplastics may be absorbed
in the gastrointestinal (GI) tract and translocate to other bodily tissues. To fully
understand the toxicological absorption of ingested nanoplastics, it is essential
to determine the fundamental mechanisms that dictate their bioavailability in the
GI tract. Since particle size is strongly linked to bioavailability, the objective of this
research was to study the particle agglomeration characteristics of nanoplastics
in simulated digestive fluids representing three regions of the GI tract. Of the many
factors that may contribute to agglomeration in the GI tract, this study focused
on replicating the temperature, pH, and ionic strength conditions of the GI tract
in the absence of digestive enzymes. Simulated digestive fluids were prepared to
replicate the salivary, gastric, and intestinal phases. Sulfate latex spheres at 100nm
and 45nm, as well as 45nm aliphatic amine latex spheres were chosen to interrogate agglomeration characteristics related to particle size and surface chemistry.
Individual nanoplastic types were incubated at 37°C in simulated digestive fluids
representing each phase of the GI tract. Each phase was mixed into successive
phases for specific time intervals simulating realistic transitions between digestive
phases. Size and zeta potential measurements for each phase were taken with
nanoplastic concentrations at 10 mg/L for each sample. Experimental data
showed no agglomeration of the 100nm or 45nm sulfate latex particles in any of
the digestive phases, while the 45nm aliphatic amine latex particles agglomerated
significantly in all digestive phases. Based on these results, surface chemistry
appears to be a stronger driver of agglomeration than particle size in simulated
digestion without the presence of digestive enzymes. Further studies including
digestive enzymes in these simulated digestive fluids will yield additional details
regarding the agglomeration characteristics of nanoplastics in the human GI tract.
This research should prove useful to environmental risk assessment and pharmaceutical development focusing on oral nanomedicine applications.

3689

Developmental Phenotypic, Neurobehavioral, Transcriptomic,
Reproductive, and Multigenerational Consequences of Exposure
to Nanoplastics in Zebrafish

M. Llewellyn1, D. Meyer1, A. Pedersen2, A. Petriv2, A. Soto2, M. Abdi2, B. B. Baker1, and T.
R. Baker1. 1University of Florida, Gainesville, FL; and 2Wayne State University, Detroit, MI.
Nanoplastics (NPs), or synthetic plastic particles <1 μm in size, are likely ubiquitous in environmental waterbodies and drinking water sources. While microplastics
(MPs) have been extensively studied, the toxicity and associated health risks of
large-scale human and animal exposure to NPs have not been well documented.
Thus, larval zebrafish were utilized to investigate the health effects of developmental exposures to 50 and 200 nm polystyrene fluorescent NPs, specifically evaluating accumulation of plastics, behavioral response, and whole-body transcriptomic
outcomes. From 6 to 120 h post-fertilization (hpf), zebrafish were exposed to a
range of NPs (10-10,000 parts per billion), resulting in dose-dependent increases
in NP accumulation. Exposure to higher concentrations of larger sized NPs (200
nm) altered larval swimming behavior, as evidenced by hyperactivity during dark
periods. Notably, exposures did not impact mortality, hatching rate, or deformities;
however, transcriptomic analysis suggests dysregulation of neuromotor pathways
at both high and low concentrations. These fish were raised to adulthood and
exhibited reproductive deficits and continued developmental phenotypes in the
next generation. Results of this study suggest that NPs can accumulate in the
tissues of larval zebrafish, alter their transcriptome, affect behavior and physiology,
reproduction, and the next generation potentially decreasing organismal fitness in
contaminated ecosystems. The uniquely broad scale of this study during a critical
window of development provides crucial multidimensional characterization of NP
impacts on human and animal health.

3690

A Systematic Approach to Investigate Microplastics Hazards
with Specific Consideration of the Carrier Hypothesis for
Polycyclic Aromatic Hydrocarbons (PAHs)

E. Emecheta1, A. Vogel1, L. Green1, D. Borda Borda1, H. Sieg1, C. Wolf2, P. M. Pfohl3,
W. Wohlleben3, M. Wiemann4, A. Roloff1, and A. Haase1. 1Federal Institute for Risk
Assessment, Berlin, Germany; 2Institut für Energie und Umwelttechnik e.V., Duisburg,
Germany; 3BASF SE, Ludwigshafen, Germany; and 4IBR R&D gGmbH, Münster, Germany.
Humans are exposed to various micro- and nanoscaled polymer particles (MNPs)
via inhalation and ingestion. Investigating possible human health effects of MNPs
remains challenging. MNPs can be composed of different polymer types with
plenty of additives/ contaminants, with various geometries, shapes and sizes.
Within the German BMBF funded project InnoMat.Life (www.innomatlife.de) we
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specifically investigated the in vitro biocompatibility and quantified the extent to
which MNPs may act as carriers for polycyclic aromatic hydrocarbons (PAHs)
using a selection of different MNPs, such as polyethylene (PE), polyamide (PA),
and polyurethane (PU), all with broad size distributions. We investigated ad- and
desorption of selected PAHs and conducted in vitro based studies using selected
cell models. A separate abstract reports on the ranking of physical-chemical
properties and in vivo PCB uptake. The sorption of PAHs was investigated using
an universally applicable third polymer-phase partitioning (TPP) method, which
was compared to the commonly applied batch method. Benzo[a]pyrene (BaP) was
selected as a lead substance along with dibenzo[a,l]pyrene (DBaP) and anthracene (Ant). We analyzed the sorption of BaP for 20 different MNPs, including some
aged polymers. The sorption of Ant and DBaP was studied for selected MNPs.
Biocompatibility was studied with human intestinal epithelial cells (Caco-2), human
hepatocyte carcinoma cells (HepG2), human differentiated macrophage-like cells
(THP-1) and rat alveolar macrophages (NR8383). Possible carrier effects were
investigated for BaP sorbed on PA-6 in Caco-2 and differentiated THP-1 cells.
Using the TPP method, we could show that the MNPs strongly differed in their PAH
sorption behavior with the polymer backbone as most influencing, and surface
area and hydrophobicity second-most influencing factors. That enabled us to rank
and to categorize the MNPs. Cellular uptake of MNPs (PA-6) was confirmed with
fluorescence and electron microscopy. While MNPs were found to be not cytotoxic,
MNPs derived from tire rubber induced CYP1A1 expression in CaCo2 cells even
in the absence of pollutants. Using CYP1A1 expression and PAH-laden MNPs, we
could not yet confirm altered CYP1A1 expression in CaCo2 cells. Overall, our data
support a categorization of the investigated MNPs into an overarching polymer of
low concern (PLC) group.

3691

Macrophage-Endothelial Cell Cross Talk in Ozone-Oxidized
Carbon Black Nanoparticle Exposure

N. Majumder1,2, M. Velayutham1,2, V. Kodali3,2, D. Bitounis4, M. Mazumder1,2, A.
Erdely5,2, T. Nurkiewicz1,2, P. Demokritous4, and S. Hussain1,2. 1West Virginia University,
Morgantown, WV; 2Center for Inhalation Toxicology (iTOX), Morgantown, WV; 3NIOSH,
Morgantown, WV; 4Harvard University, Boston, MA; and 5National Institute for
Occupational Safety and Health, USA., Morgantown, WV.
Apart from natural oxidation of particulate components of air pollution by the
reactive gases like ozone (O3), oxidation of carbon black (CB) nanoparticle (NP)
is also performed intentionally for industrial applications. Health impacts of these
O3-oxidized CB (CBox) NPs are unknown. We hypothesized that macrophage uptake
of CBox NPs and secretion of soluble factors mediate enhanced endothelial cell
damage abilities of CBox. CBox NPs were generated under controlled conditions
(2 ppm O3 for 3 hours) in a custom developed inhalation exposure chamber. A
detailed physicochemical characterization and dosimetry modelling of CB and
CBox NPs was performed. Surface oxidation changes were confirmed using X-ray
photo electron spectroscopy (XPS) and Fourier-transform infrared spectroscopy
(FTIR). Acellular oxidant generation was confirmed using electron paramagnetic
resonance (EPR) spectroscopy (free radical detection), and ferrous reducing ability
of serum (FRAS) assay. In vivo and in vitro oxidant generation were confirmed
using EPR, flow cytometry, immuno spin-trapping (IST) and FRAS assay. Mouse
macrophages (RAW264.7), and C57BL/6 mice were exposed to CBox and CB NPS
at human relevant exposure concentrations (0-50 µg/mL in vitro and 20 µg/mouse
oropharyngeal aspiration in vivo). Conditioned media from the CBox exposed
macrophage cultures was used to treat mouse endothelial cells (C166). Compared
with pristine CB, CBox demonstrated 2-4-fold greater potential to generate free
radicals under acellular, cellular and in vivo conditions. Pharmacological inhibitor
studies confirmed an oxidant/MAPK/NFkβ dependent pro-inflammatory response
(gene and protein expression of CXCL9, 10, 11, TNF-α, IL-6) in mice and in in
vitro exposed macrophages. Conditioned media from CBox treated macrophage
induced greater endothelial dysfunction (monolayer permeability and inhibition of
wound healing). Pharmacological inhibition confirmed a C-X-C chemokine receptor
3-mediated pathway involvement in the CBox toxicity. In summary, this work clearly
demonstrates biological potency of CBox and warrant further mechanistic studies
on oxidized nanomaterials safety assessment. Funding: National Institute of Health
funding R01 ES031253 (SH), R01 ES015022 (TRN), and R01 DK124510 (EEK).
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The Polymer Backbone Is the Most Important Property
Determining Human Oral Toxicity and Lifecycle Fragmentation
of Micronized Polymers: Experimental Results Including a
Repeated-Dose 28-Day Toxicity Study of the Carrier Effect
Hypothesis on PCB-153 and Polyamide

W. Wohlleben1, P. Pfohl1, E. Emecheta2, A. Vogel2, B. Flick1, M. Wiemann3, A.
Roloff2, and A. Haase2. 1BASF SE, Ludwigshafen, Germany; 2Federal Institute for Risk
Assessment, Berlin, Germany; and 3IBE R&D, Münster, Germany.
Microplastic health concerns matter not only for degradation of mismanaged
waste, but also for intentionally micronized particles, as used in 3D printing by
laser sintering. It is still unclear which descriptors are most relevant to describe
the potential toxicity of microplastic particles: molecular structure, as used by
the OECD concept of polymers of low concern (PLC), particle morphology, and/or

surface-induced interactions including uptake/release of noxious compounds. Here
we compared various materials (polyamide PA, polyurethane PU, polyethylene PE),
median sizes (7µm to 200µm), and polymer backbones (ester or ether, aliphatic or
aromatic). We quantified many of the physical-chemical properties that are thought
to be relevant, including abiotic reactivities. We assessed aerosol generation and
the fragmentation into nanoplastics. We used polyamide (median 7 µm) to analyze
PCB uptake and gastro-intestinal release of PCB-153 from pre-loaded particles both
in the EpiIntestinal™ coculture and in a 14 day rat oral gavage study (TG-407). A
separate abstract by Emecheta et al. reports on in vitro biocompatibility of the
same polymers, and their uptake and release of different PAHs. Fragmentation of
polymer microparticles to nanoplastics and dissolved species differed significantly
between polymer backbones. Micro- and nanoplastic fragment release showed no
linear dependence on the UV dose, but their rates followed the same ranking as the
degradation of macroscopic parts. Fragments additionally degraded into water-soluble organics with measurable rates, but their mixture effects were beyond scope
of the present project. Instead, the ingestion of the pure and PCB-laden micronized
particles induced no clinical effects of polymer ingestion in rats. A “carrier effect,”
where co-exposure or pre-loading would lead to increased PCB uptake and effects,
was not confirmed to date. Overall, the low bioactivity of the studied polymers
justifies their classification as PLCs. Polymer backbone modulated the biological
interaction and lifecycle more than other properties. The carrier effect on PCB-153laden polyamide seems to be of minor relevance.

3693

Deep Learning Enhances Models for Predicting Gas Adsorption
Capacity of Nanomaterials

W. Guo, and H. Hong. US FDA/NCTR, Jefferson, AR. Sponsor: W. Tong
Metal-organic frameworks (MOFs), a class of porous nanomaterials, have been
widely used in the gas adsorption-based applications due to their high porosities
and chemical tunability. To facilitate the discovery of high-performance MOFs for
different applications, a variety of machine learning models have been developed to
rapidly predict gas adsorption capacities of MOFs. Most of the predictive models
are developed using traditional machine learning algorithms. However, the continuously increasing sizes of MOFs datasets and the complicated relationships
between MOFs and their gas adsorption capacities make deep learning a suitable
approach. In this study, we developed models for predicting gas adsorption capacities of MOFs using two deep learning algorithms, multilayer perceptron (MLP) and
Long short-term memory (LSTM) networks and a hypothetical dataset of some
130,000 structures of MOFs with methane and carbon dioxide adsorption data
at several pressures. The models were evaluated using 10-fold cross validations
and holdout validations. The deep learning models outperformed the traditional
machine learning models reported in the literature, especially for predicting gas
adsorption capacities at low pressures. For methane adsorption at 5.8 bar, the
Pearson coefficients between the actual and predicted adsorption capacities from
the 10-fold cross validations were improved to 0.959 (MLP) and 0.956 (LSTM)
compared with that from the reported Random Forest models (0.910). Our results
demonstrated that deep learning algorithms have a great potential to generate
models that can accurately predict gas adsorption capacities of MOFs.

3694

Quantitation of Systemic Translocation of Polystyrene
Microspheres following Chronic Oral Gastric Exposure

M. A. Garcia, S. Merkley, E. Hayek, G. Herbert, S. Lucas, M. Campen, and E. Castillo.
University of New Mexico, Albuquerque, NM.
Microplastics pollution and ingestion is an emerging environmental issue with
uncertain impacts for human health. Global plastic use has consistently increased
over the past century, and today many different types of plastics exist and are
incorporated into every aspect of modern life. This has led to a substantial accumulation of plastics in the environment that slowly degrade into microplastics (MPs)
that ultimately can enter the ecosystem, inhaled or ingested by both animals and
humans alike, potentially leading to toxicity and adverse health outcomes. A major
barrier for research in this field is the quantitation of systemic uptake and distribution of ingested or inhaled MPs. This study focuses on the impacts of MPs
and establishes how they can pass through the gut barrier, leading to widespread
accumulation in other tissues and organs such as the kidneys, liver, and lungs. Mice
were exposed twice a week (2mg total) with 5µm polystyrene MPs via oral gastric
gavage over a four-week period. After four weeks, the mice were euthanized, and
lungs, liver, kidney, and cecum were extracted for evaluation of MP accumulation.
Tissue digestion of liver and kidney was then performed by treating samples with
3x the tissue volume using 10% KOH. These samples were incubated at 40oC for
72 hours with agitation and then were ultracentrifuged for 4 hours at 30,000g. The
supernatant was removed, and samples were re-suspended in EtOH and stored
for imaging. Analysis of samples performed using the NanoLive 3D Cell Explorer
microscope revealed significant translocation of polystyrene MPs into the liver by
crossing the gut barrier. Polystyrene microspheres were also present in low concentrations within the kidney, which presents evidence of MPs systemic exposure via
arterial circulation. Full quantitation of plastics concentration in peripheral tissues
is further enabled by dissolution in nonpolar solvents and gas chromatographic
assessment. MPs are unavoidable due to universal exposure, and the evolution of
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disease-associated is still largely unexplored. This study is focused on developing
techniques to identify, isolate, and quantify MPs to aid in the early identification of
poor health outcomes associated with MP exposure.

3695

Effects of Zileuton Nanocrystal Drug Formulation on Intestinal
Microbiome, Epithelial Permeability, and Drug Metabolism in
Sprague Dawley Rats

K. J. Harris, S. Khare, and K. Gokulan. US FDA/NCTR, Jefferson, AR.
The bioavailability of an oral drug depends on physiochemical property, dissolution
rate, solubility, and permeability in the gastrointestinal tract (GIT). Drug solubility
data shows that 40% of approved and 70% of newly identified pipeline drugs are
poorly soluble in aqueous solution, which pose a challenge in achieving optimal
bioavailability and therapeutic efficacy during the drug development. Nanocrystal
drug (ND) formulation overcomes the poor solubility of drugs and improves the
absorption, and bioavailability. Zileuton (ZIL), a poorly soluble drug used to treat
asthma, has been chosen as a candidate for ND formulation. ND formulation may
increase the solubility of ZIL, but studies must evaluate the safety and efficacy
of these nano formulated drug and their excipients. The aim of this study was
to determine the effect of ZIL ND formulation on the GIT microbiome, epithelial
permeability, and drug metabolism in Sprague Dawley rats. Through oral gavage,
rats were dosed with the active pharmaceutical ingredient (API), physical mixture
(PM), or the ND formulation of ZIL (600 nm), or an excipient used in the ND formulation, Kollidon (KOL), for 15 days. Experimental groups and rats that didn’t receive a
capsule were compared to a control group of rats that received an empty capsule.
We show that the ND formulation of ZIL decreased aerobic and anaerobic GIT
bacterial population when compared to control rats. Results show significant
increases in genes involved in GIT permeability for API, PM and ND treatment
groups for male rats when compared to control rats. ND treatment showed an
increased gene expression as compared to PM group, but API treatment group
showed the most robust response in cell permeability genes when compared to
control rats. Results also show a significant increase in genes involved in drug
metabolism for API, PM and ND treatment groups for male and female rats when
compared to control rats. The most robust responses in drug metabolism genes
were to API and PM treatment, while ND treatment caused significant increase to
only a few genes when compared to control rats. This suggests the ND formulation
of ZIL decreases GIT bacterial population but doesn’t elicit comparable responses
to API treatment in mRNA expression of cell permeability or drug metabolism
genes. Studies are ongoing to correlate expression of drug metabolism genes with
the amount of drug metabolized in the GIT.

3696

Risk Assessment of Silver or Graphene Nanoparticles in Face
Masks Used for Protection against COVID19

C. Estevan, M. A. Sogorb, and E. Vilanova. University Miguel Hernández, Elche, Spain.
The antimicrobial properties of silver and graphene nanoparticles increase the
effectivity of the textile fibers in facemasks worn for protection against SARS-CoV-2
virus causing COVID-19. Alerts about the necessity of performing a robust assessment of the risk associated to these nanoparticle-coated facemasks were raised
by some governments. From the public available information on silver nanoparticles, we estimated conservative systemic no effect dose levels in the range of
0.01-0.07 mg/kg bw/day. Considering a wearing time of 2 (general population) or
8 h (workers) per day; 555 cm2 surface for dermal contact; 60 kg body weight and
a worst-case influx of 3.8 ng/cm2/h, a systemic (internal) exposure derived from
wearing these silver nanoparticles coated facemasks is estimated to be between
7.0 × 10-5 and 2.8 × 10-4 mg/kg bw/day for general population and workers, respectively. These exposure scenarios were derived applying European Chemical Agency
(ECHA) and US-EPA guides procedures. Thus, it is provisionally concluded that
there are no concerns derived from chronic dermal exposure to silver nanoparticles
used as a coating in facemasks. For graphene, gaps regarding mainly toxicokinetic
were detected and therefore it was not possible to derive a systemic no-effect
level. There is no relevant information about graphene dermal absorption. A review
concluded that there is insufficient evidence available to conclude that graphene
can penetrate the skin. For example, there is no indication that nanocarbon black
(particle size < 40 nm) used in cosmetics was absorbed through intact skin when
measured with an imaging method. A qualitative approach suggests that the risk of
dermal repeated exposure to graphene is very low, or even negligible. We estimated
that for both nanomaterials, the risk of skin sensitization and genotoxicity is also
negligible. In conclusion, we estimated that silver and graphene nanoparticles
coated facemasks are safe, although further studies are needed for refining quantitative risk assessment and considering potential inhalation of nanoparticles

3697

Structural Factors Affecting Binding to Cannabinoid Receptor
Type 1 and Mu, Kappa, and Delta Opioid Receptors

S. Slavov, and R. Beger. US FDA/NCTR, Jefferson, AR.
Addiction is a complex behavioral phenomenon in which naturally occurring or
synthetic chemicals, through their binding to a variety of neuroreceptors, modulate
the response of the reward system, resulting in compulsive substance-seeking
(Can. Med. Assoc. J. 164.6, 2001, 817). Among these, the opioid and cannabinoid systems play a critical role in the addiction to powerful prescription and illicit
drugs. Having in mind the profound effect of the opioid and cannabinoid systems
on human behavior and the multitude of unprofiled synthetics entering the illegal
market each year, properly validated, large scale models for binding to the mu,
kappa and delta opioid receptors (MOR, KOR and DOR) as well as cannabinoid
receptor type 1 (CB1R) are surprisingly lacking. Three-dimensional spectroscopic
data-activity relationship models for 3594, 2942, 2420 and 2817 MOR, KOR, DOR
and CB1R binders were developed. The compounds in the initial datasets were
split into balanced modeling and “blind” prediction subsets using a reproducible
algorithm based on ranked molecular weights. All chemicals with Ki < 100nM were
classified as binders, whereas those with Ki ≥ 100nM were classified as non-binders.
For each dataset, a total of 100 randomized PLS models splitting the modeling set
into training (80%) and hold-out test (20%) sets were generated and used to predict
the binding class of the chemicals in the prediction sets. The accuracy, sensitivity
and specificity for the “blind” prediction subsets consistently exceeded 0.8 and
were significantly higher after removal of the inconclusives near the cut-off. The
AUC values for all prediction subsets exceeded 0.88. Morphinan and benzomorphan backbones were identified as universal and non-selective components of OR
binders, whereas specific functional groups such as 3,4-dimethyl-4-(3-hydroxyphenyl)piperidine, 3-pyrrolidinol and benzamide were found to result in substances
that are selective to MOR, KOR and DOR, respectively. On the other hand, in
addition to the classical tricyclic terpenoid system found in the molecules of THC
and its derivatives, CB1R was also selective to halogenated diarylpyrazoles and
diaryl-(piperidinyl)purines. The diaryl-(piperidinyl)purines of interest to the pharmaceutical industry for their use as weight-loss medications were found to contain a
previously identified toxicophore associated with hERG blockage.

3698

Activity and the Artificial Intelligence Prediction Modeling of
Molecular Networks in Diseases

S. Tanabe1, S. Quader2, R. Ono1, H. Cabral3, K. Aoyagi4, A. Hirose1, E. Perkins5, H.
Yokozaki6, and H. Sasaki4. 1National Institute of Health Sciences Japan, Kawasaki,
Japan; 2Innovation Center of NanoMedicine, Kawasaki, Japan; 3University of Tokyo,
Tokyo, Japan; 4National Cancer Center Research Institute, Tokyo, Japan; 5US Army
Engineer Research and Development Center, Vicksburg, MS; and 6Kobe University of
Graduate School of Medicine, Kobe, Japan.
Molecular network pathways are activated or inactivated in various conditions.
Previously we revealed that diffuse-type gastric cancer has a feature of epithelial-mesenchymal transition (EMT). Since it is known that the EMT is involved in
anti-cancer drug resistance, cancer malignancy, and cancer stem cells (CSCs), the
activity of EMT-related pathway in datasets in Ingenuity Pathway Analysis (IPA)
was investigated, followed by the Artificial Intelligence (AI) modeling with the
pathway images. The dataset of 50 activated pathway images and 50 inactivated
pathway images was learned by the DataRobot machine-learning application, which
resulted in the creation of 34 models including Elastic-Net Classifier (L2 / Binomial
Deviance) and eXtreme Gradient Boosted Trees Classifier. The validation with
10 activated pathway images and 10 inactivated pathway images had accuracy
1. Interestingly, generated models had false-positive and false-negative results.
These images had significant features of opposite labels, and the original data
was related to Parkinson’s disease. Since coronavirus infection induces various
molecular network pathways as well, the activity of the coronavirus pathogenesis pathway was also investigated. A variety of cancer phenotypes and targeting
CSCs to treat cancer contribute to providing novel insights into the mechanism of
CSCs, drug resistance, and cancer metastasis. The modeling or simulation of the
cellular phenotype transition in EMT and diseases including cancer and coronaviral
infection, as well as predicting the molecular-induced responses in diseases would
be for future investigation.

3699

Combined Effects of Chemical Mixtures Are Predictable for the
Whole Transcriptome: A Proof of Concept Study with Zebrafish
Embryos

A. Schüttler, G. Jakobs, D. Leuthold, R. Altenburger, and W. Busch. Helmholtz Centre for
Environmental Research, Leipzig, Germany.
Humans and environmental organisms are constantly exposed to complex mixtures
of chemicals. Extending our knowledge about the combined effects of chemicals is
thus essential for assessing the potential consequences of these exposures. In this
context, comprehensive molecular readouts as retrieved by omics techniques are
advancing our understanding of the diversity of effects upon chemical exposure.
This is especially true for effects induced by chemical concentrations that do
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not instantaneously lead to mortality, as is commonly the case for environmental
exposures. However, omics profiles induced by chemical exposures have rarely
been systematically considered in mixture contexts. In this study, we aimed to
investigate the predictability of chemical mixture effects on the whole-transcriptome scale. We predicted and measured the toxicogenomic effects of a synthetic
mixture on zebrafish embryos. The mixture contained the compounds diuron,
diclofenac, and naproxen. To predict concentration- and time-resolved whole-transcriptome responses to the mixture exposure, we adopted the mixture concept
of concentration addition. Predictions were based on the transcriptome profiles
obtained for the individual mixture components in a previous study. Finally, concentration- and time-resolved mixture exposures and subsequent toxicogenomic
measurements were performed and the results were compared with the predictions.
This comparison of the predictions with the observations showed that the concept
of concentration addition provided reasonable estimates for the effects induced
by the mixture exposure on the whole transcriptome. Although nonadditive effects
were observed only occasionally, combined, that is, multicomponent-driven, effects
were found for mixture components with anticipated similar, as well as dissimilar,
modes of action. Overall, this study demonstrates that using a concentration- and
time-resolved approach, the occurrence and size of combined effects of chemicals
may be predicted at the whole-transcriptome scale. This allows improving effect
assessment of mixture exposures on the molecular scale that might not only be of
relevance in terms of risk assessment but also for pharmacological applications.
The study is published in EHP: https://doi.org/10.1289/EHP7773.

3700

A Bioinformatics Approach to Elucidate the Role of the Metal
Binding Protein Metallothionein-3 through Protein-Protein
Interactions

G. Kalyan, S. Somji, D. A. Sens, and S. H. Garrett. University of North Dakota, Grand
Forks, ND.
Metallothioneins (MT) are a small (~7kD) cysteine-rich family of proteins with a
capacity of formation of metal clusters within its two domains. They are engaged
in numerous metal-ion related functions such as detoxification of metals, zinc
and copper homeostasis, and transportation of metal ions. The role of the third
isoform of MT (MT-3) has been mainly studied in the brain and its overall function
has not been studied as extensively as the other isoforms. We have previously
shown that MT-3 is expressed by the tubular elements of the nephron and it participates in epithelial to mesenchymal transition. Since kidney is a focal target of the
toxic effects of heavy metals such as cadmium and lead, medicinal drugs and
other pollutants, we sought to determine the proteins that interact with MT-3 in
the kidney. The immortalized human proximal tubular cell line HK-2 transfected
with the MT-3 gene was used as our experimental model. In this study, sequence
and structural analysis of MT-3 was performed to evaluate how its function
differs from the other members of the MT family. The protein-protein interaction
network of MT-3 with the topmost heavily associated proteins was evaluated using
STRING. Furthermore, the level of gene expression of all metallothioneins in various
tissues was compared. A list of binding partners of MT-3 was obtained through
pull-down experiments and these binding partners enolase-1, tropomyosin, β-actin,
and aldolase-A were studied in detail through structure-based molecular docking.
Theoretical binding energy (ΔG) and Kd were estimated to assess the strength of
binding. In conclusion, it was observed that MT-3 interacts with proteins involved
in cytoskeletal organization and energy metabolism, and these interactions at the
apical membrane of the cells support vectorial active transport and cell differentiation in proximal tubule cultures.

3701

Toxic Effects of Food Emulsifiers Exhibited the Epigenetic
Reprogramming of Intestinal Stem Cells

T. Bain, C. Rahming, J. Gayle, D. Wallace, M. Kemp, M. Saunders, A. Guerrier, C. Gaitor,
B. Bastian, A. Gary, T. Martin, B. Mcclain, J. Miller-Robins, J. Solomon, R. M. Stiffin, M.
Sherman, and J. K. Das. Florida Memorial University, Miami Gardens, FL.
Many scientific studies showed that the toxic effects of several food emulsifiers on the intestinal stem cells of the human body. These food additives include
polysorbate, lecithin, carrageenan, carboxymethylcellulose sodium, and ricinoleic
acids. However, no investigation for elucidating the mechanism of toxic effects and
epigenetic reprogramming of intestinal stem cells has been reported. In our study,
we analyzed the toxic effects of mentioned food emulsifiers and the mechanism
of epigenetic reprograming on hemopoietic stem cells using Comparative Toxicogenomics Database (CTD), database of Environmental Health Perspectives (EHP),
National Institute of Environmental Health Sciences (NIEHS), and other biological informatics methods (Cytoscape, Reactome-FIs, ChEMBL database). Our
analysis from CTD showed the chemical gene interactions as risk factors showed
highly expressed of 16 genes with CD86 by polysorbate, of 2 genes with APOA4
by lecithin from total 20 genes, 1(HMOX1) common gene with CD86, PECAM1,
VCAM1 by carrageenan, polysorbate from total 68 genes, of 4 genes with PPARG by
carboxymethylcellulose sodium, of 5 genes with VCAM1 by ricinoleic acids related
diseases in the small intestine, duodenum, colonic smooth muscles. The epigenetic mechanism of histone modifications (H3K27me3, H3K36me3, H3K4me1,
H3K4me3, H3K27ac, H3K9ac) of the small intestine, colonic mucosa smooth

muscle, duodenum mucosa, smooth muscle, H1 mesenchymal stem cells, and
miRNAs have been revealed by NIH Roadmap Epigenomics Mapping Consortium.
Our previous studies revealed that the heterogenic adult stem cells reprogramming is regulated by epigenetic bivalent histone modifications at transcript starts
sequences (TSS) of target genes and our current study revealed that CD86, MED4,
MAPK3, HMOX1, PECAM1 are epigenetically reprogrammed with close interaction
of 52 other genes by these toxicants. This work was part of the Microbiology class
project mentored by Dr. Jayanta K. Das, at Florida Memorial University.

3702

Adaptive Artificial Intelligence in Regulatory Science

S. Connor, T. Li, Z. Liu, and W. Tong. US FDA/NCTR, Jefferson, AR.
Regulatory science within the FDA is the act of applying new methodologies to
address the regulatory needs for consumer products. Artificial Intelligence (AI) is a
new technology which plays an increasing role in regulatory science. AI models are
presumed to evolve with more data, warranting a comprehensive assessment of
the adaptive behavior of an AI model and the model’s context-of-use. We developed
an AI model to predict drug-induced liver injury (DILI), known as DeepDILI. The
model was developed to support the review process at the FDA. We found that
DeepDILI has consistently outperformed current state-of-the-art DILI prediction
models. In this study, we are conducting a comprehensive study to understand how
the model evolves with more data available in terms of its context-of-use and statistical performance. For that, we propose an adaptability assessment framework
that mimics the real-world scenario of annually adding novel drugs to the market.
We first developed the DeepDILI model using 753 drugs, approved before 1996.
For the adaptability assessment, we split 188 drugs approved between 1996-2008
into four groups of relatively the same size, based on their year of approval, and
used 61 drugs approved between 2008 to 2019 as the test set. Then, starting with
the initial model based on drugs approved before 1996, we added one group at a
time in a stepwise and chronological fashion to generate “evolved and adapted”
models for the four groups (1996-2008). All of these models were evaluated by
the test set (2008-2019). Additionally, we explored various variations of combining
these groups to produce new models for our adaptivity assessment. We found
that although there is no positive relationship between a models’ performance and
the number of drugs in the training set, what is included in the test set is the most
critical factor in accessing a model’s performance. Overall, the proposed adaptability assessment framework could investigate the adaptability of the AI-based model
and facilitate regulatory applications.

3703

RegmuNet: Interactive Regulatory Network Based on Prior
Knowledge and Multiple ’Omics Data Integration

N. Nguyen, J. Kleinjans, and D. Jennen. Maastricht University, Maastricht, Netherlands.
’Omics technologies can measure the abundance of cellular molecules such as
RNA and protein. However, biological systems are not only the state of molecules
themselves but also function on these molecules dynamically interact. In this study,
we aim to integrate multiple omics data and build regulatory networks to explore
cellular mechanisms. We have developed RegmuNet (Regulatory multiomics
Network), a user-friendly and free interface built on R and Shiny, to create regulatory networks based on the human transcriptional factors (TF) - target knowledge
(hTFtarget database) and uploaded omics data.In the RegmuNet interface, we
used example data from hepatic microtissues exposed to Rifampicin (Rif) from the
HeCaToS dataset. Rif is a common antibiotic, but it also induces several hepatotoxic side effects. Multi-cell type human hepatic microtissues were exposed to 2
Rif doses during 2 weeks; RNA and proteins were extracted at 7 time points and
measured by RNA sequencing and MS respectively. Thereafter, we identified genes
and proteins differentially expressed between Rif-treated and control samples.
Via the RegmuNet interface, by only using the transcriptomic data, we were able
to recognize some prominent TFs such as RXRG, OTX2, and RUNX1T1 that were
differentially expressed across all Rif-treated conditions compared to control.
These TFs co-regulated similar targets, e.g. VAMP2, CA11, CNIH2, ELN, which are
related to liver function and hepatic disease progression. They can also specifically regulate distinct liver-related targets. For example, LMO7, an RXRG’s target,
is related to hepatic fibrosis. RTN3, target of OXT2, is important for maintaining
liver function and homeostasis, while MIA2, target of RUNX1T1, responds to liver
damage. Furthermore, when we combined the transcriptomic and proteomic data,
the RegmuNet interface indicated that HNRNPL was regulated by multiple TFs and
was differentially expressed in both omics data at several Rif-treated conditions.
HNRNPL is a ribonucleoprotein and has an important role in mRNA stability.
Thus, RegmuNet had suggested some Rif-induced mechanism pathways related
to hepatotoxicity.In conclusion, RegmuNet interface can demonstrate TF-target
regulations in uploaded omics data based on prior knowledge while also offering
different network visualization options.
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3704

DeepCarc: Deep Learning-Powered Carcinogenicity Prediction
Using Model-Level Representation

T. Li1, W. Tong1, R. Robert2, Z. Liu1, and S. Thakkar3. 1US FDA/NCTR, Jefferson, AR;
2ApconiX, Alderley Edge, United Kingdom; and 3US FDA/CDER, Silver Spring, MD.
Carcinogenicity testing plays an essential role in identifying carcinogens in
environmental chemistry and drug development. However, it is a time-consuming and label-intensive process to evaluate the carcinogenic potency with conventional 2-year rodent animal studies. Thus, there is an urgent need for alternative
approaches to providing reliable and robust assessments on carcinogenicity. In
this study, we proposed a DeepCarc model to predict carcinogenicity for small
molecules using deep learning-based model-level representations. The DeepCarc
Model was developed using a data set of 692 compounds and evaluated on a test
set containing 171 compounds in the National Center for Toxicological Research
liver cancer database (NCTRlcdb). As a result, the proposed DeepCarc model
yielded a Matthews correlation coefficient (MCC) of 0.432 for the test set, outperforming four advanced deep learning (DL) powered QSAR models with an average
improvement rate of 37%. Furthermore, the DeepCarc model was also employed
to screen the carcinogenicity potential of the compounds from both DrugBank and
Tox21. Altogether, the proposed DeepCarc model could serve as an early detection
tool (https://github.com/TingLi2016/DeepCarc) for carcinogenicity assessment.

3705

Case-Based Causality: An AI Method for Toxicology

D. L. Weed. DLW Consulting Services, Salt Lake City, UT.
Determining whether an exposure causes a disease is a complex and often controversial issue, involving toxicological and epidemiological studies and a family of
methods described and debated for decades. These methods include the general
scientific method, study design and statistical methods, and research synthesis
methods—sometimes called “weight of evidence” methods—such as the systematic
narrative review, meta-analysis, and criteria-based methods of causation. These
methods have been applied to a wide range of topics involving environmental and
occupational exposures as well as a wide variety of specific diseases. The purpose
of this project is to bring a method from artificial intelligence (AI)—Case-Based
Reasoning (CBR)—to bear on the issue of disease causation. Case-Based
Reasoning is an AI method that capitalizes upon past experience to solve current
problems. In terms of the search for causes of any disease, CBR (or Case-Based
Causality) is a method that uses bodies of evidence from past examples of
known causal relationships to inform the determination of causality for a body of
evidence associated with an exposure-disease relationship under investigation.
CBR is typically described at its conceptual level in terms of 5 “Rs”: Representation,
Retrieval, Reuse, Revision, and Retention. Each “R” can be interpreted in terms of the
causation issue in toxicology and epidemiology. “Representation,” for example, is
the collection, description, summarization, and interpretation of a body of evidence
regarding an exposure and a disease, what is basically provided by a high-quality
systematic narrative review which may include a meta-analysis. In this presentation,
the 5 “Rs” of Case-Based Causality (CBC) will be described and applied to current
issues in disease causation with examples from current literature, e.g. paraquat
and Parkinson’s disease. In addition, the relationship of CBC to existing methods
of causal inference will be noted as well as the links between CBC and the concept
of reliability, i.e. the extent to which current methods of causal inference provide
reproducible results. Case-Based Causality is a method for examining whether a
body of evidence under investigation can be considered causal by examining the
extent to which its characteristics are similar to bodies of evidence from known (i.e.
established) causal relationships.

3706

Sulforaphane Mitigated Amyotrophic Lateral Sclerosis Evoked
by Toxic Metal Mixture: In Silico Toxicogenomic Data Mining
Approach

K. Živančević, K. Baralić, D. Bozic, A. Buha Djordjevic, E. Antonijević Miljaković, M.
Curcic, B. Antonijević, Z. Bulat, P. Bulat, and D. Đukić-Ćosić. University of Belgrade,
Belgrade, Serbia. Sponsor: K. Živančević, EUROTOX
Amyotrophic lateral sclerosis (ALS) is a severe neurodegenerative disease affecting motor neurons of the brain and spinal cord with unknown etiology. There are
many hypotheses that environmental factors, especially toxic metals like lead (Pb),
cadmium (Cd) and manganese (Mn) could contribute to the ALS development.
The effective drug therapy targeting disease progression is still lacking, although
various natural compounds, such as sulforaphane (SFN), have been recognized
as potential protective bioactive phytochemicals against neurodegeneration.
The aim of this study was to examine the link between combined Pb, Cd and Mn
exposure and ALS development as well as to analyze the potential neuroprotective effect of SFN by using in silico toxicogenomics data mining approach. The
Comparative Toxicogenomic Database (CTD) was used to obtain the information
about the investigated metals and genes associated with ALS development and
genetic basis of SFN combined protective action. Pb and Cd interacted with 19
while Mn interacted with 11 ALS associated genes. MyVenn CTD tool revealed
that there are 8 overlapping genes for Pb, Cd and Mn that are linked with ALS

development. These genes participate in different metabolic pathways involved
in processes of excitotoxicity, oxidative stress, cytoskeletal abnormalitites generation, abnormal proteins aggregation (GSR, GSTP1, NFE2L2, PON1, PTGS2, SOD1,
SOD2), along with a tumor-suppressor gene activity (TP53) which leads to neurodegeneration. GeneMania prediction server revealed type of interaction between
genes: physical (66.98%), predicted (22.76%), co-expression (6.81%), co-localization (3.40%) or genetic (0.05%). Set Analyzer tool indicated that SFN interacted with
most of the selected 8 genes in antagonistic manner compared to Pb, Cd and Mn,
mainly through detoxification of reactive oxygen species and cellular response to
stress, while the antineuroinflammatory effects were exerted by cytokine signaling pathways and signal transduction. Although ALS development mechanisms
are elusive, this study could serve for further in vivo and in vitro experiments to
elucidate the effects of toxic metals mixture and possible role of SFN in future ALS
treatment. Serbia-China project: 451-03-1203/2021-09.

3707

Transforming L1000 Profiles to RNA-seq-Like Profiles with
Deep Learning for Identifying Small Molecules and Genetic
Perturbations That Induce Kidney Injury

M. Jeon, Z. Xie, J. E. Evangelista, M. L. Wojciechowicz, D. J. Clarke, and A. Ma’ayan.
Icahn School of Medicine at Mount Sinai, New York, NY. Sponsor: A. Ma’ayan,
International Society for Computational Biology
The Library of Integrated Network-Based Cellular Signatures (LINCS) NIH program
produced over 3 million gene expression samples profiling the response of human
cell lines to >30,000 chemical and genetic perturbations. Such dataset provides an
unprecedented resource for the pharmacology and toxicology research communities. This transcriptomics data was generated with the L1000 assay which only
measures the mRNA expression of 978 landmark genes. The mRNA expression
of 11,350 additional genes are computationally inferred. This leaves half of the
human protein-coding genes without measured or predicted expression values.
Here we present a two-step Deep Learning model that transforms L1000 profiles
to RNA-seq-like profiles at the full genome scale. The inputs to the model are the
expression values of the measured 978 landmark genes in L1000 space and the
output are 23,614 dimensional RNA-seq-like profiles. The model first transforms
the landmark genes into RNA-seq-like 978 gene profiles using a CycleGAN model
applied to L1000 and RNA-seq unpaired data. The transformed 978 RNA-seqlike landmark genes are then extrapolated into the full genome space with a fully
connected neural network model that is trained with bulk RNA-seq profiles. The
two-step model achieves 0.914 Pearson’s correlation coefficients and 1.167 root
mean square errors when tested on a published paired L1000/RNA-seq dataset
produced by the LINCS and GTEx NIH programs. The processed RNA-seq-like
profiles are made available for download, signature search, and gene-centric
reverse search for finding small molecules and genetic perturbations that may
cause kidney toxicity.

3708

Application of Activity Scoring System to Analyze Trends in
Primary Human Hepatocytes’ Donor Genotypes

M. J. Cunningham. LifeNet Health, Virginia Beach, VA.
One focus of precision medicine is to use a patient’s genotype to modulate
a therapeutic drug dose to the patient’s own specific metabolism rate. Patients
classified as ultra-rapid metabolizers of drug metabolizing enzymes (DME) may
require a higher than recommended dose to maintain the drug’s efficacious dose
while poor metabolizers may require a lower dose to maintain the drug’s efficacious
dose and avoid adverse effects. In drug discovery and safety testing, the incorporation of primary human cells, such has primary human hepatocytes (PHH), as a
more relevant model to human in vivo has become more common place. In this
investigation, a modified method of activity scoring (AS) first proposed by Gaedigk,
A., et.al. [Clin. Pharmacol.Ther. 83(2): 234-242 (2008)] was used to analyze trends
in donor genotypes of PHH. PHH from145 donors were sequenced to determine
the identity of single nucleotide polymorphisms (SNPs)of 138 DME of which 88
are associated with cytochrome P450 SNPs and 24 are associated with Phase
II and transporter enzymes SNPs. The sample population ethnicities are: 69.66%
European Caucasian, 15.86% African American, 11.72% Hispanic and 2.76%
Asian. The AS was applied as recommended with the homozygote reference allele
given a score of 1.0, the heterozygote given the score of 0.5 and the homozygote
alternate allele given a score of 0.0. However, in this new variation, the scores
were applied across all SNPs and summed in order to convert alphabetic designations to numeric for further analysis by various bioinformatic techniques. The sums
varied from 15.0 (correlating with impaired or poor metabolism) to 20.5 (correlating
with more extensive metabolism) across all ethnicities. For the SNPs sums for
Phase II and transporter enzymes, it was observed that PHH from 12/20 African
American donors resulted in higher sulfation rates (>73 pmol/min/million cells)
with 7-hydroxycoumarin than the PHH from European Caucasian donors. This new
variation of AS shows trends across the sample population as well as within the
population and may be used more broadly as a tool for optimizing the experimental
designs of investigative toxicology assays.
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3709

Leveraging a High-Throughput Screening Method to Identify
Mechanisms of Individual Susceptibility Differences in a
Genetically Diverse Zebrafish Model

D. Wallis1, J. La Du2, P. Thunga1, L. Truong2, R. L. Tanguay2, and D. Reif1. 1North Carolina
State University, Raleigh, NC; and 2Oregon State University, Corvallis, OR.
Understanding the mechanisms behind susceptibility differences is key to protecting sensitive populations. However, elucidating gene-environment interactions
(GxE) presents a daunting challenge. While mammalian models have proven useful,
problems with scalability to an enormous chemical exposome and clinical translation faced by all models remain; therefore, alternatives are needed. Zebrafish (Danio
rerio) have emerged as an excellent model for investigating GxE. This study used
a combined bioinformatic and experimental approach to probe the mechanisms
underlying susceptibility differences in a genetically diverse zebrafish population.
Starting from high-throughput screening (HTS) data, a genome-wide association study (GWAS) using embryonic fish exposed to 0.6 uM Abamectin revealed
significantly different effects between individuals. A hypervariable region with two
distinct alleles-one with G at the SNP locus (GG) and one with a T at the SNP locus
and the 16bp deletion (TT)-associated with differential susceptibility was found.
Sensitive fish had significantly lower sox7 expression. Due to their location and the
observed expression differences, we hypothesized that these sequences differentially regulate sox7. A luciferase assay was done to test if these sequences, alone,
could lead to expression differences. The TT allele showed significantly lower
expression than the GG allele in MCF-7 cells. To better understand the mechanism
behind these expression differences, TF binding differences between individuals
were compared in silico, and several putative binding differences were identified. To
investigate these TF binding predictions, EMSA was used to test for binding differences in whole embryo protein lysate. We confirmed that the GG sequence bound
to protein in zebrafish. Through a follow-up competition EMSA using an untagged
oligo titration, we confirmed that the GG oligo had higher binding affinity than the
TT oligo, explaining the observed expression differences. This study identified
differential susceptibility to chemical exposure in a genetically diverse population,
then identified a plausible mechanism behind those differences from a genetic to
molecular level. Thus, an HTS-compatible zebrafish model is adaptable to identifying GxE mechanisms behind susceptibility differences to chemical exposure.

3710

Transcriptome Data to Substantiate the Assessment of Similar
Mechanisms of Action in a Read-Across Context

C. Drake1, W. Zobl1, M. Wehr1, J. Koschmann2, D. De Luca3, B. A. Kühne1, H. Vrieling4,
J. J. Boei4, T. Hansen1, and S. E. Escher1. 1Fraunhofer Institute for Toxicology and
Experimental Medicine, Hannover, Germany; 2GeneXplain GmbH, Wolfenbüttel, Germany;
3Hannover Medical School, Hannover, Germany; and 4Leids Universitair Medisch
Centrum, Leiden, Netherlands. Sponsor: A. Bitsch
In a read-across context, we investigated the use of transcriptome data for inferring
biological similarity. This case study explores the applicability to groups of volatile
short-chain aliphatic alpha, beta, and gamma diketones. The read-across hypothesis is that alpha diketones induce pulmonary fibrosis, as human reference in vivo
data for diacetyl show bronchiolitis obliterans in workers involved in the preparation of microwave popcorn. The read-across hypothesis is further supported by
preclinical in vivo animal studies, in which the alpha diketones induced inflammatory responses, whereas beta and gamma diketones in addition caused neurotoxicity. We investigated early transcriptional responses in primary human bronchiolar
(PBEC) cell cultures after 24h and 72h of air-liquid exposure using the Fraunhofer
ExpoCube®. Differentially expressed genes (DEGs) were assessed based on
transcriptome data generated with the S1500+ gene panel of TempOSeq®. For
each individual substance, genes were identified displaying a consistent differential expression across dose and exposure duration. The log fold change values as
well as the number of the identified DEGs indicate that alpha and beta diketones
are more active substances compared to gamma diketones. Alpha diketones in
particular showed a highly concordant expression pattern, which may serve as a
first indication of the shared mode of action.Pathway enrichment analysis using
the ConsensusPathDB2 was used to gain a mechanistic understanding. The four
alpha diketones showed very similar results with regard to the number of activated
and shared pathways. The alpha and beta diketones activated pathways associated with inflammation, whereas the alpha diketones mainly activated fibrosis
pathways. In summary, our analysis showed that transcriptome data can be
used to strengthen the similarity assessment of compounds, which is of particular importance to reduce the uncertainty of read-across assessments. It is one
important step towards grouping of compounds based on biological profiles based
on human in vitro models. This work was supported by the EU-ToxRisk project (An
Integrated European “Flagship” Program DrivingMechanism-Based Toxicity Testing
and Risk Assessment for the 21 st Century) funded by the European Commission
under the Horizon 2020 program (Grant Agreement No. 681002).

3711

The Epigenetic Reprogramming of Human Adult Stem Cells
(hASC) Caused by Toxic Effects of Food Additives: The
Bioinformatics Database Analysis

M. Rios-Restrepo, S. Sookhu, A. Mena, K. Green, C. Gonzalez, O. Gonzalez, T. Metelus,
A. Balsheh, L. Jean Mary, A. Kamal, M. Khatun, L. Kramer, P. Martins, A. Mateo-Andres,
B. Wallace, M. Das, S. J. Royer, and J. K. Das. Palm Beach State College Lake Worth
Campus, Lake Worth, FL.
Several scientific studies highlighted that the toxic effects of several food additives
on different organs’ adult stem cells of the human body. These food additives
include Sodium Nitrite, Sodium Nitrate, Butylated hydroxyanisole (BHA), and
Butylated Hydroxytoluene (BHT), Potassium Bromate, Propyl Gallate, Sodium
Glutamate, Titanium Dioxide, Sodium Benzoate, and Benzoic Acid. However, there
was a lack of analysis for revealing the mechanism of toxic effects and epigenetic
reprogramming of human adult stem cells (hASC). In this study, we analyzed the
toxic effects of these food additives and the mechanism of epigenetic reprograming on hASC using Comparative Toxico-genomics Database (CTD), database of
Environmental Health Perspectives (EHP), National Institute of Environmental
Health Sciences (NIEHS), and other biological informatics methods (Cytoscape,
BioGrid, Reactome, MPIDB, MBInfo, ChEMBL, mentha) database). We observed
from CTD analysis that the chemical gene interactions as risk factors showed
transcriptionally expressed of 3 common genes (CAT, G6PD, GSR) with SOD2,
H1F1A, H2AFX, VEGFA, IDH3A by Sodium Nitrite, Sodium Nitrate, from the total
of 75 genes, 45 common genes with CD44, VEGFA, TP53, ABCC2, ALDH1A1,
ABCA1, CD19, CD37 by Butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), from total 489 genes; 7 common genes with CD44, CD74, CD81, CD86, ID2,
MIR21, MIR126, MIR134, MIR137, MIR 205 from total 224 genes by Potassium
Bromate, Propyl Gallate, 368 common genes with CD44, ABCA1, MIR223, VEGFA
from total 7447 genes by Sodium Glutamate, Titanium Dioxide, 3 (ALB, CAT, IL6)
common gene with TP53, CYP1A1, MSR1, VEGFA from total 82 genes by Sodium
Benzoate, and Benzoic Acid. The epigenetic mechanism of histone modifications
(H3K4me3, H3K9me3, H3K27me3, H3K27ac, H3K36me3, H3K4me1 of hASCs such
as CD8+ native, memory, brain temporal lobe, mammary epithelial, astrocytes,
small intestine, colonic, skeletal myoblast cells), and miRNAs have been revealed
by NIH Roadmap Epigenomics Mapping Consortium. The heterogenic adult stem
cells reprogramming is regulated by epigenetic bivalent histone modifications at
transcript starts sequences (TSS) of target genes and our current study revealed
that CD86, CACNA1S, CD44 are epigenetically reprogrammed with close interaction of 35 other genes by these toxic food additives. This work was part of the
Research Review paperwork of BSC1011L mentored by Dr. Das, at PBSC, Lake Worth
campus, FL.

3712

Utility of Metabolomics to Support Read-Across and Category
Justification for UVCB Substances in REACH

H. Kamp1, N. Aygun Kocabas2, M. Rooseboom3, F. Faulhammer4, N. Synhaeve5,
E. Rushton6, B. Flick4, V. Giri4, S. Sperber4, B. Ravenzwaay4, L. G. Higgins7, and M.
Penman7. 1BASF SE, Berlin, Germany; 2TotalEnergies Petrochemicals & Refining, Seneffe,
Belgium; 3Shell International B.V., The Hague, Netherlands; 4BASF SE, Ludwigshafen,
Germany; 5Exxon Mobil Corporation, Machelen, Belgium; 6LyondellBasell, Rotterdam,
Netherlands; and 7LOA, Brussels, Belgium.
Hazard characterization for categories of substances of Unknown or Variable
Composition, complex reaction products or Biological materials (UVCBs) considers
the chemical (manufacturing processes, physicochemical properties, and compositions) and biological coherence (in vivo animal data, metabolomics) of representative category members. Once sufficient similarity among a category is established,
systemic toxicity endpoints can be derived using read across from one category
member to another. The approaches used to support read across by the Lower
Olefins and aromatics EU REACH Consortium are outlined in an accompanying
poster, “Approaches to Support Read Across for UVCB substances”. The current
study hypothesized that metabolomics could demonstrate biological similarity within the resin oils and cyclic dienes steam cracker derived UVCB category,
thereby supporting the category read across. Groups of rats were dosed orally
for 14 days with all substances in the category. Other dose groups received mono
constituent substances commonly found in the streams to act as markers. All
animals were examined for classical toxicology endpoints: clinical examination,
clinical pathology, and pathology including terminal plasma metabolome analysis.
Moreover, a full compositional analysis was conducted for all substances in the
category. Consistent with biological coherence, exposure to the UVCBs and markers
resulted in a homogenous, treatment related systemic toxicity with liver, thyroid and
haematopoietic system being the primary target organs. Analysis revealed strong
dose related effects on the plasma metabolome for most substances. Metabolome
profile patterns observed with the UVCB substances were consistent with those
observed for the marker substances tested. The metabolome patterns indicated
primary effects to the liver (liver enzyme induction) with secondary thyroid and
kidney effects. No metabolome patterns associated with direct thyroid toxicity
were observed. Overall, the similarity of effects observed was high for all UVCB
substances and the metabolomic profile was consistent with the observed classi-
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cal toxicology endpoints. This supports metabolomics as a tool to assess biological coherence between UVCB streams and to strengthen read across justifications
for UVCB substances.

3713

Machine-Learning Prediction of Cyanobacerial Toxin
(Microcystin) Toxicodynamics in Humans

R. Fotler, S. Altaner, S. Jäger-Honz, I. Zemskov, V. Wittmann, F. Schreiber, and D. R.
Dietrich. Universität Konstanz, Konstanz, Germany.
Microcystins (MC) represent a family of cyclic peptides with approx. 250
congeners, some of which were demonstrated to be toxic to humans. The toxicological profile of MC is characterized by the active cellular uptake of MC via organic
anion transporting polypeptides (OATPs), and the subsequent irreversible inhibition of primarily ser/thr protein phosphatases (PPP) amongst a number of cellular
proteins. Although a comparison between rodents and humans demonstrated
that rodents are poor surrogates for humans with regard to the i) type of OATP
expressed in the various tissues, ii) the affinity and iii) capacity of expressed OATPs
for specific MC congener transport, risk assessment is still based on a single
MC congener and a 90-day toxicity study in mice. The observation that humans
demonstrate major differences in OATP expression and thus susceptibility to MC
only compounded the fact that current risk assessment premises could severely
underestimate the potential toxicities of MC due to their congener-specific kinetics.
In view of the ever-increasing number of identified MC congeners yet lacking the
ability to synthetize these in sufficient purity and amounts for in vitro or in vivo
testing, an in silico approach using toxicodynamic data could provide a first step
towards a better toxicity assessment of uncharacterized MCs with relevance
for humans. Accordingly, the aim of this study was to develop a comprehensive
dataset of toxicodynamics, i.e., the PPP inhibitory capacities of a limited number of
MC congeners. These in vitro data were then used as a comparative basis driving
an in silico approach using machine learning (ML). The inhibition of PPP1, PPP2A
and PPP5 by 18 structurally different MC was determined and demonstrated MC
congener-dependent inhibition activity and a lower susceptibility of PPP5 to inhibition than PPP1 and PPP2A. The data were employed to train a ML algorithm that
allows prediction of PPP inhibition (toxicity) based on 2D chemical structure of MC.
IC50 values were classified into three toxicity classes, and three ML models were
used to predict the toxicity class, resulting in 80-90% correct toxicity predictions,
thereby providing an initial step towards in silico hazard predictions for MC and
thus a basis for improved risk assessment.

3714

Kruppel-Like Factor 6 (KLF6) and the RelA NF-kappaB Subunit
as the Predominant Dimerization Partners of Endogenously
Activated Aryl Hydrocarbon Receptor

D. Filipovic1, S. Cuddapah2, and S. Bhattacharya1. 1Michigan State University, East
Lansing, MI; and 2New York University Grossman School of Medicine, New York, NY.
The aryl hydrocarbon receptor (AhR) is a ligand inducible transcription factor
with multiple endogenous and exogenous ligands. AhR regulates many cellular
processes including differentiation, development, and xenobiotic metabolism.
Among its exogenous ligands 2, 3, 7, 8 tetrachlorodibenzo-p-dioxin (TCDD) is its
most potent inducer. Upon ligand binding, inactive cytosolic AhR undergoes a
conformational change ultimately leading to its nuclear localization. Within the
nucleus, AhR is thought to primarily dimerize with AhR nuclear translocator (ARNT)
to form a functional transcription factor which binds to DNA at xenobiotic response
elements (XREs) and regulates transcription of AhR target genes. However, an AhR
binding site in the promoter of plasminogen activator inhibitor-1 (PAI-1) gene was
confirmed as bound by AhR in the absence of ARNT. Subsequent studies confirmed
KLF6 as the AhR dimerization partner at PAI-1, p21cip1, and E-cadherin genes. These
studies suggested a non-canonical XRE (NC-XRE), and the possibility of more
wide-spread AhR-KLF6 heterodimer binding to DNA. However, although KLF6 is
expressed in the liver it is not expressed in many other cell types. On the other hand,
RelA subunit of NF-kappaB is expressed in many tissues. RelA and AhR have also
been shown to interact physically and drive the activation of c-myc in breast cancer.
Computational analyses presented here confirm ARNT as the major dimerization
partner of AhR genome-wide in TCDD induced MCF-7 cells. In DMSO treated MCF-7
cells we found an approximately equal contribution between both ARNT and RelA
as the dimerization partners of AhR. By contrast, in untreated HepG2 cells, KLF6
and RelA and not ARNT were the main dimerization partners of AhR across the
genome. Since these cells were not ligand-treated, we propose a level of endogenous activation of AhR. These findings indicate that the functional role of AhR is
ligand-dependent and that its endogenous and exogenous activation are functionally diverse partially due to differences in its dimerization partners. Additionally,
we show that AhR binding is a balance of three forms of AhR dimers, and that
this balance shifts predominantly towards ARNT upon TCDD treatment. Funding
acknowledgement: NIEHS (R01 ES031937).

3715

Microbiome-Mediated Toxicity: Tool for Pathogenic Signature
Detection in Metagenomic Data

S. Teeny, D. Jones, Y. Go, J. Alvarez, and C. Lahiri. Emory University, Atlanta, GA.
Mechanisms and actions of toxins in host pathogenesis can be encoded in
microbiome metagenomes. Tools to detect the signatures of toxic metabolism
can simplify the measurement of toxic changes in the microbiome by removing
the complexity associated with the classification of pathogenic species and their
variants. Pathogenic signatures are defined in Kyoto Encyclopedia of Genes and
Genomes (KEGG) Module, and human microbiome data from different body site
samples are publicly available via the Human Microbiome Project (HMP). We
designed a tool to identify signatures of pathogenic toxicity in human metagenomes. The workflow uses Double Index Alignment of Next-Generation Sequencing
Data (DIAMOND) for read alignment and MinPath for parsimonious selection of
signatures. Selected signatures are then characterized by percent completion, as
well as an abundance score based on the number of matching reads adjusted by
percent identity and gene sequence length. We tested the tool using HMP data
from the buccal mucosa, feces, external naris, and posterior fornix of the vagina
and found that signatures differed by diversity and percent completion. The
feces showed the most signatures at the highest percent completion, including
signatures for Vibrio Cholerae toxin coregulated pilus (21% complete) and cholera
toxins (14%), Enterohemorrhagic/Enteropathogenic Type III secretion systems and
effectors (53%), Enterotoxigenic colonization factors (20%), Salmonella enterica Vi
antigen (40%), Pertussis Type I secretion systems and effectors (80%), Helicobacter
pylori cagA pathogenicity island (11%), and Bacillus anthracis polyglutamic acid
capsule biosynthesis (43%). Additionally, the feces contained all the signatures
found in other parts of the body except for the Salmonella enterica typhoid toxin
signature, which was found only in the buccal mucosa (40%). Note that this does
not indicate the presence of specific species, but instead the presence of genes
making up the signature of a toxic effect. In contrast, the posterior fornix of the
vagina had the fewest number of signatures (5) and the least percent completion of those signatures. These results suggest that a reservoir of genes associated with toxic bacterial behavior are passively present in healthy humans, and
that incomplete pathogenic signatures are likely not markers of disease. This tool
combined with a healthy human baseline presents the opportunity to measure the
toxicologic effect of stressors, such as environmental exposure, climate change, or
other factors, mediated by changes in the microbiome.

3716

Genome-Wide Characterization and Off-Target Detection of a
CRISPR/Cas9-Edited B Lymphocyte Cell Line

C. Allex-Buckner, M. Bhakta, and C. Sulentic. Wright State University, Dayton, OH.
CRISPR/Cas9 gene editing has allowed for precise genomic editing in cell lines,
tissues, and animals. Cas9 editing has a high fidelity and precision when inducing
double strand breaks in the genome. However, it is always important to fully characterize the edits that were induced. Off-target editing is also a potential risk when
using guidance RNA-mediated Cas9 editing due to abundance of protospacer
adjacent motifs (PAMs) in non-bacterial genomes. Detection of potential off targeting should be considered as a best practice when generating genome-edited models.
Here we compared a parental B-lymphocyte cell line with its Cas9 edited variant
to demonstrate the rate of off-target editing. Using CRISPR/Cas9 gene editing to
induce a DSB in the aryl hydrocarbon receptor (AhR) gene, we generated a cell line
expressing only one AhR allele. To fully understand the edit induced and potential
off-target edits made, we first characterized the parental cell line with high throughput whole genome sequencing (WGS). The parental cell line was sent for whole
genome Illumina NextSeq paired end sequencing (HudsonAlpha) and we obtained
a 32x coverage of the genome. Reads were preprocessed and then analyzed with
the Broad Institutes GATK best practices guidelines and custom scripts developed
by our lab. Genomic variants, such as insertions/deletions (INDELs) and single
nucleotide variations (SNPs), were called as compared to the GRCh38 human
reference and annotated using the ensembl variant effect predictor (VEP). Similarly,
our AhR-edited line was also sequenced using the NextSeq platform and achieved
31x coverage. In parallel with the parental cell line analysis, the AhR-edited line
was called and annotated. Genomic variations were compared by location and
cross compared with predicted off-target editing. We found relatively low variation
between the parental cell line and AhR-edited clone, especially in the context of
predicted off-target edits. These results demonstrate the precision and accuracy
of CRISPR/Cas9 editing within our cell line. Furthermore, our analysis pipeline also
provides a robust and reproducible framework for WGS analysis and Cas9 off-target detection.
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Evaluation of Study Design Choices and Thresholds on
Toxicogenomic Benchmark Dose Inference

R. Shah1, M. Balik-Meisner1, D. Mav1, D. Phadke1, J. Phillips1, A. Sedykh1, W. Gwinn2, A.
Merrick2, and S. Auerbach2. 1Sciome LLC, Research Triangle Park, NC; and 2NIEHS/NTP,
Research Triangle Park, NC.
Toxicogenomic benchmark dose (BMD) analysis addresses an increasing need
of the scientific community to utilize genomic dose response data in toxicology, drug design, risk assessment, and translational research, with an important
goal of estimating the level of chemical exposure at which a biological response
is initiated (the BMD). Different aspects of study design such as dosing, sample
size, and signal strength, create challenges for identifying appropriate thresholds
for underlying parameters and criteria. In turn, these options effect the ability of
the models to accurately estimate gene- and pathway-level BMDs with certainty.
Additionally, current BMD analysis recommendations are not developed specifically
for transcriptomic data types. To evaluate the impact of study design choices and
analytic decisions on accurate BMD inference, a high-quality dataset with known
biological activity in terms of dose responsive genes, pathways, or mechanisms
with corresponding known benchmark doses is needed. Such a dataset is not
readily available in public repositories. Therefore, we computationally generated
multiple synthetic datasets where (1) Expression signal was within a desired range
(actual TempO-seq S1500+ data), (2) a mix of pre-identified dose responsive
(positive control; PC) and non-dose responsive (negative control; NC) probes were
included, and (3) PC probes were part of GO pathways from specified mechanisms
of action. Using these synthetic datasets, we explored multiple study designs with
varied number of doses, number of replicates per dose, and dose spacing schemes.
We used BMDExpress2.3 with multiple prefilters and fit acceptance criteria and
assessed accuracy of estimated BMDs, true negative (specificity) and true positive
(sensitivity) discovery rates across parameter and design options. For most study
designs with more than 2 replicates, probe filtering criteria based on William’s trend
test adjusted P-values without foldchange change consideration and without a fit
P-value threshold, yielded highest sensitivity (>85%) and specificity (>99%). We
discuss additional results from rigorous statistical analysis to inform researchers
on study design considerations and optimal analysis choices for toxicogenomic
dose response.

3718

Low-Dose Cadmium Potentiates Metabolic Reprograming
following Early-Life Respiratory Syncytial Virus Infection

Y. Go1, Z. Jarrell1, K. Kim2, M. R. Smith1, X. Hu1, M. Orr1, Y. Lee2, Y. Chen3, S. Kang2, and
D. P. Jones1. 1Emory University, Atlanta, GA; 2Georgia State University, Atlanta, GA; and
3University of Oklahoma, Oklahoma, OK.
Respiratory syncytial virus (RSV) infection causes serious pulmonary disease
and death in high risk infants and elderly. Epidemiologic studies are unclear on
relationship between early-life RSV infection and risk for lung function in later life.
Cadmium (Cd) is a toxic environmental metal contaminant and limited information
is available on environmental Cd toxicity after early life respiratory virus infection.
To investigate the effects of low dose Cd exposure following early-life RSV infection
on lung metabolism, inflammation, and fibrosis. Infant age (8 days old) C57BL/6J
mice were intranasally exposed to saline (control) or RSV 19F at a low dose (5x103
PFU). Four weeks after 1st RSV exposure, mice were secondly exposed to RSV.
After 10 days of 2nd RSV exposure, mice were treated with (RSV+Cd) or without
(RSV only) Cd in drinking water for 16 weeks (3.3 mg CdCl2/L). A subset of mice
exposed to saline at infant age were treated with Cd as above (Cd only). Lungs
were analyzed for inflammation and fibrosis by histopathology, metabolomics
by high-resolution mass spectrometry, and cytokines and chemokines by ELISA.
Cytokines and chemokines were substantially higher in RSV+Cd group than control,
RSV or Cd groups (P<0.01, n=4-8), showing that low dose Cd following early-life
RSV infection significantly enhanced lung inflammation. Consistently, histology
data showed that inflammatory cells in alveolar spaces and thickening of the
alveolar walls were evident in RSV+Cd. Furthermore, hierarchical clustering analysis
on the metabolomics data showed that 2043 metabolites were altered by RSV,
Cd or RSV+Cd. In this, RSV+Cd group was clearly separated from other groups,
suggesting significant metabolic disruption by RSV+Cd. Histamine and histidine
metabolites associated with histidine biosynthesis and degradation pathway were
substantially increased by RSV+Cd (3 folds vs control, P<0.05, n=4-8) while metabolites for vitamin D and urea cycle were decreased by RSV+Cd. The results show
that cumulative Cd exposure following early-life RSV infection has a significant
impact on lung metabolism. Thus, early life respiratory infection may re-program
metabolism and potentiate Cd toxicity, decline in lung function and cause fibrosis
in later life.

3719

Dietary Phytochelatin Potentiates Disruption of Renal Lipid
Metabolism by Cadmium

Z. R. Jarrell, M. R. Smith, X. He, M. L. Orr, D. P. Jones, and Y. Go. Emory University,
Atlanta, GA.
Cadmium (Cd) is a heavy metal toxicant that humans are exposed to daily through
the diet. Low levels of Cd exposure generate oxidative stress and impair mitochondrial function, which results in disruption of lipid metabolism. Phytochelatins (PyCs)
are metal-chelating peptides synthesized by plants to protect against heavy metal
exposures. The impact of dietary PyCs in mammals is poorly understood, but they
have been demonstrated to decrease overall Cd burden in vivo and to increase renal
Cd burden relative to systemic Cd levels. The goal of this study was to determine
the impact of PyC co-exposure on the effects of Cd exposure on the kidney metabolome. Female C57BL/6 mice (n = 10) were treated with drinking water containing 18
μM CdCl2, 18 μM PyC2, or 18 μM CdCl2 + 18 μM PyC2, with untreated water used as
a control. After 16 weeks of treatment, plasma and kidney extracts were analyzed
by untargeted, high-resolution metabolomics using LC-MS. Relative abundances of
mass spectral features were compared using limma to select metabolic features
which significantly differed (p < 0.05) by Cd exposure with or without PyC co-exposure and then by partial least squares-discriminant analysis to select metabolites
which possessed high importance in projection. Selected metabolic features were
used for pathway enrichment analysis. Co-exposure to PyC with Cd exposure
resulted in changes to lipid and carbohydrate pathways in the renal metabolome,
including fatty acid biosynthesis (p < 0.0007) and the pentose phosphate pathway
(p < 0.008). These effects were isolated to the kidneys; no such response was
observed in the plasma metabolome. Further analysis of related lipid and carbohydrate metabolites revealed that exposure to PyC in addition to Cd exposure resulted
in stronger effects on numerous metabolites when compared to metabolite
abundances found in control mice. These results show that the effects of Cd on
renal metabolism are increased by the presence of PyCs. This may be caused by
PyCs diverting more Cd to renal excretion over biliary excretion or by PyC-facilitated
uptake of Cd in the gut. Better characterization of dietary phytochelatin exposures
is needed to fully understand their impact on dietary metal exposures, and determination of the effect of PyCs on renal metal content is needed to better understand
the mechanism of this impact.

3720

Gestational Cd Exposure in the CD-1 Mouse Sex-Specifically
Disrupts Essential Metal Ion Homeostasis

S. M. Belcher, and T. W. Jackson. North Carolina State University, Raleigh, NC.
In CD-1 mice, gestational-only exposure to cadmium (Cd) causes female-specific
hepatic insulin resistance, metabolic disruption, and obesity. To evaluate whether
sex differences in cadmium uptake and changes in essential metal concentrations
contribute to metabolic outcomes, placental and liver cadmium and essential metal
concentrations were quantified in male and female offspring perinatally exposed to
500 ppb CdCl2. Exposure resulted in increased maternal liver Cd+2 concentrations
(364 µg/kg) similar to concentrations found in non-occupationally exposed human
liver. At gestational day (GD) 18, placental cadmium and manganese concentrations were significantly increased in exposed males and females, and zinc was
significantly decreased in females. Placental efficiency was significantly decreased
in GD18 exposed males. Increases in hepatic Cd concentrations and a transient
prenatal increase in zinc were observed in exposed female liver. Fetal and adult liver
iron concentrations were decreased in both sexes, and decreases in hepatic zinc,
iron, and manganese were observed in exposed females. Analysis of GD18 placental and liver metallothionein mRNA expression revealed significant Cd-induced
upregulation of placental metallothionein in both sexes, and a significant decrease
in fetal hepatic metallothionein in exposed females. In placenta, expression of
metal ion transporters responsible for metal ion uptake was increased in exposed
females. In liver of exposed adult female offspring, expression of the divalent cation
importer (Slc39a14/Zip14) decreased, whereas expression of the primary exporter
(Slc30a10) increased. These findings demonstrate that Cd can preferentially cross
the female placenta, accumulate in the liver, and cause lifelong dysregulation of
metal ion concentrations associated with metabolic disruption.

3721

Divergent Effects of Low and High Cadmium Exposures on High
Fat Diet-Induced p38 MAPK Activation and Renal Damage

Z. Li, J. Li, J. Young, Y. Tan, M. Rane, and L. Cai. University of Louisville, Louisville, KY.
Obesity and cadmium (Cd) are both risk factors for chronic kidney disease (CKD)
and studies examining dual effects of environmental Cd on obesity associated
kidney damage are lacking. The goal of these studies was to examine the effects
of whole life exposure of mice to low Cd (0.5 ppm; L-Cd) or high Cd (5 ppm; H-Cd)
on renal pathogenesis and dysfunction induced by high fat diet (HFD) to mimic
obesity. C57BL/6J female and male mice (F0) were given or not L-Cd or H-Cd in
drinking water during mating and then pregnant females continually received same
Cd dosing until completion of weaning. Weaned male offspring continued on the
same drinking water regime as their parents and were fed normal diet or HFD diet
for 24 weeks to examine their renal functional, pathological and molecular changes.
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The ratio of kidney weight-to-tibia length and 24-hour urine albumin were obtained.
Kidney tissue sections were subjected to Sirius Red staining and kidney homogenates were immunoblotted for phosphor- and total p38 MAPK, nuclear factor-Erythroid derived 2 (NF-E2), and markers of apoptosis, autophagy, inflammation,
oxidative stress, and fibrosis. Results showed that HFD alone, but not L-Cd or H-Cd
alone, significantly increased 24-hour urine albumin, the ratio of kidney weight-totibia length and Sirius Red staining. We also demonstrated increased p38 MAPK
phosphorylation, inflammation, fibrosis, oxidative stress and apoptosis in HFD-fed
mouse kidneys. Concurrent with the renal dysfunction and pathological abnormalities, autophagy and NF-E2 expression were decreased in HFD-fed mice. However,
all these effects of HFD were reversed by exposure to L-Cd and aggravated by
exposure to H-Cd, respectively. These results suggest that activation of p38 MAPK
pathway contributes to decreased autophagy and NF-E2 expression and increased
oxidative stress, apoptosis, inflammation and fibrosis in the kidney of HFD and
HFD/H-Cd fed mice by activation of its downstream gene targets. Identifying the
precise mechanisms by which p38 MAPK modulates renal cell responses to HFD,
HFD/L-Cd and HFD/H-Cd may provide novel therapeutic options to prevent obesity
and obesity plus Cd-induced CKD.

3722

Atherosclerosis following Exposure to Mixture of Low-Dose
Arsenic and Cadmium in Apolipoprotein E-/- Mice

N. Subramaniam1,2, N. Gagnon1, K. Makhani1,2, S. Ghandour1,2, B. Alakhtar1,2, R.
Bakadlag1,2, and K. Mann1,2. 1Lady Davis Institute, Montréal, QC, Canada; and 2McGill
University, Montréal, QC, Canada.
Arsenic (As) and cadmium (Cd) increase the risk of cardiovascular diseases,
including atherosclerosis. Atherosclerosis is a vascular disease characterized
by the accumulation of lipids and fibrous elements within arteries. Both metals
individually induce pro-atherosclerotic activities, however their combinatorial effect
remains unknown. Here, we hypothesized that co-exposure to both metals will
further increase atherosclerosis beyond the individual metals. To test this hypothesis, we’ve utilized the well-characterized apolipoprotein E knock-out (apoE-/-)
murine model. ApoE-/- mice spontaneously develop atherosclerotic lesions even
on normal diet, providing a suitable model for this study. Starting at 4 weeks of
age, male and female ApoE-/- mice were given low As/Cd chow (AIN-76 diet). Mice
were exposed to tap water containing As (5 or 50 ppb), Cd (1.5 or 5 ppb) or the
combinations for 13 weeks, a time at which we have previously shown As-induced
lesion formation. The size of the atherosclerotic lesion and lipid content in the
aortic sinus was assessed by oil red O staining. As expected, arsenic increased
the plaque size within the aortic sinus in male and female ApoE-/- mice, while Cd
had a more modest effect, but only at the higher concentration. In the males, the
treated groups with both As and Cd have a smaller plaque area compared to the
50 ppb As treated group. In contrast, in the female mice, the combination of As and
Cd results in larger plaques compared to the high As alone. Plaque lipid content
was increased by As in male mice more profoundly than Cd, with the combination similar to the As-exposed groups. The collagen content in the atherosclerotic
plaque was visualized by picrosirius red staining, as an indicator of plaque stability.
The As/Cd co-exposure groups had increased collagen content, but only in females.
Together these data suggest that the mixture of As and Cd is pro-atherogenic, but
the mixture is not acting like either of the metals alone. Mice differ in their response
depending upon sex and the endpoint assessed. Additional plaque constituents
such as smooth muscle cells and macrophage content may also shed light onto the
cellular heterogeneity induced by each metal and the mixture.

3723

Novel CPD-Sequencing Reveals Arsenic Selectively Targets
Formation and Repair of Mutagenic UVR Lesions in Human Skin
Cells

R. M. Speer, M. Duan, P. Mao, and K. J. Liu. University of New Mexico, Albuquerque, NM.
Arsenic is a global health concern and environmental pollutant. Many studies focus
on arsenic as a potent carcinogen targeting the lung, bladder, kidney, prostate
and skin, while much fewer studies have evaluated arsenic as a co-carcinogen.
Although the EPA and WHO set drinking water limits for arsenic (a main source
of exposure) to 10 ppb, this limit was based on single factor exposures and does
not fully consider the possibility of arsenic to act as a co-carcinogen. We and
others have shown arsenic enhances carcinogenesis of other carcinogens including ultraviolet radiation (UVR) at arsenic concentrations below the current drinking
water limit. One proposed mechanism of arsenic co-carcinogenesis involves its
interference with the nucleotide excision repair (NER) pathway, which is responsible for repairing cyclobutane-pyrimidine dimers (CPDs), a type of UVR-induced DNA
damage known to result in mutations found in UVR skin cancers. However, little is
known about how arsenic enhances UVR carcinogenesis. In this study non-cancerous human skin cells were used to investigate arsenic’s effect on DNA damage
and repair after UVR exposure focusing on NER. Presence of arsenic altered the
localization of NER factors at CPDs and caused accumulation of the total number
of CPDs and delayed repair, potentially allowing more time for CPD lesions to be
converted to mutations. We applied a novel sequencing approach, CPD-sequencing,
to evaluate how arsenic alters the spectrum of CPDs across the human genome
and the repair rate on the transcribed vs. non-transcribed DNA strands. Arsenic

altered the frequency of CPDs in specific nucleotide sequences at different rates
across the genome and targeted loci associated with zinc finger transcription
factor binding, a known molecular target of arsenic. Furthermore, arsenic had a
greater effect on repair of CPDs on the transcribed DNA strand and this effect was
enhanced in highly expressed genes compared to genes with lower expression.
These findings suggest arsenic is selective in where UVR-induced DNA damage
occurs and is repaired across the genome, providing mechanistic insight on arsenic
interference with NER processes and its role as a co-carcinogen. This study was
supported by NIH grant R01ES030993.

3724

Association between Arsenic Level, Gene Expression and In
Vitro Carcinogenic Bladder Tumor

S. Singhal, D. Sens, and S. Singhal. University of North Dakota, Grand Forks, ND.
The IARC classified arsenic (As) as “carcinogenic to humans.” Despite the health
consequences of arsenic exposure, there is no molecular signature available
yet that can predict when exposure may lead to the development of disease. To
understand the molecular processes underlying arsenic exposure and the risk of
disease development, this study investigated the functional relationship between
high arsenic exposure and disease risk using gene expression derived from human
exposure. In this study, a three step analysis was employed: 1) The gene expression profiles obtained from two diverse arsenic -exposed Asian populations were
utilized to identify differentially expressed genes associated with arsenic-exposure in human subjects; 2) The gene expression profiles induced by arsenic-exposure in four different myeloma cancer cell lines, were used to define common
genes and pathways altered by arsenic-exposure and, 3) The genetic profile of
two publicly available human bladder cancer studies were used to test the significance of the common association of genes, identified in step-1 and step-2, to
develop and validate a predictive model of primary bladder cancer risk associated
with arsenic-exposure. We found arsenic exposure to humans is mainly associated with organismal injury and abnormalities, immunological, inflammatory,
and gastrointestinal disease as well increased rates of a wide variety of cancers.
However, several studies showed Arsenic Trioxide (ATO) is useful for anti-cancer
therapy although the mechanisms underlying its paradoxical effects are still not
well understood. ATO has shown remarkable efficacy for the treatment of multiple
myeloma, therefore, it will be helpful to understand the underlying cancer biology
by which ATO exerts its inhibitory effect on the myeloma cells. Our study found
MAPK is one of the most active networks between arsenic gene and ATO cell line
which is involved in indicative of oxidative/nitrosative damage and associated with
the development of bladder cancer. The study identified a unique set of 147 genes
associated with arsenic exposure and linked to molecular mechanisms of cancer.
The risk prediction model shows the highest prediction ability for recurrent bladder
tumors based on a very small subset (NKIRAS2, AKTIP, and HLA-DQA1) of the 147
genes resulting in AUC of 0.94 (95% CI: 0.744-0.995) and 0.75 (95% CI: 0.343-0.933)
on training and validation data respectively.

3725

Automethylation of Arsenic 3 Methyltransferase

C. Guilbert1, S. Y. Mersaoui1, H. Chou1, C. Douillet2, S. Bohle3, M. Styblo2, S. Richard1,3,
and K. K. Mann1,3. 1Lady Davis Institute, Montréal, QC, Canada; 2University of North
Carolina at Chapel Hill, Chapel Hill, NC; and 3McGill University, Montréal, QC, Canada.
Inorganic arsenic is biotransformed through a series of methylation reactions
catalyzed mainly by arsenic methyltransferase (AS3MT), an enzyme conserved
from bacteria to man. Methylation of arsenic is coordinated by conserved cysteine
residues, namely C33, C62, C157, and C207 in the mouse. While arsenic is the
only known target for AS3MT, we hypothesized that AS3MT could have alternative
protein targets for methylation. While preliminary in vitro methylation experiments
testing free histone H2A, H2B, H3 or H4, as substrates were negative, we did observe
that AS3MT itself was automethylated in the absence of iAs. Like iAs methylation, automethylation was enhanced in the presence of cofactors, namely GSH,
NADPH, TRR and TRX. A methyltransferase-dead AS3MT mutant (AS3MT-HLA)
unable to bind the methyl donor S-adenosyl-L-methionine (SAM) was not able
to automethylate. Automethylation was decreased with the addition of iAs and
methylated As III, but not dimethylated As V, suggesting that arsenic substrates can
compete for automethylation. Mass spectrometry analyses of immunoprecipitated
FLAG-AS3MT revealed 2 new methylated cysteines (C33 and C62). When these
cysteines, as well as C157 and C207, were converted to alanines, AS3MT automethylation was decreased, thus, AS3MT automethylation is governed by least these
four, which are mainly the same residues needed to catalyze arsenic methylation.
Finally, we performed experiments where we purified automethylated AS3MT and
asked whether arsenic could still be methylated. In fact, we found that automethylated AS3MT could methylate iAs, but only in the presence of additional SAM. This
indicates that the methyl group is not likely directly transferred from automethylated AS3MT to iAs, but that the automethylated AS3MT was catalytically active.
In conclusion, these results identify the novel discovery of the automethylation of
AS3MT and adds a new feature to its enzymology.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 232

3726

Sex-Specific Transgenerational Effects of Preconception
Exposure to Arsenic

C. Douillet, A. Venkatratnam, L. Tianyi, Q. Shi, B. Shang, M. A. Miller, H. J. Hartwell, F. Y.
Ideraabdullah, F. Zou, R. C. Fry, and M. Styblo. University of North Carolina at Chapel Hill,
Chapel Hill, NC.
Type 2 diabetes (T2D) is characterized by insulin resistance and beta cell dysfunction. Chronic exposure to inorganic arsenic (iAs) has been linked to T2D phenotypes
in both humans and mice, but the role of iAs exposure prior to conception, as well
as transgenerational effects are understudied. We have recently shown that preconception exposure to 200 ppb iAs results in insulin resistance in male, but not female
offspring of C57BL/6J mice, and that these effects may be linked to iAs-induced
changes in gene expression in paternal sperm. The goal of the present study was
to investigate potential transgenerational effects of the preconception exposure
using 2 ppm iAs, the dose more relevant for mice that metabolize/detoxify iAs
more efficiently than humans. C57BL/6J dams and sires (parental generation,
G0) were exposed to iAs in drinking water for ten weeks prior to mating. Body
composition and diabetes indicators were examined in first generation (G1) and
second generation (G2) adult male and female offspring, focusing on measures
of fasting blood glucose (FBG), fasting plasma insulin (FPI), glucose tolerance, as
well as homeostatic models for insulin resistance (HOMA-IR) and beta cell function
(HOMA-B). Both ANOVA and non-parametric rank tests were used to evaluate
phenotypic differences associated with the preconception iAs exposure among
males and females. Gene expression profiles were assessed in germ cells from all
generations and in tissues of G1 and G2 offspring using RNAseq. Results suggest
that the preconception iAs exposure induced diabetic phenotypes in both G1 and G2
offspring, but the results differed by sex. G1 females, but not G1 males, developed
insulin resistance characterized by increased FPI and HOMA-IR. In the G2 offspring,
insulin resistance was found only in males and was associated with higher adiposity (percent body mass represented by fat) and lower lean mass. There were little or
no differences in FBG, glucose tolerance, or HOMA-B due to iAs exposure in either
G1 or G2 offspring regardless of sex. Preliminary analyses suggest that altered
expression of genes in parental germ cells and offspring tissues may underlie the
phenotypic effects of the preconception exposure in G1 and G2 generations.

3727

Mediation of the Association between Single Nucleotide
Polymorphisms in Genes Encoding Enzymes Underlying
Inorganic Arsenic (iAs) Metabolism and Birth Weight

J. Clark1, M. Styblo1, M. Rubio-Andrade2, G. G. García-Vargas2, and R. C. Fry1. 1University
of North Carolina at Chapel Hill, Chapel Hill, NC; and 2Universidad Juárez del Estado de
Durango, Gómez Palacio, Mexico.
Globally, at least 140 million individuals continue to be exposed to inorganic arsenic
(iAs) at harmful levels via contaminated drinking water. This is concerning, as iAs is
a metalloid and potent developmental toxicant, with epidemiological studies from
our group and others linking prenatal iAs exposure to lower birth weight. Individual
susceptibility to iAs is influenced by factors modifying metabolism and whole-body
clearance, such as genotype. During metabolism, iAs is sequentially methylated to
mono- and dimethyl arsenicals (MMAs and DMAs), with elevated levels of MMAs
a general risk factor for disease. iAs metabolism is linked to one-carbon metabolism (OCM), a nutritionally-regulated pathway generating S-adenosylmethionine
(SAM), the primary methyl donor to iAs by arsenite methyltransferase (AS3MT).
Genetic variants in genes encoding OCM enzymes and AS3MT are associated
with the distribution of iAs and its metabolites, as well as the risk of iAs-associated disease. However, their impacts on birth outcomes are less well-studied.
To this end, we will analyze data from the Biomarkers of Exposure to Arsenic
(BEAR) cohort (2011-2012; n=200 mother-infant pairs) to determine whether
genetic variants in OCM enzymes or AS3MT are associated with birth weight and to
evaluate potential mediation by indicators of methylation efficiency (e.g., %MMAs,
DMAs/MMAs). Biomarkers of iAs exposure were measured in maternal urine using
hydride generation atomic absorption spectroscopy (HG-AAS) with cryotrapping.
Maternal genotype was determined using PCR-based assays for genotyping single
nucleotide polymorphisms (SNPs). We hypothesize that genetic variants will be
associated with birth weight and that we will observe mediation through indicators
of methylation efficiency (e.g., %MMAs and DMAs/MMAs). Integrating epidemiologic and genetic approaches, this work will provide insight into gene-environment
interactions in the context of OCM and iAs methylation efficiency during pregnancy.

3728

Assessment of Lead Exposures during Abrasive Blasting and
Vacuuming in Ventilated Field Containments

K. Guth, M. Bourgeois, and R. Harbison. University of South Florida, Tampa, FL.
Painting contractors have struggled with the implementation and assessment of
lead exposure controls leading to persistently elevated blood lead levels in this
high-risk group of workers. The objective of this study was to assess efficacy of
commonly used air velocities inside field containment structures during abrasive
blasting and vacuuming for reducing overexposure. Exposures were assessed over
14 days from April to July 2021 at a tainter gate and bridge lead paint removal

project. Personal air samples, lead hand wipes, air velocity readings, and blood
lead samples were collected. Personal and wipe samples were evaluated by work
task independent of air velocity and also separated into three exposure groups
by air velocity and work task to assess the effectiveness of the mechanical
ventilation system used in reducing lead exposures. The geometric mean (GM)
lead exposure for abrasive blasters and vacuumers was > 4 x the OSHA Lead
Permissible Exposure Limit of 50 µg/m3. There was high variability in the personal
lead exposures (Geometric standard deviation (GSD) 4.0-5.0). The GM hand wipe
exposures exceeded a Dermal PEL of 500 µg/wipe (abrasive blaster 564 µg/wipe
and vacuumer 754 µg/wipe). The within-worker GSD was the major component
of the overall variability in the hand wipe samples suggesting the exposure differences among work tasks were most likely from exposure controls and not individual worker behaviors. Exposures (personal and hands) among the abrasive blasters
and vacuumers in each exposure group were not statistically significant (p>0.05).
Blood lead levels increased for all workers after exposure. This is the first study to
evaluate the effect of air velocities used to ventilate field containment structures on
personal and dermal (hands) lead exposures. Our findings indicate that commonly
used air velocities in abrasive blasting containment structures are ineffective at
reducing overall worker exposure to lead.

3729

Inter-individual Variation in Blood Lead (Pb) Accumulation
Depends on Genetic Background

D. Cuomo1, D. Arends2, and D. Threadgill1. 1Texas A&M University, College Station, TX;
and 2Humboldt-Universität zu Berlin, Berlin, Germany.
Although blood lead (Pb) levels have been declining in the US for decades, Pb
exposure remains a major public health issue. There is no safety threshold for
Pb, as low-level Pb exposure can determine severe adverse health outcomes in
susceptible individuals. Epidemiological studies have consistently reported positive
associations between genetic factors with Pb sensitivity. However, very few studies
have attempted to disentangle their role in Pb toxicity mechanisms or have incorporated them as Pb-specific biomarkers of exposure. Traditional epidemiological
approaches are limited in exploring factors contributing to differential susceptibility due to heterogeneity in genetic background and uncontrolled environments.
These limitations are particularly problematic when using blood measurements
of toxicants like Pb as a surrogate for exposure. To overcome these limitations,
new genetically-diverse mouse resources such as the Collaborative Cross (CC)
have been developed to better model the genetic diversity found in humans under
controlled environments. To specifically address the influence of genetic factors
on blood Pb accumulation in the context of a common exposure level, we applied
Quantitative Trait Locus (QTL) mapping to a large F2 cohort, originating from an
intercross of two CC lines: the high-Pb accumulator CC017/Unc and the low-Pb
accumulator CC011/Unc. Mice were exposed to Pb through drinking water ad
libitum and received American diet, a dietary pattern characterized by high intake
of sugar and fat. The F2 cohort showed significant variation in blood lead levels
(BLLs) depending on genetic background, sex, water consumption and urine
excreted. Genetic association analysis identified loci associated with variation in
BLLs on chromosomes 1 and 6 in a sex-dependent manner, and on chromosome 7.
Furthermore, a genome wide pair scan identified a significant interaction between
chromosome 1 and 18. The chromosome 1 locus of the interaction overlapped
with the QTL peak for BLLs found on chromosome 1, whereas the chromosome 18
locus did not influence directly BLLs, suggesting that it modulates the chromosome
1 locus. Positional candidate genes on chromosome 18 are likely to cause the
variation in BLL. To this end, RNAseq analyses of samples from parental lines and
F2 individuals carrying different combination of genotypes on chromosomes 1 and
18 will help prioritizing such positional candidate genes using SNPs in the parental
CC lines. Using this model, we aim to elucidate mechanisms by which genetics
contributes to variability in BLLs, how these can be used to better evaluate exposure
levels, and provide interventions to reduce adverse effects of Pb exposure.

3730

Nickel-Induced E-cadherin Repression Caused by Loss of Sp1
Binding at Its Promoter

X. Zhang, V. S. Tanwar, C. C. Jose, H. Lee, and S. Cuddapah. New York University School
of Medicine, New York, NY.
Nickel compounds are ubiquitous environmental toxicants associated with the
development of lung and nasal cancers in humans. In addition, nickel exposure
is implicated in the development of chronic inflammatory lung diseases including asthma, fibrosis, bronchitis, emphysema and chronic obstructive pulmonary
disease (COPD). Our studies have shown that nickel exposure caused epithelial-mesenchymal transition (EMT) in lung epithelial cells. EMT is a process during
which the epithelial cells lose cell polarity, tight junctions and adherens junctions
and acquire mesenchymal properties including decreased cell-cell contacts and
increased migratory and invasive abilities. Notably, EMT induction plays a major
role in the development and progression of a number of nickel-exposure associated
lung diseases mentioned above. Therefore, for a comprehensive understanding of
the deleterious effects of nickel exposure it is important to identify the mechanistic
basis of nickel-induced EMT. We found downregulation of E-cadherin, a transmembrane protein that facilitates cell-cell adhesion, as a major driver of nickel-induced
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EMT. Our examination of the mechanisms underlying nickel-induced E-cadherin
downregulation showed that the binding of the transcription factor Sp1 to the
promoter of E-cadherin encoding gene, CDH1, is essential for its expression. Nickel
exposure inhibited Sp1 binding at the CDH1 promoter, resulting in its downregulation and EMT induction. Loss of Sp1 binding at the CDH1 promoter was accompanied by an increase in the binding of ZEB1, adjacent to the Sp1 binding site. ZEB1
is a negative regulator of CDH1 expression that is upregulated by nickel exposure.
Interestingly, CRISPR-Cas9-mediated knockout of ZEB1 restored Sp1 binding at
the CDH1 promoter. This suggests that ZEB1 binding at the CDH1 promoter in
nickel-exposed cells inhibited Sp1 binding to the adjacent site. Restoration of Sp1
binding in ZEB1 knockout cells rescued CDH1 expression and re-established the
epithelial phenotype. Since loss of E-cadherin expression and the resultant EMT
is implicated in a number of nickel-exposure associated diseases of the lung, our
identification of mechanisms underlying E-cadherin repression will have profound
implications in the understanding of nickel-induced lung diseases.

3731

Slc39a14 Deficiency Impairs Biliary Excretion of Iron-Rich
Ferritin in Mice

M. Prajapati, H. Conboy, and T. Bartnikas. Brown University, Providence, RI.
Iron (Fe), the most abundant essential metal on the earth, can be toxic at elevated
levels. The body’s iron levels are predominantly determined at the level of absorption. Iron excretion is believed to be a passive process that occurs independently of
the body’s iron status. Iron absorption is governed by hepcidin, a hormone produced
in the liver, whereas the underlying pathways of iron excretion are still unknown.
In the current study, Slc39a14-deficient (Slc39a14KO/KO) mice were used to gain
understanding of biliary iron excretion. Under physiological conditions, the metal
transport protein SLC39A14 imports manganese into the liver and other organs.
Under conditions of iron excess, SLC39A14 transports iron. Since metals can be
excreted in bile, we hypothesized that biliary iron excretion would be impaired in
Slc39a14KO/KO mice. Mice were raised on diets with varying iron content (50 vs.
10000 ppm) followed by collection of bile, tissues, and serum at two months of
age. The Fe-rich diet increased bile non-heme Fe levels in Slc39a14+/+ mice but not
in Slc39a14KO/KOmice, indicating biliary excretion of excess iron requires hepatocyte import bySlc39a14. To determine the biochemical nature of excess Fe, the
bile samples were analyzed using mass spectrometry. Ferritin light chain (Ftl1)
was more abundant in bile from mice on the Fe-rich diet whereas ferritin heavy
chain (Fth1), lactoferrin (Ltf), and transferrin (Tf) did not differ. ELISAs for Fth1
and Ftl1 indicated that Ftl1:Fth1 ratios were greater in bile than liver or serum in
Slc39a14+/+mice on Fe-rich diets but lower in bile than liver or serum in Slc39a14KO/
KOmice on Fe-rich diets. The difference in Ftl1:Fth1 ratios suggests that bile ferritin
is biochemically distinct from liver and serum ferritin in conditions of dietary Fe
loading. Using a gel electrophoresis assay for Fe-loaded ferritin, we observed
abundant iron-loaded ferritin in bile from Slc39a14+/+ mice but not Slc39a14KO/KO
mice when both were raised on Fe-rich diets. Overall, the data from the current
study suggest biliary excretion of excess Fe requires Fe import into hepatocytes by
SLC39A14 followed by Fe export into bile predominantly as ferritin.

3732

Particulate Hexavalent Chromium Inhibits Homologous
Recombination Repair in Rat Lung Tissue

H. Lu1, S. S. Wise1, J. H. Toyoda1, G. Hoyle1, R. M. Speer1, I. Meaza1, J. P. Wise, Jr1, J.
L. Young1, T. J. Croom-Perez1, C. J. Kouokam1, L. Cai1, K. Kondo2, and J. P. Wise, Sr1.
1University of Louisville, Louisville, KY; and 2University of Tokushima, Tokushima, Japan.
Particulate hexavalent chromium [Cr(VI)] is a well-established human lung carcinogen, but the mechanism for Cr(VI)-induced cancer is uncertain. Chromosome
instability (CIN) is a hallmark of lung cancer and is considered a driving event
in Cr(VI)-induced lung cancer. Studies in cultured human lung cells show Cr(VI)
induces DNA double strand breaks that occur in late S and G2 phases of the cell
cycle when homologous recombination repair (HR) is the dominant repair pathway,
and, indeed, data show HR repair is essential to prevent Cr(VI)-induced CIN. In
addition to inducing DNA double strand breaks, human lung cell culture studies
also show Cr(VI) simultaneously inhibits the repair of those breaks by targeting
RAD51 in the HR repair pathway. However, these observations that Cr(VI) induces
DNA double strand breaks and targets RAD51 to inhibit HR repair have only been
reported in cell culture. No studies have evaluated these outcomes in the lung
tissue. We aimed to translate these outcomes to rats, as this species has been
shown to be able to develop Cr(VI)-induced lung tumors. Accordingly, we exposed
12 week-old male and female Wistar rats to zinc chromate particles in a saline
solution or saline alone by oropharyngeal aspiration, once a week for 90 days. We
then measured Cr levels in the lung tissue by inductively coupled plasma mass
spectrometry (ICP-MS) and decided to focus our efforts on the middle lobe of
the right lung. Our data showed these outcomes do indeed translate from human
lung cells to rat lung tissue as zinc chromate induced DNA double strand breaks
(measured as gamma-H2AX foci) and targeted RAD51 (measured as RAD51 foci).
Notably, these effects were distinct in lung bronchioles and more muted in the
alveolar region, consistent with observations of Cr(VI)-induced lung tumors at
bronchial bifurcation sites in humans. Furthermore, we found female rats were
more sensitive to RAD51 loss than male animals, consistent with observations that

lung cancer is more prevalent in women who never smoked than men who never
smoked. This work was supported by the National Institute of Environmental Health
Sciences [R01ES016893 and R35ES032876 to JPWSr].

3733

Incubation with Hexavalent Chromium Increases the
N-acetylation and Genotoxicity of Aromatic Amine Carcinogens
4-Aminobiphenyl and β-Naphthylamine in Human Lung Cells

J. T. Wise, R. A. Salazar-González, M. A. Doll, and D. W. Hein. University of Louisville,
Louisville, KY.
Humans are exposed to carcinogenic chemicals via occupational and environmental exposures. Common chemicals of concern that can occur in exposures together
are aromatic amines (e.g., 4-aminobiphenyl [4-ABP] and β-naphthylamine [BNA]) and
hexavalent chromium (Cr[VI]). Arylamine N-acetyltransferases 1 and 2 (NAT1/2)
are key to the metabolism of aromatic amines and their genotoxicity. The effects of
Cr(VI) on the metabolism of aromatic amines by NATs remains unknown as well as
how it may affect its ensuing toxicity. The research presented here is to determine if
Cr(VI) will increase the N-acetylation of aromatic amines and increase their toxicity
in immortalized human lung epithelial cells (BEP2D and HBEC2-KT) expressing
NAT1 and NAT2. We measured the effect of Cr(VI) on NAT activities (N-acetylation
levels determined using HPLC) and measured genotoxicity with an “in cell” western
for phospho-γH2AX protein expression (a marker of DNA double strand breaks).
Exposure to Cr(VI) for 48 h increased NAT1 activity as measured by N-acetylation
of para-aminobenzoic acid (PABA) in BEP2D cells but not NAT2 N-acetylation of
sulfamethazine, which are the prototypic NAT1 and NAT2 substrates respectively.
For BEP2D cells NAT1 N-acetylation of PABA was 0.048 ± 0.003, 0.054 ± 0.004,
0.098 ± 0.009 (P<0.001), and 0.126 ± 0.01 (p<0.0001) nmol/1x106 cells/h following co-exposure with 0, 1, 2.5, and 3 µM Cr(VI) respectively. Cr(VI) increased the
N-acetylation levels of 4-ABP and BNA. Specifically, in BEP2D cells the N-acetylation
of 4-ABP (1 µM) was 0.95 ± 0.06, 0.93 ± 0.03, 1.37 ± 0.11, and 1.7 ± 0.29 nmol/1x106
cells/h following co-exposure with 0, 1, 2.5, and 3 µM Cr(VI) respectively. We also
tested 2 and 3 µM 4-ABP with Cr(VI) and saw comparable trends. Lastly, BEP2D
cells were exposed to 4-ABP or BNA with/without Cr(VI) for 48 h. We found that
there was increased phospho-γH2AX protein expression for combined treatment of
4-ABP or BNA with Cr(VI). Specifically, for 1 µM 4-ABP increased phospho-γH2AX
protein expression (as a percent of untreated control) was 98 ± 8 and 156 ± 15 %
for co-exposure with 0 and 3 µM Cr(VI) respectively (P<0.05). Specifically, for 50
µM BNA increased phospho-γH2AX protein expression (as a percent of untreated
control) was 140 ± 22 and 183 ± 32 % for co-exposure with 0 and 3µM Cr(VI) respectively (P<0.05). We conclude that treatment of human lung cells grown in culture
with Cr(VI) causes the activity of NAT1 to increase resulting in greater 4-ABP and
BNA genotoxicity (phospho-γH2AX protein expression). This work is supported by
USPHS grant T32-ES011564, P42-ES023716, and P30-ES030283.

3734

Particulate Hexavalent Chromium Exposure Suppresses BCDX2
Response in Human Lung Cells

A. R. Williams, I. Meaza, J. H. Toyoda, S. S. Wise, C. J. Kouokam, R. M. Speer, C. L.
Browning, and J. P. Wise, Sr. Wise Laboratory of Environmental and Genetic Toxicology,
Louisville, KY.
Lung cancer mortality rate remains on the rise with many cases attributable to
causes other than tobacco; however, alternative causes of lung cancer are often
overlooked, although important. Metals cause human lung cancer by inducing
chromosome instability (CIN). Metals are poor mutagens, but potently damage
chromosomes indicating CIN as a major factor in their carcinogenic mechanism.
We focused on hexavalent chromium [Cr(VI)] as a representative metal, as it is a
lung carcinogen and an environmental toxicant. Cr(VI) induces DNA double strand
breaks while simultaneously inhibiting the repair of those breaks, which results
in CIN. The homologous recombination (HR) repair pathway plays a major role in
preventing CIN by repairing DNA double strand breaks. Cr(VI) targets RAD51, a
key effector protein within the HR repair pathway, and prevents its loading onto a
nucleoprotein filament. Five classical RAD51 paralogs, including RAD51B, RAD51C,
RAD51D, XRCC2 and XRCC3, form the two distinct multi-protein complexes BCDX2
and CX3, which are integral to RAD51 nucleofilament formation and function. It
is unknown if Cr(VI) impacts these paralogs and their complexes. We hypothesized that Cr(VI) inhibits HR repair in human lung cells by targeting the complexes
responsible for RAD51 nucleoprotein filament formation. RAD51D and XRCC3 were
investigated as representatives of the BCDX2 and CX3 complexes, respectively.
Using immunofluorescence to measure DNA repair function, Western blot for
protein levels, and qPCR for mRNA levels, we showed acute and prolonged Cr(VI)
exposure greatly inhibited RAD51D foci formation, protein levels, and gene expression. In contrast, Cr(VI) had a minimal effect on XRCC3 foci formation, suggesting the CX3 complex was not affected. These data suggest RAD51D as a part of
the BCDX2 complex may be a key initial target in Cr(VI)-induced loss of RAD51
function and HR repair. Future work will investigate the remaining members of the
complex and connect outcomes to loss of filament formation and HR repair. This
work was supported by NIEHS grants R01ES016893 and R35 ES032876 (J.P.W.) and
T32-ES011564 (A.W. and J.P.W.).
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3735

Analysis of the Effects of Particulate Hexavalent Chromium
on Global Gene Expression in Human Fibroblasts Reveals the
Involvement of Inflammation

J. Speer, R. Speer, I. Meaza, J. Toyoda, H. Lu, M. Kong, and J. Wise Sr. University of
Louisville, Louisville, KY.
Hexavalent chromium [Cr(VI)] is an established human lung carcinogen with
widespread exposure to the workforce and the general public. The carcinogenic
mechanism for Cr(VI) is uncertain. The literature shows Cr(VI) potently impacts
chromosomes indicating chromosome instability is a major driving mechanism
for Cr(VI) carcinogenesis. In this study, WTHBF-6 cells, the predominant model
in particulate Cr(VI) carcinogenesis, were treated with zinc chromate particles for
24, 72 and 120 hours, respectively, at concentrations that reflect occupational and
environmental exposures. Cells were harvested, and total RNA was obtained for
RNA-Seq analysis on the Illumina platform. The results demonstrated chromium at
all tested concentrations (0.1, 0.2 and 0.3 ug/cm2) altered gene expression in these
cells in a concentration dependent manner. Interestingly, the changes were more
prominent at the 24-h time point. Different cellular pathways were affected. Based
on GO enrichment and KEGG pathway analysis, among others, several cellular
pathways and processes related to cell division, cancer, chromosome damage and
inflammation were involved in Cr(VI)-induced toxicity. Notably, at low dose (0.1
ug/cm2), Regulation of protein kinase B (Akt) signaling, protein kinase B signaling and non-canonical Wnt signaling were among the top differentially expressed
pathways. These findings reveal the involvement of inflammation in Cr(VI)-induced
toxicity and may provide novel insights into the mechanisms by which Cr(VI) causes
cancer. This work was supported by NIEHS grants R01ES016893 and R35ES032876
(JPW) and T32ES011564 (RMS, JHT and J.P.W.).

3736

Safety Assessment of Hexavalent Chromium on Indoor
Surfaces: Applicability of the OSHA W4001 Wipe Sampling and
Analysis Method

B. J. Kelman, C. Chan, J. Carroll, and M. Krause. J.S. Held, Redmond, WA.
The toxicity of chromium varies with valence state; hexavalent chromium (Cr(6+)) is
more toxic than chromium metal or trivalent (Cr(3+)) forms. The Occupational Safety
and Health Administration (OSHA) developed a wipe sampling and analysis method
(W4001) in the laboratory for inspectors to use to evaluate workplace surfaces for
the presence of Cr(6+). In the development of W4001, the laboratory found that
Cr(6+) deposited onto glass surfaces was reduced to Cr(3+) but not on an inert
polytetrafluoroethylene (PTFE) plastic surface and Cr(6+) decomposed to Cr(3+) on
most wipe media except PVC and quartz filters. In the development of W4001, PTFE
plastic surfaces were spiked with Cr(6+) and wiped with PVC or binderless quartz
filters over 100 centimeters squared areas. The detection limit of the analytical
procedure was 0.09 ng per injection, the detection limit of the overall procedure
with PVC filters was 0.911 ng per sample, and the removal efficiency from the PTFE
plastic surfaces with PVC filter wipes was at least 95.2%. Because of the reported
reduction of Cr(6+) to Cr(3+) on most materials, we examined the applicability of
W4001 for use on common indoor surface materials (Formica® laminate countertop, vinyl wall covering, and Pergo® laminate flooring). Despite following W4001, we
found that recovery of Cr(6+) from the non-PTFE surfaces was lower (ranging from
below the detection limit up to 36%) than the removal efficiency reported by OSHA.
Cr(6+) was not detected on Formica® surfaces indicating possible reduction to
Cr(3+) and/or binding to this surface type. Recovery of Cr(6+) from Pergo® and vinyl
surfaces was 17% (6%) and 29% (5%), respectively [mean (standard deviation)]. The
coarse surfaces used in our study and/or interactions with the surfaces appear to
explain our low recovery efficiency. Based on our study’s finding of low recovery
efficiency from these surfaces and the quantification limit of the analytical method,
it appears that sampling surfaces other than PTFE will most likely require sampling
larger surface areas than the OSHA recommended 100 centimeters squared to
achieve the quantification limit required by W4001 and the sensitivity required to
assess the safety and risk from Cr(6+) on common indoor surfaces.

3737

Methylmercury Demethylation and Generation of Inorganic
Mercury Modulates Hg Toxicokinetics in a Life Stage-Specific
Manner

I. Krout, and M. D. Rand. University of Rochester, Rochester, NY.
Human exposure to methylmercury (MeHg) continues to be a priority public health
concern. The mechanisms that determine the toxicokinetic outcomes for MeHg
remain incompletely understood, yet understanding these factors is essential for
informing the risks of MeHg exposure. Prior evidence points to a different toxic
potency of MeHg compared to inorganic mercury (iHg), highlighting a critical role
for the process of MeHg biotransformation (demethylation) in regulating MeHg
toxicokinetics and toxicodynamics. To investigate the consequences of demethylation in vivo we engineered transgenic Drosophila, that express the bacterial
organomercurial lyase enzyme (MerB) in a spatio-temporal manner utilizing the
Gal4-UAS system. We first validated that MerB protein can be produced in vivo
and that it is enzymatically active in generating iHg from MeHg in flies carrying the

construct fed MeHg. Using these flies, we are able to characterize the effects of
MeHg demethylation localized to various target organs across development. We
show that the rate and location of MeHg demethylation can increase or decrease
toxicity, with a further dependence on the developmental timing of inducing MerB
enzyme expression. In MeHg exposed larvae where demethylation is upregulated
in either a ubiquitous or a tissue specific manner (i.e. gut, nervous system, muscle)
we observe a decrease in MeHg body burden at all levels of exposure. In parallel,
we observe a rescue in MeHg-induced eclosion failure at the pupal to adult transition. In contrast, we detect a decrease in flight ability as a consequence of MeHg
demethylation when exposure occurs as adults, implicating more toxic potency
of iHg at this stage. Yet, with both larvae and adult flies, a significant increase in
the elimination rate of MeHg is seen (control flies demonstrated a t1/2 of 7 days
compared to MerB expressing flies showing a t1/2 of 3 days ), which may serve as a
measure to counter the enhanced toxicity potential of iHg species. Taken together,
our work reinforces that MeHg and iHg each convey distinct toxicity that can be
distinguished at different life stages and modulated by the presence of demethylation activity. These results bring to attention the importance of MeHg demethylation, specifically the timing and location at which iHg is produced, as a key mediator
of toxicokinetics post MeHg exposure. Our findings prompt the need to evaluate
this process as a potential target for the prevention and treatment of MeHg toxicity
in mammalian and human systems.

3738

Latent Effects of Early-Life Methylmercury Exposure on Motor
Function in Drosophila melanogaster

A. E. Peppriell1,2, J. T. Gunderson3,2, I. Krout2, D. Vorojeikina2, and M. Rand2. 1ICF
International Inc., Durham, NC; 2University of Rochester, Rochester, NY; and 3Charles
River, Philadelphia, PA.
The developmental toxicant, methylmercury (MeHg), can elicit motor deficits
that last into adulthood. Studies in Drosophila show that muscle development is
sensitive to high doses (>10 µM) of MeHg, where a larval feeding paradigm resulted
in compromised myotendinous junction (MTJ) formation by a mechanism involving the NG2 homologue, kon-tiki (kon). Low-dose exposures to MeHg that do not
produce muscle pathology during development nevertheless impair flight behavior
later in adult life. Here we hypothesized that lower doses of MeHg produce latent
adult muscle pathology and motor impairments by disrupting the factors across the
MTJ, namely kon. Wildtype larvae were fed 0, 2, 2.5, or 5 µM MeHg laden food until
eclosion. The effect of 5 µM MeHg on kon gene expression across pupal development was assessed via RT-qPCR analysis. Upon eclosion, adults were transferred
to standard food bottles for 11 or 30 days prior to motor testing. Survivorship
(%) was determined from a subset of 200 flies per treatment. Flight ability was
assayed 11- or 30-days PE by measuring landing height (cm) of flies dropped into
an adhesive-lined vertical column. In parallel, total body mercury was measured
to estimate the influence of residual MeHg at the time of motor testing. Muscle
morphology was assessed via immuno-fluorescence microscopy. Exposure to
5 µM MeHg significantly reduced flight ability of 11-day PE males and females.
While age-related flight deficits were seen in each sex, Mehg-related flight deficits
persisted to 30-days PE only in males. kon was upregulated across the window
of pupal development essential to establishing adult MTJ. However, experimentally restricting the induction of comparable levels of kon to muscle during the
same period did not recapitulate the flight deficits, supporting that muscle-specific
induction of kon alone is insufficient to contribute to latent flight impairments.
Flight muscle morphology of 11-day PE flies treated with 5 µM MeHg was indistinct
from controls, implying muscle structure is not grossly perturbed to impair flight.
These data suggest that developmental exposure to 5 µM MeHg reduces flight
ability at 11 day-PE and that latent deficits at 30-day PE may be male-specific. It
remains to be determined whether kon acts in conjunction with additional MTJ
factors to constitute a MeHg target.

3739

Prenatal Hg Exposure Is Associated with Hypermethylation of
MCT8 and Birth Outcomes in Boys: A CHECK Cohort Study

Y. Cho1, S. Choi2, S. Kim3, K. Choi3, and J. Park2. 1University of Montana, Missoula, MT;
2Soonchunhyang University, Asan, Korea, Republic of; and 3Seoul National University,
Seoul, Korea, Republic of.
Prenatal exposure to heavy metals, including mercury and lead is associated
with thyroid hormones imbalance and adverse health outcomes in newborns.
However, the mechanisms of birth outcomes in newborns in response to heavy
metals exposure remain unclear. Therefore, we aimed to (1) determine the effects
of prenatal heavy metals exposure on the epigenetic changes of thyroid regulating genes in placental tissues, and (2) evaluate epigenetic changes associated
with prenatal heavy metals exposure and their relationship to birth outcomes in
newborns. A total of 157 mother-newborns pairs were collected from a Children’s
Health and Environmental Chemicals of Korea (CHECK) cohort, and concentrations of mercury (Hg) and lead (Pb) were measured from maternal urines, placenta
tissues, and cord blood suing heat-vaporization, gold amalgamation, and cold-vapor atomic absorption technique. Methylation changes of thyroid hormone-related
genes, including the deiodinase type 3(DIO3), monocarboxylate transporter 8
(MCT8), and transthyretin (TTR) in placenta tissues were measured using a pyrose-
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quencing assay. The concentration of Hg in maternal urines (maternal urine Hg) was
correlated with that in placenta tissues (placenta Hg) or cord blood (Cord blood Hg),
while lead did not show any correlations among those samples. Maternal urine Hg
was associated with decreased ponderal index in newborns; in particular, maternal
urine Hg showed significant associations with decreased birth circumference and
ponderal index in boys only. Maternal urine Hg was associated with hypermethylation of MCT8 in girls, while placenta Hg was associated with hypomethylation of
MCT8 in boys and DIO3 in newborns. Furthermore, MCT8 methylation levels were
associated with increased birth weight in boys only. Obtained results suggest that
in utero exposure to Hg is associated with hypermethylation of MCT8 and adverse
birth outcomes in boys; however, additional studies are warranted.

3740

Developmental Toxicology of Metal Mixtures in Drosophila:
Unique Properties of Potency and Interactions of Mercury
Isoforms

C. R. Beamish, T. M. Love, and M. D. Rand. University of Rochester Medical Center,
Rochester, NY.
Mercury ranks third on the US. Agency of Toxic Substances and Disease Registry
priority list of hazardous substances, behind only arsenic and lead. The mechanisms
underlying the developmental toxicity of methylmercury (MeHg), inorganic mercury
(HgCl2), lead acetate (Pb), and sodium arsenite (As) are incompletely understood.
To probe these mechanisms, the Drosophila model is used to take advantage of
three developmental transitions - pupariation, metamorphosis, and eclosion - to
differentiate potentially unique windows of toxicity. Dose response profiles are
elaborated for each individual metal administered in food, accounting for internal
body burden and also extending analyses to evaluate combinatorial metal mixture
effects. All four metals produce larval lethality and delayed pupariation with MeHg
being most potent. MeHg’s potency is caused by higher body burden with respect
to dose compared to other metals. MeHg uniquely caused dose-dependent failure
in eclosion that was unexpectedly rescued by titrating in HgCl2. These results
highlight a unique developmental window and toxicokinetic properties where MeHg
acts with specificity relative to HgCl2, Pb, and As. Findings in this study serve to
refine future studies aimed at revealing tissue morphogenesis events and cell
signaling pathways, potentially conserved in higher organisms, that selectively
mediate MeHg toxicity and its antagonism by HgCl2.

3742

J. R. Schilz, E. J. Dashner-Titus, K. Simmons, T. R. Duncan, and L. G. Hudson. University
of New Mexico, Albuquerque, NM.
Chronic mixed metal exposure from numerous unremediated abandoned mines
and waste piles pose unknown health risks to populations living in their proximity.
Metals elevated in environmental or biological samples from people living near
mine and milling sites in New Mexico include arsenic (As), cadmium (Cd), cobalt
(Co), iron (Fe), manganese (Mn), uranium (U) and vanadium (V). Environmental
contaminants rarely exist as single metal exposures, thus there is a need to investigate the biological impacts of environmentally-relevant mixed metal combinations.
Metals can enter the body through inhalation of dust, contact with skin and/or
consumption of food and water and are associated with increased incidence of
chronic disease and immune dysregulation. Generation of oxidative stress and DNA
damage are common cellular responses to metal exposure and may reflect shared
mechanisms of toxicity. T-cells play a key role in immune system function and
the effects of metal induced oxidative stress and DNA damage may alter lymphocyte function causing reactive oxygen species (ROS) mediated immunotoxicity. We
compared the ability of relevant metals and metal combinations to alter viability,
induce oxidative stress and DNA damage in Jurkat (human T-lymphocytic) cells.
Cells were most sensitive to As toxicity (IC50 20 uM) compared to U and Co with
IC50 values > 100uM. Dose response curves showed Cd and As were less time
dependent compared to Co, V and Mn whose viability differed between 24 and 48
hr. Double metal combinations showed Cd enhanced the cytotoxicity of As after
24 hr. At 48 hr all metals enhanced the cytotoxicity of As except Uranium. Because
oxidative stress can lead to cell toxicity, markers of ROS signaling in response to
different metals were analyzed by qRT-PCR. Both As and Cd induced oxidative
stress signaling as measured by increases in heme oxygenase 1 (HMOX1) and
NAD(P)H Quinone Dehydrogenase 1 (NQO1). In contrast, V induced expression of
catalase (CAT) but not HMOX1. Both As and V enhanced DNA damage as measured
by pH2AX staining whereas Cd, Fe and U did not. These data suggest that the
metals tested in this study differ in targeting pathways involved in ROS-mediated
immunotoxicity. Understanding how specific metals affect immune cell function
may be useful for prioritizing metals and metal mixtures of concern for population-based studies.

3743
3741

Exchangeable Cu as a Clinically Feasible Biomarker for Cu
Status

S. Ghandour1, K. J. Wilkinson2, N. K. Subramaniam1, S. Gaskin1, and K. K. Mann1. 1McGill
University, Montréal, QC, Canada; and 2University of Montréal, Montréal, QC, Canada.
Cu dyshomeostasis has recently been considered as a causative factor in neurodegenerative diseases. While most blood Cu (~90%) is bound to ceruloplasmin (Cp),
a 132kDa enzyme that requires 6 Cu atoms for its catalytic activity, about 10% is
bound to smaller molecules (i.e., albumin, transcurein, amino acids). This smaller
fraction of Cu is referred to as non-Cp bound Cu and can freely pass through
the blood-brain barrier, where it may participate in ROS production and exert
oxidative stress. Contemporary studies have implicated excess non-Cp bound Cu
in Alzheimer’s, Parkinson’s disease, and Huntington’s disease. However, current
clinically available Cu status biomarkers of total serum Cu and immunologically
determined Cp levels are not adequate to indicate Cu status. The calculated non-Cp
bound Cu can result in falsely low values when calculated using the immunologically determined Cp levels, which include both holo-Cp, which is bound to Cu atoms,
and apo-Cp, with contains no Cu. The exchangeable Cu (CuEXC) biomarker is a
process-based, direct determination of the loosely bound Cu atoms in the serum,
which was developed for the diagnosis and monitoring of Wilson’s disease patients.
It has also recently been explored as a diagnostic tool in Alzheimer’s Disease. In our
research, we investigated if CuEXC is a feasible clinical biomarker of Cu status in
ALS patients. A two-step method uses EDTA as high affinity Cu chelator to capture
a standardized proportion of the loosely bound Cu in serum, after which, samples
are centrifuged in ultrafiltration devices with a 30kDa cut-off filter membrane. This
separates the serum into two fractions: a Cp/protein rich fraction that remains
above the membrane and an ultrafiltrate referred to as the exchangeable Cu
(CuEXC). This fraction’s Cu content is determined using ICP-MS. The following
variables were optimized for CuEXC acquisition and measurement: centrifugation
time and speed, temperature, sample digestion, and dilution. CuEXC values were
compared with more traditional analyses of total blood Cu and Cp activity levels,
representative of the nontoxic bound Cu content in blood and compared between
patients and controls. Overall, our findings indicate that CuEXC is a nonredundant
biomarker and that its incorporation in a clinical setting is feasible.

Comparison of Environmental Metals and Metal Mixtures on
Oxidative Stress and DNA Damage in T Cells

Sulphoraphane’s Chemotherapeutic Effects in Environmentally
Relevant Toxic Metal and Metalloid Mixture-Linked Colorectal
Carcinoma: A Friend or a Foe on the Gene Level?

D. Đukić-Ćosić, K. Baralić, D. Bozic, K. Živančević, D. Javorac, A. Buha Djordjevic, M.
Curcic, E. Antonijević Miljaković, Z. Krivokapic, P. Bulat, B. Antonijević, and Z. Bulat.
University of Belgrade, Belgrade, Serbia. Sponsor: D. Đukić-Ćosić, EUROTOX
Environmentally relevant toxic metals (cadmium (Cd), lead (Pb) and mercury (Hg))
and metalloid (arsenic (As)) have been suggested to aid in the advancement of a
variety of malignancies, including colorectal carcinoma. Sulphoraphane (SFN), an
isothiocyanate, was found to be the most effective naturally occurring inducer of
phase 2 enzymes, which are known to diminish chemical carcinogenesis. Thus,
the goal of the present research was, by using toxicogenomic in silico analysis, to
investigate on the gene level: (i) the link between a mixture of Cd, Pb, Hg, and As and
the development of colorectal neoplasms; and (ii) the ability of SFN to alleviate the
aforementioned negative effects. The Comparative Toxicogenomic Database was
used to acquire the information on the interactions of the investigated substances
with genes associated with colorectal neoplasms, while ToppGene suite was used
to extract the most important molecular functions connected with the obtained
gene set. Cd, Pb, Hg and As interacted with 102, 79, 38 and 135 genes connected to
the colorectal neoplasm development, respectively, with 16 mutual genes (ABCB1,
ABCC1, ABCC2, ACHE, ATP7B, BAX, BCL2, CXCL8, GAPDH, GSTM1, MMP2, NQO1,
PON1, PTGS2, SELENOP and TNF). Majority of these (12 genes), apart from ACHE,
ATP7B, GAPDH and PON1, also interacted with SFN, which could be linked to 67
colorectal neoplasms-related genes. ABC-type xenobiotic transporter activity,
xenobiotic transmembrane transporter activity, BH3 domain binding, ATPasecoupled transmembrane transporter activity and primary active transmembrane
transporter activity were extracted as the top 5 molecular functions in colorectal
neoplasm development for the 12 extracted metal/metalloid/SFN-related genes.
Although SFN was found to act oppositely on some of these genes (most notably
BCL2 and CXCL8), it expressed many similar interactions with the other genes
connected to the colorectal carcinoma development as the investigated toxic
substances, suggesting possible additive effects at the gene level. For example,
toxic substances and SFN were found to increase BAX protein expression, increase
MMP2 iRNA expression, increase NQO1 iRNA expression, and protein activity. Thus,
the presented results suggest dual-natured role of SFN in reducing the impact of
the investigated substances on colorectal neoplasms development. Serbia-China
project: 451-03-1203/2021-09.
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Immune Dysregulation Associated with Metal Exposure within
the Navajo Birth Cohort Study

D. MacKenzie, N. Thompson, J. Ong, E. Erdei, L. Luo, and J. Lewis. University of New
Mexico, Albuquerque, NM.
Mining in the United States has left a legacy of >600,000 mine waste sites, many
located on or contiguous to tribal lands. Mine wastes may contain mixtures of
primary mining minerals: uranium, gold, silver, copper and lead, as well as arsenic,
mercury, cadmium, and manganese. Land and water use patterns within tribal
communities can lead to greater exposures to local contaminants. We hypothesize
that chronic exposure to metals and metal mixtures from living in proximity to
mine waste results in immune system dysregulation demonstrated through altered
cytokine profiles. In analysis of 180 samples, uranium exposures were associated with elevated IL-17, which provides mechanistic support for our previous
observations of increased biomarkers of autoimmunity associated with uranium
exposures. Significant correlations between cytokine expression and concentrations of arsenic and arsenic species were also observed. That these interactions
are likely to be complex is demonstrated by differential associations between total
arsenic vs arsenic species on cytokine concentrations. Higher levels of arsenic
species corresponded with lower lymphocyte development cytokine IL-7, and
cytokines associated with hypersensitivity and inflammation (IL-17, IL-29, and CRP).
IL-6 was positively related to total arsenic, as was IFNα with DMA, however both
IL-6 and IFNα were negatively related to As (III). Using Bayesian profile regression,
NBCS participants assigned to “exposure clusters” based on their metal profiles
revealed a significant difference in IFNγ secretion between a cluster enriched in
As and As metabolites compared to one with lower As levels. These data suggest
that metals and metalloid exposure may contribute to immune dysregulation and
inflammatory processes. Chronic inflammation is associated with cardiovascular
disease, cancer, diabetes and other disorders known to contribute to health disparities in tribal communities. It is important to better understand the health impacts
of metals exposures in communities who live in proximity to mine wastes to inform
strategies to mitigate metals toxicities.

3745

Mood Symptoms in Welders Exposed to Manganese

Ahmed1,

K. M.
R. B. Harold1, J. Kuhn2, D. Foti1, and U. Dydak1. 1Purdue University, West
Lafayette, IN; and 2Purdue University Northwest, Hammond, IN.
Manganese (Mn) is an essential trace element that is prevalent throughout the
body. However, chronic occupational Mn exposure can cause psychiatric and
cognitive deficits with mood symptoms being reported as one of the earliest
symptoms. This study investigated whether Mn exposure in welders is associated
with mood changes and to assess the impact of any confounding variables. 40
welders and 25 control subjects were recruited from a local manufacturer. Personal
air sampling and a work history questionnaire were used to collect data about their
Mn exposure. A self-administered questionnaire called the Brief Symptom Inventory
(BSI) was given to each subject to assess mood changes. The BSI includes 9 different mood dimensions as well as an overarching score called the Global Severity
Index or GSI. To test associations between raw mood scores and Mn exposure,
Spearman Rank Correlation tests were conducted. The number of clinically
significant subjects was determined by comparing the t-scores to the normative
values which were adult nonpatient males for this study. It was found that 52.5%
of welders and 40% of controls had clinically significant mood symptoms. The
subdomain interpersonal sensitivity was significantly associated with Mn exposure
for the past three months (rho=0.356, p=0.024) and the past year in welders only
(rho=0.320, p=0.044), while the subdomain somatization was significantly associated with Mn exposure for the past year in welders only (rho=0.330 and p=0.037).
Since controls also showed a high prevalence of mood symptoms, smoking and
drinking were investigated as potential confounders. Years of smoking and the
number of alcoholic drinks consumed per week were tested as possible covariates,
but neither variable showed any correlation with either the Mn exposure variables
or the mood symptom variables. Given the results of the relationship between Mn
exposure and interpersonal sensitivity, it is indicated that recent Mn exposure can
convey risk for broad psychological distress. The relationship between somatization and Mn exposure may be an early sign of physical symptoms of Manganism as
this scale is often confounded by symptoms of physical illness. For future investigations, other possible confounders such as education or sleeping problems will be
considered to explain the high prevalence of mood symptoms in non-Mn-exposed
factory workers. Supported by NIEHS R01 ES020529 and R01 ES032478.

3746

Developing an Environmental Justice Index for Toxic Metal
Contamination in North Carolina

N. Gavino-Lopez, L. Eaves, and R. Fry. University of North Carolina at Chapel Hill,
Chapel Hill, NC.
Toxic metal exposure via private wells in North Carolina (NC) is a major public
health concern. Racial and economic disparities may exacerbate disproportionate exposure to these contaminants. In this study, we developed a toxic metal
Environmental Justice (EJ) Index for inorganic arsenic (iAs), cadmium (Cd), lead

(Pb), and manganese (Mn) to assess environmental justice concerns as they relate
to well water contamination in NC. Geocoded well water test results, collected
1998-2019 (n=110,383 for iAs, n=75,393 for Cd, n=110,182 for Mn, n=110,409
for Pb), and 2019 American Community Survey estimates were used to derive
EJ Indexes at an NC census tract level for iAs, Cd, Pb, and Mn. A toxic metal EJ
Index is the product of three items - the percentage of tests reported above the
Environmental Protection Agency (EPA) standard, the average percentage of
low-income and minority population, and population percentage. This approach
mirrors the EPA’s national EJ Index model which combines environmental and
demographic data to summarize how these variables come together in the same
location but has not been applied to well water contamination. A total of n=8,152
EJ Index values were determined; each census tract (n=2,038) had four corresponding EJ Indexes (one for iAs, Cd, Pb, and Mn). Positive EJ Indexes are indicative
of geographic locations where there are more minority and low-income individuals than expected, who experience metal exposure. Across the state, there were
71 (3.48%), 14 (0.68%), 263 (12.90%), and 513 (25.17%) positive EJ Index values
for iAs, Cd, Pb, and Mn, respectively. Positive EJ Indexes were primarily located
in the eastern portion of the state. The findings from this study underscore that
private well water contamination in NC remains an EJ concern. The EJ Indexes
constructed in this study can be used by public health professionals to prioritize
remediation efforts in EJ communities that demonstrate excess risk in well water
contamination.

3747

Huntingtin and Vanadium Cooperatively Induce Mitochondrial
Dysfunction and Inhibit Compensatory Neuroprotective
Mechanisms in a Striatal Cell Model

P. J. Kamitsuka, P. Gonzalez, and G. Kwakye. Oberlin College, Oberlin, OH.
Huntington’s disease (HD) is a genetic neurodegenerative disorder that is pathologically linked to heavy metal overexposure. Interestingly, the heavy metal vanadium—
which is found in the steel and oil industry—has been shown to accumulate in the
striatum, a brain region selectively affected in HD, resulting in neurotoxicity and
neurodegeneration. Considering the shared neurotoxic mechanisms between
vanadium and mutant huntingtin (mHtt), we hypothesized that exposure to
vanadium will accumulate in the striatum and augment pathogenic mechanisms
such as mitochondrial dysfunction and oxidative stress implicated in HD. Using
an established striatal cell model of HD, immunoblotting, and other toxicological assays including MTT cell viability assay, SYTOX green cell death assay, and
CM2-DCFDA oxidative stress assay, we report that mHtt cells are significantly more
susceptible to vanadium-induced neurotoxicity compared to wild-type cells upon
exposure to vanadium pentoxide (V2O5) for 24 h. Although vanadium is redox-inactive metal, mHtt cells exhibited an increase in oxidative stress upon V2O5 exposure,
suggesting that vanadium outcompetes other redox-active metal ions, thereby
indirectly inducing oxidative stress. Interestingly, vanadium exposure upregulated protein kinase B (AKT) and extracellular regulated kinase 1 and 2 (ERK1/2)
in wild-type and mHtt cells, respectively. This data suggests a cellular response
to combat cytotoxicity and promote cell survival. While both genotypes exhibited
mitochondrial dysfunction and augmented mitochondrial dynamics, mHtt cells
appeared to block the compensatory activation of autophagy and mitochondrial
fusion. Collectively, these results demonstrate that mHtt amplifies the neurotoxic
properties of vanadium to cause mitochondrial dysfunction, oxidative stress, and
inhibit compensatory cell survival mechanisms, resulting in cell death.

3748

Pb Exposure Increases Cu Levels in the Cerebrospinal Fluid
(CSF): Roles of ADP-Ribosylation Factor 1 (ARF1) in the Choroid
Plexus

L. T. Sang, L. L. Liu, and W. Zheng. Purdue University, West Lafayette, IN.
Arf1 functions to support Golgi architecture, facilitate vesicular trafficking, and
participate in cellular Cu uptake to maintain the copper homeostasis. Early studies
from this group show the presence of Arf1 in choroidal epithelial Z310 cells,
an immortalized cell line of the choroid plexus (CP) that regulates Cu transport
between the blood and cerebrospinal fluid (CSF) and also an altered expression of Arf1 following in vitro Pb exposure in Z310 cells. However, it remained
unknown whether in vivo Pb exposure affected Arf1 in the CP and how it may alter
Cu homeostasis in the CSF. This study used both acute and chronic Pb-exposed
animal models to explore the impact of Pb exposure on ARF1 expression in the
CP and Cu dyshomeostasis in the CSF. In the acute study, CD-1 mice received one
ip. injection at the dose of 27 mg Pb/kg. Twenty-four hours later, the brains were
dissected for microtome-slicing and immunofluorescent staining. Data showed a
significantly upregulated ARF1 expression in choroidal epithelial cells in Pb-injected
mice (increased by 52.2%) as compared to saline-injected controls (n=3, p<0.05). In
the subsequent chronic study, the CD-1 mice were exposed to Pb via the drinking
water at concentrations of 0 (control), 200ppm (low-dose), or 800ppm (high-dose)
at libitum for 4 weeks. AAS analyses showed that Pb levels were dose-dependently
increased in the CP (0.02 ± 0.05SD, 3.4 ± 1.3 and 10.1 ± 1.1 µg Pb/g in controls, lowand high- dose groups, respectively, n=3-4, p<0.05). Importantly, CSF Cu concentrations also displayed a Pb dose-dependent increase by 26.9% and 41.9% in the
low- and high-dose groups, respectively, as compared to controls (n=5, p<0.05).
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Cu in the CP was increased by low-dose Pb exposure (3.9 ± 0.5 µg Cu/g), but not
in the high-dose group (3.1 ± 0.6 µg Cu/g), as compared to controls (2.5 ± 0.5 µg
Cu/g) (n=3-4, p<0.05). IHC data exhibited an upregulated ARF1 expression in the
low-dose group by 35% (p<0.05, n=3), yet a downregulated expression by 28% in
the high-dose group (p=0.06, n=3), as compared to controls. Taken together, our in
vivo results demonstrate for the first time in literature that ARF1 plays an important
role in regulating Cu homeostasis in the CSF. Further, in vivo Pb exposure increases
Cu levels in the CSF; such a Pb toxicity on CSF Cu appears likely to be mediated at
least in part by Arf1 in the blood-CSF barrier. Our future study will focus on how Pb
interacts with Arf1 in the CP. Supported by NIEHS R01ES027078.

3749

Synchrotron X-Ray Fluorescence Nano-imaging as a Tool to
Study the Mechanisms of Metal-Induced Synaptic Neurotoxicity

A. Carmona1,2, S. Roudeau1,2, and R. Ortega1,2. 1CNRS, Gradignan, France; and
2Universidad de Burdeos, Gradignan, France.
Chronic exposure to environmental factors has emerged as a possible cause of
Alzheimer’s disease (AD), including exposure to various neurotoxic metals such
as lead (Pb). One solution to tackle this issue is to better understand the molecular
mechanisms involved in the neurotoxicity of environmental metals and to design
targeted prevention strategies. The hippocampus is the primary brain area affected
by AD. The global atrophy of the hippocampus seen in the later stages of the
disease is preceded by more subtle changes in synaptic loss. This early synaptic
degeneration in AD could ultimately lead to neuronal degeneration. The distribution
of metals at the synaptic level was until now very difficult to evaluate due to the lack
of appropriate analytical techniques. Thanks to the outstanding spatial resolution
(down to 25 nm) and detection limit (down to 10-20 g) of synchrotron X-ray fluorescence (SXRF) nano-imaging, physiological (Cu, Zn) and neurotoxic (Pb) metals
were imaged in synaptic compartments from primary rat hippocampal neurons. In
control neurons, not exposed to metals, SXRF nano-imaging revealed that Cu and
Zn interact physiologically with neuronal tubulin and F-actin to regulate synapse
formation and stability. Zn was also present in the head of dendritic spines, where
it could bind to scaffolding proteins in the post-synaptic density (PSD). In primary
rat hippocampal neurons exposed to 10 µM Pb during 24h, Pb was detected in the
head of the dendritic spines, co-localized with Zn. This result indicates that Pb is
likely to interact with Zn-binding sites in the PSD, revealing a new site for neurotoxicity of this metal. These preliminary results now require further study, to identify
precisely the organelle(s) and proteins of Pb accumulation in synaptic compartments, and to confirm that these mechanisms also occur at lower, environmentally
relevant, Pb exposure concentrations.

3750

Lead (Pb) Exposure Induces Cerebral Amyloid Angiopathy and
Hypoperfusion in APP Mice

H. Gu1, P. Territo1, W. Zheng2, and Y. Du1. 1Indiana University School of Medicine,
Indianapolis, IN; and 2Purdue University, West Lafayette, IN.
Lead (Pb) is an environmental toxicant that may contribute to the etiology of
Alzheimer’s disease and related dementia (ADRA). Previous studies from this
group of investigators suggest that subchronic Pb exposure increases brain
levels of beta-amyloid (Aβ) and amyloid plaques, a pathological hallmark for AD.
Aβ is knowingly present not only in parenchymal amyloid, but also in the walls of
leptomeningeal and cortical arterioles and capillary, clinically called the cerebral
amyloid angiopathy (CAA), which is observed in approximately 85%-95% of AD
patients. However, it remained unclear whether Pb was able to directly induce CAA.
This study was designed to investigate whether subchronic exposure to Pb induced
CAA in the APP/PS1 AD transgenic mice. Chronic Pb exposure via drinking water
(0.2% Pb), ad libitum, for 2 months significantly induced CAA, evidenced by positive
staining with the thioflavin S and Collagen Type IV antibody in the cortical blood
vessels of APP/PS1 mice (n=3 with NaAc and n=4 with PbAc, p<0.05). Additionally,
chronic Pb exposure in 2-month-old APP/PS1 mice under the same dose regimen
significantly induced the ratio of Aβ40/42 in both cerebral vasculature and
parenchyma. Furthermore, Ph exposure induced significant cognitive deficit in
Pb-treated mice. Interestingly, Pb induced the hypoperfusion only in APP/PS1 mice
containing CAA, but not in PDAPP mice that contain largely parenchymal amyloid,
suggesting that Pb-induced hypoperfusion was mediated by CAA only. These data
are in good agreement with our hypothesis that chronic exposure to Pb, at levels
currently believed to be subtoxic or safe, preferentially induces CAA and hypoperfusion, leading to the etiopathology of AD and related dementia. Supported by NIH/
NIEHS R01 ES027078, R21 AG067923.

3751

Systemic Copper Disorder Influences Olfaction in Adult Rats:
Relationship to Adult Neurogenesis in Subventricular Zone and
Olfactory Bulb

W. Zheng1, S. X. Adamson2, S. Fleming3, and J. Shannahan1. 1Purdue University, West
Lafayette, IN; 2Procter & Gamble, Mason, OH; and 3Northeast Ohio Medical University,
Rootstown, OH.
Disrupted systemic copper (Cu) homeostasis underlies a number of neurodegenerative diseases, particularly in Parkinson’s disease with early symptoms including
olfactory dysfunction, such as deficits in odor identification, detection, and discrimination. However, the role of Cu in mammalian olfaction was unknown. Early studies
from this group provide the evidence of extraordinary high levels of Cu in subventricular zone (SVZ), an active proliferative niche in adult brain that supplies newly
generated neural stem/progenitor cells (NSPCs) to the olfactory bulb (OB) through
the rostral migratory stream (RMS). This study was designed to investigate whether
and how systemic Cu dyshomeostasis affected the olfactory function in rats.
Animal models of Cu deficiency (CuD) and Cu overload (CuO) were established by
feeding adult rats with Cu-controlled diets plus daily ip. injections of a Cu chelator
(ammonium tetrathiomolybdate) and excess Cu (CuCl2), respectively, for 14 days.
The models were verified by measuring Cu levels by atomic absorption spectrophotometry, showing that CuD reduced Cu levels in OB, SVZ, RMS, and striatum, while
CuO increased Cu levels in these brain regions. The Buried Pellet neurobehavioral
test revealed that both CuD and CuO treatments significantly prolonged the latency
for animals to uncover the food, about 4 times longer that of controls (p<0.01). CuD
caused a marked increase in BrdU(+) NPSCs in SVZ by 29% (p<0.01), whereas CuO
significantly suppressed the BrdU(+) NPSCs in SVZ by 37% (p<0.001), suggesting
a likely “switch” function of Cu in regulating adult neurogenesis in SVZ. In the OB
tissue, however, both CuD and CuO treatments resulted in marked inhibition of the
mRNA expression of neuroblast marker Dcx by 20% and 45%, respectively (p<0.05);
the outcome appeared to suggest that the neuroblasts upregulated in the SVZ after
CuD treatment did not arrive or survive in the OB. Furthermore, the Cu dyshomeostasis significantly altered the expression of Cu transport and storage proteins in
tested brain regions. Taken together, these results support an association between
systemic Cu dyshomeostasis and olfactory dysfunction. Specifically, altered adult
neurogenesis along the SVZ-RMS-OB pathway appears likely to contribute to Cu
dyshomeostasis-associated olfactory dysfunction in rats. Supported by NIEHS
R01ES027078.

3752

Expression of Copper Chaperone for Cytochrome C Oxidase
(COX17) in the Blood-CSF Barrier in the Choroid Plexus: Impact
of Lead Exposure and Brain Copper Homeostasis

V. Calhoun, L. Liu, and W. Zheng. Purdue University, West Lafayette, IN.
Copper (Cu) is an essential metal to brain health. Regulation of Cu homeostasis
in the cerebrospinal fluid (CSF) takes place mainly in the blood-CSF barrier in the
choroid plexus (CP). Cu chaperones are part of the Cu-transporting proteins responsible for the delivery of Cu ions to intracellular compartments. Notably, cytochrome
c oxidase copper chaperone (COX17) is a critical Cu chaperone that delivers Cu
to mitochondria for synthesis of cytochrome c oxidase. However, the questions
as to whether this specific Cu chaperone is present in the CP and how environmental exposure to lead (Pb), which accumulates in the CP upon overexposure,
may interact with COX17 to cause Cu dyshomeostasis remained unanswered. This
study was designed to test the hypothesis that COX17 expressed in the CP and
Pb exposure altered its expression in the CP, leading to distorted Cu levels in the
CSF. We used the immunohistochemical (IHC) approach on mouse brain slices to
approve and characterize the expression of COX17 in the CP tissue. In addition,
we used an immortalized choroidal epithelial Z310 cell line to investigate how Pb
exposure changed COX17 expression by using immunofluorescence (IF) analysis.
Our IHC data on mouse brain slices clearly demonstrated an abundant expression
of COX17 in CP tissues. Compared to adjacent brain regions by quantifying fluorescent intensity, our data revealed that the expression of COX17 was 70.3% , 52.3%,
and 68.3% higher in the CP than those expressed in striatum, subventricular zone,
and prefrontal cortex, respectively (p < 0.0001, n=4). In cultured Z310 cells treated
with Pb in culture media for 24 hrs, our immunofluorescent data revealed that Pb
treatment caused a dose-dependent increase in the expression of COX17, i.e.,
79.9%, 112.8%, and 155.6% increases, as compared to the controls, by Pb exposure
at 2.5 µM, 5.0 µM, and 10.0 µM, respectively (p < 0.0001, n=10). These observations demonstrate that COX17 is highly expressed in the choroid plexus, a critical
tissue in regulating Cu transport between the blood and the CSF. Moreover, our data
reveal that Pb exposure is capable of altering the expression of COX17, which may
lead to brain Cu dyshomeostasis in numerous neurodegenerative diseases. Further
investigations are in progress to understand the mechanism by which Pb alters
COX17 and the consequences of Pb-COX17 interaction in the context of Pb-induced
neurotoxicity. Supported by NIEHS R01 ES028078.
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Exosomal Inhibition via Oropharyngeal Aspiration Resolves
Systematic Impacts Caused by Mine Site-Derived Particulate
Matter Exposure

A. Camacho, Q. Jacquez, B. Baird, V. Maximino Silva, and K. E. Zychowski. University of
New Mexico, Albuquerque, NM.
Open-pit mining has an extensive history in the Southwestern region of the United
States due to the rich ore deposits present in the Colorado plateau. Several of
these former mines are located near residential communities. One particular
mine-site of interest, St. Anthony mine, is a current site under active study, based
on community and residential concerns over fugitive, inhaled dusts. Recent studies
suggest that exosomes may play a biological role following toxic exposures.
The role of lung-based exosomal inhibition and subsequent toxic impacts were
assessed via whole-body chamber inhalation of mine-site derived dusts using a
preclinical rodent model. Briefly, mice were exposed to one of three groups: filtered
air (FA, control)+saline, particulate matter (PM)+saline, or PM+GW4869 (10µM),
an exosome inhibitor. Particulate matter exposure averaged ~2.5mg/m3 aerosolized dust for 4h/d over 2d. Behavioral tasks, in addition to lung, serum, and brain
cellular and molecular biomarkers were assessed. In the PM-exposure group there
was a moderate increase in lung neutrophils compared to the filtered air group
(FA, control) and PM+GW4869. Also, in the PM exposure group, CCL-2 was significantly downregulated in the brain (p<0.05) and upregulated in the lungs. Using
a resistance-based assay, PM exposure resulted in cerebrovascular endothelial
dysfunction, which was subsequently rescued in the PM+GW4869 treatment group.
An increase in anxiety and stress was noted in the mine-site PM exposure group,
based on the open-field test. These behavioral changes resolved in the group
treated with GW4869. This study implies that lung-based exosomal inhibition may
attenuate toxic impacts following PM exposure.

3754

Assessment of Manganese (Mn) Exposure on the Brain BetaAmyloid Deposition and Cognitive Function among Italian
Ferroalloy Workers

S. Azmoun1, C. Y. Tang2, D. Placidi3, G. Cagna3, M. Oppini3, C. Rodella4, L. Mascaro4,
B. Paghera3, M. Horton2, R. Gasparotti3, R. Giubbini3, and R. G. Lucchini1. 1Florida
International University, Miami, FL; 2Icahn School of Medicine at Mount Sinai, New York,
NY; 3University of Brescia, Brescia, Italy; and 4ASST Spedali Civili di Brescia, Brescia, Italy.
Occupational settings are one of the main sources of Manganese (Mn) intoxication leads to multiple disorders including neural system dysfunction. Mn impacts
different parts of the brain, mainly the frontal and parietal cortices and the caudate
nucleus in the striatum. Cognitive or memory dysfunctions have been associated
with Mn overexposure during different stages of human life. Chronic manganese
exposure may increase the risk of cognitive decline and affect amyloid beta
deposition, the main hallmark pathology, in Alzheimer’s disease. Manganeseinduced amyloidogenesis is mediated through alteration in the level of proinflammatory markers and Amyloid Precursor Protein (APP). Chronic Mn exposure
results in an increased level of proinflammatory cytokines IL-1β and TNF-α from
microglia which consequently leads to enhancement of APP gene expression
and APP protein processing. Furthermore, it may increase the gene expression
and protein production β-secretase 1 (BACE1), the cleavage enzyme generating
amyloid beta from APP. We investigated cognitive functioning and β-amyloid brain
deposition in the exposed ferroalloy workers group (6 workers, average age 64
and average Mn exposure duration 31 years) and control group (5 historical sexand age-matched control workers (average age 63), not exposed to metals. We
assessed cognitive function using a battery of neuropsychological tests including
the Montreal Cognitive Assessment (MOCA) in this pilot study. A 25-year annual
assessment of Mn exposure was conducted through workplace air monitoring and
biological monitoring. The presence of β-amyloid deposition was assessed with a
General Electric Discovery 690 PET-CT scanner after the injection of 185 MBq of
flutemetamol [18F] through a catheter placed in an intravenous line in an antecubital vein. PET acquisition was carried out for 20 minutes, starting 90 minutes
after injection. We performed t-tests to compare the Mn exposed workers and the
controls. β-amyloid deposition in the ferroalloy workers was more diffuse than
controls (p=0.05). The cognitive function did not differ between the two groups.
To our knowledge, this is the first study showing increased β-amyloid brain deposition in manganese exposed individuals. Further research is warranted to test the
hypothesis of β-amyloid as a predictor or promising biomarker of Mn-induced
cognitive decline.

3755

Developmental Mn Exposure Induces Lasting Selective
Attention Deficits That Are Rescued by Methylphenidate
(Ritalin) and Are Associated with Inflammatory, Epigenetic, and
Neuronal System Changes in the Rat Prefrontal Cortex

N. A. Santiago1, S. L. Howard1, S. Beaudin1, B. J. Strupp2, and D. R. Smith1. 1University of
California Santa Cruz, Santa Cruz, CA; and 2Cornell University, Ithaca, NY.
Attention and impulse control dysfunctions affect ~6-11% of all US children age
6-17 yrs. Elevated environmental manganese (Mn) exposure is associated with
inattention, impulsivity, and hyperactivity in children. Our rat model of developmental Mn exposure exhibits lasting impairments in attention and impulse control, brain
prefrontal cortex (PFC) catecholaminergic (CA) system protein levels (TH, DAT,
DRD1, DRD2, NET), and decreased dopamine and norepinephrine evoked release.
How developmental Mn causes these lasting CA system changes and whether
therapeutic intervention targeting the CA system will normalize Mn-induced
behavioral impairments remain unknown. To determine if methylphenidate (MPH,
Ritalin) rescues the Mn deficits by targeting the CA system, we exposed rats to
oral Mn (50 mg/kg/d) over PND 1-21 and assessed selective attention in adulthood
with the 5CSRTT. We found that Mn exposure causes lasting selective attention
deficits and that MPH doses (0, 0.5, 1.5, or 3 mg/kg MPH oral) produced an inverted
u-shaped attentional accuracy dose-response in Mn animals, with the 0.5 mg/kg
MPH dose alleviating the Mn attentional deficits. To assess if Mn-induced PFC CA
system protein level changes were associated with respective gene expression
we used RT-qPCR and found lasting TH and DAT gene expression reductions in
adulthood. In determining if Mn-induced CA system gene expression changes were
associated with altered epigenetic regulator gene expression (DNMT1, DNMT3a,
DNMT3b, HDAC3, HDAC4), we found that Mn decreased DNMT3a expression.
To more broadly understand lasting PFC systemic gene expression changes, we
conducted RNA-seq and GSEA. We found 13 up/14 down-regulated genes (p-value
adjusted), and 63 up/69 down-regulated pathways related to epigenetic gene regulation, oxidative stress, inflammation, and hypofunctioning CA neuronal systems.
RRBS (methylation status), ATAC-seq (chromatin accessibility), and cell model
studies to further elucidate mechanisms of Mn-induced impairments are ongoing.
We identified an efficacious dose of MPH to alleviate Mn-induced attention deficits
and uncovered new insights into underlying Mn deficit mechanisms to aid therapeutic interventions for Mn-exposed children.

3756

Assessment of Therapeutic Role of Curcumin in MercuryInduced Memory Impairment and Neurotoxicity Using
an Electro-Sensory Apparatus in Fruit Fly (Drosophila
melanogaster) Model

O. Ogunsuyi1, F. Benson1, O. Olagoke2,3, B. Olugbade1, S. Igumah1, and G. Oboh1.
1Federal University of Technology, Akure., Akure, Nigeria; 2Universidade Federal
de Santa Maria, Santa Maria, Brazil; and 3Kampala International University, IshakaBushenyi, Uganda.
Mercury compounds are widely used in consumer products in developing/underdeveloped countries. For example, dental amalgam remains one of the most common
forms of dental fillings and mercury is one of its major components. However,
concerns have been raised about safety and potential neurotoxicity of mercury
in consumer items like dental amalgam. On the other hand, Curcumin (the major
bioactive compound in turmeric) has been reported for its numerous therapeutic potentials including neuroprotective properties. This study therefore sought to
investigate the effect of curcumin on learning and memory function and some
biochemical changes in mercury chloride (HgCl2)-induced neurotoxicity in fruit
fly (Drosophila melanogaster). Flies (both genders, 3-5 days old) were exposed to
mercury chloride (1 and 2 mM) alone or in combination with curcumin (1 mg/ml)
for 14 days. Thereafter, survival rate of the flies was determined at day 7 and 14
post-treatment. Also, the memory index of the treated flies was determined at 7and 14-days post-treatment using an electro-sensory apparatus that paired electric
shock with odor recognition by the flies. Subsequently, the fly heads were separated
on ice from the body, and both were homogenized separately. The homogenates
were assayed for the activity of acetylcholinesterase (AChE), as well as markers of
oxidative stress. The results showed that the survival rate of the mercury-induced
flies was significantly (p<0.05) reduced, while the memory indices were significantly
(p<0.05) depleted at day 7 and 14 post-treatment. Also, the head and body AChE
activities, as well as redox status were significantly (p<0.05) impaired in mercury-induced flies at both 7- and 14-days post-treatment. However, all these impairments
were significantly mitigated (p<0.05) in flies co-treated with mercury (1 and 2 mM)
and curcumin at both 7- and 14-days post-treatment. This study therefore, revealed
that co-treatment of mercury with curcumin significantly mitigated mercury-induced neurotoxicity and impairments in learning and memory in D. melanogaster
model. Therefore, addition of curcumin in amalgam preparation could help mitigate
the neurotoxicity of mercury.
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Exposure to Contaminated Drinking Water and the Toxicological
Effects against a Neuronal Brain Cell Model

C. Collom, S. H. Pradhan, V. Liu, and C. M. Sayes. Baylor University, Waco, TX.
Regulations for contaminants are largely based on isolated exposures to the
toxicant being studied. This practice is not representative of real-world exposures.
Toxic effects of complex mixtures ought to be routinely studied. Copper and
lead are known metal ions present in drinking water distribution systems and are
regulated by the US EPA at 1.3 ppm and 15 ppb, respectively. Glyphosate, the main
ingredient in many broad range pesticides, is also detected at measurable levels
in water and have been implicated as a drinking water contaminant. This study
evaluates the binary exposures of lead II acetate, copper II nitrate, and glyphosate against a neuronal brain cell model (SH-SY5Y). These cells are regarded as
sensitive indicators in testing cytotoxicity as it related to neuronal degeneration.
Because lead and glyphosate, exposures have been implicated in neurodegeneration, SH-SY5Y cultures offer a simple platform for analyzing combinatorial adverse
health effects of individual constituents. Combinatorial effects are then related to
individual effects to determine synergistic toxicological responses. We developed
dose-response curves and utilized concentration addition modeling to build
isobolograms. Results show that the LC50 values of the individual chemicals ranked
as lead < copper < glyphosate. The LC50 values of the 50:50 binary mixtures ranked
as lead:glyphosate < lead:copper < copper:glyphosate. Therefore, while glyphosate by itself induces low toxic response, glyphosate with lead induces significant
toxic response. In terms of synergistic effects, copper co-exposed with either lead
or glyphosate induced antagonistic effects, while lead and glyphosate induced
additive effects. This on-going work establishes a method for toxicological studies
examining the potential synergistic effects of co-exposure of binary mixtures in
drinking water.

3758

SLC30A10 Variant Thr95Ile Retains Manganese Efflux Activity

K. C. Gurol, and S. Mukhopadhyay. University of Texas at Austin, Austin, TX.
Manganese (Mn) induced neurotoxicity is a major environmental health problem
that presents itself as parkinsonism in adults, and fine motor and behavioral
deficits in children. Mn excretion, primarily by the liver and the intestines, is critical
for preventing Mn neurotoxicity, as suggested by higher blood and brain Mn levels,
and incidence rate of Mn neurotoxicity among liver disease patients without a
history of elevated Mn exposure. Our mechanistic studies, and recent work on
transgenic mice have shown the critical role of the activity and regulation of Mn
efflux transporter SLC30A10 in the liver and intestines in mediating Mn excretion
to protect against Mn toxicity. Recently, a Genome-Wide Association Study (GWAS)
determined SLC30A10 missense variant Thr95Ile to strongly associate with liver
injury biomarkers, bile duct cancer, and several hematological symptoms of Mn
toxicity. Thr95Ile is potentially a deleterious variant based on several bioinformatic
algorithms and its proximity to other residues that are critical for SLC30A10 activity
according to the predicted molecular structure of SLC30A10. This study aims to
characterize the localization, expression, and activity of SLC30A10 Thr95Ile variant
to determine whether the variant could be the causative factor of liver injury and
Mn toxicity symptoms by expression of the variant and wild-type SLC30A10 in cell
culture. Both wild-type and Thr95Ile variants localize at the cell surface, and share
comparable protein turnover rates. HeLa cells lacking endogenous SLC30A10 and
expressing comparable levels of the wild-type or Thr95Ile variant contain comparable intracellular Mn, and are almost equally protected against Mn induced toxicity
following Mn exposure. The findings indicate that the expression and efflux activity
of Thr95Ile are comparable to wild-type SLC30A10. Thus, the possible causal role
of Thr95Ile variant in liver injury or Mn toxicity is questionable.

3759

Childhood Exposure to Manganese Influences Brain
Morphological Relationships in Adolescents as Represented by
Structural Covariance Networks

D. A. Edmondson1, V. Schmithorst2, E. N. Haynes3, and K. M. Cecil1. 1Cincinnati
Children’s Hospital Medical Center, Cincinnati, OH; 2Children’s Hospital of Pittsburgh,
Pittsburgh, PA; and 3University of Kentucky, Lexington, KY.
Mn exposure in early childhood may influence cognitive skills as measured by
full-scale IQ; however, the mechanism for how this may occur remains elusive. To
assess the neurological effects of Mn, we employed MRI to measure morphological relationships across the cortex and subcortical regions of the brain. Because
structure and development are related to function, we hypothesized that brain
development, as represented by morphological relationships, across the brain,
would be disrupted by Mn exposure during childhood. Of 116 adolescents scanned
in a Siemens Skyra 3T scanner (UPMC), 99 participants (mean age: 16.3 [1.18])
had T1-weighted images that passed quality checks. Gray matter thickness was
obtained using Freesurfer v6.0.0 (recon-all) and the Desikan-Killany brain atlas.
We used Mn exposure biomarkers (blood, hair, toenails) taken at two different
timepoints: early childhood (ages 7-9 yrs. old, N=73) and adolescence (ages 13-17
yrs old, N=66). We created structural covariance networks (SCN) for two separate
groups (high and low exposure) using the 75th percentile as a threshold. For each

group, gray matter thickness were correlated (covariates: parental education,
participant age, sex, and cotinine) between regions of the brain to form weighted
networks. Group comparisons between high and low SCNs were performed using
permutation analyses (number of permutations = 1000) with statistical significance
set at a false discovery rate (FDR) of p = 0.05. Toenails were consistently associated with SCN parameters. SCNs derived from participants with higher toenail Mn
during early childhood had a lower clustering coefficient (density = 0.35, FDR p =
0.009) while SCNs derived from participants with higher toenail Mn from adolescence had lower modularity (density = 0.35, FDR p = 0.025). These results suggest
that the morphological relationships in participants with higher toenail Mn had
networks that were less clustered together suggesting disturbances to development of gray matter thickness in regions nearer to the center of the brain.

3760

BDNF Specifically Expressed in Hippocampal Neurons Is
Involved in Its Resistance to Methylmercury Neurotoxicity

M. Fujimura, and T. Unoki. National Institute for Minamata Disease, Minamata, Japan.
Sponsor: T. Unoki, Japanese Society of Toxicology
Methylmercury (MeHg), an environmentally toxic substance, is known to cause
site-specific neuronal cell death. It is of great scientific interest not to cause
neuronal cell death by MeHg exposure in hippocampal neurons, which are generally
considered to be vulnerable to toxic substances. Although this phenomenon can be
reproduced in animal experiments, the cause has not been clarified. In this study,
we analyzed the characteristics of cerebrocortical neurons, which are vulnerable to
MeHg toxicity, and hippocampal neurons, which are resistant to MeHg, by separating and culturing them from fetal rat brain. The neuronal differentiated hippocampal neurons showed resistance to MeHg toxicity as compared with the cerebrocortical neurons approximately 3 folds in comparison of 50% loss of viability value.
A comprehensive gene expression analysis using the RNA sequencing method
revealed that 53 of 15819 genes were expressed in hippocampal neurons 10 times
more than in cerebrocortical neurons under non-MeHg treatment. Conversely,
the 5 genes were expressed more than 10 times more in cerebrocortical cells
than in hippocampal neurons. Among them, neuronal function related proteins,
brain-derived neurotrophic factor (BDNF) showed approximately 50-fold expression in hippocampal neurons than in cerebrocortical neurons. This result was also
confirmed at the protein expression levels. Furthermore, BDNF addition to culture
cerebrocortical neurons suppressed MeHg toxicity. In conclusion, the resistance
of hippocampal neurons to MeHg toxicity might be related to the high expression
of BDNF.

3761

The Effects of Mercury Exposure on Sustained Attention

Ehlinger1,

J.
J. M. Goodrich1, D. C. Dolinoy1, D. J. Watkins1, A. Cantoral2, A. MercadoGarcía3, N. Basu4, M. M. Téllez-Rojo3, and K. E. Peterson1. 1University of Michigan, Ann
Arbor, MI; 2Universidad Iberoamericana, Mexico City, Mexico; 3National Institute of Public
Health, Cuernavaca, Mexico; and 4McGill University, Montréal, QC, Canada.
Attention deficit disorder (ADHD) affects roughly 5.3% of children and 3.5% of
adults globally, yet the etiology of this complex disorder is not well-understood.
Several studies have linked exposure to mercury (Hg), a known neurotoxicant,
to ADHD-like behaviors. However, previous studies have produced controversial
results, likely driven by confounding of fish intake, timing of exposure and outcome,
and Hg biomarker used, with hair Hg reflecting about 3 months of organic Hg
exposure and urine Hg typically indicating inorganic Hg exposure. Due to such
nuance and controversy, it is important to validate results in diverse cohorts
using both Hg biomarkers. This project studies the effects of childhood Hg levels
(measured concurrently in hair and urine in children aged 6-12 years) on adolescent
performance on the Conners Continuous Performance Test (CPT3) in the Early
Life Exposures in Mexico to Environmental Toxicants (ELEMENT) cohort. CPT3
was used to quantify measures of inattention, impulsivity, sustained attention, and
vigilance in the same children, followed up between 9 and 18 years of age. In a
sample of 403 individuals (51% female, 49% male), hair and urine Hg averaged
0.62±0.03 µg/g and 1.08±0.14 µg/L, respectively. We used linear regression models
to assess relationships between each Hg biomarker and CPT3 outcome, controlling
for age, sex, and socioeconomic status. We found significant associations between
childhood Hg exposure and CPT3 performance, but direction of effect varied by
the Hg biomarker and CPT3 variable used. Hair Hg, for instance, was associated
with reduced inattentiveness (β=-0.021, p=0.023), but urine Hg was not (β=-0.0044,
p=0.57). Associations were also modified by sex; for example, Hg exposure was
related to a loss of vigilance in males (β=1.29, p=0.047), but not in females (β=-0.20,
p=0.80). Given these complex relationships, we will consider co-exposures to other
metals and protective nutrients (e.g. selenium and polyunsaturated fatty acids) and
modification by DNA methylation at genes implicated in neurological function in
further analyses. These analyses will reveal a more complete understanding of Hg’s
toxic effect on sustained attention.
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Developmental Arsenic (As) and Lead (Pb) Exposure in
Zebrafish Results in Neurotoxicity

3764

Neuroinflammation Induced by Manganese Is Attenuated in
Drp1 Knockout Mice

K. G. Kiper, J. L. Freeman, and W. Zheng. Purdue University, West Lafayette, IN.

Y. Lai, R. Z. Fan, S. Salehe, and K. Tieu. Florida International University, Miami, FL.

Arsenic (As) and lead (Pb) are environmental pollutants found in common sites
and linked to adverse health effects. This study evaluated As and Pb to determine
if developmental toxicity significantly changes at lethal and sub-lethal mixture
concentrations using the zebrafish model. Joint action models were applied to
survival data to determine the type of interaction. Metal exposures were from 1 -120
hours post fertilization (hpf). As concentrations were 0-10E6 µM. Pb concentrations
were 0-480 µM. The LC25 - LC75 values at 120 hpf from single metal exposures were
used to select mixture concentrations for modeling. The survival data indicated
an additive effect occurred at lethal concentrations. The impact of the mixture on
behavior, morphology, and relative gene expression were evaluated at sub-lethal
concentrations of 10 and 100 ppb As (0.133, 1.33 µM) and Pb (0.048, 0.48 µM)
individually or in mixtures. Data was analyzed with a repeated measures ANOVA
(behavior) or an ANOVA (morphology and qPCR) with the least significant difference test (α=0.05). Zebrafish larvae exposed to 10 ppb As exhibited hyperactivity
in all dark phases for the distance moved, time moving, and velocity, while those
exposed to 10 ppb Pb only showed an increase in distance moved and velocity in
the first dark phase. The 10 ppb mixture was found to have an intermediate impact
with increased time moving in all dark phases and increased distance moved and
velocity only in the first dark phase. In contrast, hyperactivity was observed only in
the 100 ppb mixture in the last two dark phases for time moving and in the last dark
phase for the distance moved. No significant behavioral alterations occurred in the
single 100 ppb treatments. A decrease in mean brain length and brain length ratio to
the total length in the 10 ppb mixture was observed with no significant morphology
changes observed for head length, head width, or total length. Four genes related to
the development of cerebral blood vessels were assessed, these included: vegfaa,
cldn5a, cldn5b, and wnt7aa. The 100 ppb mixture showed a significant decrease
in vegfaa expression and significantly increased cldn5b expression relative to the
expression of beta-actin; the same trend was observed for 100 ppb As. Relative
expression of both claudins (cldn5a and cldn5b) significantly increased in the 10
ppb Pb group. wnt7aa expression significantly decreased in the 10 ppb Pb group.
Lastly, the 10 ppb Pb treatment group showed significant and unique alterations
in gene expression at 72 hpf. Overall, there are many significant changes at lower
concentrations in single and mixture treatments compared to higher concentrations indicating a nonlinear exposure-response.

Chronic exposure to manganese (Mn) induces neurotoxicity, resulting in manganism resembling Parkinson’s disease (PD). Mitochondrial dysfunction has been
proposed to play a pivotal role in Mn-induced neurotoxicity. Recent studies have
reported that Mn induces neuroinflammation by causing imbalanced mitochondrial
dynamics, linking mitochondrial dysfunction to neuroinflammation. We previously
demonstrated that inhibition of the mitochondrial fission GTPase dynamin-related
protein-1 (Drp1) improved neuropathological hallmarks associated with mitochondrial dysfunction and autophagy flux impairment. However, little is known about the
impact of Drp1 inhibition on Mn-induced neuroinflammation in vivo. To address this
gap, we used our recently developed Drp1-knockout mice. The Drp1+/− mice express
a partially reduced level of Drp1 and are viable, in contrast to the embryonically
lethal Drp1−/− homozygous mice. Immunoblotting and qPCR analyses confirmed
a reduction of ~40-45% in Drp1 levels, as compared to their Drp1+/+ littermates
(hereby WT). We treated Drp1+/− mice (12~14 weeks old) with either MnCl2 (15
mg/kg body weight once daily) or an equal volume of vehicle (water) for 30 days
via oral gavage. WT littermates were used as the control. Mn exposure increased
the mRNA levels of pro-inflammatory factors including IL-1β, IL-6 and TNF-α in the
ventral middle brain of the WT mice. In contrast, such an increase was not observed
in the Mn-exposed Drp1+/− mice. Further Sholl analysis confirmed less microglial
activation in the Mn-exposed Drp1+/− mice than those of the Mn-exposed WT mice.
Interestingly, it was found that both WT and Drp1+/− female mice exhibited significantly lower levels of IL-1β upon Mn exposure compared to their male counterparts, suggesting female mice are more resistant to Mn-induced neuroinflammation. Taken together, our results indicate that a partial reduction of Drp1 protein is
sufficient to confer neuroprotection in Mn-induced neuroinflammation. Combined
with our other studies, Drp1 inhibition may have therapeutic potential to combat
Mn-associated parkinsonism. The mechanism underlying this anti-inflammatory
effects is being investigated.

3763

Role of Arrestin Domain Containing Protein 1 (ARRDC1)Mediated Microvesicles (ARMMs) in Metal-Induced
Neurotoxicity

Z. Chen1, C. R. Wirth1, H. Park2, and Q. Lu1. 1Harvard T.H. Chan School of Public Health,
Boston, MA; and 2University of Rochester, Rochester, NY.
Exposure to heavy metals - a group of ubiquitous environmental toxicants - is
often associated with neurotoxicity and may contribute to the development of
neurodegenerative diseases. Well-recognized mechanisms of metal neurotoxicity
include oxidative stress, compromised DNA repair, and mitochondrial dysfunction.
Intercellular communication is often perturbed by metal exposures but the precise
mechanism and role of such perturbation in metal-induced neurotoxicity remains
poorly understood. Neural cells can secret membrane-encapsulated vesicles
into the extracellular milieu. These extracellular vesicles (EVs) contain functional
signaling molecules that can be taken up by recipient cells to mediate intercellular communication. The present study aimed to investigate the effects of heavy
metals on the intercellular communication by evaluating the role of arrestin domain
containing protein 1 (ARRDC1)-mediated microvesicles (ARMMs), a group of EVs
that directly bud from the cell plasma membrane, in the neurotoxicity induced by
heavy metals.We utilized a lentiviral CRISPR/Cas9 system to knockout ARRDC1
to repress ARMMs release in multiple cell models, including immortalized human
neural progenitor ReNcell CX cell line and human induced pluripotent stem cells
(iPSCs). In the ReNcell model, cadmium (Cd) exposure significantly increased the
release of EVs in both wild-type and ARRDC1-knockout cells in a dose-dependent
manner, demonstrating that cellular communication was stimulated. Cytotoxicity
endpoint (release of lactate dehydrogenase) and oxidative stress (production of
reactive oxygen species) were determined. ARRDC1-knockout cells were more
susceptible to Cd; addition of extra ARMMs to ARRDC1-knockout cells reversed
the increased susceptibility to Cd, indicating that ARMMs play a protective role by
alleviating cytotoxicity induced by cadmium. In addition, the potential of ReNcell
to differentiate into neuronal cells and iPSCs to differentiate into microglia were
compared between lentiviral control and ARRDC1-knockout cells, and the effects of
metal exposures on the differentiation and role of ARMMs were further evaluated.
Together, our studies shed light on the role of ARMMs - a novel mechanism of
intercellular communication - on metal neurotoxicity. This research was funded by
the MEMCARE Superfund Research Center grant (P42ES030990).

3765

Neurotoxic Effect of Manganese and Vanadium Co-exposure in
Animal Models of Parkinson’s Disease

A. Bargues-Carot1, N. Kondru2, M. Haller3, H. Jin1, V. Anantharam1, A. Kanthasamy1,
S. Dutta3, and A. Kanthasamy1. 1University of Georgia, Athens, GA; 2Mayo Clinic,
Jacksonville, FL; and 3Iowa State University, Ames, IA.
Chronic environmental exposure to a mixture of two or more heavy metals, often
from occupational or industrial sources, has been implicated in Parkinson’s disease
(PD). Vanadium (V) typically presents along with manganese (Mn), especially in
welding rods. The neurotoxic consequences of chronic Mn/V co-exposure on
key pathological features of PD remain to be investigated. This study examined
the neurotoxic effects of Mn/V co-exposure in a transgenic animal model of PD.
Wild-type (WT) mice (naïve C57BL6 strain) and the transgenic (Tg) mice expressing
human alpha-synuclein (αSyn) A53T mutant were intranasally co-exposed to 100
µg MnCl2 and 75 µg V2O5 five times per week for three months, representing a
5-day work week of occupational exposure. All mice were subjected to a battery of
behavioral tests at monthly intervals. Chronic intranasal Mn/V co-exposure for three
months leads to their accumulation in the brain. Exploratory locomotor activity in an
open-field test declined significantly in Mn/V-treated αSyn A53T Tg mice but not
in Mn/V-treated C57 control mice. Motor coordination during forced locomotor
activity (RotaRod), in contrast, was not significantly affected by Mn/V treatments
in either αSyn A53T Tg mice or C57 control mice. Mn/V-treated αSyn A53T Tg
mice and C57 control male mice exhibited olfactory deficits while C57 control
female mice did not. Treatment with Mn/V did not induce depression-like behavior
in any group as measured by tail suspension and forced swim tests, whereas Mn/V
co-exposure induced anxiety-like behavior in αSyn A53T Tg male mice. Taken
together, our results suggest that co-exposure to Mn and V can adversely affect
αSyn A53T mutant overexpressing mice when compared to naïve C57 control mice.
These results highlight a possible role of exposure to neurotoxic metal mixtures in
environmentally linked Parkinsonism.

3766

Manganese-Induced Inflammation in the Enteric Nervous
System

K. Streifel1, C. Campos1, M. Schmanke1, M. Argueso-Nott2, A. Hines2, and J. Moreno2.
1Regis University, Denver, CO; and 2Colorado State University, Fort Collins, CO.
Manganese (Mn) is an essential trace metal and the long-term health effects
of excess Mn exposure have been extensively studied in adults, however more
recent evidence demonstrates its impact upon the developing nervous system.
Epidemiological and experimental evidence have indicated that exposure to excess
Mn early in life is associated with behavioral and cognitive deficits. Specifically,
elevated Mn has an association with hyperactivity in juvenile mice, however the
precise cellular and molecular development of these behavioral changes remains
unknown. Previous studies have focused on inflammatory activation in the central
nervous system (CNS), yet it is possible that the enteric nervous system (ENS),
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comprised of enteric glial and neuronal cells within the gastrointestinal tract,
precedes the inflammatory effects seen in the CNS. Mice were administered
with environmental-relevant levels of Mn, 50 mg/kg MnCl2, in drinking water from
postnatal d21-d90 and evaluated locomotor function, glial activation, and catecholamine levels. We systematically addressed behavioral analysis via open-field test
and novel object recognition, then each cohorts tissues were collected from the
ENS and CNS to indicate the initial site of inflammatory activation and neurotransmitter levels. Preliminary results from these studies have replicated sex-dependent
behavioral changes in the juvenile mice. Our analysis of the inflammatory biomarkers, GFAP and s100B, shows sign of inflammation in the enteric glial cells. These
data indicate that exposure to Mn during development can leads to inflammatory
activation of the ENS prior to CNS, with exposure potentially leading to the observed
behavioral modifications. Understanding the impact of exposure would help with
better prevention strategies for exposures via the ENS, not only with Mn, but other
ingested sources leading to inflammation and therefore CNS dysfunction.

3767

Cadmium-Induced Gut Dysbiosis Precedes the Onset of
Cognitive Deficits in Mice

H. Wang, Z. Xia, and J. Y. Cui. University of Washington, Seattle, WA.
Cadmium (Cd) is a heavy metal that has been recognized as one of the most
toxic environmental toxicants. A growing body of evidence suggests that Cd is
a neurotoxicant, however, the underlying mechanisms remain poorly understood.
The gut-brain axis is a communication pathway between the central nervous
system and the gut microbiome. Studies have found that alterations of the gut
microbiome are implicated in different neurological diseases, and manipulating
the gut microbiome can affect neurological functions in animals. Because the
gut microbiome is a target of Cd toxicity, the gut-brain axis may mechanistically
contribute to Cd-induced impairment on learning and memory. As a first attempt to
investigate the role of the gut-brain axis in Cd neurotoxicity, we tested our hypothesis that Cd-induced gut dysbiosis precedes the onset of cognitive deficits. We
exposed 8-week-old C57BL/6 male mice to 3 mg/L Cd through drinking water for 9
weeks. The Novel Object Location test, which probes for hippocampus-dependent
spatial memory deficits, was performed every week during the exposure period
to detect the onset of cognitive deficits. Fresh fecal pellets were collected every
week to examine the alteration of the microbiome over a time course. Cd caused
hippocampus-dependent learning and memory impairments starting at 4 weeks
into exposure, without affecting activity or anxiety in mice. Hippocampus-specific
RNA-sequencing at the terminal time point showed that Cd reduced the expression of genes involved in synapse function and the transport of neurotransmitters.
Metagenomic shotgun sequencing showed that the dysbiosis in the fecal microbiome was observed 1 week prior to the onset of learning and memory deficits (4
weeks). Most notably, over the time course Cd exposure produced a sustained
decrease of A. muciniphila - a producer of the neuro-protective SCFA precursors,
as well as a sustained increase of B. thetaiotaomicron - which is a commensal
human gut microbe associated with cognitive deficits and is known for its role in
secondary bile acid synthesis. UPLC-MS/MS shows that Cd reduced the serum
levels of the host liver-derived tauro[T]-β muricholic acid, and increased the serum
levels of the microbially-derived secondary bile acids (T-omega muricholic acid,
T-deoxycholic acid, and T-deoxycholic acid). The rise in secondary bile acids may
lead to neurotoxic outcomes. Together, our findings showed that Cd exposure
induced significant gut dysbiosis before the onset of cognitive deficits in mice,
suggesting that the gut-brain axis is likely to be a mechanistic contributor to Cd
neurotoxicity.

3768

Inducible and Conditional Activation of Adult Neurogenesis
Rescues Cadmium-Induced Hippocampus-Dependent Memory
Deficits in a Mouse Model of Alzheimer’s Disease

M. Matsushita, and Z. Xia. University of Washington, Seattle, WA.
Elucidating mechanisms of effects of genetic factors and environmental
exposures in model organisms is critical to understand the impact of gene-environment interactions (GxE) on human health. The apolipoprotein E (ApoE) gene
is the strongest genetic risk factor for late-onset Alzheimer’s disease, in which
ε4 allele carriers have increased risk compared to the common ε3 allele carriers.
Cadmium (Cd) is a toxic heavy metal and a potent neurotoxicant. Our previous
study found a GxE effect between ApoE4 and Cd that accelerates cognitive decline
in ApoE4-knockin (ApoE4-KI) mice exposed to CdCl2 through drinking water
compared to control ApoE3-KI mice. However, the mechanisms underlying this
GxE effect is not yet known. Here we investigate the causal relationship between
Cd-induced memory deficits and impairment of adult hippocampal neurogenesis in
the observed GxE effect. We crossed the ApoE-KI strains to an inducible Cre mouse
strain, Nestin-CreERTM:caMEK5-eGFPloxP/loxP, which enables the stimulation of adult
neurogenesis through genetic and conditional activation of the endogenous ERK5
MAP kinase signaling pathway in adult neural stem/progenitor cells upon tamoxifen administration. We investigated whether stimulation of adult neurogenesis can
rescue Cd-induced cognitive impairment in the respective multi-transgenic lines
(simplified as caMEK5:ApoE3-KI and caMEK5:ApoE4-KI). Mice were exposed to
0.6 mg/L CdCl2 through drinking water throughout the experiment. The Novel

Object Location (NOL) test was conducted to assess working spatial memory.
Once impaired spatial working memory was observed after Cd exposure, tamoxifen
was administered to stimulate adult neurogenesis with continued Cd exposure.
Spatial working memory was impaired earlier in Cd-treated caMEK5:ApoE4-KI than
caMEK5:ApoE3-KI (onset week 16 vs. week 28). In both strains, these memory
deficits were rescued by tamoxifen-induced stimulation of adult neurogenesis.
These rescue effects were observed despite elevated mean blood (0.3-0.4 ug/L)
and brain Cd levels (>1.5 pg/mg) at the end of experiment. Our findings support a
causal link between the GxE effect of ApoE4 and Cd on cognition and impairment in
adult neurogenesis. Our results further suggest that Cd may contribute to cognitive
decline and neurodegenerative disease at exposure levels relevant to nonsmoking
US adults.

3769

The Impact of Manganese on Glutamate Excitotoxicity in
Alzheimer’s Disease Model

H. Kim1, F. E. Harrison2, and A. B. Bowman1. 1Purdue University, West Lafayette, IN; and
2Vanderbilt University Medical Center, Nashville, TN.
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and the
most common cause of dementia. The pathological alterations that occur at the
molecular/cellular level begin many years before the onset of cognitive impairment and the majority of AD cases cannot be attributed to a single gene. This
supports the potential for chronic environmental risk factors in the pathogenesis
of this multifactorial disease. Manganese (Mn) is an essential metal that is widely
present in the environment and in excess is a neurotoxin with broad impacts on
neurological systems. As the brain’s major excitatory neurotransmitter, glutamate
homeostasis is under tight regulation. Under physiological conditions, glutamate
is rapidly cleared away from the synaptic cleft primarily by astrocytes to prevent
excitotoxicity. Acute exposure to high levels of Mn has been shown to limit this
process and altered expression of glutamate transporters are observed in the
brains of AD patients. This line of evidence suggests a potential pathological
relationship between Mn neurotoxicity and AD pathology via glutamate excitotoxicity. However, the effects of chronic exposure to environmentally relevant
toxic levels of Mn in promoting AD pathology are unknown. Taken together, we
hypothesize that individuals with genetic risk factors for AD may have enhanced
susceptibility to glutamate dysfunction in response to chronic Mn exposure. To
address this hypothesis, we utilized cortical glutamatergic neurons and astrocytes
generated from human induced pluripotent stem cells (iPSCs) derived from
healthy and AD patients. Cells were cultured for approximately 100 days and were
subsequently exposed to environmentally relevant levels of Mn (0.5 or 5 μM vs
control) for up to 40 days. Following exposure, cells were treated with 14C-labeled
glutamate to quantify glutamate uptake. Our results suggest the presence of an AD
genotype effect wherein, we observed a significant decrease in glutamate uptake
in AD patient-derived neurons/astrocytes compared to control cells. Additional
downstream analyses will address the presence of inflammation and alterations in
the expression of astrocytic glutamate transporters. Future efforts will investigate
functional alterations via microelectrode array (MEA) and transcriptomic analyses
via single cell RNA-sequencing. Supported by R01 ES031401.

3770

Brain PET and fMRI Imaging in Adult Rats Developmentally
Exposed to Mn Evidences Lasting Disruptions of Prefrontal
Cortex and Striatal Function That Are Associated with Deficits in
Focused Attention

D. Rowland1, B. Stephane2, N. Santiago2, S. Howard2, E. Fisher2, N. Robles2, B. Strupp3,
and D. Smith2. 1University of California Davis, Davis, CA; 2University of California Santa
Cruz, Santa Cruz, CA; and 3Cornell University, Ithaca, NY.
Early life manganese (Mn) exposure is associated with executive function deficits
in children and adolescents. Our rat model of developmental Mn exposure has
demonstrated causality in this relationship; namely, that Mn causes lasting deficits
in attentional function, and that this dysfunction is accompanied by disruptions in
catecholaminergic system function in the prefrontal cortex and striatum. To further
elucidate the neural basis of the lasting behavioral deficits caused by Mn exposure,
we orally exposed male Long-Evans rats to vehicle or Mn (50 mg/kg/d, n=15/trt)
during early development (P1 - 21), and tested them on a series of attention tasks
in adulthood using the 5 choice serial reaction time task (5CSRT). We then imaged
animals using raclopride PET for functional dopamine D2 receptor (D2R) binding
potential (BP) in the prefrontal cortex (PFC) and striatum (Str) in the absence or
presence of a methylphenidate (MPH) challenge. MR diffusion tensor imaging
(DTI) and resting state functional connectivity (rs-fcMRI) were also assessed, after
which total D2R and dopamine transporter (DAT)protein levels were measured by
immunohistochemistry (IHC). Results show that developmental Mn caused lasting
deficits in attention, and that attention deficits were not altered by the D2R antagonist raclopride. Consistent with this, PET imaging showed there was no effect of
Mn on D2R levels in the PFC or Str, though D2R BPs were highly correlated between
PFC and Str. Moreover, the delta D2R binding in the PFC and Str following MPH
challenge (i.e., baseline BP - MPH challenge BP) was highly correlated between
PFC and Str, and was greater in the Mn animals compared to controls, indicating
higher levels of MPH-induced synaptic dopamine levels in the PFC and Str of the Mn
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animals. Complementary measures of total D2R and DAT protein levels by IHC are
pending, as are rs-fcMRI data analyses. Collectively, these findings further delineate
the neural mechanisms underlying the deleterious effects of early Mn exposure
on attentional function, as well as the neural effects of methylphenidate (Ritalin)
treatment, as a possible therapy for this condition.

3771

A Toxic Aging Coin: Cr(VI) Neurotoxicity and Gerontogenicity

J. Wise. University of Louisville, Louisville, KY.
Within 9 years 20% of the US population will be over the age 65. Millions of them will
reach their 100th birthday. Consequently, understanding how aging and toxicology
interact is an area of research with an urgent need for expansion. We consider this
interaction from two perspectives: 1) how age affects susceptibility to a chemical’s
toxic effect, and 2) how chemicals accelerate biological aging processes in our
organs (i.e. how chemicals are gerontogens). Genomic instability is one of the
leading contributors to aging, but the mechanisms behind genomic instability
and aging remain to be elucidated. We propose chromosome instability, a type
of genome instability often seen in aging paradigms, arises from accumulation of
unrepaired DNA damage and promotes aging by contributing to the induction of
cellular senescence. A couple recent papers highlighted the importance of creating
a new animal model to investigate this mechanism. We also propose metals as a
class of gerontogens that induce aging by inducing DNA damage and chromosome
instability. We are testing these hypotheses using hexavalent chromium [Cr(VI)], a
widespread environmental contaminant, as a representative metal. We used extant
brain tissues from a study exposing rats to zinc chromate via oropharyngeal aspiration to assess Cr(VI) neurotoxicity. Our results show widespread neurodegeneration, oxidative damage, and DNA double strand breaks. We further investigated
a mechanism of chromosome instability for biological aging using M059K and
M059J human brain cells. M059J has dysfunctional DNA-PK, an essential protein
for DNA double strand break repair, while M059K exhibits proficient break repair.
We show M059J cells are more susceptible to Cr(VI)-induced cytotoxicity than
M059K cells. Intriguingly, M059J cells can escape Cr(VI) induced growth arrest,
while M059K cells cannot, suggesting DNA damage repair signaling must be intact
for Cr(VI)-induced growth arrest, and perhaps cellular senescence. Mechanistically
these differences are under investigation now. Future studies will evaluate cellular
senescence and the senescence-associated secretory phenotype. This work was
supported by NIEHS grants R01-ES016893 and R35-ES032876.

3773

S. L. Howard1, J. S. Arnold1, S. A. Beaudin1, N. A. Santiago1, B. J. Strupp2, and D. R.
Smith1. 1University of California Santa Cruz, Santa Cruz, CA; and 2Cornell University,
Ithaca, NY.
In children, developmental exposure to elevated manganese (Mn) is associated
with attention deficits. Progress has been made in elucidating the neural basis
of these deficits, but there are currently no recognized therapies/interventions.
Supplementing the maternal diet with additional choline, an essential nutrient and
methyl donor, has been shown to improve offspring attentional function and lessen
the dysfunction produced by diverse developmental insults. We used a rat model
to test the hypothesis that maternal choline supplementation (MCS) improves
attentional function in control animals and protects against Mn-induced attention
deficits, at least in part by normalizing Mn-altered prefrontal cortex (PFC) gene
expression. Long-Evans rat dams received standard or supplemented choline
(chow with 1.1 or 5 mg choline/g, respectively) from gestational day 3 to postnatal
day (PND) 21, and male offspring were orally given Mn (0 or 50 mg/kg/d) over
PND 1-21. Focused and selective attention were assessed over PND 50-200 using
the 5-Choice Serial Reaction Time Task. Mn exposure caused lasting impairments
in both focused and selective attention. For focused attention, benefits of MCS
were seen for control but not Mn rats. For selective attention, Mn impairment was
seen for offspring of dams on the standard diet but not when additional choline
was provided. PFC tissue was collected from PND 24 littermates and behaviorally
tested animals for gene expression analysis via RT-qPCR and RNA-seq. RT-qPCR
in PND 24 PFC showed that Mn tended to increase (p < 0.1) dopamine receptor
D1 and D2 gene expression, and MCS normalized D2 levels and caused a trending
decrease in tyrosine hydroxylase levels. In PND 200 animals, MCS increased D1
and D2 expression. Additionally, RNA-seq identified 8 differentially expressed
genes (p-adj. < 0.05) in Mn animals, including genes involved in brain development/
function and inflammation, that were normalized by MCS. Separately, MCS caused
lasting expression changes in 13 genes, 11 of which were normalized in MCS + Mn
animals. These findings provide evidence that supplementing the maternal diet with
additional choline lessens some differences between Mn and control animals on
both attention and gene expression, but more work is needed to determine whether
this intervention constitutes an effective therapy.
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Variability of the Pallidal Index as a Marker of Brain Manganese
Levels

L. O. Stucky, H. Monsivais, G. Francis, and U. Dydak. Purdue University, West
Lafayette, IN.
Excess exposure to manganese (Mn) leads to its accumulation in the human brain,
which may cause neurotoxicity. Since Mn acts as MRI contrast agent, MRI allows
for non-invasive estimation of increased brain Mn levels in vivo and is one of the
main diagnostic criteria for current Mn intoxication. The pallidal index (PI), a ratio
of T1-weighted signal intensities in the globus pallidus (GP) and frontal white
matter (FWM), is a commonly used MRI marker of brain Mn accumulation. While
the PI is a valid measure within one study, factors such as scanner type, sequence
parameters, coils, and image processing can change its numerical value greatly
and limit its validity as a proportional measure of Mn concentration in the brain.
This study investigated the variability of PI values across three different 3T MRI
scanners (Siemens, General Electric (GE), and Philips), two coils and two different age ranges to determine the “normal” range of PI values in non-Mn exposed
individuals. PI values were obtained from T1-weighted MRI data (MPRAGE) from
three prior studies on 100 subjects. The first comparison group included 10 healthy
non-Mn exposed controls (age range 24-31) scanned on both Siemens and GE.
We found that inter-individual variability in PI (CV=3%) was significantly smaller
than the variability between scanners (CV=7.8%) with an average PI of 113.5 for
Siemens and 97.3 for GE. A separate group of 28 controls (average age 39) on a GE
scanner had an average PI of 89.7, and a separate group of 10 controls (age range
27-33) scanned on Philips had average PI of 111.7. Overall, the average PI on GE
was significantly (p < .001) lower than that of Siemens and Philips. A preliminary
comparison of PI values using two different coils (20 channel and 64 channel)
on one subject showed no differences. Lastly, from one study, we compared the
PI values across two different age ranges: 27-33 vs 64-68 years. The 60-year-old
group had a significantly lower (p=.0079) average PI of 102.0 compared to the
30-year-old group’s average PI of 111.7. This observation is consistent with past
literature since iron deposition in the globus pallidus, which causes hypointensity,
increases with age (Harder et.al. 2008). In future studies, we hope to investigate
more age ranges and the effects of coil-combination and intensity filters. Supported
by NIEHS R01 ES020529 and R01 ES032478.

Maternal Choline Supplementation (MCS) Modulates the
Attentional Deficits and Gene Expression Changes Produced by
Developmental Manganese Exposure

Investigating Effects of Subchronic Pb Exposure on Metal
Distribution in TgSWDI Transgenic Mice Using Synchrotron
X-Ray Fluorescence

A. Webb1, O. Antipova2, H. Gu3, Y. Du3, W. Zheng1, and L. Nie1. 1Purdue University,
West Lafayette, IN; 2Advanced Photon Source at Argonne National Lab, Lemont, IL; and
3Indiana University School of Medicine, Indianapolis, IN.
The detrimental health effects of lead (Pb) exposure are widely recognized, but
less understood is the role of Pb in the development of Alzheimer’s disease (AD),
in particular, Pb distribution in AD brains. This study was designed to use synchrotron x-ray fluorescence (SXRF) in investigating the distribution and concentration
of Pb and other metals in the brains of AD transgenic mice. The results from a
prior experiment have revealed that Pb deposits in small areas (<10 um2) in both
Pb-exposed and control transgenic TgSWDI mice. In these small particles, a strong
correlation exists between Pb and selenium (Se) in the Pb-exposed mice only.
A similar experiment was performed in older mice to confirm these results and
to further explore the metal distributions. TgSWDI mice were sacrificed after 6
months. Pb-exposed mice were exposed to Pb as Pb acetate (PbAc) in drinking
water with a concentration of 0.2% PbAc for 4 weeks; the control mice were given
sodium acetate. Brains were extracted, fleshly frozen, and sliced with a cryomicrotome to a thickness of 10 um for SXRF analyses. The samples were scanned
at the 2-ID-E beamline at the Advanced Photon Source (APS) at Argonne National
Lab. Preliminary data revealed a multi-element co-deposition, including Si, Ca, Fe,
Cu, Zn, Se, and Pb, in both Pb-exposed and control brains, with more observed in
the exposed. These clusters were larger than those previously observed, with the
majority larger than 30 um2. These disparities could be due to the differences in
age of the mice. In agreement with the initial findings, Pb was observed in the
control samples and the Pb and Se correlation was observed in some of these
clusters. Further analysis is in progress to investigate the multi-element clusters in
the Pb-exposed and control samples, as well as to determine differences between
the two experiments. In addition, brain slices adjacent to those scanned with SXRF
will be stained with ThioflavinS procedure to identify amyloid plaques. These slices
will be compared to the SXRF results to investigate Pb and other metal distribution
in relation to location of plaques. Supported by NIH/NIEHS R01 ES027078.
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Lead (Pb) Poisoning Impairs Thyroid Hormone-Dependent
Mechanisms of Brain Development

L. I. Dahora, A. M. Robinson, C. Buenaventura, and C. K. Thompson. Virginia Polytechnic
Institute and State University, Blacksburg, VA.
Lead (Pb) poisoning during early development is associated with behavioral and
cognitive deficits. The specific mechanisms by which Pb impairs brain development are still not fully understood, however. One potential mechanism is that Pb
poisoning may impair thyroid hormone (TH)-mediated changes in brain development. To address this issue, we performed two experiments to assess the effects
of Pb poisoning on (TH)-dependent changes in cellular and molecular mechanisms
in the developing Xenopus laevis tadpole brain. We treated stage 47 tadpoles to
combinations of 1000 ppb Pb bath for seven days and added one of three different concentrations of thyroxine (T4) for the final two days of treatment. We found
that lead exposure decreased body length, including in T4-treated tadpoles. We
also performed immuno-staining for proliferative marker pH3 and found that Pb
disrupts T4-induced increase in neuronal proliferation. Finally, we used syGlass
VR data visualization software to measure volume of the forebrain, midbrain, and
hindbrain in 3D. We found that Pb exposure impaired T4- mediated changes in
brain volume. Last, we found that Pb poisoning reduced T4-mediated increases
of some TH-sensitive genes. These results illustrate that Pb poisoning impairs
TH-dependent changes in the developing brain. Second, we have performed a
series of experiments to assess Pb poisoning impairs the degree to which TH is
distributed throughout the developing brain. TH is carried throughout the body via
TH distributor proteins (THDPs), and transthyretin (TTR) and lipocalin-like prostaglandin D2 synthase (L-PTGDS) are critical THDPs, primarily passing through
the choroid plexus. We found that Pb-poisoning decreased expression of TTR in
the liver and L-PTGDS in the brain. These changes suggest Pb may diminish the
degree to which TH is distributed throughout the brain via these THDPs. Ongoing
experiments are assessing the effects of knocking down TTR and L-PTGDS via
morpholinos to determine if they are necessary for TH-mediated changes in brain
development. Additional experiments are assessing if overexpression of TTR and/
or L-PTGDS in the choroid plexus can rescue the developing brain from the harmful
effects of Pb poisoning.

3776

Impacts of Pb-Induced Phenotypic and Transcriptomic Effects
on Aged Populations

C. Wu1, D. N. Meyer1, A. Haimbaugh2, and T. R. Baker1. 1University of Florida, Gainesville,
FL; and 2Wayne State University, Detroit, MI.
Due to the deterioration in physiologic, biochemical, and immunologic conditions
during aging, older adults exposed to environmental contaminants can develop
diseases at an earlier age than expected, particularly neurological disorders. Lead
(Pb) is a major public health hazard that impairs neurological functions, such
as motor, learning and memory abilities. The mechanisms underlying how Pb
exposures act to exacerbate the aging processes are a critical area of research
likely to have a substantial impact on the prevention of neurological disorders
associated with old age. Zebrafish are being increasingly valued as a model for
research of nervous system aging because of the comparative gradual aging to
seen in humans and other vertebrate species, including cognitive decline, osteoarthritis, genome instability, and decrease in global methylation. In zebrafish, these
signs of aging become apparent at the age of one-year-old and progress as they
increase in age. Using the zebrafish model, the aim of this study was to identify
and characterize the dose-response relationship of sublethal Pb exposure levels
that induce impaired cognitive related behaviors and transcriptome changes in
aged zebrafish. Two-year-old zebrafish were exposed for 5 days to waterborne lead
acetate at either 1, 10, 100, 1000, 10000 µg/L or vehicle (DMSO). The 3-D swimming
behavior of control and exposed zebrafish was assessed by the video-tracking
system over a 5-min period. The exposed fish showed decreased locomotive
activity and traveled significantly more in the bottom half of the tank, indicative of
anxiety-like behaviors. RNA-Seq analysis of the brain tissue was also performed
and the transcriptome changes implicated cognitive impairments, movement and
seizure disorders. Our findings will provide essential insights into how Pb exposure
affects the health outcomes of older adults.

3777

Cell Death Mechanism of Lead (Pb) and Mercury (Hg) on Brain
Primary Cells from Zebrafish

A. S. Diaz-Burgos1, A. Nieves2, K. Rios2, and B. Zayas2. 1Universidad Ana G. Méndez, San
Juan, PR; and 2Universidad Ana G. Mendez, San Juan, Puerto Rico, PR.
Heavy metals are naturally occurring in various ecosystems. However, anthropogenic practices are the cause for the rise of heavy metal contamination of natural
resources. In Puerto Rico, a number of urban rivers have been affected by accumulation of harmful chemicals in freshwater habitats impairing the health and stability
of aquatic ecosystems as well as humans. The main goal of the ongoing project
is to screen and characterize the effect that can result on the nervous system
from continuous exposures to high levels of metals. Our hypothesis proposes that
primary cells exposed at levels found in the environment can result in neurotoxicity

and cell death. This project has implemented the zebrafish (Danio rerio) model to
evaluate the effect of lead (Pb) and mercury (Hg) heavy metals. To determine the
toxicity on the nervous system, zebrafish brains are dissected, and primary cells
dissociated and cultured. Brain primary cells are then exposed to Pb and Hg at 48
hours to determine cell growth inhibition as well as apoptosis cell death hallmark
events. Preliminary results clearly indicate primary brain cell death at 48 hours with
an EC50 of 67µM for lead and 54 µM for mercury. Annexin V assay for apoptosis induction was implemented to understand the mechanism of action of lead
neurotoxicity. Results demonstrated that apoptosis processes are present after
48hr of treatment. To better understand the apoptosis pathway, caspases activation analysis is being determined. The obtained mechanistic information will allow
us to further understand the long-term detrimental impact of such contaminants
and will allow for the protection of aquatic species of rivers and estuaries. These
findings can also be use as model for human neurotoxicity. Acknowledgements:
PR-CEN NSF award #1736019PR-INBRE/ NIH Grant No. 5P20GM103475-18
ChEMTox Biotesting Laboratory, UAGM, Cupey.

3778

Early-Life Lead (Pb2+) Exposure Induces Transgenerational
Effects on Zebrafish Brain Transcriptome

D. Meyer1, E. Crofts2, C. Akemann2, K. Gurdziel2, R. Farr2, B. Baker1, D. Weber3, and T.
Baker1. 1University of Florida, Gainesville, FL; 2Wayne State University, Detroit, MI; and
3University of Wisconsin-Milwaukee, Milwaukee, WI.
Lead (Pb2+) is a major public health hazard for urban children, with profound and
well-characterized developmental and behavioral implications across the lifespan.
The ability of early Pb2+ exposure to induce epigenetic changes is well-established,
suggesting that Pb2+-induced neurobehavioral deficits may be heritable across
generations. Understanding the long-term and multigenerational repercussions
of lead exposure is crucial for clarifying both the genotypic alterations behind
these behavioral outcomes and the potential mechanism of heritability. To study
this, zebrafish (Danio rerio) embryos (<2 hours post fertilization; EK strain) were
exposed for 24 hours to waterborne Pb2+ at a concentration of 10 μM. This exposed
F0 generation was raised to adulthood and spawned to produce the F1 generation, which was subsequently spawned to produce the F2 generation. Previous
avoidance conditioning studies determined that a 10 μM Pb2+ dose resulted in
learning impairments persisting through the F2 generation. RNA was extracted from
control- and 10 μM Pb2+-lineage F2 brains, (n=10 for each group), sequenced, and
transcript expression was quantified utilizing Quant-Seq. 648 genes were differentially expressed in the brains of F2 lead-lineage fish versus F2 control-lineage fish.
Pathway analysis revealed altered genes in processes including synaptic function
and plasticity, neurogenesis, endocrine homeostasis, and epigenetic modification, all of which are implicated in lead-induced neurobehavioral deficits and/
or their inheritance. These data will inform future investigations to elucidate the
mechanism of adult-onset and transgenerational health effects of developmental
lead exposure.

3779

Gestational Iron Deficiency Modulates Offspring Pb Burden in a
Tissue-Specific Manner

J. Cubello, and M. Mayer-Proschel. University of Rochester, Rochester, NY.
Iron deficiency (ID) is the most prevalent micronutrient deficiency in the world.
Pregnant women are particularly susceptible to ID due to enhanced iron (Fe)
requirements needed for fetal development. Lead (Pb), unlike Fe, is a nonessential divalent metal previously used in commercial products until it was linked to
various pathologies and developmental deficits. Despite regulatory efforts, Pb
is still a ubiquitous environmental toxin. Although the separate impacts of ID or
Pb exposure on the developing brain have been studied extensively, greater
understanding of the neurodevelopmental outcome of co-exposure is essential
as ID and Pb overlap in populations affected, molecular machinery for handling
physiologically, and have been associated with neurodevelopmental and behavioral
deficits. Furthermore, how these outcomes change with respect to the severity
of Pb exposure is unknown. As Pb and Fe have been known to utilize similar
transport mechanisms, we hypothesized that Pb burden in the offspring would
be increased by gestational ID. Due to the complexity of metal homeostasis, we
further hypothesized that metal disruptions would not be limited to Fe and Pb levels
across various tissues. To assess this, we established a well-defined dietary mouse
model of ID combined with life-long Pb exposure at two different Pb concentrations
and used Inductively Coupled Plasma Mass Spectrometry (ICP-MS) analyses for
metal assessments. As early as postnatal day 6 (PND6), there were tissue and Pb
concentration-specific elevations in Pb burden across blood, brain (cortical and
hippocampal), and femurs attributed to ID diets. Interestingly, depending on the
concentration of Pb administered, blood Pb levels were not predictive of brain and
femoral Pb burden. This suggests not only that the influence of ID on Pb burden can
be altered by the exposure concentration of Pb, but also that making extrapolations
about neurological risks from hematological parameters and blood Pb levels may
be an insufficient strategy for assessing true neurological risk from a patient’s Pb
exposure. Additionally, aside from changes in Fe and Pb, our exposures further led
to region-specific changes in other essential metals. Ongoing investigations include
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assessing the short and long-term consequences of these developmental metal
disruptions and Pb accumulations to later neurological impairments and cellular
responses. Supported by R01HD094563.

3780

Acute Exposure to Triethyltin Produces Depolarization in
Peripheral Nerves of Adult Male Rats

G. Jung, E. M. Pitzer, K. L. McDaniel, and D. W. Herr. US EPA, Research
Triangle Park, NC.
Triethyltin (TET) is a neurotoxicant known to induce myelin edema in both the
central (CNS) and peripheral (PNS) nervous system. Some studies conclude that
PNS alterations occur later and require higher dosages when compared to CNS
changes. However, evaluation of the acute effects of TET on peripheral nerve
function is less extensive. Behavioral and neurophysiological dysfunctions that
occur before changes in myelin are detected may indicate that the PNS is targeted
sooner and at lower exposures than previously believed. Nerve excitability (NE)
testing is a non-invasive technique that measures the activity of ion channels,
energy-dependent pumps, and other processes involved in maintaining nerve
membrane potential. The NE techniques have been used in human clinical and
animal in vivo studies to evaluate the mechanisms behind a variety of neurological
conditions. In this study, adult male Long-Evans rats (PND 52-60) were treated with
a single dose of 0, 3.0, 4.4, or 6.5 mg/kg TET (p.o.; 5% ethanol vehicle). The high dose
was determined based on pilot data that indicated mild gait abnormalities. Nerve
excitability testing on peripheral motor and sensory nerves was conducted 3 days
post-dose. Stimulation of the nerves involved applying depolarizing or hyperpolarizing pulses of varying durations and magnitudes, then a test stimulus resulting in
a 40% maximal amplitude target. Different polarizing currents activate different ion
channels, and changes in the current of the test stimulus required to produce the
target amplitude reflect alterations in nerve excitability. Measurements of motor
nerve activity were derived from compound muscle action potentials (CMAPs);
stimulation was applied to the sciatic/tibial nerves and muscular responses were
recorded at the foot. Mixed nerve action potentials (MNAPs) reflected activity
of motor and sensory nerves; stimulation was applied to tail caudal nerves and
responses were recorded at the base of the tail. Results from the NE data indicated
that motor and mixed nerves of TET treated animals were more excitable, possibly
from partial depolarization. CMAP and MNAP recordings in the tests involving long
depolarizing and hyperpolarizing pulses suggested threshold changes may be due
to altered K+ conduction. CMAP changes were greater than in MNAPs, indicating that larger motor axons were affected more than mixed nerve axons. These
results support that TET may target peripheral nerves, and PNS dysfunctions may
be detected independently from CNS alterations. This abstract does not reflect US
EPA policy.

3781

Ghrelin Attenuates Methylmercury-Induced Oxidative Stress in
Neuronal Cells

B. Ferrer1, H. Suresh1, A. B. Bowman2, and M. Aschner1. 1Albert Einstein College of
Medicine, Bronx, NY; and 2Purdue University, West Lafayette, IN.
Methylmercury (MeHg) is an environmental pollutant that causes damage to the
central nervous system at both high-acute and chronic-low exposures, especially
in vulnerable populations, such as children and pregnant women. Acute-high
poisoning is rare. However, chronic exposure to low MeHg concentrations via
fish consumption remains a health concern. At the present, chelation therapies
are the main treatment against MeHg poisoning. Nevertheless, these therapeutic
strategies have limited efficacy. Several studies have shown the use of antioxidant compounds as an alternative strategy for reversing MeHg-induced toxicity.
Ghrelin is a gut hormone with an important role in the regulation of energy metabolism inducing food intake. Besides its classical functions, ghrelin also displays
cytoprotective effects against oxidative stress. Moreover, it has been reported that
ghrelin has a protective role against the toxicity of several xenobiotics. Here, we
explored the role of ghrelin as a putative protector against MeHg-induced oxidative
stress using different neuronal cell models. Our data show that ghrelin ameliorated MeHg-induced reactive oxygen species (ROS) production in primary neuronal
hypothalamic and hippocampal cultures. A similar effect was observed in mouse
hypothalamic neuronal GT 1-7 cells. To understand the molecular mechanisms that
mediated ghrelin’s antioxidant protection we used GT1-7 cells exposed for 6 hours
to 5 µM MeHg in presence or absence of ghrelin. Then, we analyzed changes in
protein levels using western blot, gene expression by qPCR, and glutathione levels
by colorimetric assay. Nuclear factor erythroid 2-related factor 2 (NRF2) transcription activity was measured using a non-radioactive DNA binding assay. We discovered that ghrelin exacerbates NRF2 protein expression and DNA-binding activity in
cells exposed to MeHg, leading to an increase in NAD(P)H quinone dehydrogenase
1 (NQO1) protein and gene expression concomitant with an increase in glutathione
levels. Overall, our novel findings show that ghrelin may mediate protection against
MeHg toxicity by inducing NRF2-induced antioxidant defense.

3782

Loss of Function of the Manganese Efflux Transporter
SLC30A10 in Catecholaminergic but Not GABAergic Neurons
Induces Motor Deficits

C. A. Taylor1, S. Grant1, A. Melkote1, R. Fulthorpe1, T. Jursa2, W. Shawlot1, M. Aschner3,
D. R. Smith2, R. A. Gonzales1, and S. Mukhopadhyay1. 1University of Texas at Austin,
Austin, TX; 2University of California Santa Cruz, Santa Cruz, CA; and 3Albert Einstein
College of Medicine, Bronx, NY.
Elevated levels of the essential metal manganese (Mn) are neurotoxic and lead to
an incurable movement disorder. However, the specific neurons targeted by Mn are
still unknown, hindering therapeutic progress. One major challenge in identifying the
neuronal targets of Mn is that it has not been possible to alter Mn homeostasis in a
cell-type-specific manner and assess subsequent neurotoxic sequelae. To address
this, we leveraged our recent discoveries of SLC30A10 as a Mn efflux transporter
to modulate Mn efflux in specific neuron types. We generated Slc30a10 knockout
mice to selectively modulate Mn homeostasis throughout the brain (pan-neuronal/glial), in catecholaminergic neurons, or in GABAergic neurons to determine
whether catecholaminergic or GABAergic neurons are the primary target of Mn. We
found that pan-neuronal/glial Slc30a10 knockouts exhibited hypolocomotion that
is exacerbated by a human disease-relevant Mn exposure regimen. This hypolocomotion was not associated with changes in dopamine or GABA concentration
in striatal tissue or with loss of dopaminergic or GABAergic neurons in the basal
ganglia. However, vehicle-treated pan-neuronal/glial knockouts exhibited reduced
evoked dopamine release compared with vehicle-treated littermate controls.
Together, these results suggested that the observed hypolocomotion may be
associated with dopaminergic dysfunction, not degeneration. Consistent with this,
catecholaminergic, but not GABAergic, Slc30a10 knockouts exhibited hypolocomotion similar to that observed in pan-neuronal/glial knockouts. Overall, our studies
suggest that 1) dopaminergic neurons within the basal ganglia are a primary target
of Mn, 2) dopaminergic dysfunction may underlie Mn-induced neurological disease,
and 3) activity of SLC30A10 in catecholaminergic neurons is critical for regulating
brain Mn homeostasis.

3783

Involvement of APL-1 in Manganese-Induced Toxicity in
Caenorhabditis elegans and Possible Mitigation Using Iron
Chelators

A. C. Martins1, B. P. Esposito2, A. B. Bowman3, and M. Aschner1. 1Albert Einstein College
of Medicine, Bronx, NY; 2Universidade de São Paulo, Sao Paulo, Brazil; and 3Purdue
University, West Lafayette, IN.
Manganese (Mn) is an essential element that participates in several biological
processes. However, overexposure may induce neurotoxicity and may contribute to
the development of neurodegenerative diseases such, as Alzheimer’s disease (AD).
The molecular mechanisms and factors that trigger the onset and disease progression remain largely unknown. However, misfolding and aggregation of β-amyloid
(Aβ) plaques in the brain characterize the disease secondary to changes in amyloid
precursor protein (APP) processing. Environmental and occupational factors
such as Mn exposure have been implicated in the etiology of AD and the ensuing
changes in APP cleavage. Here, we used Caenorhabditis elegans (C. elegans)
as a model to explore putative mechanisms of neurodegeneration secondary to
exposure to Mn and mitigation using 3 iron chelators: desferrioxamine mesylate
(DFO), salicylaldehyde isonicotinoyl hydra- zone (SIH) and desferrioxamine-caffeine
(DFCAF). Specifically, APL-1, the C. elegans orthologue of mammalian APP, was
studied to evaluate its role in the neurotoxicity. Studies were carried out in wild-type
N2 and APL-1 (yn5) strains to assess sensitivity to reactive oxygen species (ROS)
generation, as well as in BY200 worms, where dopaminergic neurons are labeled
with green fluorescent protein (GFP), allowing for the evaluation of neurodegeneration. The results showed that the APL-1 strain was more sensitive to Mn than
wild-type worms. Moreover, we observed increased levels of ROS upon exposure to
Mn (50 mM) in N2 and APL-1 worms compared with vehicle controls. All treatments
with iron chelators decreased ROS formation in Mn-loaded N2 and APL-1 strain. In
line, the basal slowing response was significantly affected by Mn in both N2 and
APL-1 when compared to respective controls. Treatment with the iron chelators
increased the number of body bends in the APL-1 strains when compared with the
Mn group. Consistent with increased ROS levels, worms exposed to Mn showed
increased dopaminergic neurodegeneration, which was rescued by all iron chelator
treatments. Our results show that Mn causes APL-1-dependent increases in ROS
levels and neurodegeneration and that treatment with iron chelators can mitigate
the Mn-induced effects.

3784

17β-Estradiol and Tamoxifen Protects against Mn-Induced
Toxicity in BV2 Microglia Cells

I. Nyarko-Danquah1, E. Pajarillo1, A. Digman1, M. Aschner2, and E. Lee1. 1Florida A&M
University, Tallahassee, FL; and 2Albert Einstein College of Medicine, Bronx, NY.
Chronic exposure to elevated levels of manganese (Mn) results in a neurological
condition referred to as Manganism, exhibiting symptoms similar to parkinsonism.
17β-estradiol (E2) and tamoxifen (TX) which is a selective estrogen receptor modula-
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tor (SERM) and known to act as an agonist in the brain tissue, afford neuroprotection against Mn toxicity in neurons and astrocytes. However, if they exert protective
effects against Mn-induced toxicity in microglia remain to be studied. In the present
study, thus, we investigated the effects of E2 and TX on Mn toxicity using BV2
microglia. BV2 cells were pretreated with E2 (10 nM) and TX (1 uM) for 1 h prior to
Mn (250 uM) exposure, followed by assessment of reactive oxygen species and cell
viability. Results showed that E2 and TX attenuated Mn-induced cytotoxicity and
ROS production in BV2 cells. E2 and TX also attenuated Mn-induced proinflammatory cytokine production in microglia by preventing Mn-induced increase in mRNA
levels of TNF-α and IL-1β by qPCR. In addition, E2 and TX modulated Mn-induced
apoptosis by blocking Mn-induced increase in pro-apoptotic Bax protein levels,
while attenuating Mn-induced reduction in anti-apoptotic Bcl-2 expression in BV2
cells. Next, the estrogen receptor subtypes responsible for the protective effects
of E2 and TX were determined using the ER-α receptor antagonist MPP, and the
ER-β receptor antagonist PHTPP. The results showed that the protective effects
of E2 and TX occurred via both ER receptor subtypes. Taken together, our findings
suggest that E2 and TX exert protection against Mn-induced toxicity in microglia by
acting on both ER receptor subtypes, warranting further investigation the protective
mechanisms involved to identify the molecular targets for potential therapeutics to
treat Mn toxicity.

3785

MeHg Exposure during Development of Human iPSC-Derived
Cortical Glutamatergic Cultures Results in a Persistently Altered
Genetic and Functional State

A. M. Tukker1, M. D. Neely2, L. M. Prince1, H. Kim1, S. Xie1, J. Thimmapuram1, M.
Aschner3, and A. B. Bowman1. 1Purdue University, Lafayette, IN; 2Vanderbilt University
Medical Center, Nashville, TN; and 3Albert Einstein College of Medicine, Bronx, NY.
Developmental exposure to methylmercury (MeHg) causes long-lasting effects
in the cortical structures of the developing and mature brain. To understand the
mechanisms behind altered glutamatergic (GLUergic) neuron function, this study
aims to develop a human induced pluripotent stem cell (hiPSC) model of differentiating cortical GLUergic neurons that allows for assessment of persistent
MeHg-induced neurotoxic effects. Cultures were continuously exposed from day
4-10 of development (stage with neural epithelial and radial glia cells; RG) or 4-10 +
14-20 (stage with intermediate precursors and early post-mitotic neurons; RG+IPC)
to in vivo relevant MeHg concentrations (0.1 or 1 µM). Then cortical GLUergic differentiation was continued. Immunofluorescent images revealed no morphological
differences between groups across developmental stages. Around day 40, cells
were assessed for persistent effects using single cell RNA sequencing. Subtle,
but significant changes in population size of different cortical cell types were
found. Exposure during the RG stage resulted in a robust pattern of differentially
expressed genes playing key roles in functional and biological pathways, indicating
a persistent toxic effect. Impacted pathways (FDR<0.05) included mTOR, eIF4/
p70S6K, EIF2, SIRTs and Insulin/IGF signaling, all pathways required for healthy
aging. Mature cultures (>day110) were grown on micro-electrode arrays (MEAs).
Assessment of spontaneous activity and neuronal network behavior indicated
altered spiking and (network) bursting patterns for exposed RG and RG+IPC
cultures for a duration >40days. Exposure to sodium arsenite (As; 100 µM) revealed
altered susceptibility to this secondary stressor with the RG exposures showing
a decrease in bursting (20% MeHg 0.1 group; 16% MeHg 1 group) and network
bursting (28% MeHg 0.1 group; 1.3% MeHg 1 group) as compared to control (set
to 100%). The data support that early-life MeHg exposure results in altered genetic
and functional state and altered susceptibility to exposure to later-life stressors.
Notably, and importantly, these novel data indicate that effects are long lasting
and manifest well after cessation of exposure. Supported by NIH R01 ES07331
(ABB/MA).

3786

Temporal Response of AKT/S6 Signaling to Manganese
Exposure

X. Tang1, L. L. Rosati Yoos1, M. Aschner2, and A. B. Bowman1. 1Purdue University, West
Lafayette, IN; and 2Albert Einstein College of Medicine, Bronx, NY.
Manganese (Mn)-induced neurotoxicity has been broadly studied, with mitochondrial dysfunction representing a critical mechanism associated with cell death.
However, our recent findings argue against this relationship at levels that do not
cause cell death. No mitochondrial dysfunction was detectable at subtoxic concentrations indicating that other pathways contribute to neurobiological changes
induced at low doses of Mn. Our lab also linked Mn exposure with insulin/IGF
pathway regulation. Mn and IGF co-treatment additively elevated the activity of
AKT and downstream p70 ribosomal S6 kinase in both neuronal cell lines and
human neurons differentiated from iPSCs. Accordingly, we hypothesized that
altered insulin/IGF pathway and other Mn-dependent signaling activities serve as
a mechanism of neurobiological changes induced by chronic and subtoxic levels
of Mn exposure. We first exposed the wildtype mouse striatal cell line STHdh to
a series of Mn concentrations at physiological levels of IGF, and assessed AKT
and S6 phosphorylation 3 hours later. Western blot analysis revealed that, with IGF
present, S6 phosphorylation was concentration-responsive sensitive to Mn below
100 µM, while AKT phosphorylation was not. To further investigate this differential

responsiveness between AKT and S6, we followed a time course, sampling cell
lysate at multiple time points after exposure. Upon treatment with IGF and high
concentrations (50 and 200 µM) of Mn, we noted as early as 30 minutes after
treatment increased phosphorylated/total AKT ratio. For S6, phosphorylated/total
ratio was not elevated until 2 to 3 hours after treatment. Next, we tested if the
transport kinetics of Mn might be a cause of this delay. Pre-treatment with Mn for
24 hours was applied. Pre-treatment of 50 µM Mn induced AKT activation, but not
S6. Following serum deprivation and IGF treatment, S6 again displayed a greater
sensitivity to lower levels of Mn (0.5 and 5 µM), while AKT phosphorylation was only
potentiated by 50 µM Mn. These findings indicated that other Mn targets may be
involved in the regulation of AKT and S6 responsiveness to Mn in the presence of
IGF. It also sheds new light on the potential of altered activity of AKT and S6 upon
chronic low dose Mn treatment to affect neuronal responsiveness to IGF level.
Supported by NIH R01 ES010563 (ABB/MA).

3787

Long-Term Neonatal Neurotoxic Impact of Maternal E-cigarette
Use: Alteration of Blood-Brain Barrier (BBB) Integrity, Neuroinflammation, and Behavioral Outcomes

S. Rahman Archie, A. Sifat, H. Villalba, S. Sharma, S. Nozohouri, Y. Zhang, and T.
Abbruscato. Texas Tech University Health Sciences Center, Amarillo, TX.
Despite the prevalence perception about electronic cigarette (e-Cig) as a safe
alternative of smoking for pregnant women, growing concern related to its potential
toxic impact on neonatal health warrants adequate investigation. Several studies
have demonstrated the toxic effects of prenatal tobacco smoking on postnatal
health however, no such data is available with reference to e-Cig exposure during
pregnancy. Due to the noticeable growth in e-Cig usage during pregnancy (10%),
it has become critical to study the impact of maternal e-cig smoking on postnatal
health outcomes. Hence, in this study, we have evaluated the consequences of
prenatal e-Cig use during pregnancy on postnatal blood-brain barrier (BBB) integrity,
neuro-inflammation, and behavioral outcomes of adolescent and adult offspring.
Pregnant CD1 mice (E5) were exposed to e-Cig vapor (2.4% nicotine) till postnatal day (PD) 7. Weight of the offspring was measured up to PD 90. Nicotine and
cotinine concentration in plasma and brain were measured in PD 7 offspring by
LC-MS/MS. The expression level of structural elements of the BBB including, tight
junction proteins (ZO-1, claudin-5, occludin), astrocyte (GFAP), pericyte (PDGFRβ)
and basement membrane (Laminin α1, Laminin α4) were analyzed in offspring
using western blot and immunohistochemistry at PD 7, PD 23, PD 45 and PD 90.
Relevant inflammatory markers were quantified at PD 7 and PD 90. Long-term motor
and cognitive functions were also evaluated using open field test, novel object
recognition test and Morris water maze test at adolescence and adult age. Reduced
body weight was observed in e-Cig exposed offspring at all time points till PD 90
compared to control (P <0.05). Plasma concentration of nicotine and cotinine in PD
7 offspring was 3.215 ng/mL and 3.373 ng/mL respectively whereas in brain, these
two concentrations were 43.72 ng/mL and 1.123 ng/mL respectively. Significantly
reduced expression of tight junction proteins and astrocytes were observed in male
and female offspring at PD 7, PD 23, PD 45 and PD 90 (P <0.05). Moreover, higher
level of IL-6 and IL-1β was found in offspring at PD 7. Additionally, prenatally e-Cig
exposed, both male and female, adolescent and adult offspring showed impaired
locomotor, spatial learning, and memory function compared to control offspring (P
<0.05). Our findings suggest that prenatal e-Cig exposure induces some long-term
neurotoxic effects on neonates by disrupting postnatal blood-brain barrier integrity,
inducing neuro-inflammation and impairing motor and cognitive function at adolescence and adult age.

3788

Investigating Impact of Gene-Environment Interactions on
Developmental Toxicology of Methylmercury Using Zebrafish

A. Lutzke1, C. Dickey1, E. Johnson1, M. Carvan2, and B. Carter1. 1University of WisconsinEau Claire, Eau Claire, WI; and 2University of Wisconsin-Milwaukee, Milwaukee, WI.
Methylmercury (MeHg) is a common environmental contaminant, and prenatal or
early environmental exposure to MeHg is known to cause developmental abnormalities. MeHg is cleared from the body by oxidative stress metabolism pathways
involving glutathione (GSH). The amount of time MeHg remains in the body varies
greatly across individuals, and this variation may be due in part to genetic polymorphisms in genes involved in MeHg metabolism. Certain alleles of GSH-related
genes (e.g. GSTP1, GCLM) are correlated with elevated blood MeHg levels in adult
humans; how these alleles affect MeHg metabolism during development is not
well known. Our objective is to produce and validate mutant zebrafish lines with
loss-of-function mutations in GSH-related genes using CRISPR-Cas9 reagents and
high-resolution melt analysis genotyping (HRMA). CRISPR targeting and genotyping primers were designed using CHOPCHOP web tools. Embryos were microinjected at 1-cell stage with Cas9 protein complexed with one guide RNA per gene
target. HRMA primers were confirmed using synthetic DNA templates matching
the targeted gDNA sequence. Methods were implemented and confirmed using
reagents targeting tyrosinase (tyr, pigment gene). HRMA was able to distinguish
between PCR products from synthetic DNA templates of different lengths for all
genes tested. We successfully detected mutations in targeted genes using HRMA
in CRISPR-injected fish compared to vehicle-injected fish, enabling production of
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loss-of-function zebrafish lines for these genes with this approach. These results
enable future experiments defining genetic influence on developmental toxicology
of methylmercury.

3789

Cord and Maternal Blood Essential and Toxic Metals Levels in
Occupationally Exposed Pregnant Women: Possible Implications
in ASD Aetiogenesis

I. O. Omotosho. University of Ibadan, Ibadan, Nigeria.
Autism Spectrum Disorders (ASD) is a neurodevelopmental abnormality. In spite
of genetic mappings and investigation of environmental toxicants, aetiogenesis
of this disorder remains a medical challenge. This work investigated placental
transfer of some essential (Cu, Zn, Ca, Mg, Se) and toxic (Cd, Pb) metals in occupationally vulnerable pregnant mothers as possible basis of this disorder in children.
105 third trimester pregnant women comprising 50 occupationally exposed (cases)
(27.68±5.57 years) and 55 non-occupationally exposed age-matched (28.84±5.37
years) (controls) were recruited by convenient sampling method for this study.
Blood (including cord blood) was collected from all participants. Essential and
toxic metal levels were determined in the blood samples using Induction-Coupled
Plasma-Mass Spectroscopy (ICP-MS); anthropometric and sociodemographic
data of the women along with the developmental milestone indices of the baby at
infancy were also recorded. Levels of trace elements were 328.02±109.99mg/L,
370.82±192.97umol/L, 8.61±0.89mg/dl, 1.52±0.26mg/dl and 10.17±1.22mg/L;
348.27±150.61mg/L, 416.80±276.73umol/L, 8.61±0.86mg/dl, 1.46±0.35mg/dl and
8.96±1.15 mg/L for Cu, Zn, Ca, Mg and Se in cases and controls respectively. The
differences were not significant. Less than 10% of participants samples (maternal
and cord blood) had detectable toxic metal levels. However, cord blood trace metals
concentrations were 125.07±24.66mg/l, 525.38±45.86umol/L, 8.44±0.15mg/dl,
1.51±0.31mg/dl and 7.02±0.72mg/dl in fetuses of cases and 91.05±13.27mg/l,
591.22±44.62umol/l, 1.63±0.15mg/dl and 8.19±0.78mg/L in fetuses of control
for Cu, Zn, Ca, Mg and Se respectively. Only cord blood Mg level was significantly
different (p=0.013). Baby weight and head circumferences also correlated significantly with cord Zn and Cu levels (r=0.293, p=0.039), (r=0.478, p=0.010) respectively. Reduction in Mg and Se levels may have depleted the glutathione pool in
the fetuses overwhelming the antioxidative roles of Zn against the increasing Cu
and toxic metals levels. Our hypothesis is that given the role of Se, Cu and Mg in
neurodevelopment, imbalance of these metals from in`-utero may be the aetiological basis of ASD in children.

3790

Gestational Bisphenol A Exposure Disrupts the Development of
Hypothalamic Vasopressinergic System in Mice

J. Zheng, D. Baimoukhametova, J. Bains, C. Lebel, and D. Kurrasch. Hotchkiss
Brain Institute, University of Calgary, Calgary, AB, Canada. Sponsor: D. Kurrasch,
Endocrine Society
Bisphenol A (BPA) is ubiquitously detected in humans, including pregnant women.
Increasing epidemiological and animal studies show associations between
prenatal BPA exposure and social behavioral issues later in life. Since vasopressinergic circuits plays important roles in regulating social behaviors, and our previous
studies suggested that gestational exposure to BPA altered vasopressin development in the mouse hypothalamus, herein, we evaluated the effects of maternal
BPA exposure (2.25 μg/kg body weight) on vasopressinergic circuits. Specifically,
we conducted birthdating and immunohistochemistry experiments to examine
changes in neurogenesis and the number of arginine vasopressin (AVP)+ neurons
in the hypothalamus, as well as iDISCO+ whole-brain imaging and whole-cell patch
clamp to determine defects in AVP intra- and extra-hypothalamic projections
and their electrophysiological properties. We observed precocious neurogenesis
at embryonic (E) 10.5, E11.5 and E12.5 and higher numbers of AVP neurons in
the paraventricular nucleus (PVN) across development (E15.5, P0, P7, P15 and
P30) in exposed females, with a reverse or no effect observed in exposed males.
Additionally, we found that female mice exposed to maternal BPA displayed
increased intra-hypothalamic projections, including the PVN projection to supraoptic nucleus and the projection to the retrochiasmatic nucleus, while no effects were
observed in males. Disrupted projections to extra-hypothalamic regions, including bed nucleus of the stria terminalis, amygdala and lateral habenula were also
observed in a sex-specific manner following gestational BPA exposure. In addition,
our whole-cell patch clamp data showed that female AVP neurons maternally
exposed to BPA have lower spontaneous action potentials (sAP) frequency than
that of the control neurons, while reverse effects were found in male AVP neurons.
We also observed that female AVP neurons from the BPA group were less responsive to current injections than the neurons from control group. Spontaneous
excitatory post-synaptic currents frequency and amplitude were also altered
by maternal BPA exposure in females but not in males. Collectively, our results
suggest that low dose maternal BPA exposure disturbs vasopressinergic development in a sex difference manner, indicating a potential for BPA to masculinize the
fetal female brain.

3791

In Vitro-In Vivo Extrapolation (IVIVE) for Neurodevelopment:
Toxicokinetics and In Vitro Point-of-Departure Evaluation of
Putative Developmental Neurotoxicants

A. Kreutz, T. Shafer, K. Paul-Friedman, J. Wambaugh, and B. Wetmore. US EPA,
Research Triangle Park, NC.
In vitro new approach methodologies (NAMs) are increasingly applied to screen
for developmental neurotoxicity (DNT). These NAMs hold many benefits over
traditional in vivo DNT guideline studies for risk assessment. However, alongside
additional uncertainties, these assays lack two key barriers that modulate concentrations at the site of brain development: the fetoplacental and blood brain barriers,
leading to data gaps in translating in vitro potency values to in vivo concentrations
in the brain during critical windows of development. To address this, we sought to
develop a customized IVIVE approach. To estimate in vivo exposures that could
elicit DNT-relevant bioactivity and doses relevant for risk-based evaluations, IVIVE
was performed using physiologically-based pharmacokinetic (PBPK) modeling
during susceptible stages of neurodevelopment—15 and 24 gestation weeks (GW),
and 2 weeks and 1 year of age. This approach incorporated in vitro human toxicokinetic (TK) data and biological modeling to predict maximal concentrations (Cmax)
in brain, fetoplacental, and plasma compartments for ~100 chemicals that had
been screened in DNT NAMs for bioactivity. PBPK modeling showed Cmax values
to span 4 orders of magnitude for the chemicals tested, with most chemicals
preferentially partitioning into the brain and fetoplacental compartments. A reverse
dosimetry approach was used to calculate administered equivalent doses (AEDs) in
mg/kg/day, based on bioactivity data. AEDs for the most sensitive endpoint across
the chemicals tested varied by 7 orders of magnitude within a lifestage, with the
lowest AEDs typically found for the youngest age. For chemicals where in vivo DNT
data were available, AEDs overlapped with doses that elicited in vivo DNT effects at
comparable lifestages, demonstrating the validity of this approach. By also incorporating external exposure estimates, we provide metrics—bioactivity:exposure ratios
(BERs)—that can be used in predictive toxicology efforts for risk assessment
prioritization of chemicals of concern for DNT. BERs for two chemicals, heptachlor
and esfenvalerate, fell below 50, whereas the rest were above 500. To provide
greater mechanistic insight and applicability for risk assessment, current efforts
are incorporating 3 additional elements: enzyme-specific clearance to assess the
impact of metabolic ontogenies, a lactational model to assess the impact of breastfeeding, and consideration of passive and active permeability to assess the impact
of diffusion and transport on target tissue levels. This abstract does not necessarily
represent the views or policies of US EPA.

3792

Identification of Novel Neurodevelopmental Phenotypes
Associated with TCDD-Exposure and Ahr2 Loss of Function in
Zebrafish

K. G. Anderson, N. R. Martin, R. Patal, M. E. Kossack, and J. Plavicki. Brown University,
Providence, RI.
The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor
that has important endogenous functions during development. Correspondingly,
exposure to environmental contaminants that act as exogenous AHR ligands
can induce developmental toxicity. Previous research has demonstrated that the
developing nervous system is sensitive to both AHR loss of function and gain of
function. Genetic loss of spineless, the invertebrate ortholog of AHR, as well as
gain of spineless function alters patterns of dendritic arborization in the peripheral
nervous system. Loss of murine Ahr or exposure to the potent AHR agonist 2,3,7,8
tetrachlorodibenzo-[p]-dioxin (TCDD, dioxin) disrupts neurogenesis in the mouse
hippocampus. Using the zebrafish model, we have identified novel neurodevelopmental phenotypes associated with TCDD-induced Ahr2 activation and as well as
novel neural phenotypes in ahr2 mutants. We found that early embryonic TCDD
exposure (1ppb TCDD; waterborne at 4 hours post-fertilization (hpf)) disrupts the
formation of neural networks in the forebrain, optic tectum, and cerebellum at 48
hpf, prior to TCDD-induced changes in cardiac function. We also observed reduced
expression of synaptic vesicles 2 immunoreactivity in the brains of TCDD exposed
embryos. Using the Gal4 system, we drove the expression of a constitutively active
AHR (caAHR) in differentiated neurons and were able to recapitulate phenotypic
changes observed in the cerebellum. Neural network formation was also significantly impaired in optic tectum, cerebellum, and hindbrain of ahr2 mutants at 48
hpf. We are currently conducting experiments with genetically encoded calcium
indicators to examine patterns of brain activity in ahr2 mutants. Together, our
results demonstrate novel effects of ahr2 activation and loss of function on zebrafish brain development and facilitate our understanding of how environmental
contaminants can contribute to neurodevelopmental disorders.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 247

3793

Optimization of an Animal Component-Free System for HighThroughput Phenotypic Profiling of Human Neural Progenitor
Cells

M. Culbreth1, J. Nyffeler1,2, C. Willis1, and J. A. Harrill1. 1US EPA, Research Triangle Park,
NC; and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.
There is an on-going effort worldwide to refine and/or reduce the use of animals
for toxicity testing. Evaluation of the potential developmental neurotoxicity (DNT)
hazard of chemicals, however, still relies heavily on in vivo systems. Moreover,
new approach methods (NAMs) that have been developed to circumvent some
limitations of these traditional DNT studies, still necessitate the use of animal-derived products, particularly growth substrates for cell attachment and expansion.
We previously adapted a high-throughput phenotypic profiling (HTPP) NAM
for human neural progenitor cells (hNP1) using a mouse-derived laminin (MDL)
growth substrate. HTPP is a fluorescence-based imaging assay that quantitatively
measures alterations in cellular morphology. In the present experiments, we wanted
to determine whether substitution of the MDL with a human recombinant laminin
(HRL) would produce similar phenotypic profiles in the hNP1 cells. We selected four
HRL types to examine: LN111, LN211, LN511, and LN521. Each HRL type was first
evaluated at three concentrations (1, 5, 10 µg/mL) using our standard method in
which laminin was diluted directly in the cell suspension prior to plating; however,
none produced viable hNP1 cultures. Therefore, we opted to pre-coat plates with
the HRL types at 4°C for 24 hours, which did subsequently support viable cultures.
A significant interaction between laminin type and concentration (p = 2.67x10-5) for
the number of analyzed cells/well was observed 48 hours post-plating; however,
LN211 was not significantly different from the MDL at any concentration tested.
There was also a significant effect of laminin type (p < 2x10-16) on percent confluence, but only LN111 was not different in this case. We then performed a principal
component (PC) analysis to evaluate potential variation in the phenotypic profile
of the hNP1 cells across laminin type. The first PC accounted for 43.1% of the
variance, and thus revealed the phenotypic profiles of the HRL types did not wholly
resemble that of the MDL. LN111 was the most similar with 38.5% of the variance
explained by the first PC, and may be the most appropriate substitute for MDL in
the HTPP assay. To further explore potential differences, we will also assess whole
transcriptome profiles, as well as neural specific markers across laminin type in
order to identify an HRL type for use in an animal component-free HTPP assay in
the hNP1 cells. This abstract does not reflect US EPA policy.

3794

Differential Susceptibility to Developmental Benzo[a]pyrene
Exposure in Cyp1a1(+/+) Wildtype and Cyp1a1(-/-) Knockout
Mice

A. Kyntchev, E. Foster, K. Clough, A. Towell, C. Perry, A. Honaker, E. Wical, M. Kowalski,
and C. Curran. Northern Kentucky University, Highland Heights, KY.
Benzo[a]pyrene (BaP) is a polycyclic aromatic hydrocarbon (PAH) commonly
found in vehicle exhaust, cigarette smoke and grilled food. Exposure to PAHs
during pregnancy and early life has been linked to adverse cognitive and behavioral
effects in children that persist into adolescence. We use a mouse model with allelic
differences in the aryl hydrocarbon receptor pathway to identify genes that affect
susceptibilty to developmental BaP exposure. Our initial studies found differences
based on genotype and sex in Cyp1a2(-/-) knockout mice. We extended those
studies to Cyp1a1(-/-) knockout mice using the same exposure paradigm. Pregnant
dams were dosed with 10mg/kg/day BaP in corn oil-soaked food from gestational
day 10 through weaning at postnatal day 25. Behavioral testing of adult offspring
began at P60. We found no differences in novel object recognition; however, there
were multiple differences found in Morris water maze. We use a three-week hidden
platform protocol with a smaller platform each week moved to a new location. The
greatest impairments were found in the final and most difficult Shift-reduced phase
using a 5cm diameter platform. There was a significant gene x treatment interaction
for the number of zone crossings in the Shift Probe trial with BaP-exposed Cyp1a1(/-) knockouts having fewer zone crossings whereas BaP-exposed Cyp1a1(+/+) wild
type mice had the highest number of zone crossings. Interestingly, we found a
main effect of genotype in the Shift-reduced 6-day learning trials with Cyp1a1(-/-)
knockouts having significant impairments regardless of treatment. This suggest
CYP1A1 might have a normal role in brain development or function.

3795

Thyroid Supplementation Reverses the Abnormal Social and
Oxytocin Phenotype Produced by Developmental Exposure to
PBDEs in a Sex-Dependent Manner

E. V. Kozlova1, M. De Angelis2, M. E. Denys1, A. E. Bishay1, L. Campoy1, K. Schramm2,
and M. C. Curras-Collazo1. 1University of California Riverside, Riverside, CA; and
2Helmholtz Zentrum München, Munich, Germany.
Polybrominated diphenyl ethers (PBDEs) are endocrine-disrupting chemicals
(EDCs) that are widely used flame retardants added to common household
products. In humans, PBDEs are associated with neurodevelopmental deficits
including ones associated with social competence and learning. We have previously
shown that PBDE-exposed F1 female progeny display autism-relevant characteris-

tics such as deficient social novelty preference and social recognition memory
(SRM), exaggerated repetitive behavior and deficient social odor discrimination
(Kozlova et al 2021). In this study, we show that developmental exposure (via dam
GD0-PND21) to the PBDE mixture, DE-71 (L-DE-71; 0.1 mg/kg/d), reduces oxytocin
immunofluorescence density in the paraventricular nucleus of the hypothalamus
(PVN) that is critical for social recognition memory in male and female F1 offspring
relative to VEH/CON (0 mg/kg/d). One of the well characterized actions of PBDEs
is disruption of the hypothalamo-pituitary-thyroid axis (HPT). Thyroid hormones
(TH) are critical for nervous system development and regulate the transcription of
oxytocin. We show for the first time, that L-DE-71 alters central thyroid hormone
species (T2, rT3, T3, and T4) relative to VEH/CON in F1 offspring but with a different temporal pattern in males (PND30) and females (PND15) as measured using
liquid chromatography-tandem mass spectrometry. This coincides with reduced
plasma T4 in PND15 male but not female offspring. Supplementation of pregnant
dams with levothyroxine, a synthetic analogue of thyroxine (T4), during gestation
and lactation (GD12-PND21), increased plasma oxytocin in exposed dams. More
importantly, supplementation normalized PBDE-induced deficiency in social
recognition memory test, and PVN oxytocin levels in exposed female but not male
offspring. These changes are specific to social behavior as were no changes in
passive avoidance memory. Interestingly, L-DE-71 female but not male F1 also
receiving supplementation showed a significant increase in plasma T4. Maternal
behavior (retrieval of PND4 pups) was significantly reduced by supplementation
with 6-propyl-2-thiouracil, a drug that blocks the production of thyroid hormone
by thyroid gland, but not by DE-71 nor DE-71 plus levothyroxine supplementation.
These results provide novel insight into neuroendocrine disruption of the central
oxytocin system by maternal transfer of environmental pollutants and its possible
contribution to neurodevelopmental disorders such as autism.

3796

Bioactivation and Detoxification of Organophosphorus
Pesticides in Freshwater Planarians Shares Similarities with
Human OP Metabolism

V. Bochenek1, D. Hagstrom1, C. Rabeler1, Y. Jung1, and E. Collins1,2,3. 1Swarthmore
College, Swarthmore, PA; 2University of California San Diego, San Diego, CA; and
3University of Pennsylvania, Philadelphia, PA.
Organophosphorus pesticides (OPs) are a chemically diverse class of insecticides that inhibit acetylcholinesterase (AChE). Many OPs require bioactivation
to their active oxon form via cytochrome P450 for AChE inhibition. Additionally,
OP toxicity can be mitigated by detoxification reactions performed by carboxylesterase and/or paraoxonase. OPs are effective pesticides because the relative
extent of bioactivation to detoxification varies greatly between insects and humans,
leading to decreased toxicity in humans compared to insects. Because of these
species differences, it is imperative to characterize OP metabolism in model
systems used to assess OP toxicity to adequately predict potential human hazard.
We have previously shown that the asexual freshwater planarian Dugesia japonica
is a powerful model to assess OP neurotoxicity and developmental neurotoxicity. This invertebrate system uniquely allows for rapid, automated testing of adult
and developing organisms in parallel using multiple morphological and behavioral
endpoints. D. japonica has two cholinesterase enzymes with intermediate properties between AChE and butyrylcholinesterase that are sensitive to OP inhibition. In
this work, we tested the hypothesis that this asexual planarian contains the major
OP metabolic machinery to be a relevant model for OP neurotoxicity. We found that
D. japonica can bioactivate chlorpyrifos, diazinon and malathion into their respective oxons. Significant AChE inhibition was only observed after in vivo metabolic
activation but not when the parent OPs were directly added to planarian homogenate. Additionally, we found that D. japonica has both carboxylesterase and paraoxonase activity. Using specific chemical inhibitors against different hydrolases and
Anspaugh and Ellman assays, we further show that carboxylesterase activity is
distinct from cholinesterase activity. Together, these results show that the freshwater planarian D. japonica has the necessary metabolic machinery to be a relevant
model for assessing OP neurotoxicity. Supported by NIH grant R15 ES031354.

3797

Developmental Pyrethroid Exposure and Age Influence
Phenotypes in a Chd8 Haploinsufficient Autism Mouse Model

J. A. Jiménez, J. M. Simon, W. Hu, S. S. Moy, K. M. Harper, C. Liu, K. Lu, and M. J. Zylka.
University of North Carolina at Chapel Hill, Chapel Hill, NC.
Hundreds of genes have been associated with autism spectrum disorder (ASD),
including loss-of-function mutations in chromodomain helicase DNA binding
protein 8 (Chd8). Environmental factors also are implicated in autism risk and have
the potential to exacerbate phenotypes in genetically sensitized backgrounds.
Here we investigate transcriptional and behavioral phenotypes in a Chd8 haploinsufficient (Chd8V986*/+) mouse line exposed to the pesticide deltamethrin (DM)
from conception to postnatal day 22. Vehicle-exposed Chd8V986*/+ mice displayed
ASD-associated phenotypes, including anxiety-like behavior and altered sociability,
replicating a previous study with this mouse line. A core set of genes was altered
in Chd8V986*/+ mice at multiple ages, including Usp11, Wars2, Crlf2, and Eglf6, and
proximity ligation data indicated direct binding of CHD8 to the 5’ region of these
genes. Moreover, a neurodegenerative transcriptional phenotype was apparent in
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12 and 18 month old Chd8V986*/+ mice. Following DM exposure, the mutant mice
displayed an exacerbated phenotype in the elevated plus maze, and genes associated with vascular endothelial cells were downregulated in the cerebral cortex of
older Chd8V986*/+ animals. Our study reveals a gene x environment interaction with
a Chd8 haploinsufficient mouse line and points to the importance of investigating
phenotypes in ASD animal models across the lifespan.

3798

Developmental Effects of Co-exposure to Four Neurotoxic Heavy
Metals in Danio rerio

M. Mukai1, A. Abdelmoneim1, I. Gomes1, C. Clark1, M. Maffini2, and J. McPartland2.
1Cornell University, Ithaca, NY; and 2Environmental Defense Fund, Washington, DC.
Heavy metals that are ubiquitous contaminants in food/water pose detrimental
neurodevelopmental effects in children, that can persist into adulthood. Although
neurotoxicity associated with individual heavy metals has been investigated, there
exists a gap in understanding of real-life cumulative effects in mixtures of heavy
metals, instigating regulatory challenges. In this study, we investigated neurotoxicity of four common heavy metals found in food/water—mercury (Hg), lead (Pb),
cadmium (Cd), and Arsenic (As)—in early developing zebrafish larvae. Embryos
were dechorionated at 4 hours post-fertilization (hpf) and continuously exposed
to individual heavy metals from 24 - 144 hpf to generate lethality dose-response
curves. Neurotoxicity of single as well as complex mixtures was evaluated
further at 144-hpf with visual-motor response to dark/light cycles, gene expression analysis, and specific neuronal counts using transgenic zebrafish lines. No
Observed Effect Concentrations (NOEC) estimated from the lethality curve,
USEPA’s Maximum Contaminant Levels (MCL) for drinking water and its fold higher
(10~50x) concentrations were used to create complex mixtures. Lethality curves
were generated from single exposures with toxicity in the following order: Hg > Pb >
Cd > As. Mixtures of all 4 heavy metals at each estimated NOEC resulted in a significant increase in lethality, inhibited growth, and affected the visual-motor response
of developing larvae, which could not be explained solely by an additive effect.
Exposure to mixtures of all 4 metals at their individual MCL and up to concentrations of 50x the MCL did not affect the survival of developing larvae. However,
growth and visual-motor response were affected following exposures to mixtures
at 25x and 50x MCL. The expression levels of biomarkers of developmental
neurotoxicity, gfap, elavl3, nrxn2aa, α1-tubulin, and mbpa, were significantly altered
in response to exposures to mixtures 25x and 50x mixture-MCL as well. Exposure
at 50x mixture-MCL also significantly reduced the number of motor neurons in a
representative section of the spinal cord. Other excitatory and inhibitory neuronal
populations were not significantly altered. Our findings reveal unique developmental neurotoxic effects associated with combined exposure to heavy metals, and
highlight the urgent need to further investigate the human health risks associated
with these exposures.

3799

Gestational Exposure to the NIS Inhibitor Ammonium
Perchlorate: Thyroid Hormones in Gland, Serum, Fetal Rat Brain

M. E. Gilbert, I. Hassan, C. Wood, K. O’Shaughnessy, S. Spring, S. Thomas, and J. Ford.
US EPA, Research Triangle Park, NC.
Adequate supplies of iodine are essential for production of the iodinated hormones
of the thyroid gland. A number of environmental contaminants have been identified
that interfere with the transport of iodine into the thyroid gland with the potential
to reduce thyroid hormone (TH) synthesis. As thyroid hormones are critical for
brain development, the effects of environmental exposures during pregnancy have
raised concern for this action of environmental contaminants to impair fetal brain
development. The goal of this study was to define dose response profiles of TH in
the maternal and fetal compartments of pregnant rats in response to perchlorate,
a reference chemical known to inhibit the sodium-iodine symporter (NIS). Pregnant
rat dams were exposed to 0, 10, 30, 300 or 1000ppm perchlorate in the drinking
water from gestational day (GD) 6-20. Blood was sampled from the dams on GD16
and from dams and fetuses at sacrifice on GD20. Thyroid glands and brain were
collected on GD20 for hormone and analysis of expression of TH-responsive genes.
Maternal TH in the thyroid gland and serum were reduced in a dose-dependent
fashion, with steeper declines observed in the fetus. TH were also reduced in the
fetal brain. Gene expression changes in the gland revealed perturbations of thyroid
hormone action with differential sensitivity in dam and fetus. Concentrations of
TH in the fetal brain were reduced at the higher concentrations, while expression
of TH-regulated genes in the fetal cortex was altered at all dose levels of perchlorate. These findings add to our quantitative understanding of NIS inhibition and
TH production in the maternal and fetal thyroid gland. They provide a framework
to support development of a quantitative Adverse Outcome Pathway (AOP) for
NIS-related thyroid hormone disruption and neurodevelopment which may facilitate
the translation of in vitro bioactivity to the downstream in vivo consequences of NIS
inhibition in the developing fetus. Does not reflect US EPA policy.

3800

Cypermethrin Induces Changes in Fetal Microglia Populations
and in Placental Immune Cells

S. C. Eliasen1, B. A. Elser1, B. W. Hing1, and H. E. Stevens1,2. 1Carver College of Medicine,
Iowa City, IA; and 2Iowa Neuroscience Institute, Iowa City, IA.
Cypermethrin is a common insecticide belonging to the pyrethroid family. This
compound is widely used in domestic settings (i.e. insect sprays and pet leashes)
and in agriculture (i.e. a commonly-found contaminant on fruits and vegetables).
In human populations, research has indicated that cypermethrin is not toxic to
adults at typical exposure levels. However, prenatal cypermethrin’s effects on the
developing nervous system and the role of the placenta merit attention. CD1 mouse
dams were administered dosages of 0.3 mg/kg, 3 mg/kg, or 10 mg/kg cypermethrin once daily via oral gavage from embryonic days 6-16 (E6-16). Offspring fetal
forebrain and placentas were collected for stereological assessment of the density
of cells of the macrophage lineage with Iba1 immunohistochemistry (due to known
impacts of cypermethrin on immune functioning) and RNA sequencing of bulk
tissue. With weighted correlation network analysis of placenta RNAseq data, we
found that one highly correlated module of placental gene expression was predictive of embryonic brain microglial changes across all offspring (R=0.63). Total and
amoeboid embryonic cortical microglia were significantly increased, particularly in
males at the lowest dose cypermethrin exposure. This placenta-brain correlation
module involving placental Ccl3, a macrophage inflammatory protein was significantly reduced by cypermethrin exposure (p<0.004), leading us to also investigate
fetal-derived macrophages in the placental labyrinth zone. Cypermethrin significantly reduced placental macrophages, with greatest effects again in males at the
lowest dose (p<0.005). We found that brain microglia and placental macrophage
populations show similar dose-response patterns after maternal cypermethrin
exposure; both cell populations were affected most in males by the lowest dose.
These findings suggest that even low-dose cypermethrin may have sex specific
effects during development.

3801

Comparisons of Acute and Network Formation In Vitro Assays
for Evaluating Neurotoxicity

M. Martin1, K. Carstens1,2, A. Carpenter1,2, T. Shafer1, and K. Paul Friedman1. 1US EPA,
Research Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, Oak
Ridge, TN.
New approach methodologies (NAMs) have been developed to address the existing
need for information on the potential neurotoxicity or developmental neurotoxicity (DNT) hazard for thousands of chemicals in the environment. One platform is
the multi-well microelectrode array (MEA) to measure neuronal action potentials
and network formation. The acute MEA assay uses dissociated rat cortical cells
cultured at postnatal day 0 and evaluated for chemical effects on network activity
at day in vitro (DIV) 13 during an acute (60-minute) chemical exposure. In contrast,
the network formation assay (NFA) uses an exposure paradigm beginning at DIV 0
through DIV 12, when network development stabilizes; network activity is measured
throughout network development (at DIV 5, 7, 9, and 12). Chemicals were tested at
a single concentration (SC), multiple concentrations (MC), or both. Here, our aim
was to evaluate the quantitative and qualitative concordance between assays by
chemical. In general, the NFA demonstrates reductions in the majority of endpoints
for active chemicals, whereas the acute assay has differential patterns of response
that include increased and decreased neuronal activity. Overall, of 243 chemicals
tested in the acute (MC+SC) and NFA (MC+SC), 125 chemicals were active in both.
Subsequently, when the MC data were analyzed separately, of the 154 chemicals
tested in both the MC acute and MC NFA, 133 chemicals (86%) were detected in
the acute assay while 115 (75%) chemicals were detected in the NFA. For the 106
chemicals detected in both assays, the minimum AC50 potency values were not
shifted by assay in a predictable pattern. Additionally, filtering NFA data to include
only potency values less than cytotoxic concentrations did not reveal a linear
trend between minimum acute and NFA potency values. This analysis indicates
the acute and NFA may complement one another and inform neurotoxicity hazard
as well as likely probe distinct neurobiological substrates and specific functional
processes. Future work will determine whether there are differences in the general
network activity as well as bursting and connectivity parameters across assays.
This provides a basis for further chemical evaluation using both approaches. This
abstract does not necessarily reflect US EPA policy.

3802

A Population Screen of Chemical Toxicity Using HighThroughput Phenotypic Profiling (HTPP) in Diversity Outbred
Neural Progenitor Cells

A. H. Harrill1,2, J. Nyffeler3,4, C. Willis3, I. Daou5, C. Michelon5, D. You2, T. Choi5, M.
Culbreth3, J. Hsieh2, and J. A. Harrill3. 1NIH/NICHD, Bethesda, MD; 2NIEHS, Research
Triangle Park, NC; 3US EPA, Research Triangle Park, NC; 4Oak Ridge Institute for Science
and Education, Oak Ridge, TN; and 5Predictive Biology Inc., Carlsbad, CA.
Genetic sequence variation influences susceptibility to physiological responses
induced by chemical exposures, yet there are few methods to quantify inter-individual concentration-dependent responses in chemical toxicity in vitro. Diversity
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Outbred (DO) mice that mimic human heterozygosity and capture 90% of sequence
variation in the Mus musculus species provide an ideal resource to interrogate
toxicity responses unique to sensitive sub-populations. Toward this end, members
of the Tox21 Consortium have developed a population-based screening platform
of 100 male and 100 female DO neural progenitor cell lines created by Predictive
Biology. Here, we coupled this platform with the US EPA’s established high
throughput phenotypic profiling (HTPP) assay to interrogate interindividual variability in developmental neurotoxicity susceptibility. In an initial pilot study, 36 DO
cell lines were exposed to 12 chemicals (0-100 uM, 8 dose levels, N=3) for 24 h
and labeled with 6 fluorescent probes to visualize multiple organelles, including
nucleus, nucleoli, endoplasmic reticulum, golgi, cytoskeleton, plasma membrane
and mitochondria. 1,300 phenotypic measures were quantified from confocal
imaging and well-level data were normalized to each cell line’s DMSO control,
with phenotypic profiles assessed at concentrations at the cytotoxicity LOEL and
below. Phenotypic response across lines was quantified using global Mahalanobis
distance and a benchmark concentration (BMC) associated with the threshold for
phenotypic effects was determined for each cell line. In an initial test set of 36 DO
cell lines, chemicals with a high proportion of DO cell lines registering as “inactive” lacking bioactivity - were saccharin (putative negative control), bisphenol A, captan,
and dieldrin. Wide population variability in BMC was demonstrated for rotenone,
4-nitrosodiphenylamine, 5-flurouracil, and tebuconazole. While HTPP testing of
additional DO cell lines is ongoing, these pilot data represent an important first step
toward a high content screening strategy that may inform population variability in
dose and phenotypic response. This abstract does not reflect US EPA policy.

3803

Differential Developmental Neurotoxicity of Organophosphorus
Pesticides Revealed via Multi-dimensional Behavioral Screening
in Planarians

D. Ireland1, S. Zhang2, V. Bochenek1, C. Rabeler1, Z. Meyer1, and E. S. Collins1,2,3.
1Swarthmore College, Swarthmore, PA; 2University of California San Diego, San Diego,
CA; and 3University of Pennsylvania, Philadelphia, PA.
Organophosphorus pesticides (OPs) are a chemically diverse class of commonly
used insecticides. Epidemiological studies suggest that low dose chronic prenatal
and infant exposures can lead to life-long neurological damage and behavioral
disorders. While inhibition of acetylcholinesterase (AChE) is the shared mechanism
of acute OP neurotoxicity, OP-induced developmental neurotoxicity (DNT) can
occur in the absence of significant AChE inhibition, suggesting alternative targets.
Moreover, different OPs can cause different adverse outcomes, suggesting that
different OPs act through different mechanisms. We tested this hypothesis through
a comparative high-throughput screen using freshwater planarians. This invertebrate system uniquely allows for testing of adult and developing organisms in
parallel on an automated system. Seven OPs (acephate, chlorpyrifos, dichlorvos,
diazinon, malathion, parathion and profenofos) were tested across 10 concentrations in quarter-log steps to investigate potential differential effects of these OPs
on the adult and developing brain. Neurotoxicity was evaluated using a wide range
of quantitative morphological and behavioral readouts. Twenty-two “mechanistic
control compounds” known to target pathways suggested in the literature to be
affected by OPs (cholinergic neurotransmission, serotonin neurotransmission,
endocannabinoid system, cytoskeleton, adenyl cyclase and oxidative stress) and
assay negative and positive controls were also screened. Comparison of the
holistic toxicological profile for each compound demonstrated that different OPs
caused differential DNT phenotypes which were not correlated with levels of AChE
inhibition. Moreover, when compared with the mechanistic control compounds,
the phenotypic profiles of the different OPs separated into distinct mechanistic
clusters. The phenotypic profiles of adult vs regenerating planarians exposed to the
OPs clustered differently, suggesting some developmental-specific mechanisms.
These results provide new insight into how OPs differentially damage the developing brain and build the foundation for comparative studies of OP mixtures.
Supported by NIH grant R15 ES031354.
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An Evaluation of Neurotoxic Chemicals: ’Omics Approach to
Identify Neurotoxic Adverse Outcome Pathways

M. C. Valdez1,2, B. Langenbach1,2, C. Mack1, D. Freeborn1, T. J. Shafer1, D. W. Herr1,
and P. R. Kodavanti1. 1US EPA, Research Triangle Park, NC; and 2Oak Ridge Institute for
Science and Education, Oak Ridge, TN.
Humans are exposed to thousands of chemicals over a lifetime, of which more than
100,0000 have not been tested for potential adverse effects in brain. The National
Academy of Science has suggested utilizing advances in molecular biology to
identify adverse outcome pathways (AOPs) for the development of new approach
methods (NAMs) to prioritize chemicals that lack hazard data for neurotoxicity
including developmental neurotoxicity (DNT). Current neurotoxicity testing methods
that rely on neurobehavior and gross pathology may not be sensitive enough to
detect changes caused by realistic low levels of chemical exposures without
detection of the molecular origin of those phenotypes. We hypothesize that there is
overlap in the AOPs of neurotoxic chemicals and that by identifying commonalities
between chemical signatures (proteomics/transcriptomics), an empirical model
based on a set of common genes/proteins can be created for screening untested

chemicals for their neurotoxicity or developmental neurotoxicity. The overall goal
is to move from expensive and time-consuming in vivo testing batteries to faster
and less expensive batteries that allow true screening and prioritization of large
numbers of chemicals. With our in vitro model using rat primary neuronal cultures,
we will perform broad range proteomics (LC-MS) and transcriptomics (RNA-Seq)
to develop proteomic and genomic signatures for each test chemical. Chemicals
with known neurotoxic effects were selected: chlorpromazine (CPZ), deltamethrin (DMN), fipronil (FPR), kainic acid (KA), triethyltin bromide (TET), bis(tributyltin) oxide (TBTO), and lindane (LND). Lactate dehydrogenase (LDH) assays for
cytotoxicity were conducted for each chemical over 48 hours and all test chemicals
exhibited a clear dose-repose and time-course. In order of descending cytotoxicity, the following doses have been determined for use in future transcriptomics/
proteomics studies which are underway at present: TBTO (H: 78 nM; L: 20 nM) >
TET (H: 391 nM; L: 195 nM) > CPZ (H: 25 µM; L: 6.25µM) > LND (H: 50µM; L: 6.25µM)
> FPR (H: 100µM; L: 25 µM) > DMN (H: 100µM; L: 25 µM). High (H) and low (L)
doses have been determined that do not exceed 20% released LDH within 3 hours
(short-term exposure) and 24 hours (long-term exposure). Integrated proteomic
and genomic information will be linked with existing AOPs representing neuronal
structure and function in in vitro and in vivo. This abstract does not necessarily
reflect US EPA policy.

3805

A Novel Battery of Behavior-Based Assays in Larval Zebrafish
and Its Potential to Elucidate Neurodevelopmental Toxicity
Mechanisms with a Focus on Deficits in Learning and Memory

D. Leuthold, N. K. Herold, and T. Tal. Helmholtz Centre for Environmental Research,
Leipzig, Germany.
Approximately 17% of US children are affected by developmental disabilities
including intellectual or learning deficits. Chemical exposure can contribute to
neurodevelopmental disorders, a phenomenon known as developmental neurotoxicity (DNT). It is imperative to identify chemicals causing DNT and to understand
underlying adverse outcome pathways (AOPs). Behavioral alterations represent a
comprehensive readout of impairment in neurodevelopment and neuronal signaling but current regulatory DNT studies are restricted to rodents. Alternative DNT
new approach methods (NAMs) are needed to better protect human and environmental health. While in vitro DNT NAMs capture specific neurodevelopmental
processes, they fail to reflect the full range of events and interactions that orchestrate nervous system development and function. To fill this gap, we developed
a battery of 10 automated behavior assays for measuring visual and acoustic
behaviors including habituation learning behavior in larval zebrafish, a 3R-compliant
model amenable to higher-throughput chemical screens. The sequential behavior
assays were optimized for photic and acoustic stimulus duration, intensity, number
and sequence, and zebrafish developmental stage. The DNT NAM was evaluated
against pharmaceuticals with diverse mechanisms including NMDA receptor
(NMDAR) antagonism, GABA receptor antagonism and acetylcholinesterase inhibition. The battery recapitulates rodent learning deficits following acute exposure to
prototypical NMDAR antagonists MK-801 and DL-2-amino-5-phosphonopentanoic
acid. For the first time, we show that early life stage exposure to these compounds
disrupts zebrafish learning behavior later in development. Additionally, certain US
EPA ToxCast chemicals positive for NMADR perturbation in vitro were confirmed
to cause learning deficits in larval zebrafish (e.g. clorophene). Beyond application
to impaired learning AOPs, exposure to the GABA antagonist picrotoxin resembles
an epileptic seizure phenotype, highlighting the applicability of behavioral phenotyping to other DNT-related AOPs. In summary, the 10-assay DNT NAM can identify
chemicals with specific effects on neuronal signaling and neurodevelopment,
improves our understanding of underlying AOPs, and can accelerate DNT research
in an alternative test system.

3806

Multifluorescent Human Brain Organoid Model for HighThroughput Chemical Toxicity and Drug Efficacy Screening

J. Romero Sandoval1, C. Berlinicke2, X. Chamling2, T. Hartung1, and L. Smirnova1.
1Johns Hopkins University Center for Alternatives to Animal Testing (CAAT), Baltimore,
MD; and 2Johns Hopkins University, Baltimore, MD.
Developmental Neurotoxicity (DNT) is one of the most complex endpoints to
address. Current in vivo approaches are prohibitively expensive, time consuming
and have low predictivity for humans. The main goal of this project is to develop an
integrated testing strategy for (D)NT. It is based on a human 3D iPSC-derived brain
organoid model with knocked-in fluorescent tags for neural markers, where six
key events of neurodevelopment and their perturbation can be assessed fast with
high-content imaging in one assay. This is a significant improvement of existing 3D
brain organoid models. Our model will eliminate the need of a laborious antibody
staining-dependent quantification and will allow to use the brain organoids for
chemical and drug screening. Here, we take advantage of CRISPR technology to
insert fluorescent tags in the iPSC to tag the neuronal (beta-III-tubulin), astrocyte
(GFAP), oligodendrocyte (PLP1) and synaptic specific (synaptophysin) genes
upon differentiation into brain organoids (miniBrainbow). We significantly improve
overall knock-in efficiency compared to previous reports. The selected clones were
differentiated to neural progenitors and brain organoids for validation of the tag
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expression and specificity by RT-PCR, flow cytometry and confocal imaging. So far,
we have successfully generated PLP1-GFP and SYP1-BFP organoids. Overall, this
model provides a) a more effective method to generate iPS reporter cell lines, and
b) a robust human-relevant and standardized brain organoid in vitro assay, which
can be used in numerous applications including (developmental) neurotoxicity and
drug efficacy screenings. Future standardization of the model for high-throughput phenotypic imaging will reduce the costs and accelerate the prioritization and
testing.

having higher levels of DA, DOPAC, 5HT, and 5HIAA compared to males (P < 0.05).
There was a significant gene x treatment x sex interaction for DOPAC levels (P <
0.05) and a trend for a gene x treatment x sex interaction for 5HIAA levels (P =
0.07). These results suggest that genotype and sex may have the greatest influence
on neurotransmitter difference and that both genotype and sex affect susceptibility
to developmental BaP exposure.

3809
3807

Maternal Exposure to Perfluoroalkyl Substances (PFAS)
Mixtures during the Perinatal and Lactation Period Alters the
Offspring Brain PFAS Disposition and Proteome

J. Agudelo, N. DaSilva, J. Becanova, E. Marques, S. Modaresi, E. Kaye, and A. Slitt.
University of Rhode Island, Kingston, RI.
Maternal exposure to synthetic environmental toxicants, Per- and polyfluoroalkyl substances (PFAS), during the perinatal and lactational period has been
shown to induce a series of negative health outcomes including low fetal birth
weight, metabolic diseases, and neurotoxicity. Little is known regarding maternal
exposure and PFAS disposition and toxicity to the offspring brain, with even less
known regarding maternal exposure to PFAS mixtures. We hypothesized that
maternal PFAS exposure results in distribution to offspring brains and alters the
brain proteome. To test our hypothesis, CD-1 timed-pregnant mice were randomly
assigned and fed either a standard chow or a high fat (60% kcal from fat) diet
with or without PFAS (1 mg/kg, po) during gestation and lactation. Dams were
exposed to Perfluorooctanoic acid (PFOA), Perfluorooctanesulfonic acid (PFOS), or
Perfluorohexanesulfonic acid (PFHxS) alone or a 1:1:1 mixture. At postnatal day 21,
2 pups per sex were euthanized and brain cortex was collected and processed for
PFAS LC-MS/MS quantification and SWATH-MS proteome analysis. Quantification
of offspring brain concentrations resulted in PFOS (88 pg/mg) < PFOA (294 pg/mg)
< PFHxS (637 pg/mg) for the SD-fed (p <0.05). The HFD increased PFOA concentrations (545 pg/mg) > PFOS (110 pg/mg) and did not affect PFHxS (648 pg/mg),
p<0.05. Interestingly, the mixture decreased the distribution of PFOS (~55 pg/
mg), but not of PFOA or PFHxS. SWATH-MS proteome analysis revealed significant protein modulation resulting from maternal PFAS exposure - 242 proteins for
PFOA, 240 for PFOS, 309 for PFHxS, and 604 for the mixture (FDR cut-off <0.1).
The most significantly modulated proteins are Apoa4 for the HFD (p<1.68E-05),
Tuba3a for PFOA (p<9.4E-08 and 3.5E-08), Psmd2(p<2.4E-10) and Rps27l (p<2.5E05) for PFOS, Coa7 (p<3.5E-14 and 1.6E-13) for PFHxS and Coa7 (p<1.2E-12) and
Psmd2(p<1.2E-09) for the PFAS Mix. Ingenuity pathway analysis (IPA) canonical
pathway analysis revealed overall upregulation of brain proteome associated with
Mitochondrial Dysfunction, Synaptogenesis Signaling Pathway, and Oxidative
Phosphorylation. Interestingly, PFOS and PFHxS appear to downregulate Oxidative
Phosphorylation and Synaptogenesis Signaling Pathways, respectively. These data
support the hypothesis that PFOA, PFOS, and PFHxS increase the risk of developmental neurotoxicity by possibly inducing mitochondrial dysfunction and oxidative
stress.

3808

Dopamine and Serotonin Signaling following Developmental
Benzo[a]pyrene Exposure in Cyp1a1 Knockout and Wild Type
Mice

E. Foster, K. Clough, and C. P. Curran. Northern Kentucky University, Highland
Heights, KY.
Benzo[a]pyrene, a polycyclic aromatic hydrocarbon (PAH) commonly used to model
traffic-related air pollution (TRAP), has neurotoxic effects that are particularly
harmful during early brain development. Human and animal studies have linked
prenatal TRAP exposure with neurobehavioral and neurochemical changes persisting into childhood and adolescence. Our previous studies indicated that genetic
differences in the aryl hydrocarbon receptor (AHR) pathway affect susceptibility.
The AHR regulates enzymes involved in BaP metabolism, including genes in the
cytochrome P450 (CYP1) family. Our behavioral studies found that Cyp1a1(-/-)
knockout mice were more susceptible to developmental BaP exposure compared
to wild type Cyp1a1(+/+) mice. In this study, we measured neurotransmitter levels
in multiple brain regions of adult offspring following behavioral testing. We hypothesized that neurotransmitter signaling would be affected following developmental BaP exposure. Pregnant dams were treated with 10mg/kg/day BaP in corn
oil-soaked cereal or the corn oil vehicle from gestational day 10 to postnatal day 25.
One male and one female per litter were randomly selected for behavioral testing.
Around postnatal day 120, striatum, hippocampus, prefrontal cortex, and hypothalamus were collected. Dopamine (DA), serotonin (5HT) and their metabolites DOPAC
and 5HIAA were measured using High-Performance Liquid Chromatography with
Electrochemical Detection. While multiple main effects of genotype, treatment, and
sex were found across all brain regions, the most compelling results came from
the hippocampus and hypothalamus. In the hippocampus, there was a significant
main effect of genotype with knockout mice having higher DOPAC levels (P < 0.001)
and dopamine turnover levels (P < 0.05) compared to controls. Knockout mice had
significantly lower 5HIAA levels (P < 0.001) and a trend for lower 5HT levels (P =
0.055). In the hypothalamus, there was a significant main effect of sex with females

High-Throughput Screening to Assess Developmental Toxicity
of Formaldehyde Exposed Zebrafish

L. C. Magaña1, L. Truong2, L. Rieswijk3, M. T. Smith1, R. L. Tanguay2, and L. Zhang1.
1University of California Berkeley, Berkeley, CA; 2Oregon State University, Corvallis, OR;
and 3Maastricht University, Maastricht, Netherlands.
Formaldehyde is a neurotoxic environmental pollutant produced endogenously
and in anthropogenic sources, such as manufactured wood products. The
mechanism(s) of how formaldehyde causes neurotoxicity are not fully understood.
The popularity of zebrafish as a model to study neurotoxicity has risen for the last
decade. Adult zebrafish exposed to formaldehyde elicited abnormal behavior,
such as altered movement patterns. However, a knowledge gap on the developmental toxicity of formaldehyde remains largely unknown. Therefore, we utilized
the embryonic zebrafish to assess the developmental toxicity of formaldehyde
and identify its molecular targets. Embryonic zebrafish were exposed to broad
formaldehyde concentrations and 3.25 mM was identified as the concentration
that induced morphological abnormalities in 80% of the animals (EC80) by 120
hours post-fertilization (hpf). Static exposures at the EC80 were assessed using
a 22-endpoint morphology and mortality screen at 24 and 120 hpf, which resulted
in significant abnormal morphologies and behavior. To identify potential molecular targets, transcriptomics was conducted on embryos statically exposed from
6 to 24, 48, and 72 hpf prior to the onset of morphological defects. Based on the
sequencing data, 809 differentially expressed genes (DEGs) were identified. The
most significant DEG in this dataset was pcdh2g7 (log2 FC = -21.23, p = 3.33 E-10),
involved in calcium ion binding, at 24 hpf. To assess homologous pathways in
humans, DEGs were crossmatched using chemical, disease, pathway, and gene
ontology term associations in the Comparative Toxicogenomics Database (CTD)
using a Q-value of <0.05 and a |log2 FC |> 0.58. Of the 176 DEGs, two genes were
expressed during two different time points, MSMO1 was downregulated at 24 and
72 hpf, and ETHE1 was upregulated at 48 and 72 hpf involved sterol biosynthesis and metabolic processes, respectively. Using Gene Set Enrichment Analysis,
the fatty acid transporters pathway was significantly enriched at both 48 and 72
hpf, suggesting that this pathway is important in regulating cellular sensitivity or
tolerance to formaldehyde. Formaldehyde is a developmental neurotoxicant in
zebrafish. Future work will be developed to identify disruptive genes involved in
fatty acid synthesis after formaldehyde exposure through lipidomics and functional
assays.

3810

The Mechanistic Basis for the Toxicity Differences between
Juvenile Rats and Juvenile Mice Exposed to Chlorpyrifos

K. N. Sette, N. Alugubelly, L. B. Glenn, S. X. Guo-Ross, M. K. Parkes, J. E. Ryan, C. N.
Seay, and R. L. Carr. Mississippi State University, Mississippi State, MS.
One of the most common classes of agricultural insecticides are the organophosphates (OPs). At high levels, OPs exert their toxicity through inhibition of brain
acetylcholinesterase, leading to hyperactivity of the nervous system. However,
there is a concern that exposure to low levels of OPs induces negative impacts
in developing children. The chemical most commonly linked to these issues is
chlorpyrifos (CPF). In our previous work, we observed a susceptibility difference
between juvenile mice and rats to CPF with exposure resulting in greater inhibition
of brain AChE in juvenile rats than in juvenile mice. The basis for this difference
is unclear. To further investigate this, 10 day old rat and mice pups were exposed
daily for 7 days to corn oil or a range of CPF concentrations via oral gavage. Rats
were sacrificed on day 16. blood and liver were collected, and the levels of activity
of and the impact of CPF exposure on the detoxification enzymes were determined
in the two species at this age. In blood and liver, the enzyme paraoxonase-1 (PON1)
hydrolyzes the active metabolite of CPF (CPF-oxon) and the enzymes carboxylesterase (CES) and cholinesterase (ChE) act as alternative binding sites for CPF-oxon
removing it from circulation and providing protection. In females, rats had significantly higher PON1 activity than mice but there was no statistically significant
difference between male rats and mice or males and females of the same species.
Both species had higher activity of CES than ChE in both tissues. Even though
rats had slightly higher liver CES activity than mice, the level of inhibition following
exposure was also higher in rats. In serum, juvenile mice had an 8 fold higher CES
activity than rats and exposure to a CPF dosage that almost eliminated CES activity
in rats only resulted in 24% inhibition in mice suggesting that the high serum CES
activity in mice as compared to rats is a key component in this species difference.
In addition, there was a species difference in the sensitivity of CES to inhibition by
CPF-oxon with rats having a lower IC50 in both liver and serum as compared to
mice. This greater enzyme sensitivity suggests that saturation of CES would occur
more rapidly in juvenile rats than in mice, resulting in more CPF reaching the brain
to inhibit AChE in rats. Funded by NIH 1R15ES023162 and 1R15ES032959.
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Triclosan Impairs Mitochondria Form and Function in the
Developing Xenopus laevis Tadpole Brain

A. H. Thomson, and C. K. Thompson. Virginia Polytechnic Institute and State University,
Blacksburg, VA.
Mitochondrial health is critical for normal brain development, and in a toxic environment mitochondria reduce energy production and undergo mitophagy, resulting in network fission. Recent studies have shown that triclosan, a once widely
used antibacterial and antifungal agent, acts as a mitochondrial uncoupler. The
impact of triclosan on mitochondrial function in the developing brain has not been
thoroughly investigated, however. We performed a series of experiments designed
to assess the impact of triclosan on mitochondrial form and function in the
developing Xenopus laevis tadpole brain. We injected tadpole brains with TMRM,
a fluorescent reporter of mitochondrial membrane potential. After two hours, we
imaged the brain using high resolution confocal microscopy to obtain a baseline
level of TMRM fluorescence, then immediately treated tadpoles with either triclosan
(10µM, 5µM, 1µM, 0.5µM 0.1µM), FCCP (0.5µM), or control, and then continued
imaging the brain once every five min for 30 min. We found that 10µM triclosan
significantly decreased TMRM fluorescence in mitochondria in the end feet of radial
glial cells in ~ 15-20 min; lower concentrations operated over a longer time course.
We also observed that mitochondrial networking was disrupted as they underwent
fission. We also measured metabolic function in vivo in whole tadpoles using a XF
Seahorse Flux Analyzer, acutely exposing tadpoles to either triclosan (30µM, 10µM,
1µM) or control. Triclosan immediately increased rates of oxygen consumption in
a dose dependent manner, suggesting mitochondrial uncoupling. Ongoing experiments using additional in vivo fluorescent reporters are assessing the effects of
triclosan on levels of calcium, pH, and ATP. In summary, our results show that
triclosan impairs mitochondrial form and function in developing neural tissue.

3812

Gestational and Early Adulthood Mancozeb Exposure Alters
GABAergic Interneuron Subpopulations in Rat Hippocampus

M. Akhtar, and L. D. Trombetta. St. John’s University, Jamaica, NY.
Mancozeb is one of the most widely used pesticides in the world to fight plant
diseases. Millions of pounds of Mancozeb are applied annually in the United States.
Mancozeb is metabolized and also degraded in the environment to ethyelenthiourea
(ETU). Aggregate exposure to Mancozeb and ETU from contaminated food, water,
and the environment may lead to ingestion, inhalation, and/or transdermal absorption. Studies indicate that the thyroid is a target organ for both Mancozeb and ETU.
These compounds inhibit the enzyme thyroid peroxidase, leading to altered thyroid
function and hypothyroidism. Thyroid hormones are essential for the development
of the mammalian nervous system. Several neurodevelopmental processes depend
on proper thyroid hormone signaling and almost all glial and neuronal populations,
including hippocampal GABAergic interneurons, are disrupted by thyroid hormone
deficiency. Literature suggests that thyroid hormone deficiency alters the differentiation of GABAergic interneurons which indirectly alters differentiation and
proliferation of granule cells of the dentate gyrus. Therefore, GABAergic neurons
hold a pivotal position during neurodevelopment. The present study investigated
the potential of Mancozeb to cause thyroid hormone disruption and alteration of
the distribution of GABAergic interneurons in the rat hippocampus. Time-pregnant
Long-Evans dams were exposed to 0, 50, or 100 mg/kg body weight Mancozeb
from gestational day 7 (GD-7) to postnatal day 21 (PND-21). Pups from each
group were re-exposed with the same dose as dams from PND-60 to PND-90. At
the end of exposure, total blood thyroxine (T4), and thyroid stimulation hormone
(TSH) levels were measured. Whole brains were also preserved via transcardiac
whole-body perfusion for immunostaining. In Mancozeb exposed groups, there was
a significant decrease in total T4 and increase in TSH serum levels. Pups exposed
to Mancozeb during gestation and again as a young adult demonstrated significant alteration in GABAergic interneuron subpopulations. There were significantly
fewer PVALB+ (parvalbumin) and CALB2+ (calretinin) cells, as well as a significant
decreased expression of GAD67 protein in the dentate hilus. These results suggest
that hippocampal GABAergic interneurons are sensitive to Mancozeb exposure
during development.

3813

Gut Microbiome Changes in Mice Exposed to Benzo[a]Pyrene
during Early Brain Development Dependent on Cyp1a1 Genotype

K. Clough, H. Creech, A. Kyntchev, E. Foster, K. Berling, C. Perry, M. Feltner, A. Towell,
T. Shumate, and C. Curran. Northern Kentucky University, Highland Heights, KY.
Benzo[a]pyrene (BaP) is a carcinogenic polycyclic aromatic hydrocarbon commonly
found in traffic-related air pollution, tobacco smoke, and grilled foods. BaP is
linked to learning deficits and to neurodevelopmental delays in human and animal
studies. Studies have also shown that changes in the gut microbiome health can
affect cognition. We are using a mouse model to determine if genetic differences
increase susceptibility to BaP exposure during early brain development. Cyp1a1(/-) knockout mice and wild type Cyp1a1(+/+) mice were exposed to 10mg/kg/day
BaP from gestational day 10 (GD10) through weaning at postnatal day 25 (P25).
Feces from the dam, two male pups (pooled), and two female pups (pooled) were

collected overnight at postnatal day 24 using metabolic cages. DNA extraction was
performed using the Zymo Quick-DNA Fecal/Soil Microbe Miniprep Kit. 16S rRNA
bacterial amplicons were sequenced at the University of Louisville Genomics Core
on the Illumina MiSeq platform and analyzed using QIIME. There was no difference in alpha diversity, but a significant difference in beta diversity. BaP-exposed
Cyp1a1(-/-) knockout mice were significantly different than all other groups.
There were no significant differences between control and BaP-exposed wild type
Cyp1a1(+/+) mice. Functional annotation was performed using PICRUSt2 including a comparison of KEGG orthologs and MetaCyc pathway analysis. Interestingly,
three of the top 20 differences in the MetaCyc pathway analysis involved tryptophan degradation. This suggests possible disruption of normal pathways used to
produce the neurotransmitter serotonin.

3814

Leveraging Zebrafish as a Model to Study Short- and Long-Term
Impacts of 3.5 GHz Radiofrequency Radiations Typical of 5G
Cell Phone Signals

S. Dasgupta, C. A. Leong, M. T. Simonich, L. Truong, H. Liu, and R. L. Tanguay. Oregon
State University, Corvallis, OR.
The rapid deployment of 5G spectrum by the telecommunication industry is
intended to promote better connectivity and data integration among various
industries. However, concerns about the safety and health effects of radiofrequency
radiations (RFRs) emitted from the newer generation cell phone frequencies remain
among the public, partly due to the lack of robust scientific data. Zebrafish embryos,
because of their small size and ~80% genetic similarity with humans, represent
an ideal model to study biological impacts of RFRs in a high throughput manner.
Previously, we used a novel insulated zebrafish-based RFR exposure chamber to
investigate the bioactivity potential of a 3.5 GHz RFR- a frequency that is used by
5G-enabled cell phones. With RFR exposures from 6 h post fertilization (hpf) to
48 hpf, we observed that while there was no overwhelming evidence of toxicity,
the embryos showed subtle hyperactivity within a startle response behavior assay,
suggesting heightened sensorimotor deficits. We followed this up with an investigation of the transcriptomic basis of the observed behavior effects as well as the
persistence of these effects in the long term till adulthood. Using mRNA sequencing, we found a modest transcriptomic disruption at 48 hpf, with 28 differentially
expressed genes. KEGG pathway analysis showed that biochemical pathways
related to metabolism were significantly perturbed. We also grew the embryos out
into adulthood, followed by a battery of adult behavioral assays. RFR-exposed fish
displayed altered, but subtle, responses to two assays: 1) a subdued response to
predator-response assay which models a fight-or-flight response and 2) heightened
response to our startle assay, which models an anxiogenic response. The latter
was also consistent with effects observed in larvae and indicates that the startle
effects may be persistent across multiple life stages. Overall, our data suggests
that short-term developmental RFR exposures can have molecular targets associated with metabolism and weak, but long-term impacts on social and anxiogenic
behavior. Future studies are aimed to explore the metabolome as well as RFRs
generated by higher 5G frequencies.

3815

Neuroantibodies (NAb) Associate with Condition and Heavy
Metal Levels in Subjects with Neurological Deficits

J. Azar1, M. Abdel-Naby2, A. El-Bakary2, A. Ezzat3, G. Fawi3, M. El-Tantawy4, M. Salama1,
and H. A. El-Fawal1. 1American University in Cairo, New Cairo, Egypt; 2Mansoura
University, Mansoura, Egypt; 3Sohag University, Sohag, Egypt; and 4Delta University for
Science and Technology, Mansoura, Egypt.
NAb have been proposed as biomarkers of nervous system (NS) insult in absence
and presence of overt clinical deficits. In addition, with refinement they may have the
potential of indicating progression and prognosis. This preliminary study measured
NAb, IgM and IgG, titers against neurofilament triplet (NF), glial fibrillary acidic
protein (GFAP), myelin basic protein (MBP) and α-synuclein (αSYN) in demographically and socioeconomically matched populations of reference (R; n=30), essential
tremors (ET; n=18), neuroleptic malignant syndrome (NMS; n=30), and mild
cognitive impairment (MCI; n=18). NAb IgM and IgG against all but NF-M, MBP and
αSYN, IgM, were highly prevalent (50-100%; p<0.01-0.0001) compared with R, with
the greatest prevalence in MCI and ET (70-100%). Anti- αSYN, IgG, was only found in
MCI and ET. In these two groups, median titers, particularly IgG against NF-H, GFAP
and αSYN were significantly (p<0.01-0.00001) higher compared to R and NMS.
Median levels of serum Pb, Zn and Cd were significantly (p<0.02-0.0001) higher
in NMS, ET and MCI compared to R, with the latter two differing from NMS. Other
metal levels (As, Mn, Al, Co, Cu) were equivocal. Spearman correlation showed
a highly significant association between IgG isotypes of NAb and these metals
(r=0.3-0.5; p<0.001). Stratification of NAb, regardless of condition, by tertiles of Pb,
Zn, or Cd, displayed a significant (p<0.01-0.0001) dose-response. Interestingly, IgM
responses predominated in females, while IgG predominated in males, which also
differed in levels of these three metals. In general, NAb IgG strongly associated with
age (r=0.3-0.5; p<0.01-0.0001), particularly in MCI, with the strongest association
being with anti-αSYN. Odds ratios (5; 95% CI=2.5-20; p<0.01) and relative risk (7;
95% CI=2.5-23; p<0.001) indicated that NAb IgG against NF-L, NF-M, GFAP and
a-SYN were strongly associated with neurological condition. This study, building

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 252

on previous preclinical and clinical studies, and ongoing studies on the role of the
exposome, further supports the hypothesis that serum NAb may provide a promising biomarker of NS insult, and that environmental exposures, co-morbidities and
demographics may be contributing factors in the etiology of neurodegenerative
conditions, given that many are defined as sporadic. Furthermore, this study is the
first to suggest a neural organic basis for NMS and ET. This study was supported in
part by a Bartlett Challenge Grant at the American University in Cairo.
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Slc39a14 Knockout Mice: A Genetic Model of ManganeseInduced Dystonia Parkinsonism Exhibits Neurodegenerative
Changes in the Cerebellum and Brainstem

A. N. Rodichkin, J. L. McGlothan, and T. R. Guilarte. Florida International University,
Miami, FL.
During the last decade there has seen an increasing number of reports of individuals
with inherited autosomal recessive mutations of the manganese (Mn) transporter
gene SLC39A14. Affected individuals have high blood and brain Mn concentrations
and display childhood-onset dystonia-parkinsonism (DYP). Previously, we have
reported that male and female postnatal day 60 (PN60) Slc39a14-knockout (KO)
mice exhibit similar increases in blood and brain Mn and a DYP phenotype. Also,
we found no changes in striatal dopamine (DA) tissue concentrations or dopamine
neuron density in the substantia nigra pars compacta. However, we measured a
marked (85-90%) inhibition of potassium-stimulated DA release in Slc39a14-KO
mice relative to wildtype (WT). Combined, these results show no neurodegeneration but a functionally impaired nigrostriatal dopaminergic system in Mn-induced
DYP. To further characterize neuropathological changes in Slc39a14-KO mice, we
used an unbiased approach using quantitative Translocator protein 18 kDa (TSPO)
autoradiography. TSPO is a well-validated biomarker of neuroinflammation and
neurodegeneration that allows an unbiased screening of potentially affected brain
regions. We used autoradiography of the TSPO specific radioligand [3H]-DPA-713
to measure TSPO levels in multiple brain regions from WT and Slc39a14-KO PN60
male and female mice. Our results indicate no significant changes in [3H]-DPA-713
specific binding to TSPO in forebrain structures. However, we found significant
increases, indicative of neurodegeneration, in [3H]-DPA-713 specific binding to TSPO
in the cerebellum (CB), deep CB nuclei, brainstem (BS), and the facial motor nucleus
of the BS in Slc39a14-KO mice relative to WT. To further assess neurodegeneration of CB and BS structures, we performed immunohistochemistry of the microglia marker, Iba-1. Our preliminary results indicate a regional increase in microglial
activation throughout the CB and the BS, with distinct microglial activation in the
olivary nuclei, cochlear nuclei, deep CB nuclei, and CB cortex. To our knowledge this
is the first report demonstrating neurodegeneration in specific CB and BS nuclei
in Slc39a14-KO mice. These findings provide for the first time a neuropathological
basis for the DYP in Slc39a14-KO mice and Mn-induced neurotoxicity.

3817

Refining Sugar: A Neuroprotective Role for High-Sugar Diets
Despite Life Span and Reproductive Losses

K. Morton1, N. Heffernan1, J. Hartman2, and J. Meyer1. 1Duke University, Durham, NC;
and 2Medical University of South Carolina, Charleston, SC.
High sugar diets are cited as a causal factor in the ongoing increase in obesity
rates as Americans consume over 75 g of refined sugar and corn syrup per day
on average. Further, obesity is associated with increased risk for multiple negative
health outcomes including the neurodegenerative disease Parkinson’s Disease.
Utilizing C. elegans to investigate the effects of two common dietary sugars,
glucose and fructose, we investigated the systemic and dopaminergic neuron-specific effects of high sugar diets on bioenergetics and susceptibility to mitochondrial dysfunction. Through the use of in vivo fluorescent reporters and Seahorse
XF whole worm respiratory analysis, we found that glucose-fed worms exhibited
a 14.9% increase in basal oxygen consumption and alterations to dopaminergic
neuronal mitochondrial dynamics and morphology. Our study also indicated that
unlike exposures beginning during development, chronic adult high glucose and
high fructose diets are protective from 6-hydroxydopamine-induced dopaminergic neurodegeneration, despite deleterious impacts on lifespan and reproduction.
These findings support the idea that a shift to glycolytic metabolism protects from
acute electron transport chain inhibition, while also supporting previously observed
adverse impacts of high sugar diets.

3818

Targeting ELTD1 as a Possible Therapy for Multiple Sclerosis
and Cardiotoxicity Considerations of the Therapy

C. I. Chipinda1, R. A. Towner2, and R. C. Axtell2. 1Texas Christian University, Fort Worth,
TX; and 2Oklahoma Medical Research Foundation, Oklahoma City, OK. Sponsor: R. A.
Towner, American Association for Cancer Research
Multiple Sclerosis (MS) is an autoimmune disorder which affects the central
nervous system (CNS). There is currently no cure for MS and although the
symptoms are treatable, options are limited. Epidermal growth factor, latrophilin,

and 7 transmembrane domain containing protein 1 on chromosome 1 (ELTD1), a
G-protein coupled receptor (GPCR) protein, has been linked with vascular development and tumor angiogenesis. It has been previously found that high expression
of ELTD1 in experimental autoimmune encephalomyelitis (EAE), a mouse model
for MS, indicated that the protein could be used as a biomarker to detect vascular
changes in the brains of MS patients. This study sought to establish the role that
ELTD1 plays as a therapeutic method in a remitting and relapsing EAE mouse
model. Swiss Jim Lambert (SJL) mice were injected with Myelin Proteolipid Protein
(PLP) and disease scoring and MRI evaluations were used to assess vascular tissue
and structural and metabolic changes associated with EAE and ELTD1 antibody
treatment. Based on previous results, it was anticipated that ELTD1 antibodies
would elicit a positive effect on vascular tissue and metabolic changes in ELTD1
antibody treated mice compared to untreated mice, therefore inhibiting the second
relapse of symptoms. ELTD1 antibody treated mice had a less permeable blood
brain barrier (BBB) and spinal cord, a decrease in the apparent diffusion coefficient,
and a normalization of relative cerebral blood flow within vasculature. Targeting
ELTD1 may be a beneficial treatment option for MS patients to have an effect on
vascular disruptions. Since ELTD1 is also expressed in the developing heart, future
studies evaluating the ELTD1 antibody efficacy against its potential cardiotoxicity will need to be performed as this therapy gets translated to possible human
use. ELTD1 deficiency/depletion has been shown to promote both cardiomyocyte
hypertrophy and cardiac fibrosis.

3819

Degenerative Myelopathy Associated with Lactate
Dehydrogenase Elevating Virus (LDEV) in Xenograft Mice

M. J. Hoenerhoff. University of Michigan Medical School, Ann Arbor, MI.
Nineteen of thirty 3-4 month old female NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG) mice
implanted with a patient-derived breast cancer xenograft (PDX) presented with
acute unilateral or bilateral hind limb paresis or paralysis. On examination, mice
showed mild dehydration, poor to thin body condition, and a range of hindlimb
deep pain sensation with limited withdrawal reflex to a complete absence of both.
The PDX in these animals was implanted in the mammary fat pad one month prior
to the clinically observed onset of paresis/paralysis. Based on clinical signs and
history, differential diagnoses included mouse hepatitis virus (MHV), Theiler’s
murine encephalomyelitis (TMEV), lactate dehydrogenase elevating virus (LDEV),
and polyomavirus. On histopathologic examination of affected mice (n=10), there
was variable axonal swelling and vacuolation of myelin sheaths bilaterally within
the ventral funiculi and nerve roots of the thoracolumbar and sacral spinal cord
segments, as well as distally within corresponding sciatic nerves. Fresh PDX
samples (n=6) from affected mice obtained at the time of necropsy were submitted
for a broad rodent infectious PCR panel which included the agents in the differential
diagnosis list. All samples were PCR positive for LDEV, as were pooled plenum
swabs from the rack on which these animals were housed. In addition to elevations
in serum lactate dehydrogenase, LDEV is associated with progressive degenerative myelopathy and neuropathy in certain mouse strains harboring endogenous
retrovirus (AKR, C58), or in immunosuppressed strains (NOD-SCID, NSG, Foxn1nu).
LDEV is most commonly transmitted through contamination of biological materials
of mouse origin, often infects xenograft and cell culture materials, and therefore
represents a significant confounder to carcinogenesis studies utilizing xenografts.

3820

Immunological Contributors to Virus-Induced Paralysis in a
Genetically Diverse Population

A. A. Perez Gomez, M. Karmakar, R. Carroll, K. Lawley, K. Amstalden, C. Young, D.
Threadgill, C. Welsh, and C. Brinkmeyer-Langford. Texas A&M University, College
Station, TX.
Neurological diseases such as Amyotrophic Lateral Sclerosis (ALS), Multiple
Sclerosis (MS), Parkinson’s disease (PD), and epilepsy can, in some cases, stem
from antecedent viral infections. Predisposing genetic risk factors for neurological
dysfunction and immunological responses vary among genetically diverse individuals, resulting in a myriad of potential neurological outcomes to viral infection. We
use Theiler’s Murine Encephalomyelitis Virus (TMEV) to model heterogeneity in
virally induced neurological phenotypes and immune responses in Collaborative
Cross (CC) mice. The CC resource consists of genetically distinct and reproducible mouse lines, thus providing a population model with genetic heterogeneity
similar to humans. We compared TMEV-induced immune responses in different CC strains by measuring levels of 23 cytokines and chemokines at different
stages of infection. Levels of cytokines and chemokines varied by strain across
multiple phases of infection, confirming the host genetic background as a source
for heterogenous viral response. We therefore haplotyped each CC strain for
genomic regions previously linked with TMEV pathogenesis and viral clearance
or persistence, individual cytokine levels, and TMEV-relevant gene expression. For
loci previously associated with TMEV-induced immune responses, we identified
several haplotypes co-segregating with the most severe TMEV-induced neurological outcome, limb paralysis, observed at 90 days post-infection (90dpi). We hypothesized that cytokine and chemokine levels measured at 90dpi were associated
with limb paralysis. Using stepwise regression methods, we demonstrated a significant relationship between IL-1A, RANTES, and limb paralysis at 90dpi. To better
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understand these interactions, we are working to evaluate how genetic background
influences post-infection immune responses and neurological outcomes throughout the course of infection by identifying clusters of strains with shared immunological and phenotypic profiles. Overall, these findings provide insight into the complex
roles of immune response in the pathogenesis of virus-associated neurological
diseases influenced by host genetic background.

3821

Delta-8-tetrahydrocannabinol Attenuates Neuroinflammation in
an Experimental Model of Multiple Sclerosis through Regulation
of miRNA-Mediated Signaling Pathways

K. Kakar, M. Nagarkatti, and P. Nagarkatti. University of South Carolina School of
Medicine, Columbia, SC.
Delta-8-tetrahydrocannabinol (delta-8-THC) is a structural isomer of Delta-9tetrahydrocannabinol (delta-9-THC) with less psychoactive potency and better
pharmacological effects. Δ8-THC is present in small quantity in cannabis and
not many studies have been done on the bioactivity of this compound. It exerts
antispastic effects by binding to CB1 receptors located in the CNS as partial agonist.
Multiple Sclerosis (MS) is a chronic debilitating autoimmune disease characterized
by neuroinflammation leading to demyelination of neurons in the CNS and Spinal
cord. To test the anti-inflammatory properties of Δ8-THC, we used a murine model
of MS, called Experimental Autoimmune Encephalomyelitis (EAE). Treatment of
C57BL/6 mice with Δ8-THC (10mg/kg b.w.) intraperitoneally caused a significant
amelioration of EAE as indicated by highly significant reduction in disease clinical
scores and increase in body weight. Δ8-THC treatment also caused a decrease in
infiltrating CD4+ T cells and increase in anti-inflammatory molecules such as IL-10
and TGF-β. miRNA microarray analysis of CD4+ T cells isolated from the brain
disclosed that the Δ8-THC treatment down-regulated miR-21, miR-27a, miR-29a,
miR-30a, miR-31, miR-146a, miR-155 and miR-326 while upregulating miR-let7,
miR-130a, miR-181a, miR-328a and miR-448. Through pathway analysis, we further
identified that majority of the down-regulated miRNAs targeted molecules involved
in apoptosis, migration and cell cycle arrest such as BCL7, MAP2K1/2 and CDKN2B
as well as promoting anti-inflammatory molecules including DPEP2 and Smad1/2.
Collectively, all these findings demonstrated that delta-8-THC treatment can attenuate EAE potentially through modulation of miRNA profile in the brain-infiltrating T
cells, leading to decreased neuroinflammation. Supported by NIH P01AT003961,
P20GM103641, R01AI129788, R01 ES030144 and R01AI123947.

3822

Characterizing NLRP3 in the Response to Pesticides Associated
with Neurodegenerative Disease

M. C. Havrda1, F. L. Anderson2, B. Rankin1, and A. Andrew1. 1Geisel School of Medicine
at Dartmouth, Lebanon, NH; and 2Columbia University Mailman School of Public Health,
New York, NY.
Inflammation and environmental toxicant exposure contribute to the progression of neurodegenerative disorders including Alzheimer’s (AD) and Parkinson’s
disease (PD). Our work in pesticide-exposed mice and PD patients indicates that
environmental toxicants converge on the NLRP3 inflammasome. Inflammasomes
are intracellular pattern recognition complexes that initiate and propagate inflammation in response to cellular damage and stress. The NLRP3 inflammasome
has emerged as a key mediator of inflammation in AD and PD, in part because it
can sense non-microbial inflammatory triggers commonly associated with these
disorders. Our prior work determined that long-term exposure to the PD-associated
pesticide rotenone activated the NLRP3-inflammasome and that Nlrp3-/-mice
were protected from rotenone-induced nigral cell loss. In recent studies, wild-type
and Nlrp3-/-mice were chronically exposed to the chemically distinct AD and
PD-associated pesticide chlorpyrifos (CPF). Unexpectedly, CPF increased ambulatory activity in aging wild-type mice but exacerbated age-related motor decline in
Nlrp3-/-mice. Spatial learning and memory were normal in CPF exposed WT mice
but impaired in similarly treated Nlrp3-/-animals. We observed increased microgliosis in CPF-treated Nlrp3-/-mice, not seen in their WT counterparts. Astrogliosis
was attenuated with CPF treatment in wild-type mice, but not effected in Nlrp3-/mice. In parallel, we conducted patient studies, identifying elevated indicators of
inflammasome activity in plasma obtained from PD patients. Evaluation of currently
available subjects suggests associations between elevated plasma borne NLRP3
and toxicant exposure. For example, our data suggests a risk of being a PD patient
previously employed by the military and having high levels of NLRP3. We also note
that close to all subjects indicating prior military employment also report exposure
to toxicants, including pesticides. Overall, these studies support ongoing analysis
of NLRP3 in those at risk for exposure and neurodegenerative disease. Findings
also highlight differential and cell-type specific activities for NLRP3 in response
to chemically distinct toxicants in mice. Forward looking studies focus on characterizing NLRP3 in at-risk patient populations and dissection of the contributions of
specific cell populations in the response to pesticides in newly developed mouse
models.

3823

Super Resolution Microscopy Reveals Spatiotemporal Changes
in Mitochondria along Cholinergic Projections in an Explant
Model of Neurodegeneration

D. Freeman1, D. Talmage2, and L. Role1. 1NIH/NINDS, Bethesda, MD; and 2NIH/NIMH,
Bethesda, MD.
Cholinergic projection neurons innervate diverse regions of the brain to refine
cognitive processes. The degeneration of cholinergic terminal fields projecting
from the basal forebrain is a hallmark of Alzheimer’s disease and mitochondrial
dysfunction in terminal fields is an early marker of disease onset. Mitochondria
are recruited to sites of high energy demand including axon terminals and support
synaptic transmission. Axonal mitochondria are morphologically distinct, and their
structure is specialized to maintain critical functions such as the generation of ATP
and the regulation of pre-synaptic calcium. Aged mitochondria lose their functional
and structural integrity yet the role of aging on the morphology of mitochondria in
discrete neuronal cell types is minimally understood. We previously discovered in
mice that mitochondria in cholinergic projections increase in volume over time. In
this study, we used super resolution confocal microscopy to assess the molecular consequences of altered mitochondrial size in an explant culture of neurons
from the murine medial septum. We found that mitochondrial volume in cholinergic projections was increased when compared to non-cholinergic projections
and hypothesize that this makes cholinergic projection neurons more vulnerable
to toxicant exposures and the cellular effects of aging. To test this hypothesis, we
treated our explants with amyloid beta (Aβ) for 24h to simulate an aged pathological environment. As in in vivo studies, mitochondrial volume increased with
treatment. We measured the mitochondrial distribution within cholinergic projections and revealed that Aβ altered the density and accumulation at pre-synaptic
terminal fields. It is suspected that these changes could have a direct impact on
axonal trafficking. We analyzed mitochondrial movement along projections and
show altered dynamics including speed and displacement of individual mitochondria over time in response to Aβ exposure. These data indicate that the spatiotemporal dynamics of mitochondria in cholinergic terminal fields underlie key aspects
of the ‘cholinergic hypothesis of Alzheimer’s disease’ and illuminate early molecular
events in neurodegeneration.

3824

Aging Slc39a14-Knockout Mice: A Life-Course Approach for
Studying Manganese-Induced Dystonia-Parkinsonism

A. N. Rodichkin1, M. K. Edler2, J. L. McGlothan1, and T. R. Guilarte1. 1Florida International
University, Miami, FL; and 2Kent State University, Kent, OH.
Studies of inherited autosomal recessive mutations of the manganese (Mn)
transporter gene SLC39A14 have described a childhood-onset dystonia-parkinsonism (DyPark) phenotype with highly elevated blood and brain Mn levels. We used
Slc39a14-knockout mice (KO) as a model of DyPark to examine the behavioral
deficits and pathological changes of the nigrostriatal dopaminergic (DAergic)
system. We showed that at postnatal day 60 (PN60), the KO mice recapitulated
many of the behavioral deficits, blood and brain metal changes as the mutation
carriers. We also showed for the first time a dysfunctional DAergic system in the
form of a marked inhibition of striatal dopamine release in the absence of neurodegeneration [Rodichkin et al 2021]. To investigate the effect of aging in the context
of long-term highly elevated blood and brain Mn concentrations, we examined
Slc39a14-KO mice at 1 year of age (PN365). Our preliminary results indicate a
highly significant increase in blood Mn concentrations in male (M) (n=4, p=0.0007)
and in female (F) (n=4-5, p=0.002) KO mice relative to wildtype (WT). Analysis of
locomotor activity indicated a marked decrease in both sexes (n=11, p=0.0009 and
n=8-9, p<0.0001, in M and F respectively), as measured by activity cages. Unbiased
stereological cell counting of tyrosine hydroxylase positive DAergic neurons in
the substantia nigra pars compacta of PN365 M mice revealed no changes in
either neuronal density or soma volume (p=0.51 and p=0.56, respectively; n=5)
when compared to age-matched WT. Furthermore, in vivo microdialysis in awake
animals showed a significant decrease in potassium-stimulated DA release in
the striatum of PN365 Slc39a14-KO mice (n=3, p=0.0306 and n=4, p=0.0392 in M
and F, respectively). Similar to PN60 animals, the PN365 animals also exhibit a
dystonic phenotype in the form of truncal and cervical torsion and hind and front
limb clasping when tested in the tail suspension test. Together, these data support
and extends our previous studies on the effects of elevated brain Mn concentrations in Slc39a14-KO mice. Furthermore, it demonstrates that Slc39a14-KO mice
is an excellent genetic-based animal model to study Mn-induced DyPark using a
life-course approach, increasing our understanding of Mn neurotoxicity.

3825

A Modified Morris Water Maze Paradigm in Adult Rats

J. Huang, M. T. Herberth, A. Marcum, M. B. Bennett, D. G. Stump, and P. Coder. Charles
River, Ashland, OH.
The Morris water maze has been widely used for an assessment of learning and
memory via allocentric (spatial) navigation, involving the hippocampus, entorhinal
cortex, and surrounding structures of the brain. Learning acquisition commonly
consists of 1624 trials over 56 days (4 trials/day) to reach asymptotic performance.
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Each 4-trial block generally includes 4 starting positions, in 4 quadrants, including the quadrant where the escape platform is located. Given the proximity of the
escape platform to the starting position, these data are often of limited value, and a
modified paradigm was tested which excluded this starting position. Scopolamine
was used as a positive control to demonstrate that the modified paradigm is able
to detect deficits in learning and memory. Crl:CD(SD) rats (20/sex/group) received
a daily dose of vehicle or scopolamine (0.5 and 1.5 mg/kg/day) via intraperitoneal injection approximately 30 minutes prior to testing. Animals were tested
at 2 different ages: PND 62 and 100. The submerged platform was fixed in the
South quadrant. On Days 14, each animal was given 4 trials/day, with a 30 second
inter-trial interval. On each day, testing was started in a different quadrant (North,
East or West), with the first and last trials of each day starting in the same quadrant.
Following escape, or completion of each trial (90 seconds), animals were placed on
the submerged platform for 30 seconds. On Day 5, the platform was removed and
each animal was allowed 90 seconds (probe trial) to locate the missing platform,
starting in the North quadrant. A dose dependent impairment in learning acquisition was noted in treated males and females as indicated by the higher latency
to escape the maze (both ages). During the probe trial, both males and females
demonstrated impaired memory performance versus controls, indicated by statistically significantly lower percentages of time spent in the South quadrant (both
ages). These data demonstrate that the modified Morris water maze paradigm is
capable and sensitive to measure impairments in learning and memory in adult
rats.

3826

Ozone Regulates Astrocyte-Associated Proteins in the Amyloid
Plaque Microenvironment

C. Ahmed1, H. J. Greve1, C. Garza-Lombo1, J. A. Johnson Jr1, A. L. Oblak1, and M.
L. Block1,2. 1Indiana University School of Medicine, Indianapolis, IN; and 2Roudebush
Veterans Affairs Medical Center, Indianapolis, IN.
Urban air pollution exposure, including ozone (O3), has been associated with
increased Alzheimer’s Disease (AD) risk and there is recent support that urban
air pollution exposure may increase amyloid plaque pathology. However, the
underlying cellular mechanisms driving this effect are poorly understood.
Astrocytes surround amyloid plaques and have been implicated as regulators of
amyloid pathology. At present, how inhaled pollutants, particularly O3, may affect
the astrocytic response is largely unknown. To begin to explore this, 10-11 week
old male 5xFAD mice were exposed to filtered air (FA) or 1 ppm O3 for 13 weeks
(4 hours/day and 3 days/week). The Nanostring GeoMx Digital Spatial Profiling
(DSP) platform was used to assess multiplex protein expression co-localized
with GFAP positive astrocytes, that were either in physical contact with amyloid
plaques (plaque-associated astrocytes) or plaque distant in the cortex. DSP
analysis revealed that the expression of 16 proteins were shared regardless of
plaque association phenotype or O3 exposure. When comparing plaque-associated astrocytes to plaque distant astrocytes, 9 proteins were changed in only FA
exposed mice, such as Neprilysin and Ki-67, supporting that a baseline change in
plaque associated astrocyte proteins occurs, regardless of O3 exposure. However,
Myelin Basic Protein (MBP), CSF1R and Clec7a protein expression was dysregulated in only O3 exposed mice, suggesting that O3 modifies a subset of proteins in
close proximity to plaque- associated astrocytes, when compared to plaque distant
astrocytes. In direct comparison of plaque-associated astrocytes between FA and
O3 groups, 12 proteins, including Vimentin, GPNMB, Clec7a, MBP were upregulated,
suggesting that O3 regulates a unique signature of protein changes around plaque
associated astrocytes. Taken together, these findings support that the impact of O3
on astrocytes is dependent on the plaque microenvironment and may provide much
needed insight into how urban air pollution affects amyloid pathology.

3827

Formaldehyde Exposure Induces Aβ Peptide Secretion and
Tau Pathology in a Three-Dimensional (3D) Human Neural Cell
Culture Model for Alzheimer’s Disease

P. Wu, D. Chen, and C. Jin. New York University Grossman School of Medicine,
New York, NY.
Alzheimer’s disease (AD) is the most common form of dementia, which causes
rapidly progressive memory loss, cognitive dysfunction, and behavioral impairment. Effective strategies to treat or prevent Alzheimer’s disease remain elusive
as the lack of comprehensive understanding of the underlying mechanisms.
Multilevel complex interactions between genetic, epigenetic, and environmental
factors contribute to the occurrence and progression of AD. Recent studies have
suggested that elevation of environmental and occupational toxicant formaldehyde (FA), the simplest saturated aldehyde, in the brain, blood, or urine caused by
endogenous and/or exogenous exposure may play important roles in AD development. To investigate the role of FA exposure in AD development and progression
in human cells, we used a three-dimensional (3D) human neural cell culture model
for AD, which can recapitulate key events of AD pathology including β-amyloid
plaques and neurofibrillary tangles. Immortalized human neural progenitor cells
(ReNcell VM (ReN)) were virally transfected with AD-related mutant genes including
mutant APP and/or PSEN1 and enriched based on GFP and/or mCherry signals
by Fluorescence-activated cell sorting (FACS). To mimic the restrictive environ-

ment of the human brain and allow Aβ deposition and aggregation, the FACS-sorted
transgenic ReN cells were differentiated into neurons and maintained in a 3D
Matrigel culture system. The AD Model and primary ReN cells were treated with
different concentrations of FA as well as vehicle controls for 18 weeks. Aβ40 and
Aβ42 levels were measured in conditioned media after 6-week differentiation.
Expression of Aβ40 and Aβ42 were measured in 4, 6, 12 16 weeks by ELISA, and
cytotoxicity was evaluated by Lactate Dehydrogenase Activity (LDH) activity assay.
The results revealed that FA significantly elevates expression of Aβ40 and Aβ42 in
a concentration-dependent manner both in the AD model and ReN cells. To analyze
tau protein levels, we further performed western blot analysis with antibodies
against total tau and phosphorylated tau (p-tau) in 18 weeks. The results showed
that the p-tau levels appeared to increase in both AD model cells and ReN cells
treated with higher dose FA. These results indicated that FA exposure may play a
critical role in AD development and progression.

3828

Rooibos Protects against Amyloid beta (Aβ)-Induced
Neurotoxicity in Differentiated Neuroblastoma SH-SY5Y Cells

T. F. Docrat, and J. L. Marnewick. Cape Peninsula University of Technology, Cape Town,
South Africa. Sponsor: A. Adeogun
The medicinal use of plants has been practiced for centuries. Rooibos (Aspalathus
linearis), a once indigenous herbal tea now consumed worldwide, is being
recognised for its phytopharmaceutical potential. Its rich polyphenol content is
accompanied by a plethora of beneficial effects. The neuroprotective function of
Rooibos is highlighted by its non-toxic, multi-targeted action and good synergistic capability. Since its first discovery in 1906, Alzheimer’s disease (AD) remains
incurable and is one of the leading causes of dementia globally. A major initiating
pathology of AD is the formation and aggregation of amyloid-β (Aβ) peptides in
the cerebrum, although, the mechanisms contributing to disease progression is
still deliberated. Our study aimed to assess the possible antagonistic molecular
effects of Rooibos extracts against the toxicity of Aβ25-35 peptides. Extracts were
screened by HPLC. Ferric Reducing/Antioxidant Power (FRAP), Trolox Equivalent
Antioxidant Capacity (TEAC), and Total polyphenol content (TPC) assays revealed
a directly proportional relationship between Rooibos extract antioxidant capacities
and polyphenolic contents with increasing concentrations (0-500 µM). The human
neuroblastoma (SH-SY5Y) cell line is known to be a relevant in vitro model for
biochemical investigation of AD. To obtain an appropriate neuron-like cell model,
SH-SY5Y cells were differentiated by serum deprivation and Retanoic acid (10µM)
supplementation (7days). Cell viability and cytotoxicity were measured by using
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and lactate
dehydrogenase (LDH) assays. Administration of Aβ25-35 (20µM, 24h) significantly
reduced cell viability. Oxidative stress parameters were assessed by a measure
of lipid peroxidation, and glutathione assays. Apoptotic markers such as ATP,
caspase -3/7, -8, and -9 activities were measured by luminometry. Pre-treatment
with Rooibos extracts (2h) improved oxidative stress parameters and prevented cell
death caused by amyloid β toxic insult. In conclusion, Rooibos extracts protected
differentiated SH-SY5Y cells against Aβ25-35 toxicity and subsequent culmination
of mitochondrial-induced neuronal apoptosis/death. This finding substantiates the
anecdotal health claims of Rooibos and promotes investigation into its use as a
cost-effective intervention for neurodegenerative diseases including AD.

3829

Translocator Protein 18 kDa (TSPO) Detects Neuroinflammation
Prior to Sex-Dependent Learning Deficits in the 5XFAD Animal
Model of Alzheimer’s Disease

J. L. McGlothan Dziedzic, D. A. Martinez-Perez, D. Albores-Garcia, D. R. Brooks, and T.
R. Guilarte. Florida International University, Miami, FL.
Alzheimer’s disease (AD) is a neurodegenerative condition leading to dementia and
cognitive impairment. Neuroinflammation is thought to play an important role in AD
pathogenesis. 5XFAD transgenic mice are a murine model of AD that recapitulates
many of the cognitive deficits and amyloid pathology in AD. We assessed cognitive
function using the Barnes Maze in male and female wildtype (WT) and 5XFAD mice
at 3 (3M) and 7 months (7M) of age. At 3M, we observed no significant differences in
performance between WT and 5XFAD mice in both sexes. At 7M, 5XFAD male mice
showed no significant differences in cognitive function, however there was a highly
significant impairment in 5XFAD female mice relative to WT (F1,15=18.17, p=0.001)
consistent with what is observed in humans. TSPO is a validated biomarker of
neuroinflammation used to study animal models of human neurodegenerative
disorders and humans with the disease. To assess neuroinflammation levels at 7M
male and female WT and 5XFAD mice, we performed quantitative autoradiography
using the TSPO-specific radioligand [3H]-DPA-713. Regions analyzed include the
cerebral cortex, striatum, septal nuclei, amygdala, hippocampus, thalamus, and
hypothalamus at two levels in the brain (+0.48 mm and -3.3 mm from Bregma
based on the mouse brain atlas). Two-way ANOVA of TSPO autoradiography in
male mice indicates significant increases in TSPO levels by genotype (F1,70=11.9,
p=0.001), brain region (F7,70=3.9, p=0.001) with no genotype x region interaction
(F7,70=0.80, p=0.588). In female mice, there was highly significant increases in TSPO
levels by genotype (F1,61=59.2, p<0.0001), brain region (F7,61=5.4, p<0.0001) with no
significant genotype x brain regions interaction (F7,61=1.3, p=0.285). The increases
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in TSPO levels ranged from 0-52.8% in male 5XFAD mice and 31.4-134.9% in female
5XFAD mice compared to sex-specific WT mice. These results indicate that brain
TSPO levels in 7M female 5XFAD mice are inversely associated with cognitive
function deficits. In male 5XFAD mice, brain TSPO levels are increased prior to
cognitive deficits, suggesting that TSPO is an early biomarker of cognitive decline
in the 5XFAD mouse model. Current studies are assessing TSPO brain levels in 3M
month mice and the glial sources of the TSPO response.

3830

Search for miRs Implicated in Putative Adverse Outcome
Pathway (AOP) Relevant to Sporadic Alzheimer’s Disease

M. Tsamou1, D. Carpi2, F. Pistollato2, and E. Roggen3. 1ToxGenSolutions BV, Maastricht,
Netherlands; 2European Commission Joint Research Centre, Ispra, Italy; and 33RsMC
ApS, Lyngby, Denmark.
Alzheimer’s disease (AD) is an age-related brain disease accompanied by progressive neurodegenerative decline, leading to adverse brain effects including memory
loss, cognitive impairment, and brain damage. Sporadic AD (sAD) accounts for more
than 95% of AD cases, with genetic, systemic, and environmental factors having a
pivotal role in disease pathogenesis. However, due to the disease’s complexity, it
remains obscure how these risk factors (inter)act. The AOP concept was suggested
as a tool for enhancing human disease research and for accelerating translation
of data into human applications [1,2]. Following up on these recommendations, a
tau-driven AOP toward memory loss was recently proposed [3] providing a biologically plausible mechanistic view on sequential key events (KEs) associated with
early sAD pathogenesis. An extensive search of the literature, prioritizing human in
vivo, in vitro, and ex vivo information, for processes affected by chemicals known
to induce neurotoxicity revealed that most neurotoxic chemicals plug into several
of the proposed KEs. Being interested in overlapping early events, miR networks
for AD and neurotoxicity were compared using functional analysis. A significant
overlap was observed. The proposed AOP was used as basis to conceptualize the
role of existing mechanistic miR data on a possible chain of events occurring in in
the early phase of the AD pathology. The application of the AOP concept provided
a better understanding of the early events driving sAD pathogenesis. Identification
of miRs implicated in sAD and environmental neurotoxicity, combined with
extensive functional analysis, and linking these data with the proposed KEs, may
provide plausible mechanistic insight into the development of sAD at early phase.
Reference: 1. Langley et al (2017) Drug Disc. Today, 22, 327-339. 2. Marshall et al
(2018) Drug Discov Today, 23, 1824-1832 3. Tsamou M et al. (2021) J. Alz., Dis. 81,
459-485 (DOI 10.3233/JAD-201418.

3831

Pyrethroid Exposure Causes Enhanced Hippocampal ER Stress,
Impairs Hippocampal Neurogenesis, and Worsens Cognitive
Function in APOE4 Mice

M. A. Molina, L. M. Gamba, A. C. Toltin, J. R. Richardson, and M. M. Hossain. Florida
International University, Miami, FL.
Alzheimer’s disease (AD) is a debilitating neurodegenerative disease that affects
memory, thinking, and behavior. Currently, more than 6 million Americans are living
with AD. While age is the most important risk factor for AD, there are many other
factors, including environmental exposure and genetics, which are thought to play
a profound role in disease development and progression. It has been found that
having a genetic variant of the apolipoprotein E4 (APOE4) provides an increased
risk in developing AD, but the exact mechanism in which it causes AD remains
unclear. Pyrethroids are one of the most widely used agricultural and household
insecticides. Thus, exposure to deltamethrin, a pyrethroid pesticide, could interact
with the APOE genotype to increase AD risk and worsen cognitive function. To
test this hypothesis, 5-month-old male APOE4 mice were exposed to 3 mg/kg of
deltamethrin every 3 days for 30 days and the levels of C/EBP-homologous protein
(CHOP) and glucose-regulated protein (GRP78) were measured using western blot
analysis. We found that deltamethrin significantly increased both CHOP and GRP78
proteins in the hippocampus of APOE4 mice when compared to age-matched
C57BL6/J wild type (WT) male mice, indicating deltamethrin exposure interacts
with APOE4 genotype to induce enhanced ER stress. Repeated deltamethrin
exposure also significantly decreased BrdU+ cells (40%), Ki67+ cells (33%) and
DCX+ cells (30%) in the dentate gyrus of the hippocampus, indicating potential
impairment of hippocampal neurogenesis. To determine whether these effects
resulted in cognitive deficits, hippocampal dependent learning and memory was
assessed using a contextual fear conditioning test. Deltamethrin treated APOE4
mice exhibited profound impairment in hippocampal-dependent contextual learning
and memory when compared to age-matched WT male mice. Together, this data
demonstrates that pyrethroid exposure and APOE4 gene interaction causes
enhanced hippocampal ER stress and decreases neurogenesis, which may lead to
the progression of AD. Supported in part by R01ES027481 and 3R01ES027481-6S1.

3832

Modeling Glut1 Reductions in Alzheimer’s at the Human
Blood-Brain Barrier In Vitro Using CRISPR-Cas9 Edited Induced
Pluripotent Stem Cells

I. Pervaiz, F. Zahra, C. M. Mikelis, and A. J. Al-Ahmad. Texas Tech University Health
Sciences Center, Amarillo, TX.
Glucose represents one of the major energy sources for the central nervous system
(CNS). Glucose uptake is mostly occurring across the blood-brain barrier (BBB),
via the involvement of glucose transporters (GLUTs). At the BBB, such transport
is mostly mediated via GLUT1 also known as solute carrier family 2, facilitated
glucose transporter member 1 (SLC2A1). In addition to the importance of glucose
for neuron metabolism, there is growing evidence that brain microvascular endothelial cells (BMECs) lining the BBB are highly glycolytic. Yet our current understanding of glucose metabolism at the BBB remains limited. Alzheimer’s disease is
characterized by early reductions in glucose transport associated with diminished
GLUT1 expression at the BBB. Whether GLUT1 reductions exacerbates disease
pathogenesis remains elusive. The aim of this study is to develop and characterize G1D-BMECs by gene editing using induced pluripotent stem cells (iPSCs)
and evaluate its role in Alzheimer’s pathogenesis. Heterozygous SLC2A1+/- iPSC
(IMR90)-c4 were produced by the CRISPR-Cas9 method. Such iPSCs were differentiated into BMECs using established protocols. Cell phenotyping, barrier function,
glucose uptake, and metabolism were assessed in the system following amyloid
beta-peptide treatment. SLC2A1+/- iPSCs were viable and showed no significant differences in terms of phenotype or growth, compared to unedited iPSCs.
Differentiated SLC2A1+/- BMECs showed similar SLC2A1 expression, at mRNA level
to the control, but showed reduced GLUT1 expression at the protein level, as well
as reduced glucose uptake. A decreased barrier function was observed in these
cells, without any major changes in tight junction complex and glucose metabolism, as well as impaired angiogenesis. Following treatment with amyloid-beta (Aβ),
decreased barrier function and reduced Aβ clearance was observed in SLC2A1+/iPSCs. Our data suggest that G1D-BMECs display reduced GLUT1 expression and
glucose uptake, reduced barrier tightness, and angiogenesis thus, recapitulating
findings documented in vivo. Taken together, our data suggest that G1D-BMECs
can be a potential tool to model GLUT1 reductions in Alzheimer’s disease at the
BBB in vitro.

3833

The Effect of Extra-Dietary Copper Exposure on Disease
Pathology in a Knock-In Mouse Model of Alzheimer’s

J. S. Vidal1, C. J. Rodriguez-Ortiz1, S. Shiferaw1, H. Katagiri1, S. Nguyen1, T. Saito2, T.
Saido2, and M. Kitazawa1. 1University of California Irvine, Irvine, CA; and 2RIKEN Center
for Brain Science, Tokyo, Japan.
Chronic exposure to copper is a putative environmental risk factor for AD. Although
copper is an essential metal, environmental exposure to its inorganic cupric form
(Cu2+) may exert toxicity. However, exact neurotoxic mechanisms of action of
copper, and its contribution to AD neuropathology remain largely unelucidated.
Copper is a natural antimicrobial agent, and here, we investigate its impact of
copper exposure on the gut microbiome and integrity as well as effects on cognition
and AD pathology. Recent studies implicate gut dysbiosis in the onset and progression of AD in both humans and animal models. We hypothesized that chronic
exposure to environmentally relevant copper through drinking water will reduce
richness and diversity of the gut microbiota in hAPPNL-G-F knock-in (APP-KI) mice.
Dysbiosis may perturb host metabolism and inflammatory homeostasis to contribute to AD neuropathology. One-month old male and female APP-KI and wildtype
C57BL/6J mice were exposed to 1.3 ppm CuCl2 in drinking water ad-libitum for 9
months. Before sacrifice, mice were subjected to a behavioral battery to assess
learning and memory. Mouse fecal matter was sampled monthly. At sacrifice, the
blood and brain tissue were harvested along with the ileum and colon. The brain
was subject to standard techniques for immunohistochemistry and biochemistry.
Here, we report initial findings from this ongoing study. In the brains of copper
exposed APP-KI mice, an increase dense core plaque deposition was seen in the
cortex but not in the hippocampus. No significant differences were observed in
diffuse plaques nor cognition of copper treated mice. However, copper treated WT
and APP-KI animals tended to perform worse on cognitive tasks. Ongoing work
aims to elucidate copper concentrations in the brain and plasma across treatment
groups, contributions from the peripheral and neuro-immune systems as well as
the gut microbiome, ileum, and colon. Previous work from our lab indicates that WT
microbiota is more resilient than in AD. This genotype difference will be explored
through amplicon sequencing and metabolomics.

3835

Hypoxia Inducible Factor-1α (HIF-1α) Mediates ManganeseInduced Apoptosis

K. Degefa, L. Smith, G. Ramesh, J. Hall, and K. Prabhakaran. Norfolk State University,
Norfolk, VA. Sponsor: S. Anand
Exposure to high levels of manganese (Mn) has been shown to cause a Parkinson’slike syndrome known as manganism. Although much is known concerning the
essentiality and toxicity of manganese, the mechanism for the neurodegenerative
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damage specific to select brain regions is not clearly understood. Hypoxia inducible
factor-1α (HIF-1α) is a transcriptive factor that regulates genes involved in metabolism, angiogenesis, proliferation, and apoptosis. HIF-1α can respond to hypoxic
and a variety of non-hypoxic stimuli that can initiate Reactive Oxygen Species
(ROS) production which then can activate the HIF-1α cascade. In this study, an
immortalized dopaminergic cell line was used to characterize the cell death signaling cascade involving the transcriptive factor HIF-1α on exposure to Mn. Mn-treated
cells exhibited a time and concentration related apoptosis correlated with HIF-1α
expression. Mn induced a rapid surge of intracellular ROS generation, followed by
p38 mitogen-activated protein kinase (MAPK) activation and nuclear accumulation
of HIF-1α. Activation of p38 MAPK and HIF-1α accumulation were attenuated by
N-acetyl-L-cysteine (antioxidant), 1400W (specific iNOS inhibitor), SN-50 (NF-kB
blocker) or a selective p38 MAPK inhibitor (SB203580). Further, HIF-1α activation
was reduced by selective RNAi knockdown which then protected the cells from Mn
induced apoptosis. These results indicate that Mn activated the HIF-1α mediated
apoptotic pathway through a redox sensitive process.

3837

Characterization of 3,4-dihydroxyphenylacetaldehyde Adduct
with L-cysteine Reveals Its Potential as a Biomarker of
Catecholaminergic Stress

R. A. Crawford1, E. Gilardoni2,1, K. R. Bowman1, T. B. Monroe1, L. Regazzoni2, E. J.
Anderson1, and J. A. Doorn1. 1University of Iowa, Iowa City, IA; and 2Università degli Studi
di Milano, Milan, Italy.
Parkinson’s disease is a neurodegenerative disorder characterized by disruption of dopamine homeostasis and oxidative stress. The aldehyde metabolite of
dopamine, 3,4-dihydroxyphenylacetaldehyde (DOPAL), is implicated in dopaminergic cell death due to its ability to modify proteins and form reactive oxygen species.
Aberrant DOPAL production may be caused by exposure to certain pesticides
that disrupt the dopamine homeostatic pathway. This research has identified a
DOPAL conjugate that is produced in SH-SY5Y neurons after supplementation with
dopamine and exposure to the pesticide rotenone. Specifically, SH-SY5Y neurons
were supplemented with dopamine and exposed to 1µM of the PD-correlated
pesticide rotenone. Both intracellular and extracellular components were evaluated
at intermittent time points from 0 to 24 hours. Controls included cells that were
also supplemented with N-acetyl cysteine (i.e., the precursor to L-cysteine) and
cells that were treated with only dopamine. A DOPAL-L-cysteine conjugate was
identified in the extracellular matrix via mass spectrometric methods. L-cysteine
was also evaluated for its protective abilities by observing modification of proteins
(i.e., glutathione S-transferase or bovine serum albumin) by DOPAL in the presence
of absence of this scavenger. Mass spectrometric methods were employed to
assess the mechanism of action of protection by L-cysteine and elucidate the
formation of an L-cysteine-DOPAL conjugate. L-cysteine fully protected glutathione S-transferase activity from modification by dopamine and DOPAL. L-cysteine
was also found to form a putative thiazolidine conjugate with DOPAL via LC-MS.
This conjugate was also found to form in SH-SY5Y neurons after treatment with
dopamine and n-acetyl cysteine, or when cells were treated with dopamine and
exposed to rotenone. The DOPAL-L-cysteine conjugate is exported to the extracellular matrix. Because aberrant DOPAL production is a hallmark of the etiopathology of Parkinson’s disease, an identifiable DOPAL derivative may help diagnose
disease earlier. We propose that the observed DOPAL-L-cysteine production is a
novel pathway of neuroprotection and that it is relevant to diseases that are marked
by dopamine homeostasis disruption, such as Parkinson’s disease.

3838

The MT1G Biomarker Gene Responds to Neurotoxicants That
Threaten Vulnerable Pathways in LUHMES Dopaminergic
Neurons

D. Gerhold, Z. Tong, J. Braisted, and A. Simeonov. NIH/NCATS, Rockville, MD.
Neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease (PD)
result from selective killing of specific neuron populations. PD is most toxicologically relevant, since it is ~80-90% environmental in origin, and several chemical
tool compounds are known that cause Parkinsonism (MPTP/MPP+ and 6-hydroxydopamine), or increase risk several fold (e.g., pesticides rotenone and ziram).
We developed a combination screening method, the “Toxmatrix”, to identify the
mechanisms of neuron killing by 32 neurotoxicants. The Toxmatrix method was
used to screen 70 targeted “modulator” chemicals to identify those that protected
or sensitized neurons to each of the 32 neurotoxicants. These toxicant-modulator interactions were similar in neuronal cells differentiated from three cell lines,
LUHMES immortalized dopaminergic neurons, SH-SY5Y neuroblastoma cells,
and human neural stem cells. Unexpectedly, these three neuronal cell lines were
protected from four or five neurotoxicants each, by glutathione synthesis precursor
N-acetylcysteine and metal chelator DMPS (3-dimercapto-1-propanesulfonic acid),
suggesting glutathione synthesis and metal disposition are vulnerable pathways
in neurons. Exploring additional toxicants and modulators revealed that LUHMES
neurons were unusually sensitive to fatty acid peroxidation, resulting in death by
ferroptosis. Subsequently, we used transcriptomic profiling to survey LUHMES
neuron responses to Parkinsonian toxicants rotenone, 6-hydroxydopamine, MPP+
(1-methyl-4-phenylpyridinium), and ziram, as well as additional toxicants paraquat,

MS275, and methylmercury. Metallothionein gene MT1G transcripts responded
dynamically to all seven neurotoxicants. In other cell types, metallothionein proteins
are known to scavenge reactive oxygen species (ROS) and sequester toxic free
metal ions, activating additional transcription of MT genes. Thus, the MT1G in
LUHMES neurons responds to oxidative and metal disposition vulnerabilities in
neurons, hence represents a sensitive and dynamic biomarker. Finally, we used
CRISPR to engineer a LUHMES MT1G::Luciferase reporter cell line and found that
it responded 500-fold to several neurotoxicants. This cell line is yielding mechanistic insights into neurotoxicity and may enable facile, sensitive screening of large
chemical libraries to identify cryptic neurotoxicants.

3839

Deficiency of Microglial Hv1 Proton Channel Attenuates
Paraquat-Induced Microglial NLRP3 Inflammasome

C. Kim1, M. Neal1, A. Boyle2, L. Wu3, and J. R. Richardson1. 1Florida International
University, Miami, FL; 2Kent State University, Kent, OH; and 3Mayo Clinic, Rochester, MN.
Paraquat (PQ) is a widely used herbicide, and many epidemiological studies
have shown that PQ exposure increases the risk of Parkinson’s disease (PD). PQ
is thought to produce neurotoxicity in part by increasing neuroinflammation and
microglial activation. However, the mechanism(s) responsible for this activation
are not clear. Here, we demonstrate that PQ, acting through Hvcn1/Hv1, a voltagegated proton channel selectively expressed in microglia in the brain, primes and
activates the NLRP3 inflammasome. Direct treatment of primary microglia (PMG)
with a single treatment with PQ (10 µM) for 12 hours increased the expression
levels of NLRP3 inflammasome-related proteins, including NLRP3, ASC, cleaved
caspase-1, and cleaved IL-1β. Additionally, secreted IL-1β was increased by 38-fold
following PQ treatment. These effects were almost abolished in PMGs from Hv1
knockout mice. We further confirmed these effects in vivo, as a single injection of
10 mg/Kg PQ in C57BL/6J mice resulted in an increase of NLRP3 protein levels
by 6-fold in the striatum, as measured by immunofluorescence. ASC protein was
increased by 5.4-fold in the striatum and 5.6-fold in the substantia nigra, respectively, an effect abolished in Hv1 knockout mice. In PMGs, a second treatment
with PQ 6 hr after the first treatment was performed to determine activation of the
NLRP3 inflammasome. This treatment further increased protein levels of NLRP3,
ASC, cleaved caspase-1, and cleaved IL-1β compared to the single administration of PQ. These effects were attenuated or abolished in Hv1 knockout microglia. The levels of IL-1β in the media increased 79-fold compared to the control
group and 2-fold compared to a single administration of PQ. However, this effect
was abolished in Hv1-deficient PMG. Collectively, these data demonstrate that
direct PQ treatment primes and activates the NLRP3 inflammasome in microglia,
and that Hv1 plays a key role in this process. Supported in part by R01ES021800,
R01ES033892, and The Michael J. Fox Foundation.

3840

Investigating the Impact of Drp1 Inhibition on LPS-Induced
Neuroinflammation In Vivo

R. Z. Fan1, Y. Lai1, S. Salehe1, E. Tieu2, and K. Tieu1. 1Florida International University,
Miami, FL; and 2Terra Environmental Research Institute, Miami, FL.
Dynamin-related protein 1 (Drp1) is a mitochondrial fission protein involved in
mitochondrial dynamics. Using multiple complementary models of Parkinson’s
disease, we previously reported that Drp1 inhibition attenuated mitochondrial
dysfunction, oxidative stress, impaired autophagy flux and release of exosomes
containing neurotoxic alpha-synuclein. Given the important role of neuroinflammation in neurodegeneration, we investigated in this study the impact of Drp1 inhibition on neuroinflammation using three complementary Drp1-knockout (KO) mouse
models: Global heterozygous knockout of Drp1 in all cell types, inducible microglia-specific Drp1 deletion (Cx3Cr1 CreERT), and inducible astrocyte-specific Drp1
deletion (Aldh1L CreERT ). Mutant mice and wild-type (WT) controls were injected
with LPS (i.p.,5mg/kg body weight) or vehicle control and then brain samples were
collected 6h after. qPCR analysis showed LPS treatment increased the mRNA levels
of the pro-inflammatory markers (TNF-α,IL-6, IL-1β, iNOS) in ventral mid-brain of the
WT mice but not in the global Drp1-KO mice. Sholl analysis of microglia morphology
confirmed less microglia activation. Interestingly, we did not observe the same level
of protection in mice with microglia specific Drp1 knockout mice. To further investigate this observation, we cultured primary microglia from global Drp1-KO and their
WT littermates and treated these cultures with 100ng/ml LPS for 6h and 24h. The
activation of primary cultures by LPS was confirmed using qPCR and Meso Scale
Discovery cytokine assay. Similar levels of microglia activation were detected in
both WT and Drp1-KO primary microglia. At this concentration of LPS (100ng/ml),
we also did not detect mitochondrial fragmentation and impaired mitochondrial
respiration using the Seahorse XFe96 Analyzer Mito-stress assay - suggesting
LPS does not induce neuroinflammation via mitochondrial dysfunction. Together,
our data indicate that a partial global Drp1-KO is sufficient to protect against LPS
induced neuroinflammation. The lack of protection in microglia specific Drp1-KO
suggests the involvement of astrocytes, which we are currently investigating using
the Aldh1L CreERT mice. In combination, our animal models will offer critical insights
into the role of Drp1 inhibition in neuroinflammation. This work was supported by
NIEHS (R35-ES030523).
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A Multiplex Model in a Drosophila Identifies Novel GeneEnvironment Interactions: A Step toward Personalized Medicine

S. Sarkar1, and A. Kanthasamy2. 1Brigham and Women’s Hospital, Boston, MA; and 2Iowa
State University, Ames, IA.
Epidemiological studies strongly support a role for environmental factors, particularly pesticide exposure, in the pathogenesis of Parkinson’s disease (PD). Genetic
risk factors, including penetrant single-gene mutations and risk factors identified
from genome-wide associated studies (GWAS), also contribute to PD risk and
progression, but available model systems are limited in their ability to interrogate
gene-environment crosstalk in vivo and at scale. Here we use Drosophila as a model
system to understand complex gene-environment interactions in PD. We developed
a multiplex model in Drosophila in which we knocked down GWAS candidate
genes in neurons in a robust new α-synucleinopathy model and exposed the flies
to environmental neurotoxicants. We identified an interaction between LRRK2,
rotenone, and α-synuclein. Expression of the disease-causing Lrrk-G2019S mutant
in the presence of rotenone and alpha-synuclein induced behavioral deficits and
mitochondrial dysfunction. Further, microscopy analysis revealed that the interaction of LRRK2, α-synuclein, and rotenone leads to hyperstabilization of the actin
cytoskeleton. We have previously shown that LRRK2 has actin severing activity, and
previous studies have implicated the GTPase domain in regulating actin severing.
We next expressed a GTPase domain mutant, Lrrk-Q1003H, to mimic the human
protective mutant LRRK2-R1398H. Interestingly, expression of the LRRK2 Q1003H
attenuated behavioral deficits, mitochondrial defects, and actin hyperstabilization
mediated by LRRK2-rotenone-synuclein interactions. Moreover, genetic analysis
from a patient cohort who had previous pesticide exposure revealed that the
patient’s LRRK2-R1398H mutation reduces the chance of developing PD. Since
global actin severing may have unwanted side effects, we used a combination
of forward genetic screen and proteomics to identify potential kinases that can
be druggable targets. We identified Cdc42 binding protein kinase MRCKα, an
actin-binding protein, as a potential target. Genetic and pharmacological inhibition
of MRCKα in Drosophila can modify the toxicity induced by the interaction among
LRRK2, α-synuclein, and rotenone by inhibiting actin hyperstabilization. Using our
novel multiplex model in Drosophila, we have identified an interaction between
LRRK2, α-synuclein, and rotenone which is modulated by actin stabilization and
mitochondrial dysfunction. We have further demonstrated that using this multiplex
approach, we can study the mechanism of these interactions as well as identify
novel drug targets for the interactions. Our findings have implications towards the
development of a personalized approach for drug discovery and lead identification.

3842

Exploring the Role of sEH-Inhibitors as a Potential Treatment for
Parkinson’s Disease in C. elegans

R. E. Gonzalez-Calderon1, M. Sarparastzardroudia2, D. Vonarx2, J. Alan2, and K. S.
Lee2. 1Universidad Ana G. Méndez, San Juan, PR; and 2Michigan State University, East
Lansing, MI.
Parkinson’s desease (PD) is the second most common neurodegeneration disease
in the world, with no known causes. Many studies have shown gene mutations
and environmental toxins that may have a role in the onset of PD. The creation
of Lewy bodies, which promote the degeneration of dopaminergic neurons and
contribute to dementia and slow movements, is one of the hallmarks of PD. Lewy
bodies are a-synuclein (aSyn) aggregates that build up in the brain. The involvement of soluble epoxide hydrolase (sEH) during PD has led to therapy strategies
that inhibit sEH function. Some of these inhibitors are currently on the market,
such as triclocarban (TCC), but their increased use as a personal care product has
generated concerns. In various studies, AUDA has been shown to be a sEH inhibitor
for bleomycin-induced lung damage and fibrosis. Our goal is to use AUDA to reverse
the effects of aSyn-induced neurotoxicity. We hypothesize that supplementing with
AUDA will help the NL5901 worms recover from their PD phenotype. The wild type
N2 dopaminergic neurons with GFP tags were compared to the C. elegans strain
NL5901, which has aSyn overexpression and is tagged with YFP. We generated
age-synchronized plates with the strains first, then examine their thrashing with a
10-day thrashing test. The worms will then be given AUDA to see if it has helped
them recover from the aSyn-induced neurotoxicity.

3843

Caesarean Section Delivery Alters Neurodevelopment in the
Mouse Brain

J. K. Lessing, X. Zhou, H. Sun, J. Wang, M. G. Dominguez-Bello, and E. DiCicco-Bloom.
Rutgers, The State University of New Jersey, New Brunswick, NJ.
Neurodevelopmental diseases are thought to be caused by a combination of
genetic susceptibility and environmental triggers. Caesarean-section delivery (CS)
may be an environmental trigger of developmental disorders. Human cohort studies
correlate CS to a ~20% increased risk of developing autism, a ~17% increased risk
of attention deficit hyperactivity disorder, and increases in metabolic diseases like
obesity and type-1-diabetes. Though CS is a medical necessity, the World Health
Organization estimates CS rates above 10% do not improve maternal or neonatal
health. The global CS rate in 2015 reached 21.1% and was 31.7% in US in 2019.

Disorders associated with CS may be caused by many factors, including perinatal distress, maternal anesthesia, perinatal hormonal environment, and disrupted
vertical transmission of microbiome from mother to neonate. We designed a
murine model to study effects of CS on neurodevelopment. Previous data from
this model indicates CS changes the ileal transcriptome at postnatal day 7 (P7)
and alters gut microbiome composition by P21. We now extend the paradigm to
consider how CS affects neurodevelopment. Timed-pregnant dams were allowed
to give birth vaginally (control) or underwent terminal CS at gestational day 19.
Pups from both groups were fostered by dams giving birth in the previous 24-hours.
Following sacrifice on P7, we isolated cerebellum, hippocampus, and medial
prefrontal cortex based on associations with neurodevelopmental diseases and
periods of neurogenesis. Cerebellar proliferation peaks from P5-P10; hippocampal
dentate gyrus precursors proliferate throughout life; medial prefrontal cortex serves
as negative control because neuronal precursor proliferation is largely complete by
E17.5, though gliogenesis is ongoing. Brain region protein extracts were assessed
by immunoblotting for neurodevelopmental markers. Preliminary data in hippocampus shows male mice that underwent CS had double the level of cyclin E (p = 0.001;
n = 7/group) and potentially increased doublecortin (p = 0.08). Additionally, data
in cerebellum shows female mice that underwent CS had a four-fold increase of
doublecortin levels (p < 0.01) and potentially increased cyclin E (p = 0.08). In sum,
CS was found to increase levels of neural stem cell markers in the hippocampus
and cerebellum. Interestingly, this effect was sex and brain region dependent.
Future studies will analyze additional brain regions and time points, and investigate
transcriptional and microbiome-based mechanisms underlying these effects. The
results of this study has the potential to impact healthcare considerations for all
women of childbearing age and their future children.

3844

Identification of Pesticides That Alter Autophagy: Implications
for Parkinson’s Disease Risk

M. Arellano1,2, S. Khemka2, L. M. Barnhill2, and J. M. Bronstein1,2. 1University of
California Los Angeles, Los Angeles, CA; and 2David Geffen School of Medicine at UCLA,
Los Angeles, CA.
Parkinson’s disease (PD) is an increasingly prevalent neurological disorder that
is characterized in part by aggregation of alpha-synuclein and progressive loss
of dopaminergic neurons as hallmark features. Autophagy is a pathway to clear
aggregated proteins and organelles via lysosomal degradation; dysfunctional
autophagy has been implicated in the pathogenesis of PD. Pesticides commonly
used in the Central Valley of California (CVC) - a major agricultural region of the
United States - have been associated with an increased risk of PD. We hypothesize that pesticides commonly used in the CVC impair autophagic flux conferring increased risk of developing PD. We developed a two-phase cell-based screen
to identify pesticides that alter autophagy. A total of sixty-seven pesticides were
tested, at the highest nonlethal concentration, representing at least one from each
chemical class used in the CVC. In phase one, we utilized fluorescent pH-selective
dyes and confocal microscopy to determine the effects of pesticides on the number
of autophagosomes and lysosomes in human neuroblastoma cells (SK-N-MCs).
We identified twenty-one pesticides that altered autophagosome and/or lysosome
numbers greater than 30% compared to vehicle-treated cells for further study. Some
of these pesticides have a known association to PD (e.g., rotenone) but importantly,
we identified several pesticides that had not been previously implicated to alter PD
risk (e.g., vinclozolin). In the second phase of our screen, we determined alterations
in the autophagosome cargo protein p62/SQSTM1 and/or the lysosomal membrane
associated protein LAMP2a using immunocytochemistry. We found that exposure
to most of the pesticides positively identified in phase one also resulted in changes
in p62 and/or LAMP2a; for example, ziram exposure resulted in increased p62
levels and decreased LAMP2a levels, even at nanomolar concentrations. Studies
are underway to determine how these pesticides alter autophagic flux in zebrafish
neurons in vivo. These studies will identify pesticides that potentially alter risk of
developing PD and deserve further study in human cohorts.

3845

Repeated Exposure to Chlorpyrifos Is Associated with a DoseDependent Chronic Neurobehavioral Deficit in Adult Rats

A. C. Ribeiro, E. H. Hawkins, F. M. Jahr, J. L. McClay, and L. S. Deshpande. Virginia
Commonwealth University, Richmond, VA.
Organophosphate (OP) chemicals include commonly used pesticides, industrial
chemicals, and also chemical warfare agents. Because of their widespread use,
OPs are ubiquitously present in the environment. While a chronic low-dose OP
exposure does not produce acute cholinergic crises, epidemiological studies report
long-term neuropsychiatric issues including depression and cognitive impairments
in OP-exposed individuals. Thus, the neurotoxicity and neurobehavioral deficits
associated with OP exposures have brought OP to the forefront as an environmental factor elevating the risk for major depressive disorder. Chlorpyrifos (CPF)
is one of the most widely used pesticides worldwide. Multiple laboratory studies
have reported on either the long-term behavioral effect of a single, high-dose CPF
or studied sub-chronic behavioral effects particularly the motor and cognitive
effects of repeated low-dose CPF exposure. However, studies on chronic mood and
depression-related morbidities following repeated sub-threshold CPF doses that
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would mimic occupationally-relevant OP exposures are lacking. Here, adult male
rats were injected with CPF (1, 3, 5, or 10 mg/kg/d, s.c.) for 21-days. Dependent
on the CPF dose, ChE activity was inhibited approximately 60-80% in the blood
and about 20-50% in the hippocampus at 2-days after the end of CPF exposures.
Following an 11-week washout period, CPF-treated rats exhibited a dose-dependent increase in signs of anhedonia (sucrose preference test), anxiety (open-field
and elevated plus-maze), and despair (forced swim test) despite a complete
recovery of ChE activity at this stage (n= 6 rats/group, One-way ANOVA, p<0.05).
We speculate that both cholinergic and non-cholinergic mechanisms could play a
role in the development of chronic OP-related depressive outcomes. The proposed
CPF exposure paradigm could provide an ideal model to further study molecular
mechanisms underlying cause and effect relationships between environmental OP
exposures and the development of chronic behavioral deficits.

3846

Repeated Chlorpyrifos Exposures Affect Motor Activity in Rats

Miller1,2,

K. M.
M. J. Sonner1,3, V. T. Ethridge1,4, N. M. Gargas1,4, S. H. Romer1,4, and J. G.
Rohan1. 1Naval Medical Research Unit Dayton, Wright-Patterson AFB, OH; 2Wright State
University, Dayton, OH; 3ICON GPHS, Hinckley, OH; and 4Odyssey Systems Consulting
Group Ltd., Wakefield, MA.
Organophosphate insecticides, such as chlorpyrifos (CPF), are actively used to
control pests worldwide including by the US Military. Despite CPF only being
moderately toxic to humans, increasing evidence suggests that repeated exposures
can lead to locomotor deficits. Neuronal motor circuits converge onto motor
neurons in the brain and spinal cord to generate body movements. Few studies
have evaluated changes in the spinal cord that may underpin locomotor effects
of CPF exposure. The objective of this project is to characterize the effects of
repeated in vivo CPF exposures on motor function and lamina IX spinal neurons
which includes motor neurons. Rats were orally exposed to 0, 5 or 10 mg CPF per kg
body weight for 2 weeks at 5 days/week for a total of 10 exposure days. Motor and
anatomical endpoints were assessed 1-3 days and 2-3 months after completion
of exposures. At 1-3 days post exposures, we found that repeated CPF exposures
resulted in reduced motor activity. Specifically, we found a significant reduction in
ambulatory speed. We also found no changes in the number of lamina IX spinal
neurons but found significantly smaller neuronal somas in the 10 mg/kg CPF
exposure group. Approximately 2 months after this exposure, motor activity was
no longer significantly different from controls and the number of lamina IX spinal
neurons were maintained. However, we found a significant increase in the size of
lamina IX spinal neurons 2 months following CPF exposure. These adjustments in
spinal neuronal sizes likely reflect compensatory actions to maintain homeostasis
in neuronal motor circuits following exposures to CPF.

3847

Effects of Repeated Chlorpyrifos Exposures on Brain Function in
Rats

M. J. Sonner1,2, V. T. Ethridge1,3, N. M. Gargas1,3, A. D. Hulgan1,4, R. J. Moore5,6, C.
Hatcher-Solis5, S. H. Romer1,3, and J. G. Rohan1. 1Naval Medical Research Unit Dayton,
Wright-Patterson AFB, OH; 2ICON GPHS, Hinckley, OH; 3Odyssey Systems Consulting
Group Ltd., Wakefield, MA; 4Henry M. Jackson Foundation for the Advancement of
Military Medicine, Bethesda, MD; 5711 HPW/RHBCN, Wright-Patterson AFB, OH; and
6Infoscitex, Dayton, OH.
Military personnel are at risk for exposures to various chemicals such as pesticides,
which are common contaminants found in the environment, food, and water.
Adverse neurological effects of pesticide exposures have been documented in
veterans. The objective of this project is to characterize the neurological effects of
repeated in vivo chlorpyrifos (CPF) exposures on neurological function, using not
only behavioral testing but also electrophysiology to directly assess hippocampal
function. A secondary objective of this project is to explore whether administration
of transcranial direct current stimulation (tDCS) can alleviate the detected neurological effects resulting from repeated exposures. Rats were exposed to 0, 5 or 10 mg
CPF per kg body weight for 2 weeks at 5 days/week for a total of 10 exposure days.
Neurological endpoints were assessed 1-3 days and 2-3 months after completion
of exposures. At 1-3 days post exposures, we detected reduced paired pulse facilitation of hippocampal neurons. At 2-3 months post exposures, we detected altered
sensorimotor gating using the acoustic startle reflex test with prepulse inhibition,
slight increase in input-output function and trending reduction in spontaneous
activity of hippocampal neurons. In addition, we observed significant increases in
plasma levels of IFN-γ, IL-4, IL-5, IL-10, IL-13, TNF-α. However, levels of cytokines
in homogenized brain tissue were not significantly altered. Immunohistochemical
studies measuring astrocyte and microglia activation in hippocampus of control
and dosed rats did not reveal any significant effects of repeated CPF exposures.
Administration of tDCS did not reverse CPF-induced changes in behavior, electrophysiological parameters or plasma cytokine levels. However, tDCS enhanced
synaptic plasticity as expected and also decreased brain levels of IFN-γ, IL-4, IL-10,
IL-13, IL-5, and TNF-α. Our data overall revealed that repeated CPF induced systemic
inflammation that may contribute to altered sensorimotor gating and hippocampal
function without significant effects on inflammatory cytokine levels in the brain or
glia activation in the hippocampus. According to our data thus far, tDCS is not an
effective countermeasure against CPF-induced effects.

3848

Chlorpyrifos and Chlorpyrifos-Oxon Are Causing Gene
Expression Compatible with Overt Inflammatory Response in a
Model of Glial Cell

A. A. Arias-Zepeda, J. Estévez, H. Candela, M. Tomas-Pardo, M. A. Sogorb, and E.
Vilanova. Universidad Miguel Hernández de Elche, Elche, Spain.
Chlorpyrifos (CPF) causes acute and chronic toxicity in different organ systems
additionally to the well-known acute toxicity due to acetylcholinesterase inhibition by its activated metabolite chlorpyrifos-oxon (CPO). The cell response in the
T98G human glioblastoma cell line after CPF and CPO exposure were analyzed
by massively parallel Illumina sequencing of mRNA molecules (RNA-seq). A set
of 304/123 identified genes were differentially expressed between the CPF/CPO
exposed and control cells. These genes with altered expression were searched
for significantly overrepresented GO (Gene Ontology) terms observing that the
protein products were linked with an overt inflammatory response in these cells as
a first impact on the nervous system. A bioinformatic search among those differentially expressed genes was performed using R programming language with the
IDE RStudio through Bioconductor package and allowed to retrieve 49 proteins
that contain a serine-esterases motif susceptible to be phosphorylated by organophosphates. The computational docking analysis of some of these serine-proteins
proteins demonstrated the feasibility of binding by organophosphates. Our results
highlight the importance of the response of glial cells in their role as barrier in the
protection of the nervous system against chemical insults. Licensed under Creative
Commons BY-NC-ND 4.0.

3849

Unraveling Mechanism of Potential Toxicity of Pesticides in
Humans Using Artificial Intelligence

T. Krsmanovic1, J. Frampton1, K. Jankovic1, G. Apic1, and R. Russell2. 1Metisox,
Cambridge, United Kingdom; and 2Heidelberg University, Heidelberg, Germany.
The extensive use of pesticides in protection against crop loss and vector-borne
diseases has further intensified in recent years. Since molecular targets of
pesticides are often shared between pest and non-target species, this raises significant concerns over their potential toxic effects to non-target organisms, including
humans. The goal of this study was to develop a knowledge base and algorithms
that can be used to predict potential toxicities to humans due to pesticide use.
From the public domain and proprietary company datasets, we collected data on
chemicals contained in a variety of pesticides and their interactions with proteins
and known toxicities within 18 different species, including humans. We generated
computable networks of interacting pesticide, genes, proteins, pathways and biological effects that allowed us to predict pesticide effects on organisms. To validate
our approach, we chose two well-known organochlorine compounds: lindane and
dieldrin. Within our knowledge base, we identified several diseases and potential
toxicities associated with their use: Non-Hodgkin lymphoma, acute renal failure,
Sertoli cell toxicity, hepatotoxicity and genotoxicity for lindane; and DNA strand
break, lymphoid toxicity and hepatotoxicity for dieldrin. Our computational tool
shows that lindane targets nuclear receptors involved in metabolism of lipids and
toxicity, molecules involved in ryanodine-sensitive calcium-release channel activity,
oxygen binding, steroid binding and transcription. Dieldrin targets molecules
that are involved in DNA dependent regulation of transcription, steroid hormone
receptor activity and oxygen binding. The analysis of chemicals together with their
target molecules identified pathologies on cellular, organ and organ system level
related to nervous system (brain ischemia, brain inflammation and dyskinesia
for dieldrin; and epilepsy, migraine and nerve toxicities for lindane), reproductive
system (prostate toxicities) and GI system (intestine toxicities and hepatocyte
toxicity). Indeed, literature search showed that organochlorine chronic exposure is
associated with adverse effects, particularly in liver and reproductive system. We
generated mechanistic hypotheses for each of these pathologies, supported by
current knowledge. In this example, we show how our tool can contribute to a quick
chemical toxicological assessment.

3850

Molecular Mechanism of Neurotoxicity of a Pyrethroid Pesticide
Deltamethrin via Dysfunction in Proteolytic Systems

T. Hirano1, Y. Ikenaka2, N. Hoshi3, and Y. Tabuchi1. 1University of Toyama, Toyama,
Japan; 2Hokkaido University, Sapporo, Japan; and 3Kobe University, Kobe, Japan.
Autophagy and the ubiquitin-proteasome system are two cooperative pathways
playing important roles in the proteolytic function to maintain cellular homeostasis. In neuronal cells, the dysfunction of these clearance systems by exogenous
stressors is implicated in the onset of neurodegenerative diseases. The aim of the
present study is to investigate the neurotoxic mechanisms of a type II pyrethroid
pesticide deltamethrin (DM) focusing on modulation in activities of the proteolytic function using a mouse neuronal cell model. We confirmed that the micromolar concentration of DM decreased the cell viability with induction of apoptotic
cell death. Our data showed that DM activated autophagy with the accumulation
of autophagosomes and increased the levels of autophagy markers LC3-II/LC3-I
ratio and p62, which were much elevated in the presence of lysosomal inhibitors
bafilomycin A1 and chloroquine. We also found that DM induced decreases in
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the function and amount of mitochondria, leading to degradation by mitophagy.
Moreover, a decrease in the activities of three major proteasomal enzymes and
an accumulation of ubiquitinated proteins were observed by the exposure to DM.
Transcriptome analysis revealed that 966 up-regulated genes by DM supported
the activation of autophagy with induction of cellular stress responses including
oxidative stress and endoplasmic reticulum stress, while 786 down-regulated
genes related to the cell cycle and DNA replication. These findings should provide
a novel concept that the dysfunction of the crosstalk between proteolytic systems
with mitophagy activation and proteasome inhibition underlies the neurotoxicity
of pyrethroids, which contribute to assess the potential risks of chemicals on the
mammalian nervous system.

3851

Role of Cholinergic Nicotinic Receptor in Status epilepticus
Caused by Acute Diisopropylfluorophosphate (DFP) Intoxication
in Adult Mice

X. Liu, J. J. Calsbeek, E. A. González, A. B. Nguyen, J. A. MacMahon, P. Andrew, and P.
J. Lein. University of California Davis, Davis, CA.
DFP is an organophosphate (OP) that can cause status epilepticus (SE) and death
by inhibiting acetylcholinesterase (AChE), an enzyme that breaks down acetylcholine (ACh) to maintain physiologic cholinergic neurotransmission in the central and
peripheral nervous systems. Excessive ACh in the synaptic cleft overstimulates
nicotinic and muscarinic ACh receptors, one consequence of which is seizure
activity that can rapidly progress to SE. Current standard of care for acute OP intoxication includes atropine to block peripheral muscarinic receptors and 2-pralidoxime to regenerate peripheral AChE. However, therapeutic treatments that target
nicotinic ACh receptors (nAChR) have not been rigorously evaluated. Here, we used
a model of acute DFP intoxication to test the hypothesis that nAChR activation is
involved in the initiation and/or maintenance of SE. Administration of the non-selective nicotinic antagonist mecamylamine (MEC, 9.5 mg/kg, s.c.) 10 min before or 10
min after, but not 40 min after, DFP (9.5 mg/kg, s.c.) significantly reduced seizure
severity, seizure duration, and weight loss relative to untreated DFP controls.
Pre-treatment with the α4 subunit-selective antagonist dihydro-β-erythroidine
(DHβE) also significantly reduced seizure severity, duration and weight loss, but
pretreatment with the α7 subunit-selective antagonist methyllycaconitine (MLA) did
not. Consistent with the pharmacologic data, genetic deletion of the α4, but not the
α7, nAChR subunit reduced behavioral seizure scores and electrographic seizure
activity relative to wildtype mice. Collectively, these data identify a mechanistic
role for α4-containing nAChR in the initiation and/or progression of seizures following acute OP intoxication, and support further investigation of nicotinic antagonists as prophylactics for OP-induced SE. Supported by NIH CounterACT Program
(NS079202).
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Effects of Chlorpyrifos on the Blood-Brain Barrier

W. Li, and M. Ehrich. Virginia-Maryland College of Veterinary Medicine, Blacksburg, VA.
Chlorpyrifos (CPF), a cholinesterase inhibitor, compromises the integrity of an
in vitro blood-brain barrier (BBB). To determine if BBB leakage would also occur
in vivo, we used FITC-dextran to evaluate BBB permeability in CPF-dosed mice.
Results indicated BBB leakage that was evident at 2 h after treatment with 70 mg/
kg CPF ip. To explore the underlying molecular mechanisms involved in this BBB
disruption, we analyzed genes and proteins of BBB-tight junctions (claudin-5 and
occludin) at different time points after CFP treatment. The results demonstrated
that both claudin-5 and occludin proteins were significantly increased at 2 h after
CPF treatment but returned to control by 24 h. The involvement of the signaling
protein vascular endothelial growth factor (VEGF) was determined by comparing
its concentration in serum in the presence and absence of a 1 h pretreatment
with a receptor antagonist for VEGF (soluble Flt-1). An ELISA assay indicated that
VEGF serum concentration was significantly increased at 24 h after CPF treatment,
but sFlt-1 pretreatment caused both claudin-5 and occludin gene expression to
be significantly down-regulated at 1, 2, and 3 hours after CPF treatment, although
both gene expression levels were at control level 24 hours after treatment. These
results suggest an involvement of VEGF with CFP-induced BBB disruption through
BBB-tight junction regulation.

3854

Chlorpyrifos and Chlorpyrifos-Oxon Exposure Leads to the
Dysregulation of Basal Glutamate Release in Human-Induced
Pluripotent Stem Cell-Derived Glutamatergic Neurons

A. Barmash Rubinchik, A. M. Tukker, S. R. Sammi, J. R. Cannon, and A. B. Bowman.
Purdue University, West Lafayette, IN.
Chlorpyrifos is an organophosphate pesticide and insecticide that was developed
with intended use in agricultural and household settings. It is known that chlorpyrifos (CP), or its more toxic metabolite CP-oxon (CP-O), causes a wide range of
health complications such as neurological dysfunction, immunotoxicity, developmental issues, and cardiovascular damage. Due to its dangerous nature, the use of

chlorpyrifos has been severely restricted to completely banned in many countries.
However, it is only partially outlawed in the US. The main source of CP-O neurotoxicity has long been thought to be from acetylcholinesterase inhibition, though much
emergent data suggest that other neurotransmitter systems are targeted. Currently,
little is known about its effects on the glutamatergic (GLUergic) system. The aim
of this study is to determine the neurotoxic effects of CP and CP-O on neurotransmitter release in human iPSC-derived GLUergic cortical neurons. GLUergic cortical
cultures were differentiated via dual-SMAD inhibition from hiPSCs. Upon maturation (>D90), a baseline collection for extracellular glutamate was performed
followed by a 24-hour exposure to CP (3 µM - 300 µM) or CP-O (0.1 µM - 10 µM).
Following exposure, cells recovered for 48 hr with additional glutamate collections
performed at 24 and 48 hr. After the recovery period, whole-cell protein lysates
were collected to correct measured glutamate release for cell density by BCA. Cells
exposed to CP and CP-O showed a concentration-dependent decrease in glutamate
release compared to baseline. Interestingly, a sharp increase in glutamate release
was observed for 100µM and 300µM CP, which may be indicative of glutamate
dysregulation and excitotoxicity. This study thus shows that in addition to altering
the acetylcholinergic system, CP and CP-oxon may affect the GLUergic system,
elucidating a potential new mechanism for neurotoxicity.

3855

Investigating Soluble Epoxide Hydrolase as a Therapeutic
Target for Mitigating the Chronic Neurotoxicity of Acute
Diisopropylfluorophosphate (DFP) Intoxication

J. A. MacMahon1, P. Andrew1, P. Bernardino1, D. A. Bruun1, B. D. Hammock2, and P. J.
Lein1. 1UC Davis School of Veterinary Medicine, Davis, CA; and 2University of California
Davis College of Agricultural and Environmental Sciences, Davis, CA.
Organophosphates (OPs) are compounds found in chemical weapons and
pesticides, which account for over 300,000 casualties per year. Many OPs cause
toxicity via inhibition of acetylcholinesterase (AChE), leading to cholinergic crisis,
status epilepticus (SE), and death. Current medical countermeasures reduce mortality; however, they are insufficient to prevent chronic neurotoxic effects, including
progressive development of spontaneous recurrent seizures (SRS). One explanation
is that current standard of care does not target cellular stress responses triggered
by acute OP poisoning. Here, we test the hypothesis that OP-induced neuroinflammation contributes to neurologic sequelae. We used a rat model of acute intoxication with DFP to assess whether the soluble epoxide hydrolase inhibitor, TPPU,
which reduces pro-inflammatory lipids, mitigates SRS. Adult male Sprague Dawley
rats were exposed to DFP (3.25-3.75 mg/kg, s.c) and scored for seizure severity
using seizure behavior criteria for 4 h following DFP exposure. Animals were
assigned to either short-term or long-term cohorts, wherein short-term animals
received daily i.p. injections of TPPU (1 mg/kg) or an equal volume of vehicle (VEH,
20% polyethylene glycol 400 in sterile saline) starting at 1 d post- exposure (DPE)
for 7 d. Long-term animals received equivalent doses starting at 21 DPE when SRS
had been established, and were continuously monitored 24 h a day via implanted
EEG telemetry until 35 DPE. TPPU treatment in short-term animals resulted in
significantly decreased Iba-1+/CD68 immunoreactivity, biomarkers of activated
microglia, in the CA1 and dentate gyrus in a time-dependent manner compared
to VEH animals. Long-term animals treated with TPPU had significantly reduced
incidence of SRS during the 14-day treatment period. All TPPU treated animals
showed improved weight recovery and faster interaction with enrichment compared
to VEH. These observations identify TPPU as a potential antiepileptic and neuroprotective therapeutic. Additionally, this study points towards the importance of further
investigating the role cellular stress responses play in the neuropathology associated with OP exposure. Supported by the NIH CounterACT Program (NS079202).

3856

Characterization of Cellular Senescence in Adult Rat Model of
Acute Diisopropylfluorophosphate (DFP) Intoxication

Y. Tsai, E. Gonzalez, D. A. Bruun, A. C. Grodzki, N. Saito, D. J. Harvey, and P. J. Lein.
University of California Davis, Davis, CA.
The canonical mechanism of organophosphate (OP) neurotoxicity is inhibition of
acetylcholinesterase (AChE).Individuals who survive the acute cholinergic crisis
triggered by exposure to high levels of OPs often manifest long-term neurologic
effects such as neuropsychiatric and cognitive deficits. While an association
between acute OP intoxication and impaired cognition has been reported in humans
and corroborated in preclinical models, the causal mechanism(s) contributing to
the chronic neurodegeneration and neurobehavioral impairment remain poorly
characterized. To address this question, we investigated the hypothesis that acute
DFP intoxication promotes cellular senescence in the brain, which is implicated
in neurodegenerative diseases. Adult male Sprague Dawley rats were randomly
divided into 2 groups: (1) animals that received a single subcutaneous injection of
DFP (4 mg/kg) and (2) animals that received an equal volume (300 µl) of vehicle
(PBS). Both groups were administered atropine sulfate and 2-PAM one minute later.
Brain regions(the amygdala, the somatosensory and piriform cortex, the hippocampus, and the thalamus) were evaluated at 7 and 28 d, as well as 3 and 6 months
post-DFP intoxication. Cellular senescence was assessed by immunohistochemistry for the senescence marker p16; neurodegeneration was evaluated using FluoroJadeC (FJC) staining. Senescent cell type was determined by co-localization of
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p16 immunoreactivity with biomarkers for endothelial cells, astrocytes, microglia,
and neurons. Our data indicates that acute intoxication with DFP upregulates p16
expression exclusively in neurons, with neuronal p16 expression first observed
at3 and 6 months post-DFP intoxication and restricted to the hippocampus and
thalamus. Lastly, FJC-positive degenerating neurons and p16-ummunopositive
neurons was found to be significantly correlated in the sesame brain regions and
time points. These data identify cellular senescence as a potential mechanism
contributing to the chronic neurologic sequelae of acute OP intoxication. Supported
by the NIH CounterACT program (NS079202).

3857

Deltamethrin Causes Alterations in Voltage-Sensitive Sodium
Channel Expression in the Hippocampus and Cognitive Deficits
in Aged Mice

A. C. Toltin, L. M. Gamba, M. A. Molina, and M. M. Hossain. Florida International
University, Miami, FL.
Over the past few decades there has been an increase in diagnosed neurodegenerative diseases and cognitive impairments amongst our aging population. Currently
more than 16 million people are living with cognitive impairment in the United
States. Multiple intrinsic and extrinsic factors, including genetics and environmental toxicants like pesticides, have shown to contribute to neurodegeneration
and cognitive impairments in humans. Pyrethroids are commonly used insecticides in agriculture and residential settings for pest control. Pyrethroids exert
their toxicity by acting on voltage-sensitive sodium channels (VSSC), which are
responsible for propagating action potentials. Here, we investigated the effects of a
type II pyrethroid deltamethrin (3 mg/kg) on hippocampal VSSC mRNA expression
and cognitive function in geriatric (2-year aged) mice after 30 days of repeated
exposure. Cognitive function was evaluated using the contextual fear conditioning behavior test. Deltamethrin exposed mice exhibited significant impairment in
hippocampal-dependent learning and deficit in contextual memory when compared
to control. These effects were accompanied by alterations in VSSC mRNA expression and the induction of ER stress in the hippocampus. Deltamethrin exposure
resulted in a decrease in mRNA expression of Nav1.2 (20%) and an increase in
mRNA expression of Nav1.6 (24%) and Nav1.7 (30%). ER stress specific markers,
C/EBP-homologous protein (CHOP) and glucose-regulated protein (GRP78) in the
hippocampus were measured using western blot analysis. Deltamethrin significantly increased protein levels of CHOP (24%) and GRP78 (23%) in the hippocampus, indicating induction of ER stress. Finally, we evaluated progenitor cell proliferation within the dentate gyrus of the hippocampus. We found that deltamethrin
produced a 70% reduction in BrdU-positive cells, indicating a significant decline in
cellular proliferation. These findings suggest that alteration of VSSC expression
and induction of ER stress may lead to the disruption of hippocampal neurogenesis
and cognitive deficits in aging population following repeated exposure to deltamethrin. Supported in part by R01ES027481 and 3R01ES027481-6S1.
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The Microglia Inhibitor Minocycline Attenuates
Neuroinflammation and the Development of Spontaneous
Recurrent Seizures in a Rat Model of Acute Organophosphate
Intoxication

P. Andrew, M. Guignet, J. Macmahon, P. Bernardino, D. Bruun, and P. Lein. University of
California Davis, Davis, CA.
Acute intoxication with organophosphorus (OP) cholinesterase inhibitors can
produce a toxidrome known as cholinergic crisis, characterized by parasympathetic symptoms and life-threatening seizures. Even with standard of care intervention, acute OP intoxication can produce long-term consequences, including the
development of spontaneous recurrent seizures (SRS). Numerous studies implicate
OP-associated neuroinflammation as a mechanism contributing to these chronic
sequelae. In particular, sustained activation of microglia has been implicated in the
development SRS following chemoconvulsant-induced seizures. Thus, we aimed
to pharmacologically probe the involvement of microglia activation in the development of SRS following acute intoxication with diisopropylfluorophosphate (DFP).
Adult male Sprague-Dawley rats (200-250 g) were surgically implanted with wireless
EEG telemetry devices and allowed to recover for 10 days. Following recovery,
animals were administered a single dose of DFP (3.5 - 4 mg/kg, sc) followed by
atropine sulfate (2 mg/kg, im) and 2-pralidoxime (25 mg/kg, im) 1 min later. At
40 min post-DFP, animals were administered midazolam (MDZ, 1.8 mg/kg, im) or
MDZ and the microglial inhibitor minocycline (MINO, 50 mg/kg, ip). Animals were
then monitored via continuous video-EEG recording for 28 days-post DFP exposure
(DPE). For the duration of experimentation, animals received daily injections of
either vehicle or MINO (50 mg/kg, ip) according to experimental group. At 28 DPE,
animals were euthanized, and tissues taken for histological analysis. IHC analyses
demonstrated that daily MINO reduced microglia cell density. Moreover, microglia
morphometric analysis suggests MINO administration shifted microglia away from
an activated amoeboid morphology. Further, animals that received MINO had a
reduced incidence of SRS, lower seizure burden, and a reduced average seizure
duration compared to vehicle animals. Such data implicate microglia activation in

the development of SRS and other chronic neuropathologies following acute OP
intoxication, and advocate for further evaluation of microglia function following
OP-induced seizures. Supported by the NIH CounterACT program (NS079202).

3859

Longitudinal Characterization of Structural Brain Alterations
following Short-Term, Gulf War-Related Chemicals Exposure in
Mice

J. M. Carpenter, E. B. Decker Ramirez, S. H. Nguyen, and N. M. Filipov. University of
Georgia, Athens, GA.
Gulf War Illness (GWI) affects nearly 30% of the 1990-1991 Gulf War (GW) veterans
and is a multi-symptom illness with many neurological effects attributed to in-theatre wartime chemical overexposures. Imaging studies have revealed structural
and functional neurological alterations in veterans with GWI, including reduced
hippocampal and cerebellar volumes, connectivity, and signaling that correlate
to poor performance in cognitive and motor tasks. GWI symptomology has been
recapitulated in rodent models as behavioral, neurochemical, and neuroinflammatory aberrations. While these models recapitulate GWI symptomatology, structural
imaging studies with them are lacking. Thus, this study aimed to characterize the
progression of brain structural alterations over the course of 12 months following GW chemical exposure. Male C57BL/6J mice (8-9 weeks) received daily
exposure to vehicle controls or to the neuro-prophylactic pyridostigmine bromide
(days 1-14), the insect repellent DEET (days 1-14), and corticosterone (days 7-14).
On day 15, mice received a single injection of the sarin surrogate diisopropylfluorophosphate or saline control. Using a Varian 7T Bore MRI System, structural
(sagittal T2-weighted) scans were performed at 6, 9, and 12 months post chemicals
exposure. Regions of interest (ROIs) including total brain, ventricles, cortex,
hippocampus, cerebellum, and hindbrain (medulla and pons) were delineated in
the open source Aedes Toolbox in MATLAB, followed by volumetric analysis in
ImageJ. Of the data analyzed to date, there were significant decreases in total brain
volume from 6 to 9 months in both groups, suggestive of age-related reductions
in brain volumes. Greater decreases in cortical, cerebellar, and hindbrain volumes
were observed at 9 months in the GWI group compared to control. The reductions
in these areas correlate to clinical GWI structural changes. Further, these effects,
particularly the decreases in cortical and cerebellar volumes, align with observed
behavioral deficits in this model such as reduced cognitive and motor performance.
The reduced hindbrain volume may correlate with increased fatigue scores, a
common GWI complaint; however, this has not been evaluated in this GWI mouse
model. Overall, the effects seen here add translational validity to this model and
its utility for evaluation of future GWI therapeutic interventions. This research was
supported by the University of Georgia Franklin Foundation Imaging grant (JMC),
DoD grant numbers W81XWH1610586 and W81XWH2110661(NMF), and NIH grant
number T35OD010433-14 (support for SHN).
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Effects of Organophosphate and Pyrethroid Pesticides in
Co-cultures of Human Astrocytes with a Human Neuronal Cell
Line

L. Matelski, J. Van de Water, and P. J. Lein. University of California Davis, Davis, CA.
Organophosphates (OPs) and pyrethroids are two widely used classes of agricultural pesticides, and prenatal exposure to chlorpyrifos (CPF), an OP, and permethrin,
a pyrethroid, has been associated with increased risk for autism. OPs are potent
inhibitors of the enzyme acetylcholinesterase (AChE), with high exposures leading
to an excess of the neurotransmitter acetylcholine at synapses, which can trigger
cholinergic crisis. However, CPF developmental neurotoxicity has been observed
at levels that do not significantly inhibit AChE in both epidemiological studies
and rodent exposure models. In addition, CPF and permethrin alter measures of
neuronal connectivity in vitro in other species, but it is not known if these results
are observed in human neurons. Astrocytes can modulate the neuronal response
to chemical exposures to either amplify or protect against neurotoxic effects. Here,
AChE activity and cytotoxicity were measured in monocultures of the LUHMES
human neuronal cell line at 2 timepoints during differentiation (D3 and D6) and in
monocultures of human midbrain and cortical astrocytes following 24 h exposure
to CPF, its oxon metabolite (CPF-O), or permethrin to establish pesticide doses
for subsequent co-culture exposures. AChE activity was inhibited by 1 µM CPF in
both LUHMES cells and astrocytes. CPF-O inhibited AChE activity in LUHMES cells
at 1 nM and in astrocytes at 100 nM. No cytotoxic effects were observed at these
concentrations of CPF and CPF-O in LUHMES cells. Permethrin did not inhibit AChE
at concentrations up to 10 µM in either LUHMES cells or astrocytes but seemed to
affect cell adhesion at concentrations higher than 1 µM in LUHMES cells. LUHMES
cells were plated as monocultures or co-cultured with astrocytes from midbrain
and cortical regions and exposed for 24 h to CPF, CPF-O, or permethrin. Critical
neurodevelopmental outcomes, including apoptosis and growth of axons and
dendrites, were quantified. While growth of axons and dendrites was not significantly altered by acute exposure to pesticides in either LUHMES monocultures
or co-cultures with astrocytes, CPF and CPF-O increased caspase 3/7 activity at
D3 in co-cultures with astrocytes but not in LUHMES monocultures. Collectively,
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these observations suggest that astrocytes potentiate apoptotic responses to OP
pesticides in co-cultures with LUHMES cells at early but not later timepoints in
neuronal differentiation. Support provided by the NIEHS (grant # P30 ES023513).
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in Cannabis
Rivera1,

Conrow1,

Pinkhasova1,

Jourabchian2,

Johnson3,

L.
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K.
D.
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A. Davis4, T. Wiegers4, S. Sammi5, C. Mattingly4, I. Afia2, C. Orser3, J. Cannon5, and
1
1
2
M. Leung . Arizona State University, Glendale, AZ; CannaSafe, Van Nuys, CA; 3CLIP
Laboratories, San Diego, CA; 4North Carolina State University, Raleigh, NC; and 5Purdue
University, West Lafayette, IN.
The pharmacological properties of cannabis and cannabinoids have received
significant research attention in recent years. A major focus is on the therapeutic
efficacy of cannabis and specific cannabinoids in alleviating pain, psychological
conditions, and symptoms related to neurological dysfunction. Yet, cannabis, other
than Epidiolex, is not regulated as a prescribed pharmaceutical in the US. Such
a lack of regulation can have exposure implications. For example, the presence
of insecticidal contaminants has resulted in multiple recalls by manufacturers of
cannabis-based products. As a case study to investigate the scale of cannabis
contamination, we mined pre-existing anonymized analytical data of 5,654 cured
cannabis flower samples and 3,760 extract samples, including oil extracts and
vape liquid. Insecticide contamination was detected in 73 flowers and 291 extracts.
The organophosphate insecticide chlorpyrifos was detected in the highest number
of samples (in 19 flowers and 50 extracts), followed by the pyrrole insecticide
chlorfenapyr (6 and 55) and the carbazide acaricide bifenazate (4 and 44). We
further evaluated the potential connections between insecticides, cannabinoids,
and seizures using the Comparative Toxicogenomics Database. Twenty‐two insecticides, two cannabinoids, and 63 genes were associated with 674 computationally
generated chemical‐gene‐phenotype‐disease (CGPD) tetramer constructs. Notable
functional clusters included oxidation‐reduction processes (183 CGPD‐tetramers)
and synaptic signaling pathways (151). Cholinergic, dopaminergic, and retrograde
endocannabinoid signaling pathways were linked to 10 genetic variants of epilepsy
patients. Last, we examined mitochondria as a potential target of insecticide-cannabinoid co-exposure using a Caenorhabditis elegans behavioral assay. Exposure
to the endocannabinoid 2-arachidonoylglycerol (2-AG) increased repulsion time
by 75% (p < 0.01), indicating dopamine depletion. Given that chlorpyrifos has been
linked to multiple neurological diseases, future studies aim to evaluate the effects
of co-exposure with 2-AG to determine specific mixture contributions to adverse
neurological outcomes.

3862

Tracing Environmental Toxicant-Driven Neuronal Genomic
Instability with a Novel Single-Neuron Genetic Sensor of DNA
Damage Response-PRISM

M. B. El-Saadi, X. Tian, M. Grames, M. Ren, S. Huang, and X. Lu. Louisiana State
University Health Sciences Center Shreveport, Shreveport, LA.
Environmental risk factors have long been implicated in the etiology of sporadic
neurodegenerative disorders. The recent discovery of non-germline inherited,
somatic mutations in the human brain via single-neuron sequencing suggest
environment driven somatic mutations can be acquired in adult post-mitotic
neurons and may alter neuronal function and neurological traits. However, detecting a very low frequency of disease alleles in postmortem patient brains is challenging. The small number of neurons with a deleterious somatic mutation (s) may have
been long gone before the patient’s death. In vivo tools with sufficient spatial or
temporal resolution and sensitivity to track somatic brain mosaicism are needed to
determine the source of the mutations and possible causal pathologic. We exploited
long-standing observations that genotoxic DNA damage can significantly increase
permissivity to viral transduction and that host cell DNA damage response (DDR) is
an innate antiviral defense mechanism. A viral proxy was designed as a single-neuron genetic sensor termed PRISM that harnesses the instability of recombinant
Adeno-associated virus (rAAV) genome processing and a hypermutable repeat
sequence-dependent reporter. The mechanism of action of the genetic sensor
was further validated using a newly developed DNA Endonuclease T7E1 assay,
capillary electrophoresis, and targeted next-generation sequencing (NGS). We
further developed a quantitative ratiometric sensor of different levels of neuronal
genomic instability that integrates the varying lengths of mononucleotide repeats
and membrane-tethered multi-color fluorescence proteins. PRISM labels neurons
with increased DNA damage response (DDR) and oxidative DNA damage. Exposure
to paraquat, a Parkinson’s disease (PD)-associated environmental toxicant, heightened neuronal genomic instability. The most affected region in PD, dopaminergic neurons in substantia nigra, was particularly distinguished by a high genomic
instability rate. Environmental toxicant related proteotoxicity can increase neuronal
genomic instability in a novel humanized mouse model of α-Synuclein propagation. Finally, we confirmed the neuropathological association of neuronal genomic
instability in human PD patient brains. Thus, our novel genetic probe revealed that
the environmental risk of PD can precipitate neuronal genomic instability, presenting a novel pathogenic paradigm in sporadic neurodegeneration. Supported by
NEHS R21ES031211, NASA K80NSSC21K0273, and NIGMS1P20GM134974.

3863

Cu2+-Dependent Hydrolysis of a Chiral Organophosphorus (OP)
Insecticide for Domestic Mammals’ Sera and Its Albumins

E. Undiano1, M. Ayala2, S. Chávez1, P. Mederos1, and A. Monroy-Noyola1. 1Universidad
Autónoma del Estado de Morelos, Cuernavaca, Mexico; and 2Universidad Nacional
Autónoma de México, Cuernavaca, Mexico. Sponsor: E. Vilanova
Organophosphorus (OPs) pesticides have caused health problems worldwide
because of their neurotoxic effects. Current pharmacological treatment is inefficient in acute poisonings. The development of treatments based on A-esterases,
such as paraoxonase1 (PON1) from mammalian serum, has been suggested.
Cu2+-dependent A-esterase activity has been found in albumin bird sera. This is
an exploratory study on domestic mammals’ sera and its albumins to find new
A-esterases that hydrolyze chiral organophosphonothioates. The study model
was trichloronate (TCN), a racemic insecticide retired of the market because of its
neurotoxicity. The species tested were Human (homo sapiens), Dog (Canis lupus
familiaris), goat (Capra aegagrus hircus), pig (Sus scrofa domestica), sheep (Ovis
aries), bovine (Bos primigenius Taurus) and turkey (Meleagris gallopavo) as positive
control. Blood samples (5-10 mL) were obtained from healthy adult animals (n=3)
with veterinary support to obtain sera. Human serum samples were provided by
healthy human donors (n=3). Animal’s care and handling, samples and waste
were manipulated as established by Mexican Official Norms (NOM-062-ZOO-1999,
NOM-253-SSA1-2012 and NOM-087-ECOL-SSA1-2002). Lyophilized serum
albumins were purchased from Merck. Using a spectrophotometric technique for
phenols detection, a Cu2+-dependent activity in sera and albumin from goat was
found by measuring the reaction leaving group (2,4,5 trichlorophenol) at physiological conditions for 60 min. Other mammals TCN hydrolysis was not significant
(p>0.05; oneway-ANOVA). Goat serum albumin (GSA) showed stereoselective
hydrolysis (+)-TCN > (- )-TCN (45% versus 33%) measuring TCN remanent by chiral
HPLC. The reaction stoichiometry was 1:25 (GSA: TCN). Ca2+- dependent (2.5 mM)
or EDTA-resistant (5 mM) activity (1-6%) was not significant (p>0.05; onewayANOVA) in all samples. In conclusion there is a Cu2+-dependent steresoselective
hydrolysys of TCN in GSA. This cuproprotein could be considered as an alternative
in future antidotal treatment of organophosphonothioate poisoning.

3864

Targeted Metabolomics Study of Organophosphate Pesticides
and Nerve Agent Simulant Metabolism in Human Liver
Microsomes

G. Agarwal1, S. Roo1, T. Lane2, S. Ekins2, and C. A. McElroy1. 1Ohio State University,
Columbus, OH; and 2Collaborations Pharmaceuticals Inc., Raleigh, NC.
Organophosphates (OPs), small phosphorus containing organic molecules including pesticides and nerve agents, act as potent acetylcholinesterase (AChE) inhibitors causing muscle contractions, blurry visions, seizures, respiratory failure and
eventually death in severe exposure cases. To date, very little is known about the
metabolism of these toxic compounds in humans. This study aims at determining the rate of metabolism of OPs by cytochrome P450 (CYPs) in human liver
microsomes (HLMs) using 1D-NMR and targeted LC-MS/MS metabolomic studies.
NMR studies were completed with more than 15 OPs (acute, high dose exposure)
whereas more than 40 OPs with a diverse range of structures were analyzed by
LC-MS/MS analysis (low dose exposure). NMR allowed for continuous monitoring
of the OPs during the HLM incubation across long time periods (up to 7 days),
whereas the LC-MS/MS studies involved incubation with HLMs for a period of at
least 24 h during which a small amount of the reaction mixture was removed at
pre-determined time points for targeted MRM analysis and clearance rate determination. Further, the rate of metabolism for the OPs generated from each method,
NMR and LC-MS/MS, is compared to establish differences between acute and low
dose exposures. For example, the comparative analysis of the 31P NMR data (at 5
mM) and the MRM data (at 0.76 µM) of EMP, a nerve agent simulant of Vx, in the
presence of HLMs indicates that at higher concentration a two-phase decay of the
simulant was observed whereas at the lower concentration it was monophasic. This
finding suggests that at the higher concentration there are two key CYPs involved
in the metabolism of EMP, one which metabolizes at a faster rate compared to the
second CYP which had a slower rate of metabolism. These results drive the future
studies involving identification of the different metabolites formed during each
exposure regime, for NMR, 2D experiments will be used whereas for the low dose
exposure studies semi-targeted and untargeted metabolomics using LC-HRMS/
MS. These data along with repeated studies using CYP-specific inhibitors will be
used to develop in silico metabolism models to not only predict the potential CYPs
involved in the metabolism of OPs but also the clearance rates and likely metabolites/metabolic pathways for newly emerging OP threats.
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The Effects of Organochlorine Pesticide DDT and Its Metabolite
DDE on Amyloid Beta Pathology in the 5xFAD Mouse Model of
Alzheimer’s Disease

A. J. Barahona, F. M. Sammoura, I. Mhatre-Winters, and J. R. Richardson. Florida
International University, Miami, FL.
Alzheimer’s disease (AD) is the most common neurodegenerative disease in the
United States with substantial health, social, and economic implications. There are
extensive epidemiological data that suggest the environment plays a considerable
role in the etiology of this disease. We have previously reported that AD patients
had significantly higher serum levels of dichlorodiphenyldichloroethylene (DDE),
the metabolite of organochlorine pesticide dichlorodiphenyltrichloroethane (DDT),
compared to age-matched controls. Here, we sought to investigate the effects of
DDT and DDE on the amyloid pathway in vivo with the 5xFAD mouse model, which
includes 5 genetic mutations known to be causative of AD. Male 1.5-month-old
mice were exposed to 3 mg/kg DDT, DDE, or corn oil via oral gavage every 3 days
for 3 months. One day after the last dose, cognitive function was assessed using
the Y-maze and the mice were sacrificed one day after. DDT and DDE exposed
mice performed significantly worse than vehicle-treated mice, as evidenced by
significantly lower percent alternations. Vehicle-treated mice performed at 61%,
while DDT and DDE groups performed at 50% and 49% alternations, respectively. To
address potential effects on the amyloid pathway, we measured soluble and insoluble amyloid-β 42 (Aβ42). Soluble Aβ42 was significantly decreased by 38% and
34% in the hippocampus of DDT and DDE groups, respectively compared to vehicletreated mice. Soluble Aβ42 also showed a 42% and 45% decrease in the frontal
cortex of DDT and DDE groups, respectively. Insoluble Aβ42 levels extracted by
guanidine HCl were increased in the hippocampus in both DDT (~2-fold) and DDE
(~370-fold) treated-mice, respectively. Preliminary immunofluorescent staining of
Aβ42 in the hippocampus revealed that vehicle-treated mice had an average plaque
area of 118 (± 40 SD) µm2 and the DDT and DDE exposed groups had an average
plaque area of 162 (± 82 SD) µm2 and 126 (± 55 SD) µm2, respectively. These
findings demonstrate that exposure of 5xFAD mice to DDT and DDE is associated
with an exacerbation of amyloid pathology. Supported in part by NIH R01ES026057.

3866

Neurodevelopmental Changes in the Striatum Induced by EarlyLife Exposure to Deltamethrin

J. Di Re, J. Linares, T. Romsdahl, L. M. Hallberg, B. T. Ameredes, M. Emmett, W. K.
Russell, and F. Laezza. University of Texas Medical Branch at Galveston, Galveston, TX.
Pyrethroid pesticides have been commonly used for the past 30 years due to their
low toxicity in adults and favorable safety profile. However, recent studies have
found an association between early-life exposure to pyrethroids and neurodevelopmental disorders. One pyrethroid, deltamethrin (DM), may be linked to attention
deficit hyperactive disorder (ADHD), as children who have detectable pyrethroid
metabolites in urine are twice as likely to be diagnosed with ADHD. Research in
animals has shown that exposure to DM alters levels of dopamine transporters,
impulsivity, attention, and memory, all of which are hallmarks of ADHD in humans
and have been associated with dysfunction of the striatal circuit. DM is a highly
lipophilic molecule, which can permeate the plasma membrane of neurons, where
it binds to its primary target, the voltage-gated Na+ (Nav) channel. Among the nine
Nav channel isoforms (Nav1.1-1.9), DM specifically targets the Nav1.1 channel
which is the molecular determinant of intrinsic firing of fast-spiking parvalbumin
(PV) interneurons, a type of GABAergic interneuron, expressed in the striatum and
whose dysfunction is associated with several neurodevelopmental disorders. On
this basis, the effect of DM exposure on the lipidome of the striatum was examined
using an early-life exposure mouse model in which dams are exposed to the NOAEL
dose (1 mg/kg/day) of DM through pregnancy and lactation. Using LC-MS/MS, the
lipidomic analysis of the striatum was compared between DM-exposed and control
pups at 30 and 60 days following cessation of DM exposure at weaning. Exposure
to DM through development resulted in alterations in several key lipid species,
including ceramides, diacylglycerols and triacylglycerols. Further, it was shown that
DM accumulation in the striatum persists following the cessation of DM exposure.
Taken together, these results may indicate a critical period of vulnerability to the
neurotoxic effects of pyrethroid pesticides such as DM.

3867

“Seek and Rescue” Strategy to Unravel a Pathogenic Role
of DNA Damage Response in Sporadic Neurodegenerative
Disorders

M. S. Grames, M. B. El-Saadi, X. Tian, K. M. Keys, M. Ren, C. E. Haacker, E. L. Knott,
H. M. Li, S. Huang, L. Harrison, and X. Lu. Louisiana State University Health Sciences
Center Shreveport, Shreveport, LA.
Exposure to paraquat, a Parkinson’s disease (PD)-associated environmental
toxicant, heightened neuronal genomic instability and elicited neuropathology. PD is the second-most prevalent neurodegenerative disease, where the
majority of incidences have no identifiable inheritance and occur in a sporadic
form. Environmental risk factors (e.g., pesticide/herbicides, exposure to metals,
solvents, and PCBs, virus infection, and head trauma) have been speculated as

a trigger to the sporadic PD. To explore the causal and pathogenic evidence of
environmental triggers, we exploited long-standing observations that genotoxic
DNA damage can significantly increase permissivity to AAV transduction, and host
cell DNA damage response (DDR) is an innate antiviral defense mechanism and is
thus inhibitory to viral life cycles. We harnessed the recombinant adeno-associated
virus (rAAV) genome-processing machinery and the instability of a hypermutable
repeat sequence to detect neuronal genomic instability and visualize neurodegeneration in post-mitotic differentiated neurons. We demonstrated the viral genetic
probe is sensitive in detecting neurons with increased DDR. We performed targeted
next-generation sequencing to analyze genetic variation in poly-G repeat on the rAAV
genomic region. The increased neuronal genomic instability was also probed in a
genetic alpha-synuclein (aSyn) transgenic mouse model infused with pre-formed
fibrils. Based on the neuronal burden of synucleinopathy, we documented four
pathological stages of Lewy body formation in vivo. We identified a possible “initiation stage,” where aSyn aggregates colocalized with DNA damage foci inside the
nucleus without cytoplasmic Lewy body formation. A similar pathology was also
observed in the caudate nucleus of patients with Lewy body dementia, suggesting a
pathogenic causal role of DNA damage response in aSyn aggregation/propagation
and proteotoxicity. To determine the causal link and to explore the potential for
disease-modifying therapies, we developed a novel genetic strategy to “Seek-andRescue” neurons with DNA damage non-invasively via the systemic introduction
of a genetic sensor and actuator of DDR was implemented via a Cre-dependable
conditional shRNA to knockdown ATM, a major orchestrator of the DDR in the hope
to slow down the progression of neurodegeneration. These studies can pave the
way for new paradigms to determine the causal and pathogenic roles of DDR and
exposure to environmental toxicants in the progression of dementia and identify
therapeutic targets. Supported by NIEHS (R21ES031211).

3868

Embryonic Exposure to Pesticides That Are RAR Transactivators
Leads to Persisting Neurobehavioral and Neurochemical Effects
in Zebrafish

E. D. Levin1, A. B. Hawkey1, N. Shekey2, D. Unal1, T. Shoval1, R. Koburov1, and S.
Kullman2. 1Duke University, Durham, NC; and 2North Carolina State University,
Raleigh, NC.
Retinoic acid receptor signaling may be an important adverse outcome pathway for
developmental neurobehavioral toxicity. Our previous zebrafish work has shown
that embryonic excess of vitamin A (retinol) or exposure to valproic acid (VPA)
which indirectly disrupts retinoic acid (RA), alters behavioral function in larval
zebrafish and into adulthood. Screening of TOX21 compounds has revealed a
number of chemicals which may transactivate the retinoic acid receptor (RAR),
including select pesticides. Further work is needed to link their putative retinoid
activity to adverse behavioral and neural outcomes. The present study measured
the behavioral effects of embryonic exposure to putative Tox21 RAR agonists/
pesticides in larval and adult fish. Zebrafish embryos were exposed to vehicle
(DMSO), chlorothalonil (CTN, 10-100nM), imazalil (IML, 0.1-1μM), endosulfan-I
(ESF, 0.1-1nM) or buprofezin (BPF, 0.3-3μM) from 5-120 hours post-fertilization
(hpf). These dose ranges fell below the threshold for increased lethality and overt
dysmorphogenesis. Larval motility was assessed at 6dpf. The high doses of BPF
and IML reduced motility under both lit and dark conditions, while the lowest dose
of IML increased motility regardless of lighting condition. The highest dose of
CTN reduced motility in the dark, as did the lowest dose. The highest dose of ESF
enhanced motility in the dark. In adulthood, additional effects were observed for
two of the four compounds. Moderate doses of IML (0.1-0.3uM) enhanced anxietylike diving responses in the novel tank test. BPF led to reduced locomotor activity
in the tap startle test without impairing startle magnitude (0.3-1.0uM) and impaired
social approach (1.0uM) within the shoaling test. Following behavioral testing,
brains from adult fish were collected and analyzed using qPCR. The highest doses
of IML and BPF produced altered scores for multiple RA-pathway-associated genes.
IML exposure led to enhanced expression for rdh10a and reduced expression for
cyp26b1 and cyp26c1. BPF exposure led to enhanced expression of dhrs3a, dhrs3b
and cyp26c1. Complete, multi-dose analyses of brain tissue are ongoing. The
present data suggest potential links between RAR actions in early development and
later life consequences on behavioral and neural function. Further, this work shows
the utility of zebrafish in identifying risks and long-term consequences for environmental neurotoxicants, differentiating between effects of putative neurotoxic
chemicals. This work was supported by the Autism Research Institute and the Duke
Superfund Research Center (ES010356).
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Primary Hippocampal Estrogenic Dysfunction Induces Synaptic
Proteins Alteration and Neuronal Cell Death after Single and
Repeated Paraquat Exposure

P. Moyano, J. Sanjuan, J. Garcia, J. M. Garcia, E. Sola, A. Flores, M. T. Frejo, M. J.
Anadon, A. Pelayo, M. V. Naval, M. Ruiz, and J. Del Pino. Universidad Complutense de
Madrid, Madrid, Spain.
The extensively utilized herbicide Paraquat (PQ) was reported to generate cognitive
disorders and hippocampal neuronal cell death after unique and extended exposure.
Although, most of the mechanisms that mediate these actions remain unknown.
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We researched whether PQ induces synaptic protein disruption, Tau and amyloid
beta protein formation, oxidative stress generation, and hippocampal neuronal cell
loss through anti-estrogen action in primary hippocampal neurons, after day and
two weeks PQ treatment, as a probable mechanism of such learning and memory
impairment. Our results reveal that PQ did not alter estrogen receptors (ERα and
ERβ) gene expression, yet it decreased ER activation, which led to synaptic proteins
disruption and amyloid beta proteins generation and Tau proteins hyperphosphorylation. Estrogenic signaling disruption induced by PQ also downregulated
the NRF2 pathway leading to oxidative stress generation. Finally, PQ exposure
induced cell death mediated by ER dysfunction partially through oxidative stress
and amyloid beta proteins generation and Tau proteins hyperphosphorylation. The
results presented provide a therapeutic strategy to protect against PQ toxic effects,
possibly giving an explanation for the learning and memory impairment generated
following PQ exposure.

3870

Role of Pituitary Adenylate Cyclase Activating Polypeptide in
Neuroprotection against Chlorpyrifos Oxon Toxicity

Z. C. Johnson, A. Ishaque, and A. Elnabawi. University of Maryland Eastern Shore,
Princess Anne, MD.
Chlorpyrifos (CPF), an organophosphate insecticide, is widely used worldwide in
both agricultural and non-agricultural areas. The primary target of organophosphates is the central and peripheral nervous system primarily by inhibiting acetylcholinesterase (AChE) activity and represents a concern for human population. CPF
undergoes oxidative desulfuration in the liver to form a highly active metabolite
chlorpyrifos oxon (CPO), which potently inhibits AChE activity more than its parent
compound. The pleiotropic, bioactive peptide, pituitary adenylated cyclase-activating polypeptide (PACAP) and its receptors are vastly distributed in the central
and peripheral nervous systems. PACAP is a multifunctional polypeptide which
recent studies have shown possess a neurotrophic and neuroprotective role in
many neurological disorders characterized by neurodegeneration. This study was
aimed to investigate the PACAP38 neuroprotection against CPO toxicity in differentiated human neuroblastoma (SH-SY5Y) cells. Cells were treated with CPO,
PACAP38, H2O2 or PACAP antagonist (PACAP6-38) at various concentrations
alone or in combination. Cell viability and cell death and ROS-induced apoptosis
were assessed. Results showed that CPO significantly reduced cell viability in a
concentration-dependent manner after 24h of exposure. Co-treatment of SH-SY5Y
cells with graded concentrations of PACAP38 (0.01 to 1000 nM) for 24h, dose
dependently reduced cell death induced by CPO. Treatment of the cells with the
PACAP6-38, which had no effect by itself, blocked the action of PACAP38 on
CPO-induced toxicity. Furthermore, administration of PACAP38 to the cells 2h after
CPO pre-incubation resulted in a significant reduction of COP toxicity and enhancement of cell survival. This provides evidence that the beneficial effects of PACAP38
are still present when the peptide is added after neuronal injury. Low concentrations
of CPO significantly increased ROS levels measured at 3h and 6h. Co-treatment or
post-treatment of SH-SY5Y cells with CPO and 500nM PACAP38 for 24h abrogated
the ROS-induced apoptosis and restored cell viability. The reduction of ROS-induced
apoptosis evoked by PACAP38 was significantly inhibited by PACAP6-38 antagonist. The present results provide evidence that PACAP appears to function as a
neuroprotective factor that attenuates the neural damage resulting from CPO. An
understanding of the PACAP signaling pathways may lead to the development of
new prophylactic and therapeutic drugs. Supported by Title III.
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Exploring the Mechanisms of Toxicity of Eight Major Herbicide
Active Ingredients and Their Commercial Formulations

S. Ferguson, R. Mesnage, and M. N. Antoniou. King’s College London, London,
United Kingdom.
Commercial pesticide formulations contain co-formulants, which are stated
by manufacturers to be inert for non-target species. Furthermore, for regulatory
purposes, the toxicity of only the declared pesticide active ingredient is required
to be assessed in long-term studies. This is a concern as studies, for example
with the herbicide active ingredient glyphosate, have shown that commercial
glyphosate-based herbicide formulations are far more toxic than glyphosate alone,
suggesting the co-formulants are highly toxic in their own right. With this in mind,
this study aims to compare the toxicity of 8 major herbicides namely glyphosate,
dicamba, 2,4-D, fluroxypyr, quizalofop-p-ethyl, pendimethalin, propyzamide and
metazachlor with a typical commercial formulation containing co-formulants.
Cytotoxicity, membrane damage, and DNA damage capability of active ingredients
compared to a typical corresponding commercial formulation were assessed in
human hepatoma HepG2 cells. Using an MTT assay, formulations of glyphosate
(Roundup Probio, LC50 440µg/mL), fluroxypyr (Hurler, LC50 30µg/mL), quizalofopp-ethyl (Targa Super, LC50 5µg/mL) and dicamba (Hunter, LC50 620µg/mL) were
more toxic than the active ingredient alone. LC50 was able to be calculated for
metazachlor and its formulation Sultan (25µg/mL) which had very similar cytotoxicity profiles. Toxilight membrane damage assay using LC50 values calculated
from MTT results showed formulations of metazachlor (Sultan50C, p<0.05) and
dicamba (Hunter, p<0.01) resulted in significant membrane disruption compared to
the active ingredient. AP site formation DNA damage assays revealed that 50µg/

mL quizalofop-p-ethyl induced a significant DNA damage response (p<0.05). In
conclusion, these results put the acceptable daily intakes (ADI) of a number of the
herbicides studied here into question, since they are calculated using active ingredients alone. The results suggest herbicide formulations should be studied when
ADIs are determined since co-formulants can significantly impact toxicity.

3872

Exposure to a Low-Dose Mixture of Glyphosate, 2-4-D and
Dicamba Induces Kidney and Renal Disturbances in Rats

A. E. Cirstea1, A. O. Docea1, R. Mitrut2, R. Mesnage3, M. Antoniou3, and D. Calina1.
1University of Medicine and Pharmacy, Craiova, Romania; 2University and Emergency
Hospital, Bucharest, Romania; and 3King’s College London, London, United Kingdom.
Sponsor: M. Aschner
Understanding the human health effects of chemical mixtures at low doses
represents a challenge for researchers. The aim of this study was to evaluate the
effects a mixture of glyphosate, 2,4-D, and dicamba prenatally until adulthood in
order to mimic exposure resulting from the newest generation of genetic modified
crops made tolerant to a combination of these herbicides. Forty Wistar rats
(twenty males and twenty females) were exposed to a mixture of glyphosate (0.5
mg/kg bw/day), 2,4-D (0.02 mg/kg bw/day) and dicamba (0.3 mg/kg bw/day) in
drinking water at their European Union acceptable daily intake from gestational
day 6 till 13 weeks post-weaning. The animal experiment was conducted based
on the guiding principles in the use of animals in toxicology and has the ethical
approval of the Ethical Committee of the University of Medicine and Pharmacy of
Craiova. Exposure to this mixture of herbicides caused changes in liver and kidney
biochemistry. ALT (alanine transaminase) and AST (aspartate aminotransferase)
levels were significantly increased in the mixture group compared to untreated
controls. ALP (alkaline phosphatase) levels increased only in males. Creatinine
and urea levels also increased after exposure to the pesticide mixture in comparison to controls. There was also a significant decrease in T3 (triiodothyronine)
levels both in male and female animals compared with the control group, without
changes in T4 (thyroxine) and TSH (thyroid stimulating hormone) levels. Altogether,
our results suggest that prenatal and postnatal exposure of glyphosate, 2,4-D, and
dicamba induced liver and kidney disturbances in male and female rats that can
potentially lead to long-term negative health outcomes at doses, which individually
these pesticides are considered by regulators to be safe.

3873

Comparative Evaluation of Passive Dosimetry and Biomonitoring
to Assess Glyphosate Exposure with Simulated Heavy
Residential Consumer Application of Roundup

D. G. Kougias1, R. Sun1, K. Unice2, M. Kovochich1, and J. Pierce1. 1Cardno ChemRisk,
Chicago, IL; and 2Cardno ChemRisk, Pittsburgh, PA.
Exposure to glyphosate (a common herbicide) can be measured by either passive
dosimetry or biological monitoring (biomonitoring) techniques. Although biomonitoring is generally acknowledged to be more representative of systemic dose, the
use of both biomonitoring and passive dosimetry to assess exposure may elucidate
key differences in each methodology and assumptions in estimating internal doses.
This study comparatively evaluated passive dosimetry and biomonitoring data in
estimating internal doses across 12 individuals that simulated heavy residential
consumer application. Dermal and inhalation routes of exposure were evaluated
separately as half the applicators were protected from dermal exposures (n = 6)
and the other half protected from inhalation exposures (n = 6). Serial urine samples
were collected from each applicator between 30 minutes prior to and up to 36 hours
after the simulated exposure. Two breathing zone air samples and four external
dermal patches were worn by the dermally protected applicators. Internal doses of
glyphosate were independently estimated from air sampling and dermal patch data
(passive dosimetry) and from urinary glyphosate residues (biomonitoring). To our
knowledge, this is the first study to compare internal glyphosate doses estimated
from simultaneously collected biomonitoring and passive dosimetry data within
the same study population that either isolates inhalation versus dermal exposures
or has detectable urinary glyphosate concentrations. Average total internal daily
doses of glyphosate estimated from passive dosimetry using observational data
and precautionary literature estimates of the exposure factors were roughly
5- to 7-fold greater than those estimated from biomonitoring. This total internal
dose overestimation was allocated exclusively to the dermal pathway, suggesting uncertainty in dermal absorption, clothing penetration, and/or the number and
location of patches used in this study. Regardless of the source(s) of positive bias
in the total dose estimates from passive dosimetry, the highest individual internal
daily dose of glyphosate derived from passive dosimetry was still below the internal
daily dose estimated from the most conservative health-based guidance values (60
μg/kg/day), suggesting little to no concern of any adverse health effects associated
with residential glyphosate-containing herbicide use.
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DDT and Its Metabolite DDE Increase Levels of Amyloid
Precursor Protein and Secretion of Amyloid Beta

3876

Study of Native Bacteria for the Bioremediation of Soils with
Residues of Organochlorine Pesticides

F. M. Sammoura, A. J. Barahona, I. Mhatre-Winters, and J. R. Richardson. Florida
International University, Miami, FL.

B. E. Jaramillo-Colorado, K. J. Buelvas-Lozano, and V. A. Rodriguez-Orozco. Universidad
de Cartagena, Cartagena, Colombia. Sponsor: A. Anadon

Alzheimer’s disease (AD) is the most common neurodegenerative disease, affecting over 5 million Americans. Substantial evidence suggests that the environment
is involved in the etiology of the disease. We previously reported that AD patients
had significantly higher serum levels of dichlorodiphenyldichloroethylene (DDE),
the metabolite of organochlorine pesticide dichlorodiphenyltrichloroethane (DDT),
compared to age-matched controls. While we have previously shown that DDT and
DDE increase amyloid precursor protein (APP) levels in neuroblastoma cells, the
mechanism responsible for the association with AD is unclear. Here, we sought to
further define the mechanism by which DDT and DDE impact the amyloid pathway,
both in vitro and in vivo. Primary cortical neurons from C57BL/6J mice revealed that
APP increased in a dose-dependent manner following DDT and DDE treatment for
24 h. DDT at 250 nM and 500 nM increased APP levels by 80% and 72%, respectively, and DDE increased APP levels by 104% and 72% at these same concentrations, respectively, as determined by immunocytochemistry. These effects were
blocked by tetrodotoxin (TTX), a potent sodium channel blocker, suggesting that
the mechanistic effect of DDT and DDE is through interactions with voltage-gated
sodium channels. Measurement of amyloid-beta (Aβ) in the culture media by
multiplex ELISA revealed that DDT and DDE significantly increased secretion of
Aβ-40 and Aβ-42 by ~6.5 fold and ~8 fold, respectively, and these effects were
also blocked by TTX. To further investigate these findings in vivo, we treated male
C57BL/6J mice with 3 mg/kg DDT, DDE, or corn oil by oral gavage every 3 days for
30 days. DDT treated mice had 68% and 89% higher levels of APP in the hippocampus and frontal cortex, respectively, whereas DDE exposure increased levels by 36%
in the hippocampus as measured by western immunoblotting. DDE treated mice
had ~6-fold higher levels of Aβ-40 in the hippocampus as determined by ELISA.
These findings demonstrate that DDT and its metabolite DDE interact with voltagegated sodium channels to increase APP and Aβ, which provides mechanistic insight
into our epidemiological association between serum DDE levels and AD diagnosis.
Ongoing studies will investigate how APOE4, the strongest genetic risk factor in AD,
modifies the response to DDT and DDE in the amyloid pathway. Supported in part
by NIH R01ES026057.

Although the use of organochlorine pesticides (OCs) were banned decades ago in
Colombia, residues of these compounds are still found in agricultural soils. One
of the techniques used to reduce OCs in the environment is bacterial bioremediation. It uses microorganisms capable of degrading complex chemical compounds
through various metabolic pathways under aerobic or anaerobic conditions. In
this work, organochlorine pesticides were determined and quantified in crop soils.
The sampling was carried out on land of ten farms in the department of Cordoba,
Colombia. On the other hand, from the collected samples, a bacteriological screen
was performed in which native strains of the soils were isolated and purified,
and molecular identification was done, in which DNA sequencing was obtained
by amplification of the 16S ribosomal gene using the Polymerase Chain Reaction
(PCR) technique, and finally, the taxonomic classification of the bacterial strains
was determined, was reported the presence of three bacterial strains: Bacillus
brevis, Bacillus cereus and Paenibacillus lautus, all of Gram-positive characteristics.
Finally, the behavior of the growth of the native strains was analyzed, in which
they were subjected to related media contaminated with a pesticide mix OC at 50
ppm, and the bacterial growth was corroborated during a time interval of 5 days, in
which UV-VIS medium, was measured the absorbance resulting from the turbidity
that was generated, which gave us a growth with exponential behavior. P. lautus
showed the best results on the degradability of pesticides lindane (64%), endrin
(55%), and pp’-DDT (65%), after twelve days of incubation. In general, there was a
good degradation rate for the group of pesticides to which the bacterial colonies
were exposed.

3875

Evaluating the Sex-Dependent Effects of Chlordane Exposure
in the Context of Fatty Liver Disease, Energy Metabolism, and
Endocrine Disruption

J. Luo, T. C. Gripshover, W. H. Watson, J. L. Young, K. Z. Head, M. C. Cave, and B.
Wahlang. University of Louisville, Louisville, KY.
Chlordane is an organochlorine pesticide (OCP) that is environmentally persistent
in spite of being commercially banned. Previously, we demonstrated that exposures
to OCPs including chlordane were associated with elevated liver enzymes, indicative of liver injury. However, the mechanisms of chlordane-induced liver injury and
underlying sex differences are largely unknown. The objective of this study is to
investigate the sex-dependent effects of chlordane in the context of fatty liver and
metabolic disruption. Male and female C57BL/6 mice were fed a low fat diet and
administered chlordane (20 mg/kg) or vehicle control by oral gavage. After 2 weeks,
mice were euthanized; samples were collected for downstream analyses. Results
were analyzed using 2-Way ANOVA (p <0.05). In general, female mice had lower fat
content and higher spleen weights vs. males. Chlordane-exposed females exhibited
lower body and reproductive organ weights, which was absent in the male counterparts. With regards to steatosis, females showed increased hepatic lipid accumulation confirmed by histological staining (H&E) and quantification of hepatic lipids. In
contrast, serum triglyceride, cholesterol and lipoprotein levels (HDL) were downregulated in females, implicating dyslipidemia. Hepatic expression of lipid-metabolism genes was assessed; females had increased mRNA levels of genes involved
in lipid synthesis (Fasn, Scd1) and lipid uptake (Cd36) which may have attributed
to the observed steatosis. Additionally, irrespective of sex, chlordane exposure
downregulated HNF4a, an important regulator of liver identity and function, and
genes involved in glycolysis (Pklr and Gck). Chlordane increased gluconeogenic
gene expression (Pck1) in females only. In terms of receptor activation, chlordane
activated CAR (Cyp1b10 induction) and this was exacerbated in females. Chlordane
also activated other xenobiotic receptors, namely, PXR (Cyp3a11 induction) and
AhR (Cyp1a2 induction). Moreover, chlordane-exposed males exhibited increased
testosterone levels, implicating pro-androgenic activity of chlordane. Taken
together, the results indicated that chlordane-sex interactions play a role in regulating steatosis, energy metabolism and transcription factor activation. Long-term
studies looking at chlordane-sex-diet interactions will shed more insight on
OCP-induced hepatic and metabolic toxicity.

3877

Methyl Dialkylphosphate Metabolites of Organophosphate
Compounds Induce Actin Cytoskeleton Alterations and Cell
Polarization in Exposed RAW264.7 Cells

D. S. Hernandez-Toledano, E. Estrada-Muñiz, and L. Vega. Cinvestav, Mexico
City, Mexico.
Dialkylphosphates (DAPs) are nonspecific metabolites of organophosphate
compounds. These metabolites are mainly used as exposure biomarkers since
these metabolites have longer half-life in the organism and they are considered
as nontoxic compounds. However, recent in vitro and in vivo studies showed that
DAPs exert genotoxic and immunotoxic effects, including impaired phagocytosis,
cell migration and cell division, which are cytoskeleton-dependent activities. Here,
we evaluated the effect of methylated DAPs dimethyl dithiophosphate (DMDTP),
dimethyl thiophosphate (DMTP), and dimethyl phosphate (DMP) in comparison
to their parent compound malathion at biologically relevant concentrations on
cytoskeleton protein polymerization and its organization in murine macrophage
cells. We found that all methyl DAPs affect actin and tubulin polymerization rate
and total polymerized actin at 0.01 μM during acellular polymerization assays.
DAPs also affected tubulin polymerization retarding the elongation phase at 1 μM
treatment with DMDTP and DMTP, while no effect occurred with DMP treatment. In
murine RAW264.7 cells. DAPs induced cell morphology changes, such as polarized
spindle cells (from 30.9% to 54-56%), in particular, DMTP and DMP (0.01 μM)
induced the formation of a pseudopod and an increase in filopodia around the cells,
with no visible modification on tubulin cytoskeleton arrangement after two hours
of treatment. Interestingly, the treatment with 1 μM of the compounds reduced
the induction of polarized cells. The cytoskeleton alterations and cell morphology modifications in macrophages suggest that DAPs interfere with cell functions
that could be related to immunotoxic effects previously described, which in turn
may participate in the OP reported toxic effects. Financing: CONACyT grant number
153468.

3878

Toxicity of Succinate Dehydrogenase Inhibitors (SDHi)
Fungicides in Colon Epithelial Cells

C. Duarte-Hospital1, A. Tête1, M. Kerhoas2, T. Gauthier2, S. Elleros-Simatos2, E. BoutetRobinet2, X. Coumoul1, L. Huc2, and S. Bortoli1. 1Université de Paris, Paris, France; and
2Université de Toulouse, Toulouse, France. Sponsor: R. Barouki
Succinate Dehydrogenase Inhibitors (SDHi) are fungicides that have been increasingly used over the past decade to control the growth of pathogenic fungi in a wide
range of crops. SDHi inhibit the succinate dehydrogenase (SDH), a mitochondrial
enzyme involved both in cell respiration (complex II of the mitochondrial respiratory chain) and in the Krebs cycle. Recent works highlight the strong conservation of SDH across the evolution, supporting the lack of SDHi specificity towards
pathogenic fungi. Thus, SDHi may lead to toxic effects on off-target organisms
including humans. Few data on the effects of SDHi have been documented in
humans, however human genetic inactivation of SDH leads to severe outcomes,
including cancers. Indeed, loss of SDH activity provokes metabolic reprogramming,
accumulation of succinate oncometabolite, epigenetic remodeling and therefore,
deregulation of gene expression. SDHi are present in food, then colon might be a
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target organ upon SDHi exposure. So we used non-cancer (HCEC-1CT) and cancer
(Caco2) human colonic cells, exposed to doses close to the transposed Acceptable
Daily Intakes of 3 SDHi: Boscalid, Bixafen or Sedaxane (0.1, 1 and 10 µM). We
explored cell viability, proliferation, morphology and death after acute and chronic
exposure. Mitochondrial alterations and energetic metabolism (cell respiration,
oxidative capacities, succinate, ATP and lactate levels) were also examined. At
these doses and times of exposure for both cell lines, no major cytotoxic effect was
observed. Moreover, no adverse effects were observed regarding the mitochondrial integrity. By contrast, an increase of succinate levels in non-cancer cells and
a decrease of the maximal respiration rate in both cells lines at 1 or 10 µM of
Bixafen, were detected after a chronic exposure. In Caco2 cells, we also observed
a decrease of ATP levels at 10 µM for the 3 SDHi, an increase of lactate levels
and a decrease of cell respiration at 10 µM Bixafen. Taken together, these results
highlighted a differential impact of SDHi on non-cancer and cancer colon cells
depending of the SDHi and the time of the exposure. Further studies are in progress
to better understand the cellular and molecular mechanisms underlying these toxic
effects.

3879

Use of Transcriptomics and Metabolomics in Assessment of
Liver Tumor Mode of Action

A. Hofstra1, K. Bailey2, D. Cowie3, R. Currie3, A. Kende3, C. Lord2, E. McInnes3, and F.
Zhang3. 1Syngenta Canada Inc., Guelph, ON, Canada; 2Syngenta Crop Protection LLC,
Greensboro, NC; and 3Syngenta, Jealott’s Hill, United Kingdom.
Transcriptomic and metabolomic analyses during early stage chemical evaluation
for new crop protection chemicals enable the prediction and exclusion of modes of
toxicity and carcinogenicity. These analyses can be used to support the application
of new approach methods that result in decreasing the need for additional mode
of action studies and ultimately the need for rodent carcinogenicity bioassays.
Plasma and/or liver were analyzed for metabolomic or transcriptional profiles
after 2, 7 or 28 days of exposure of male mice to cyclobutrifluram (TYMIRIUM®
technology), a novel nematicide which inhibits mitochondrial complex II succinate
dehydrogenase (SDHI), or phenobarbital (PB). In addition, clinical chemistry, liver
enzyme activity, histopathology, and hepatocellular proliferation were assessed.
All analyses demonstrated a well-established threshold-based mode of action for
nuclear receptor-mediated mouse liver tumors for tumorigenic doses of the test
item and for PB. There was direct activation and altered target gene expression of
the constitutive androstane receptor (CAR); increased Cyp2B and 3A4 activity and
amount; and an early, transient increase in hepatocellular proliferation. Based on
transcriptomic assessment, several CAR-activated genes, including Cyp2b10 and
phase 2 enzymes, were induced by the test item and PB, and there was a significant
correlation with a CAR transcriptional signature. Activation of peroxisome proliferator activated receptor alpha (PPARα) and the aryl hydrocarbon receptor (AHR)
were excluded. In addition to demonstrating CAR activation following test item or
PB exposure, based on metabolomic assessment there were no other biochemical
changes specific to test item exposure, confirming the absence of alternative tumor
pathways and any unique toxicity associated with TYMIRIUM® technology. These
data support the weight of evidence for nuclear receptor-mediated liver tumors and
exclusion of other modes of toxicity or liver tumorigenicity in chronic carcinogenicity studies. Transcriptomic and metabolomic analyses, as part of a traditional
tumor mode of action study, confirmed the proposed mode of action, excluded
alternative modes of action, and demonstrate how this could be used to reduce the
need for animal testing.

3880

Reproduction and Developmental Toxicological Evaluation of
Piperonyl Butoxide (PBO)

W. D. Klaren1, A. M. Hoberman2, and J. W. Hauswirth3. 1ToxStrategies Inc., Asheville,
NC; 2Charles River, Horsham, PA; and 3Hauswirth Consulting, Ellicott City, MD.
Piperonyl Butoxide (PBO) is a widely used and generally accepted pesticidal
synergist found in agricultural as well as consumer pest control products. The
importance of the use of PBO derives from the ability to maintain insecticidal
efficacy while reducing the amount and application of active insecticide ingredients. Recent investigations into the potential reproductive and developmental
toxicity of PBO has raised concerns about its use. Specifically, concerns have
risen from research related to inhibition of the sonic hedgehog pathway by PBO
ultimately leading to downstream developmental effects. As part of the inherent
hazard evaluation and regulatory obligations for PBO, an extensive toxicological
data set is available to address the proposed concerns. Such a dataset includes
studies compliant with good laboratory practices and with EPA testing guidelines.
Three studies, used for regulatory submissions and here-to-fore unpublished in full
produced by Piperonyl Butoxide Task Force II (PBTFII), investigated the reproductive and developmental potential for PBO: (1) a dietary two-generation reproduction
study in rats [0, 300, 1000, 5000 ppm], (2) an oral gavage developmental toxicity
study in rats [0, 200, 500, 1000 mg/kg/day], and (3) an oral gavage developmental
toxicity study in rabbits [0, 50, 100, 200 mg/kg/day]. Prominent findings from the
first study include decreases in body weight across both generations and sexes
at the highest dose, 5000 ppm. No effects on reproduction were observed. In the
developmental toxicity study in rats decreases in body weight and feed consump-

tion occurred in the dams at >500 mg/kg/day with an increase in urogenital
wetness and urine staining at 1000 mg/kg/day. No developmental toxicity was
observed. In the rabbit study, no maternal or developmental toxicity was observed.
These results support a low potential for reproductive and developmental effects of
PBO with the lowest NOAEL of 1000 ppm or 89 and 102 mg/kg/day for males and
females, respectively. The peer review publication of these studies is forthcoming
and will help place the more recent findings of the potential for reproductive and
developmental effects of PBO into the appropriate context.

3881

Human Health Risk Assessment of Allyl Isothiocyanate (AITC)
Inhalation Exposure

P. Dodmane, M. Geier, A. Rubin, S. Koshlukova, P. Lohstroh, S. DuTeaux, and K.
Morrison. California Environmental Protection Agency, Sacramento, CA.
Allyl isothiocyanate (AITC) is the bioactive metabolite of sinigrin, a glucosinolate glycoside naturally produced by cruciferous vegetables. AITC is being
considered for use as a soil fumigant in California. As such, the Department of
Pesticide Regulation (DPR) conducted a human health risk assessment to support
decision-making during the California pesticide registration process. DPR reviewed
all available toxicology data and estimated reference values to assess risk for
workers handling the fumigant and downwind populations. The findings of the risk
assessment are summarized here. AITC is predominantly metabolized through
glutathione conjugation and rapidly excreted via the urine in rats and humans. The
primary metabolite is mercapturic acid N-acetyl-S-(allylthiocarbamoyl)-L-cysteine.
Exposure to humans results in lacrimation, acute pain, and inflammation. Acute,
subchronic and chronic toxicological profiles for all available routes of exposure
were compiled through systematic review both of publicly available data and data
submitted for state pesticide registration. Critical points of departure (PODs) for
all durations were established for the inhalation route as primarily of interest for
fumigants. Due to lack of data, complete absorption following inhalation exposure
was assumed. Nasal epithelial degeneration and decreased motor activity
supported the acute and subchronic inhalation PODs. Due to the lack of chronic
inhalation toxicity data, the chronic POD was estimated by applying a duration
extrapolation factor of 10 to the subchronic POD. Available oral studies showed
that urinary bladder hyperplasia was the most sensitive endpoint for all durations.
Route-to-route extrapolation demonstrated that the critical inhalation PODs were
protective of urinary bladder effects seen by the oral route. In vitro and in vivo
genotoxicity studies largely showed no effects although some marginal effects
were evident at cytotoxic concentrations. The critical PODs were converted to
human equivalent concentrations (HECs) using appropriate dosimetric adjustment
factors. Inhalation reference concentrations (RfCs) were then calculated by dividing
the critical HECs by a total uncertainty factor of 30 (10 interspecies, 3 intraspecies).
This work identifies hazards resulting from AITC inhalation and derives critical
PODs, HECs and RfCs for use in registration and mitigation efforts in California.

3882

Developmental Toxicity Testing of Acidic Environmental
Chemical Pollutants in Aquatic Systems: Are Reported Findings
Based on Direct Chemical Toxicity or Indirect Changes in pH?

V. Sridhar, L. W. Turner, L. S. Reidenbach, K. M. Thompson, K. A. Horzmann, and J. L.
Freeman. Purdue University, West Lafayette, IN.
With the vast commercial production of various chemicals, there’s a need to investigate and identify the toxicity profile of these chemicals to identify the potential
ecological and human health risks. The basis for this project was to determine
the direct and indirect effects of an acidic pesticide, glyphosate. Studies have
reported various physiological and genotypic deviations from normalcy, but the
deviation has not been verified as a direct effect of glyphosate or because of the
environmental alterations. Glyphosate is an acidic environmental pollutant and at
high concentrations can alter the pH of a solution to very acidic levels. Hence,
the toxicity observed could be caused by the chemical or the pH. Most toxicity
studies would adjust the solution to a neutral pH but when reviewing the zebrafish
glyphosate toxicity studies, it was found that most papers in the last decade have
not mentioned pH or neutralizing the test solution. In this study, we conducted a pH
toxicity curve for zebrafish embryos through 120 hours post fertilization (hpf) and
compared the toxicity curves for unadjusted pH and adjusted pH for glyphosate
with recent glyphosate toxicity studies using zebrafish, to address the research
question. Results showed that at concentrations greater than 10 ppm (mg/L), the
pH of the fish water reduced to 5.5 and as the concentration increased, the pH
continued to drop as low as 2.98. To check the influence of pH on glyphosate
toxicity, LC50 curves were completed for unneutralized and neutralized solutions
for zebrafish exposed through 120 hpf. LC50 for 120 hpf zebrafish larvae without
neutralization was close to 50 ppm, while for the neutralized solutions it was more
than 1000 ppm. These findings were then compared to other zebrafish glyphosate
toxicity studies to check if the pH of the testing solution was mentioned and only
few studies mentioned it. Hence, it was found that many studies reported toxicity
based on acidic pH of solution and not glyphosate. Overall, this study implies the
need for quality control and neutralization of solutions in toxicity assessments of
chemicals to accurately reflect direct effects of the chemical in question.
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Assessing Potential Bladder Cancer Risk Associated with
Dermal Exposure to 4-aminobiphenyl in Consumer Hair Dyes

C. Mathis1, E. Fung2, and S. More3. 1Cardno ChemRisk, Arlington, VA; 2Cardno ChemRisk,
Aliso Viejo, CA; and 3Cardno ChemRisk, Portland, OR.
4-aminobiphenyl (4-ABP) is an aryl amine formerly used as a rubber antioxidant
and dye intermediate. Depending on the method of manufacture, 4-ABP has reportedly been found as a trace contaminant in some cosmetic color additives, such
as para-phenylenediamine (PPD) (a color developer in permanent hair dyes). In
general, darker hair colors contain more PPD than lighter hair colors, and thus
have a higher potential for trace 4-ABP contamination. IARC, NTP, ACGIH, and
California’s Office of Environmental Health Hazard Assessment (OEHHA) have
designated 4-ABP as a human carcinogen, specifically in regards to bladder cancer.
OEHHA has established a No Significant Risk Level (NSRL) for 4-ABP of 0.03 µg/
day, assuming a 70-year lifetime of daily exposure. A dermal exposure assessment
and risk assessment were performed to better understand the potential bladder
cancer risk associated with possible exposure to 4-ABP from personal use of hair
dyes. Results from a published bulk sampling study reported 4-ABP concentrations
in consumer hair dyes ranging from below the limit of detection (LOD) of 0.29 ppb
up to 12.8 ppb (with the highest concentrations measured in black hair dyes with
an approximate average of 6 ppb). In this assessment, daily systemic exposure
doses (SEDs) from dermal application of hair dye were estimated at one-half the
LOD, the average of the black hair dyes, and maximum 4-ABP concentrations. In
addition, published exposure parameters for scalp surface area (assuming the
user wears gloves), skin adherence, hair dye retention factor (i.e., retention on skin
after application), and percent dermal absorption of PPD (assuming trace 4-ABP
contamination in hair care products) were also used in this assessment to estimate
the SED. The estimated SEDs were 0.00000005, 0.0000022, and 0.0000046 µg/
day, respectively, for the aforementioned 4-ABP concentrations. A margin of
safety (MOS) was calculated as the ratio of the NSRL to the SED. The MOS ranged
from 6,510 to 574,713, notwithstanding that daily dermal exposure to hair dye
over a lifetime is unlikely and highly conservative, provided that re-application of
permanent hair dye typically occurs one day per month. The calculated MOS were
all greater than 1, such that the SEDs are thousands of times lower than the NSRL,
which indicates that there is insufficient risk of bladder cancer from exposure to
4-ABP in consumer hair dye.

3884

Optimizing Transfer Testing Conditions for Nicotine Pouch
Products Utilizing a USP-4 Device and Comparing Transfer
Results between USP-3 and USP-4 Methods

M. Sakimura1, M. Miyauchi2, M. Furukoshi3, K. Sasaki2, M. Jotaki2, J. Miller-Holt1, and
I. Abraham1. 1JT International SA, Geneva, Switzerland; 2Japan Tobacco Inc., Kanagawa,
Japan; and 3Japan Tobacco Inc., Tokyo, Japan.
Nicotine pouches are pre-portioned sachets for oral use containing nicotine, but
no tobacco leaf, stem, or tobacco sheet, and are thus sometimes described as
a “tobacco-free nicotine pouches”. In order to evaluate the safety of nicotine
pouches, it is important to determine what constituents the consumer is exposed
to during intended use. At the 60th SOT meeting in 2021, we reported the transfer
test results of nicotine and flavor ingredients using a US. Pharmacopeia (USP)-3
reciprocating cylinder method. For this new evaluation, we used USP-4 flow-through
cell method for the transfer tests. The concentrations of nicotine and flavor ingredients were then analyzed by LC-DAD and GC-MS, respectively. As a first step, we
varied the position of pouch and flow rate of artificial saliva in the flow through
cell to find the optimal conditions using the USP-4 method. We learned that when
adjusting the pouch position, the initial rise of nicotine elution was slightly faster
when the pouch was hung on the tablet holder than when it was embedded in
beads. However, final transfer rates at 60 minutes of extraction were comparable regardless of the pouch position. As for the flow rate of artificial saliva, the
nicotine release increased with increased flowrate. In comparison to the previously
reported results using the USP-3 method, the initial rise of nicotine elution was
slightly slower in the results utilizing the USP-4 method, but there was no significant
difference in the transfer rates at 60 minutes of extraction between USP-3 and
USP-4 methods. Since nicotine pouches are used between the upper lip and gingiva,
it is considered that the method of embedding them in the beads is closer to the
actual usage conditions. In this poster, we also report the transfer results of several
flavor ingredients from nicotine pouch products.

3885

An In Vitro Dermal Absorption Study Ring Trial with
14C-Caffeine According to OECD Test Guideline 428

C. Whitfield1, R. Mingoia1, J. Domoradzki1, S. Totti2, T. Chen2, F. Kluxen3, E. Felkers3,
F. Toner4, L. Page4, W. Maas4, K. Webbley5, R. Nagane6, C. Valentine7, J. Kendrick7,
J. B. Dorange8, C. Egron8, C. Imart8, S. McEuen9, B. Darraji9, P. Fisher10, C. Lorez11, R.
Parr-Dobrzanksi11, and C. Wiemann12. 1Corteva Agriscience, Newark, DE; 2University of
Surrey, Guildford, United Kingdom; 3ADAMA, Cologne, Germany; 4Charles River, Tranent,
United Kingdom; 5Pharmaron, Rushden, United Kingdom; 6JRF, Valvada, India; 7Labcorp,
Harrogate, United Kingdom; 8Eurofins, Vergeze, France; 9FMC, Newark, DE; 10Bayer SAS,
Lyon, France; 11Syngenta, Bracknell, United Kingdom; and 12BASF SE, Vienna, Austria.
Dermal absorption of chemicals is a key factor in non-dietary human risk assessment with agrochemicals. Reliability and reproducibility of dermal absorption
data is crucial to instill confidence with companies, regulators, and the public. A
CropLife Europe sponsored ring trial exploring the dermal absorption potential of
14C-Caffeine was investigated in 6 laboratories under GLP conditions using the
OECD TG 428-compliant in vitro assay with flow-through cells and dermatomed
human skin. Potential sources of variation were reduced by a common protocol,
test item, and skin source. Particularly, skin samples from the same donors were
distributed over two repeats and between labs in a non-random, stratified design.
The data show very similar recovery in the various investigated compartments
of the assay between laboratories, repeats and donors. A low intra-lab variability
was demonstrated in all 6 participating laboratories. A low inter-lab variability was
notable in 5 out of 6 laboratories resulting in mean caffeine absorption estimates of
3.93±2.96 % of the applied dose (4 mg/mL) and a mean overall compound recovery
of 99.03±2.11 %. In the remaining laboratory presumably due to a Covid-19 driven
shipment delay of the skin samples, the skin quality may have been affected since
the receptor fluid recovery was substantially higher and, to a degree, correlated with
skin integrity parameters. The ring trial’s results demonstrate that the OECD TG
428-compliant in vitro assay can be reliably performed in different laboratories. Skin
absorption results for caffeine did not present any statistically significant variability,
with minor differences in the results across the laboratories (5/6) and demonstrate
the robustness of the methodology and the positive impact of strictly controlling
the variables in the study. Understanding the variability in the in vitro dermal absorption assay with human skin will contribute to improving the design and conduct of
appropriate regulatory studies, and improving the existing OECD dermal guidance
notes, which will result in greater confidence in the data utilized from these assays.

3886

A Risk Assessment of Inorganic Mercury Renal Toxicity
from Application of Skin Lightening Products from Multiple
Countries: An Update

C. M. Hamaji1, C. Park1, L. Gloekler2, R. Zisook1, G. S. Dotson3, P. Scott4, K. Unice4, and
S. Gaffney1. 1Cardno ChemRisk, San Francisco, CA; 2Cardno ChemRisk, Aliso Viejo, CA;
3Cardno ChemRisk, Cincinnati, OH; and 4Cardno ChemRisk, Pittsburgh, PA.
Skin whitening product use is common, particularly among women in Asian,
African, and Caribbean countries. Inorganic mercury (Hg) added to skin whitening products to inhibit melanin production has resulted in adverse renal effects,
especially when cosmetic Hg content is unregulated. This analysis builds on a prior
dataset in which Hg concentration data for skin whitening products were compiled
from peer-reviewed studies; the current dataset includes studies published from
1990 to 2021 and includes products from 38 regions. Among the products (n=563),
210 (37.3%) contained Hg above 1 ppm, the concentration established by the Food
and Drug Administration (FDA) and World Health Organization (WHO) as allowable
for cosmetics. Products from Mexico, Indonesia, and Thailand contained some of
the highest Hg concentrations, up to 210,000 ppm. The potential for renal toxicity
hazards was screened using the US Environmental Protection Agency’s (EPA)
oral reference dose (RfD) for mercuric chloride, 0.0003 mg/kg-day, adjusted for
absorption, using Monte Carlo (MC) analysis of the margin of safety (MOS; =RfD/
Estimated dose). Considering reported Hg contents below 1 ppm (n=308), the
central tendency (50th percentile dose) and upper bound (95th percentile dose)
MOS were 5,682 and 19, respectively, suggesting that a 1 ppm limit is health protective. Conversely, for products with Hg concentrations >1 ppm (n=210), the central
tendency and upper bound MOS were 0.02 and 0.0003, respectively, reinforcing
a clear public health benefit of regulatory guidelines. Limiting our compiled Hg
contents to <10 ppm (n=398; mean=1.13; max=9.68), we concluded that moderate
exceedance of the FDA standard and WHO guideline would result in central and
upper bound MOS of 925 and 2.1, respectively, whereas setting the Hg content to
10 ppm resulted in central and upper bound MOS of 2.39 and 0.29. In a sensitivity analysis of the MC analysis results, mercury concentration accounted for
the greatest variability in dose, followed by product use frequency and product
retention on the skin. These results suggest that for products containing mercury in
concentrations up to an order of magnitude higher than the FDA standard and WHO
guideline, the MOS is still above 1, indicating that these benchmarks are conservative and health-protective.
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Use of a Dynamic Skin and Liver Co-culture Model to Investigate
the Effect of Application Route on the Metabolism of the Hair
Dye, 4-amino-2-hydroxytoluene

T. Tao1, J. Kühnl2, K. Brandmair2, S. Gerlach2, A. Winter1, U. Marx1, I. Maschmeyer1,
J. Przibilla3, F. Kern3, A. Schepky2, C. Jacques-Jamin4, C. Genies4, and N. Hewitt5.
1TissUse GmbH, Berlin, Germany; 2Beiersdorf, Hamburg, Germany; 3Pharmacelsus
GmbH, Saarbrücken, Germany; 4Pierre Fabre Dermo-Cosmétique, Toulouse, France; and
5Cosmetics Europe, Brussels, Belgium.
The Cosmetics Europe´s Long Range Science Strategy (LRSS) aims to establish
the link between dermal and systemic exposure route. In this project, we have used
TissUse´s microfluidic platform, the HUMIMIC Chip2 model, incorporating different
skin models (provided by MatTek and Henkel) and liver organoids (consisting of
HepaRG™ and stellate cells), to investigate the influence of exposure scenarios
on the bioavailability and metabolic fate of chemicals. The aromatic amine hair
dye, 4-amino-2-hydroxytoluene (AHT), was selected as a case study chemical to
determine whether the Chip2 model could be used to mimic the first -pass effect
in the skin that was observed in in vivo studies in rats. Both organoids were well
maintained over 6 days, as indicated by TEER, metabolic analysis and viability
markers. The kinetics of AHT and several of its metabolites, including N-acetyl-AHT
and AHT-sulfate, differed between topical and systemic application. Importantly,
topical application resulted in a higher peak concentration of N-acetyl-AHT and
increase of its area under the curve (AUC), demonstrating that a first-pass effect
of N-acetylation in the skin had occurred. There was a concomitant decrease in the
peak concentration and AUC of AHT-sulfate after topical compared to systemic
application. These results were in accordance with in vivo observations, where the
ratios of these two metabolites were altered by the application route. In conclusion, these data demonstrate that the Chip2 maintains the functions of skin and
liver organoids for several days. Importantly, the Chip2 model recapitulated the
route-specific alteration in the metabolite profile of AHT observed in vivo. This type
of information is important for the risk assessment of topically-applied compounds
which may also undergo first-pass metabolism in the skin and whose systemic
effects are altered accordingly.

3888

Addressing Inter-individual Variabilities in Human Exposure and
Toxicological Susceptibility in Environmental Risk and Impact
Assessments

L. Li, and D. Li. University of Nevada Reno, Reno, NV.
When assessing the health impacts of human exposure to environmental pollutants, most regulatory risk and impact assessment frameworks assume a homogenous exposure across the population (often represented by a standard, average
individual) and the same toxicological susceptibility among individuals (often
extrapolated from the population median effective dose). However, this practice
ignores the substantial inter-individual variabilities in human exposure and toxicological susceptibility, which is thus inadequate to address the disproportionate
health impacts associated with the shared environmental pollution. This presentation demonstrates how the estimated overall health impacts (i.e., the number of
cases of certain health effects in the US.) would vary if or not the inter-individual
variabilities in human exposure and toxicological susceptibility are considered in
the assessment. We use a case of dietary exposure of the general US population
to dieldrin and heptachlor, two organochlorine pesticides that tend to accumulate
in food items. Specifically, different scenarios are considered by assuming (1)
human exposure is homogeneous (representing the population average) or heterogeneous (considering disparities between ages, sexes, and racial groups) and (2)
the probability of occurrence of health effects is determined by a dose-response
relationship being either linear, non-linear with homogeneous inter-individual
susceptibility, or non-linear with heterogeneous inter-individual susceptibility. Our
results indicate human exposure can vary by a factor of 6, and the probability of
occurrence of health effects can vary by over 50 orders of magnitude, between the
2.5th and 97.5th percentiles in the modeled population. Compared to the estimate
based on assumed heterogeneous human exposure and toxicological susceptibility, assuming a linear dose-response relationship overestimates the overall
health impacts by more than an order of magnitude, whereas assuming a non-linear dose-response relationship with homogenous susceptibility underestimates
the overall health impacts by over 4 orders of magnitude. This illustrative case
underscores the importance of considering disparities in health impacts in environmental risk and impact assessments.

3889

Use of In Vitro to In Vivo Extrapolation (IVIVE) for Estimating
Preliminary Margin of Exposure of Flavor Compounds via Oral
Intake

J. Zhang1, D. Hines2, A. L. Karmaus2, B. Cook2, Z. Wei1, R. Morgan1, S. Bell2, and K. M.
Lee1. 1Altria Client Services LLC, Richmond, VA; and 2Integrated Laboratory Systems Inc.,
Research Triangle Park, NC.
Traditional risk assessments usually utilize levels of toxicological concern derived
from in vivo testing or acceptable regulatory exposure limits. Use of new approach
methodologies (NAMs), such as in vitro and in silico methods, may offer novel
approaches for chemical risk assessment without additional in vivo testing. In this
case study, we used publicly available in vitro bioactivity data and pharmacokinetic models to conduct a preliminary risk assessment of selected flavor ingredients used in oral tobacco products. The resulting margin of exposure (MOENAMs)
estimates were compared to the traditional MOE (MOEstd) as a preliminary
evaluation. In vitro high throughput screening (HTS) data for the flavor ingredients and their structurally related chemicals were curated based on relevance to
toxicity endpoints of interest (e.g., cytotoxicity, irritation, teratotoxicity, etc.). An
open-source, generalized, physiologically-based pharmacokinetic (PBPK) model
was modified to model human buccal absorption of ingredients under typical use
of nicotine pouches. Using the in vitro to in vivo extrapolation (IVIVE) approach,
we calculated the equivalent administered doses (EADs) that would lead to the in
vivo plasma concentration approximating the in vitro bioactive concentration (e.g.,
AC50). MOEs were calculated based on different in vitro data representations: active
responses and all responses (actives + inactives). Preliminary results showed that
the median of MOENAM estimates of each chemical was generally no lower than
the MOEstd value, with some MOENAM estimates closely approximating the MOEstd
values. As expected, when all active and inactive assay responses were considered
for EAD calculation, MOENAM estimates were consistently higher than when only
active assay responses were included. While the results are limited to the selected
chemicals, they are consistent with reported findings targeted at other endpoints,
which further demonstrate the utility of NAMs in risk assessment. This study also
identified gaps to be addressed in future studies, such as lack of availability of in
vitro data and lack of understanding of adverse outcome pathways for chemicals
of interest.

3890

Considerations for Applying the Parallel Artificial
Membrane Permeability Assay (PAMPA) in the Screening of
Gastrointestinal Absorption of Chemicals of Environmental or
Occupational Concerns

S. Wang, L. Dingsheng, Z. Zhang, and L. Li. University of Nevada, Reno, Reno, NV.
Chemicals present in the environmental and occupational settings can exert
adverse health effects on humans after gastrointestinal absorption into the
systemic circulation. Parallel Artificial Membrane Permeability Assay (PAMPA) has
gained advocacy for its application to measure the effective permeability towards
pharmaceuticals. Since chemicals of environmental or occupational concerns
differ from pharmaceuticals in hydrophobicity and volatility, a thorough, mechanistic understanding of chemical mass transfer in PAMPA is warranted if we seek to
expand the applicability of PAMPA. Here, we introduce an in-silico mass balance
model, which describes chemical mass transfer in PAMPA based on inputs of
fundamental physicochemical properties, e.g., partition coefficient, and dissociation constant. The model’s performance is evaluated by an agreement between
predicted and measured permeabilities of 1383 chemicals, which indicates 91% of
the estimated permeabilities are either fall in the same order of magnitude or more
conservative than the measurements. The model predicts an inverted U-shaped
dependence of permeability on the octanol-water partition coefficient (log KOW
for neutral compounds and log DOW for ionizable compounds), with the maximum
permeability occurring in log KOW or log DOW ranging between 0 and 2. The model
estimates a high membrane retention rate for hydrophobic chemicals, as well
as the loss of volatilization to the headspace of the PAMPA apparatus for highly
volatile chemicals. Notably, the measured permeabilities of hydrophobic chemicals
are remarkably sensitive to specific experimental conditions, e.g., frequency of
stirring, and incubation time, making measurements under different conditions less
comparable. More important, for highly hydrophobic chemicals (log KOW or log DOW
greater than 3.8), steady-state mass transfer, which is the fundamental assumption
of PAMPA can never be achieved. Therefore, chemical properties such as log KOW
should be carefully considered when we design experimental conditions of PAMPA
for chemicals of environmental or occupational concerns. Our work provides an in
silico mechanistic approach in support of efficiently and defensibly predicting the
permeability of chemicals and complements the current laboratory approach.
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3891

Risk Assessment for Children and Adults’ Exposure to
Potentially Toxic Elements in Costume Cosmetics

F. J. Salles1, F. P. Paniz2, B. L. Batista2, A. C. Nardocci1, and K. P. Olympio1.
1Universidade de São Paulo, São Paulo, Brazil; and 2Federal University of ABC, Santo
André, Brazil. Sponsor: S. Barros
Face paints and pancakes can be used as costume cosmetics by adults in occupational activities; and used by children, mainly in Halloween, Carnival, or child parties.
During the use, dermal and incidental ingestion exposures to toxic elements are
possible. Especially for children, even low levels of toxic elements can negatively
affect health. This study estimated cancer and non-cancer risks considering
chemical elements concentrations (Al, As, Ba, Cd, Co, Cr, Cu, Ni, Pb, Sb, Sn, and Sr)
in face paints and pancakes in dermal and oral exposure scenarios for children and
adults. Face paints and pancakes samples (n= 95; different brands, textures, and
colors) were purchased at the largest popular trade center in the city of São Paulo,
Brazil. A graphite-covered digester block was used for the extraction procedure
with nitric acid and an inductively coupled plasma mass spectrometer (ICP-MS) for
elements determinations. For almost all elements, geometric means were higher
in pancakes and liquid samples than creamy and fluorescent paints. The non-cancer risks were above 1 for dermal exposure in adults considering cardiovascular
and dermal effects. The cancer risk for children ranged from 10-6 to 10-4, with high
values regarding the risk per ingestion (1x10-6 = target value for US Environmental
Protection Agency). Cancer risks ranged between 10-2 and 10-4 for occupational
exposure in adults, with the highest values from dermal exposure (1x10-4 =
maximum value for National Institute for Occupational Safety and Health of US.).
Arsenic and chromium were the elements with higher contributions to the total risk.
Pancakes exposure scenarios indicated higher risks values than face paint. The risk
assessment suggests that the content of potentially toxic elements in cosmetics
needs to be regulated to protect human health, especially considering products for
children’s use and continuous use for professional consumption. The growing use,
chronic exposure, and the lack of legislation regarding toxic elements’ presence in
cosmetics are a concern. Funded by FAPESP (#2017/25424-9) and CAPES.

3892

Beneficial Impacts of a Reduced Drift Pesticide Formulation on
Potential Applicator Inhalation Exposure and Risk

C. R. Fleming1, and P. L. Havens2. 1Corteva Agriscience, Louisville, KY; and 2Corteva
Agriscience, Indianapolis, IN. Sponsor: S. Gehen
Inhalation and dermal exposures may occur when mixing, loading, and applying
pesticides in an agricultural setting. Enlist™ herbicides are formulated with
Colex-D® technology to reduce driftable fines — those prone to move away from
the target during application — without increases in overall droplet size. Because
of the similarity in size between driftable fines (aerosols ≤150 um) and inhalable
spray (aerosols ≤ 100 um), it is anticipated that inhalation exposures in applicators applying Enlist formulations would also be reduced compared to applications of formulations without Colex-D® technology. Measured droplet size distributions for Enlist Duo® (a formulation containing 2,4-D choline and glyphosate,
with Colex-D® technology) and a tank mix of glyphosate and 2,4-D-dimethyl amine
(without drift reduction technology) were used to model potential applicator inhalation exposures resulting from ground boom applications. Particle size distribution
(PSD) for the applicator breathing zone was modeled for each formulation with the
AGDISP model, simulating drift of spray from the nozzle to the edge of the field. A
lognormal distribution was fit to the inhalable (<100 µm) portion of the distributions
using Crystal Ball and fractional deposition of the resultant spray distribution was
modeled using the MPPD model (fractional deposition in the trachea was used as
the best approximation of the larynx - the target site of 2,4-D inhalation toxicity).
The fraction of active ingredient aloft at the edge of the field, as determined by
AGDISP, was compared between the Enlist and non-Enlist formulations to calculate
the additional protection offered by the lower initial driftable fines (leading to a
higher rate of herbicide deposition within the field). Fractional deposition in the rat
trachea was also modeled, based on the PSD used in the 28-d rat inhalation toxicity
for 2,4-D. A rat-to-human fractional deposition ratio can then be used to calculate
a human equivalent concentration from the rat LOAEC for use in risk assessment.
The very high (>6,500) rat:human fractional deposition ratio indicates a low level of
risk for laryngeal toxicity in humans following exposure in an agricultural setting.
Based on the fraction remaining aloft at the edge of the field, it is estimated that
Enlist Duo® may provide up to 2.5-7.6-fold reductions in applicator inhalation
exposures. Potential inhalation exposures for both Enlist Duo® and the tank mix
result in very high margins of exposure, indicating acceptable risk to applicators.

3893

Using Time Course and Dose-Response of Histopathological
Changes to Identify Target Organ Toxicity in a Rat Model
following Oral Exposure to Contaminated Groundwater from an
Industrial Site

B. Boamah1, S. Siciliano1, N. Hogan1, M. Hecker1, M. Hanson2, P. Campbell3, R. Peters4,
A. Manek1, A. Ahmad1, and L. Weber1. 1University of Saskatchewan, Saskatoon, SK,
Canada; 2University of Manitoba, Winnipeg, MB, Canada; 3Wood Environment and
Infrastructure Solutions, Winnipeg, MB, Canada; and 4Federated Co-operatives Limited,
Saskatoon, SK, Canada.
Groundwater containing a complex mixture of known and unknown contaminants was collected from an industrial site for characterization of toxicity. The
first study, a time-course study involved an oral exposure to a single concentration
(0.05% v/v) of groundwater compared to control (7, 14, 28, and 56 days exposure)
in male Sprague Dawley rats (n=10/group). The second study involved a 60-day
oral exposure to drinking water (control group), 10% v/v reference water from an
alternate well on-site compared to 0.01% v/v, 0.1% v/v, 1% v/v and 10% v/v of high
impact groundwater concentration (n= 5 males and 5 females/group). A transient,
significant increase in white blood cell count was seen in the day-7 experimental group during the time course study. Blood smears showed lymphocytosis and
neutrophilia, but these did not differ significantly at any time-point. The time-course
study showed periglomerular inflammation in the 56-day group, while the dose
response experiment showed an acute tubular necrosis in rats exposed to water
from the alternate and the high impact well. In summary, both studies showed
evidence of immunotoxicity and hematoxicity, but the pattern and severity of
nephrotoxicity changed depending on the dose of groundwater in both studies.
Based on the pattern of histopathology, we hypothesize hydrocarbons to be the
class of contaminants driving toxicity in the groundwater samples and will be
confirmed with future work.

3894

In Vitro Toxicology Assessment of ZYN, Oral Tobacco-Derived
Nicotine Pouches

S. Moses, A. Dwivedi, T. Ljung, and J. Lindholm. Swedish Match AB, Stockholm, Sweden.
New alternative tobacco and nicotine delivery products, that may be less harmful
to health compared to traditional tobacco products have been developed and
introduced in the market. One category is the oral tobacco-derived nicotine (OTDN)
pouches. Swedish Match ZYN products appear in different versions, having different nicotine strength, moisture, and ingredients. Specifically, the ZYN products
contain high-purity tobacco-derived nicotine and food-grade ingredients. The
study purpose was to evaluate in vitro toxicological effects of ZYN and compare
to traditional tobacco products. A battery of classical regulatory assays (Neutral
Red Uptake (NRU), Ames, and in vitro micronucleus (ivMN)) were used to assess
the cytotoxic, mutagenic, and genotoxic potential of ZYN in compliance with good
laboratory practice (GLP). Additional mechanistic assessment of genotoxicity was
done using ToxTracker, a mammalian stem cell-based GFP-tagged reporter assay
detecting DNA damage, oxidative stress, protein damage and cellular stress. Study
products for the GLP assays were two versions of flavored and unflavored ZYN.
Pouched moist snuff and total particulate matter (TPM) from Kentucky Reference
Cigarette 1R6F were used as reference products. The ZYN products demonstrated
non-mutagenic , non-genotoxic, and non-cytotoxic responses. However, cytotoxicity
was observed for the moist snuff. The TPM extract was found cytotoxic, mutagenic,
and genotoxic. Study products for the ToxTracker assay were four different ZYN
Peppermint products, Nicorette Peppermint (NRT) and a Swedish Snus reference
product (CRP1.1). In addition, nicotine and TPM extract were also included in the
study. Five non-cytotoxic concentrations were tested and induction of the GFP
reporters was determined after 24 h exposure using a flow cytometer. None of the
products were classified as genotoxic. The ZYN products, NRT and nicotine had no
effects on oxidative or protein stress, whilst oxidative stress was activated by TPM
and CRP1.1. CRP1.1 also activated the protein stress and p53 response. Overall,
based on the results from the combination of in vitro assays it could be concluded
that ZYN has a similar toxicological profile as NRT product, and an improved
toxicological profile compared to TPM and smokeless tobacco. These findings
support that oral tobacco-derived nicotine products display a reduced harm profile
compared to traditional tobacco products.

3895

Key Considerations for the Derivation of Occupational Exposure
Limits for Highly Potent Controlled Substances

J. A. Parker1, E. S. Fung1, A. N. Buerger2, and A. Maier2. 1Cardno ChemRisk, Aliso Viejo,
CA; and 2Cardno ChemRisk, Cincinnati, OH.
Occupational exposure limits (OELs) are intended to guide the design of risk
management measures that will ensure the protection of workers from adverse
health effects following workplace exposure. Commonly employed OELs include
the maximum allowable time-weighted average (TWA), which accounts for inhalation exposure over the duration of a work shift (e.g., 8-hr TWA), and short-term
exposure limits (STELs), which can be derived for brief average exposure durations
(e.g., 15 minutes). Like other health-based exposure limits, the 8-hr TWA and
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STEL are derived using toxicological data and a weight-of-the-evidence approach.
Controlled substances, such as psychedelic and psychoactive drugs, are known
to elicit pharmacological effects at low doses. Due to the elicit nature of these
compounds, they are often not well studied in standard toxicology or clinical study
designs. Although workplace exposures to these highly potent compounds have
historically not been well characterized, OEL values are needed given the recent
therapeutic interest in the use of micro-doses of controlled substances for the
treatment of central nervous system indications (e.g., anxiety, mood disorders) and
the consequent need for pharmaceutical manufacturing. While general workplace
exposure principles apply, unique considerations are needed to address the data
limitations and high potency nature of these compounds. For example, because
there are generally limited or even no clinical or nonclinical data, assessments
require integration of more diverse data sets from multiple exposure routes. Such
data include historic use data (e.g., case reports of substance abuse), recent
micro-dosing studies in humans, and class-specific attributes (e.g., chemical class,
target receptor and relative receptor potency, pharmacological mechanism of
action). As a proof of concept, we derived 8-hr TWA and STEL values for various
controlled substances, including lysergide (LSD) and 3,4-methylenedioxymethamphetamine (MDMA), using this approach. Generally, the 8-hr TWAs were ≤1.7
µg/m3. Overall, these unique considerations can be applied to other highly potent
substances for the purposes of OEL derivation, thereby informing the use of
appropriate work-place safety controls during the manufacturing process.

3896

Refined Health Risk Assessment for Residential Exposures to
Manganese in EAF Steel Slag

D. M. Proctor1, and T. Antonijevic2. 1ToxStrategies Inc., Mission Viejo, CA; and
2ToxStrategies Inc., Houston, TX.
Electric Arc Furnace (EAF) slag is a co-product of steel production and is used
primarily for construction purposes, including road base and shoulders, rip-rap,
landscape aggregate and for cover of unpaved rural roads. Some applications of
EAF slag may result in exposure of residential populations to metals in slag by
direct contact and suspended airborne dust. We conducted an extensive EAF slag
characterization program measuring concentrations of elements in slag, leaching
potential, including bioaccessibility (BA) by EPA Method 1340, and analysis of
mineralogy. Based on a screening level assessment, manganese (Mn) in slag
was identified as posing the greatest potential for health concern and is being
further studied for residential exposure scenarios using refined methods including
measures of relative bioavailability (RBA), physiologically-based pharmacokinetic
(PBPK) modeling using previously published models, and probabilistic risk assessment (PRA) methods. The levels of Mn in EAF slag are ~3.4%, with ~2.1% in the
<150 µm size fraction. BA ranges from 15-62% and is inversely related to total
Mn concentration. Because the EPA reference dose for Mn is based on human
dietary intake, rather than a measure of toxicity, published PBPK models were used
to predict levels of Mn in the brain (i.e., globus pallidus) for children and adults
for exposures considered representative of residents exposed to slag. The PBPK
model predictions for Mn in the globus pallidus were slightly increased (0.49-0.58
µg/g) for residential exposures compared to diet alone (0.43-0.53 µg/g), and below
NOAELs (0.7-0.9 µg/g) reported in the literature from human and primate studies.
Incidental slag ingestion exposure was the primary pathway, and inhalation contributed negligibly. Current work includes refining these results using data from an
ongoing rat in vivo RBA study.

3897

Expanded Approach for Identifying Candidate Analogue
Compounds for Read-Across Assessments

L. Lizarraga1, K. Zaccaria2, S. Stevens2, H. Carlson-Lynch3, J. Melia3, M. Kawa2, J.
Rhoades-Hamacher2, L. Morlacci4, and M. Odin2. 1US EPA, Cincinnati, OH; 2SRC Inc.,
North Syracuse, NY; 3SRC Inc., Portland, ME; and 4SRC Inc., Arlington, VA.
To fill data-gaps and increase confidence in read-across assessments for data-poor
compounds, an expanded analogue identification approach was developed. The
Wang et al. (2012) read-across method is routinely applied to select analogues
for screening-level assessment of compounds under the US EPA Peer Reviewed
Provisional Toxicity Value (PPRTV) program. Under this method, an initial pool of
analogues is identified by structural similarity using automated tools. We have built
on this approach by expanding analogue searches, considering similarities in 1)
structure, 2) metabolism and 3) mechanism of action. Step 1, additional structural
features were identified by chemistry expertise to augment structural searches
via automated tools. Step 2, searches for compounds with shared metabolism
pathways were added to identify metabolites and metabolic precursors using
experimental data and predictive tools. Step 3, searches for mechanistic analogues
were conducted using tools such as GENRA, ToxCast/Tox21, and Comparative
Toxicogenomics Database. This expanded approach is being applied to PPRTV
compounds under evaluation for potential read-across. For example, four candidate
analogues with inhalation toxicity values were identified for 1,3-dibromobenzene: bromobenzene (structural, shared metabolites), 1-bromo-3-fluorobenzene
(structural), chlorobenzene (expert judgement), and 1,4-dichlorobenzene (expert
judgement). Compounds identified via expert judgement had one benzene ring and
1-3 bromine and/or chlorine substituents. Two additional compounds (1,4dibromo-

benzene, 1,3dichlorobenzene) were identified that may fill data gaps with respect to
the effects of halogen ring positioning (para vs. meta) and leaving groups (chlorine
vs. bromine). For cis-1,2-dichloroethylene, this approach identified five candidate
analogues: trans-1,2-dichloroethylene (structural, shared metabolites), vinyl
chloride (structural), 1,1-dichloroethylene (shared metabolites), tetrachloroethylene
(shared metabolites), trichloroethylene (shared metabolites). As demonstrated by
these case studies, this expanded approach identified a more comprehensive set
of candidate analogues to form the basis for read-across decisions. The views
expressed are those of the authors and do not necessarily reflect the views and
policies of the US EPA.

3898

Structure Similarity Alone Is Not Sufficient to Support ReadAcross for Hazard Assessment: A Case Study on Isoeugenol
and Methyl Eugenol

X. Zhang1, S. P. Felter1, A. M. Api2, K. Joshi2, D. Selechnik2, G. Yan1, and E. Byrd1.
1Procter & Gamble, Mason, OH; and 2Research Institute for Fragrance Materials,
Woodcliff Lake, NJ.
Chemical grouping and read-across are frequently used approaches by risk
assessors as non-animal alternatives for filling toxicological data gaps. The use
of chemical grouping and read-across saves time, resources, and experimental
animals. When grouping chemicals together, it is critical to define the application
domain (boundary) because minor differences in chemical structure can lead to
significant differences in chemical properties and bioactivities. Incorrect conclusions can be made if these differences are not considered in the read-across
process. Here, we present a case study on isoeugenol and methyl eugenol to
illustrate that structure similarity alone may not be sufficient for grouping chemicals
in hazard assessment. Isoeugenol and methyl eugenol are both plant-derived
volatile chemicals and belong to the phenylpropenes class. However, there are
minor structural differences between these two chemicals, which result in significant differences in metabolism and toxicological activities. The major metabolic
pathway in vivo for isoeugenol includes conjugation of the phenolic hydroxyl group
with sulfate and glucuronic acid as an efficient detoxification process, whereas the
major metabolic pathway for methyl eugenol involves benzylic hydroxylation and
carbocation formation. The reactive metabolite carbocation can interact with DNA
to form DNA adducts and induce genotoxicity and carcinogenicity. Consistently,
genotoxicity and carcinogenicity alerts were identified for methyl eugenol but not
isoeugenol from DEREK Lhasa Nexus and other in silico prediction tools. In addition,
the available in vitro and in vivo toxicity data confirmed that these two chemicals
have significantly different toxicity profiles. The totality of the data supports that it
is not appropriate to group these two chemicals together for hazard assessment
which stresses the importance of considering structural similarity, physicochemical
properties, metabolism, and reactivity/ bioactivity altogether for chemical grouping
and read-across.

3899

Comparative Analysis of Inconsistencies Commonly
Encountered Using Cramer Decision Tree Methods in Toxtree
Software

E. N. Rogers, and S. C. Gad. Gad Consulting Services, Raleigh, NC.
The threshold of toxicological concern (TTC) is a practical tool to screen and
estimate safe human exposure levels to compounds lacking adequate data for
safety evaluation. In the absence of compound-specific toxicological data,
approaches, such as the Cramer Classification Scheme, can be utilized to estimate
an appropriate exposure level. The Cramer Classification Scheme is a 33-question
decision tree used to classify the potential toxicity of non-carcinogenic compounds
with limited toxicity data based upon a curated dataset of oral NOAELs. Divided
into 3 classes, the Cramer decision tree scheme categorizes organic chemicals as
possessing either low (Class I), moderate (Class II), or high (Class III) potential for
toxicity. Although it is possible to manually assess compounds using the decision
tree, Toxtree software has developed an automated software approach which
implements the Cramer decision tree scheme. Two other decision tree methods,
Cramer rules with extensions and the revised Cramer decision tree, are also
available and utilized by many scientists in order to predict probable toxicological
risk of compounds, although standardized regulatory guidance regarding which
tree is most appropriate is currently unavailable, especially considering current
applications of the TTC to a variety of chemicals and potential human exposure
routes and regimens. The Cramer rules with extensions includes 5 additional
questions as derived by Munro et al. (1996) to overcome possible misclassification of compounds. By contrast, the revised Cramer decision tree is a shortened
scheme which combines several Cramer questions and incorporates additional
industry-derived data on metabolism, toxicity and biochemistry of compounds
within the dataset. Recently, analysis of several compounds using these various
Cramer schemes elicited conflicting data. Evaluation and comparative analysis
among examples using the original, extended, and revised versions of the Cramer
decision tree are presented in this poster. By presenting these chemical examples
with conflicting Cramer classification, it is possible to gain a better understanding
of potential risk associated with each compound and influence of classification
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scheme on prediction outcomes. Analysis of these chemical examples assists in
determination of the most appropriate Cramer decision tree to select with regards
to the most adequate, safe human exposure level.

3900

Refined Implementation of Labeling Index Data in the BBDR
Model for Formaldehyde

R. Conolly, H. Clewell, and R. Gentry. Ramboll US Corp, Monroe, LA.
Biologically based dose response (BBDR) modeling of nasal tumors in formaldehyde-exposed rats (Conolly et al., Toxicol. Sci. 75, 432-447, 2003) found that tumor
risk was associated with the dose-response for nasal epithelial cell division (α),
even though the model included a low dose linear dose response for potentially
promutagenic DNA adducts. Based on the available data, α is a nonmonotonic
function of the inhaled concentration. For the BBDR model, α was derived from
labeling index (LI) data collected at multiple time points and concentrations during
a F344 rat formaldehyde inhalation bioassay (Monticello et al., Toxicol. Appl.
Pharmacol. 111, 409-421, 1991; Monticello et al. Cancer Res. 56, 1012-1022,1996).
These data consist of some tissue samples obtained 2 hr post injection of BrdU and
the rest after 3 days of BrdU exposure using osmotic minipumps. Further, LI data
were reported as unit length labeling index (ULLI), a count of labeled cells along a
fixed length of basement membrane, rather than as a count of labeled cells in a 2D
section, i.e., as a LI. For calculation of α, injection ULLI data were transformed into
equivalent minipump data and were then converted into LI data. Conolly et al. (ibid)
also collapsed the time-dependence of the ULLI data, obtaining α as a function only
of exposure concentration. While a National Research Council review of the BBDR
model (https://doi.org/10.17226/13142) was complimentary, these conversions
were criticized by Subramaniam et al. (Risk Anal. 6, 907-923, 2008) as introducing unacceptable uncertainty, implying that this would preclude use of the BBDR
model for risk assessment. As part of an ongoing update of the BBDR model and
in response to these comments, we have developed a refined approach that does
not involve transformations of the ULLI data and maintains its time-dependence.
The F344 rat lifetime body weight growth curve and the number of cells at risk in
the nasal mucosa, both of which are well characterized, are used to calculate α on a
per hour basis for the entire rat lifetime. The exposed/control ratios of the ULLI data
are then used to adjust the growth curve derived values of α to obtain α as function
of age, exposure concentration, and duration of exposure. This approach only
assumes that the effect of formaldehyde on ULLI is an acceptable surrogate for its
effect on rates of cell division. This new work exemplifies how the BBDR model can
be iteratively refined to reduce uncertainty and thereby increase its potential value
for risk assessment.

3901

Solubility for Common Extractable/Leachable Compounds

C. Ducker, G. Moodie, and B. Ahir. Eurofins, Lancaster, PA.
Solubility is a critical parameter when evaluating potential extractables and/or
leachables. Since most polymer additives are engineered to allow solubilization
in the polymer mix, many show poor solubility in aqueous solutions. This solubility
is a limiting factor when identifying extractables and predicting leachables that
may be introduced into a drug product formulation or leached from a medical
device. Though the potential for aqueously soluble compounds to leach into body
fluids is clear it must be remembered that even those compounds that have poor
aqueous solubility remain toxicologically relevant as the human body is composed
of both aqueously soluble and insoluble substances. This is especially true of
medical devices which may have opportunity to leach substances over many years
following implantation. In order to provide solubility profiles, 14 common extractable compounds were evaluated for solubility in 11 common extraction solvents.
Visual observation was utilized to determine the point of insolubility over a range
of approximately 2 µg/mL to 2000 µg/mL. Solubility profiles were compared with
particular focus on partition coefficient (logP) values. In addition, the solubility profiles for isopropanol:water, ethanol:water, and ethylene glycol monobutyl
ether:water mixtures were compared to the profiles for 0.1% polysorbate 80 (PS80)
and 1% PS80 solutions to determine if these solvents would be useful alternatives
to this analytically challenging solution.

3902

Next-Generation Risk Assessment of Human Exposure to Antiandrogens and Estrogens Using Newly Defined Comparator
Compound Values

T. C. van Tongeren1, T. E. Moxon2, H. Li2, M. P. Dent2, I. Rietjens1, and P. L. Carmichael2.
1Wageningen University and Research, Wageningen, Netherlands; and 2Unilever Safety
and Environmental Assurance Centre, Sharnbrook, United Kingdom.
Next Generation Risk Assessment (NGRA) can use the so-called Dietary Comparator
Ratio (DCR) to help evaluate the safety of a defined exposure to a compound with
an identified mode of action. The DCR compares the Exposure Activity Ratio (EAR)
for the compound of interest, to the EAR of an established safe level of human
exposure to a comparator compound with the same putative mode of action. A DCR

≤ 1 indicates the exposure evaluated is safe. We have aimed to define adequate
and safe comparator compound exposures for evaluation of anti-androgenic and
estrogenic effects. To this end, 3,3-diindolylmethane (DIM), from cruciferous vegetables, and the anti-androgenic drug bicalutamide (BIC) were used to evaluate anti-androgenic effects and the EAR values for these comparator compounds were defined
using the AR-CALUX assay. The isoflavone genistein (GEN) was used to evaluate
estrogenic effects and its EAR value was set using the MCF7/Bos proliferation
assay, the T47D ER-CALUX assay, or the U2OS ERα-CALUX assay. The EAR values
of DIM and BIC were evaluated using PBK modelling and comparison to in vivo
reported safe and therapeutic-active internal levels, respectively. The EAR values of
GEN were evaluated based on comparison with in vivo reported safe internal levels
of GEN following different diets. The adequacy of the comparator EAR values was
further evaluated by comparing the generated DCRs of a series of test compound
exposures to actual knowledge of their safety regarding in vivo anti-androgenicity
or estrogenicity. Exposure scenarios of nine anti-androgenic pesticides, phenols,
and drugs and of 12 estrogenic hormones, phytoestrogens, pesticides, phenols,
parabens, phthalates, and drugs were included. Results obtained supported the use
of the in vitro bioactivity assay-derived comparator EARs for DCR-based NGRA for
putative anti-androgenic and estrogenic compounds. This further validates the DCR
approach as an important methodology to interpret animal free in silico/in vitro 3R
compliant new approach methodology (NAMs) in NGRA.

3903

Critical Review on the Assessment on the Tumorigenic Effects
of Some Lower-Chain Acrylates

K. Wiench1, N. Honarvar1, E. Fabian1, R. Landsiedel1, S. Hindle2, and L. Finch3. 1BASF
SE, Ludwigshafen, Germany; 2Dow, Horgen, Switzerland; and 3Arkema Inc., King of
Prussia, PA.
Lower-chain acrylates are used as monomers to produce acrylic polymers and
copolymers for plastics, food packaging, adhesives and cosmetic formulations.
The primary toxicological effect of these reactive monomers is the corrosive /
severe irritating property at the site of contact. In 2018 IARC reviewed methyl-; ethyland 2-ethylhexyl acrylate and classified them as “possibly carcinogenic to humans
(Group 2B)” mainly driven by site of contact tumors after long-term exposure to
highly irritating concentrations. Since these acrylates are non-genotoxic in in vivo
experiments a detailed analysis of the reported tumorigenic effects was performed.
In a first step the reason for some positive outcomes of in vitro genotoxicity tests
in respect to clastogenicity were examined. Acrylates are non-genotoxic in animal
studies. It was shown that clastogenicity was due to an unphysiological glutathione depletion in vitro, which is not observed under in vivo conditions. In a second
step, a comprehensive analysis of the long-term rodent studies with methyl acrylate
(3 long-term inhalation studies); ethyl acrylate (4 long-term studies by inhalation
and oral gavage) and 2-ethylhexyl acrylate (2 longterm studies by skin application)
was performed, with special focus on possible mode of actions and relevance for
human hazard and risk assessment. The occurrence of local tumors was driven
by chronic application of highly irritating concentrations - no substance related
systemic tumors were induced. Since methyl-; ethyl and 2-ethylhexyl acrylate are
non-genotoxic, the mode of action in regard to tumor induction is related to the
repeated life-time exposure to irritating concentrations leading chronic inflammation, tissue injury and wound repair partly in sensitive immune compromised strains
used. Based on these specific conditions it is highly unlikely that these acrylates
pose a cancer hazard and risk to humans and do not warrant classification according to GHS criteria.

3904

Rapid Hazard Identification Using Innovative High-Throughput
Bioactivity and Chemical Profiling Assays: A Case Study of a
Hypothetical Spill of a Complex Substance

A. T. Roman-Hubers1, Z. Chen2, T. McDonald1, K. Tuttle3, W. Chiu1, and I. Rusyn1. 1Texas
A&M University, College Station, TX; 2Harvard University, Cambridge, MA; and 3CTEH,
Little Rock, AR.
Every year, ~million of tons of petroleum products are spilled worldwide and
unintentionally released into environment as the result of accidents or negligent
use. Assessment of the potential human health and environmental hazards of
such substances is difficult due to their chemical complexity and possible lack of
information on their composition due to proprietary nature. Crude oil and petroleum
refining products consist of a multitude of aliphatic and aromatic hydrocarbons,
heteroatoms and other non-hydrocarbon molecules. Current spill management
procedures, while well-established, takes into account the nature of the material
that may have been released, such as the presence of PAHs, sulfur and heavy
metals; however, emergency response decisions are more difficult when the
composition of the spilt product is poorly defined or proprietary formulations are
involved. Here, we describe a case study of a hypothetical spill of an “oil blend”
material with described as on the material safety data sheet: “lubricant base oil
(petroleum, various CAS numbers), >70%; and additives (proprietary), <30%”. We
posited that due to the cryptic description of the composition, first responders
and local authorities may require additional information to inform the choice of
the cleanup standard. Test material was investigated alongside other petroleum
products and a library of crude oils from Gulf of Mexico Region. Both analytical (EPA
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methods for trace metals, volatile and semi-volatile substances, as well as full-scan
GC-MS and high-resolution IMS-MS) and in vitro toxicological (bioactivity profiling
in human umbilical vein cell line and iPSC-derived hepatocytes, neurons and cardiomyocytes) methods were used to obtain additional information. Data from these
methods was translated and presented to a group of professionals knowledgeable
about the oil spill response who represented a diverse set of stakeholders from the
industry and state agencies. The participants were asked to determine what type of
information was most informative with respect to decision-making for emergency
response and assessment of the associated. Participants agreed that rapid
chemical fingerprinting analysis was helpful, albeit to a limited degree. On the other
hand, the data rich bioactivity testing data allowed for a more informed discussion
of the potential hazards that may be present in the spilled product and provided
for greater confidence in rapid decision making in this hypothetical case study.
Funding for this research is by a grant from the National Academies of Sciences Gulf
Research Program (GRP).

3905

Animal and Human Toxicokinetic Data Support Development
of Data-Derived Extrapolation Factors and an Acceptable Daily
Intake of the Animal Drug Ketoprofen

J. Bus1, A. Li2, E. Lau2, H. Watson2, J. Boucher3, and C. Lowney3. 1Exponent, Midland, MI;
2Exponent, Menlo Park, CA; and 3Zoetis, Kalamazoo, MI.
Ketoprofen (KP) is a non-steroidal anti-inflammatory drug indicated in human and
veterinary medicine. Animal and human KP toxicokinetic (TK) data and USEPA and
WHO guidance for development of data-derived extrapolation factors (DDEF) were
used to modify default 10X inter- and intraspecies safety factors (total 100X) in
support of an USFDA Center for Veterinary Medicine (CVM) new animal (cattle)
drug registration. The DDEF approach focused only on the default animal-to-human
TK subfactor (EFAK = 4) and intra-human TK subfactor (EFHK = 3.16). Default toxicodynamic (TD) subfactors addressing animal-to-human (EFAD = 2.5) and intra-human (EFHD = 3.16) extrapolations were left unchanged. KP has a robust published
and unpublished animal and human TK and toxicology database. The KP animal
and human pharmacological/toxicological mode of action is mediated through its
parent S(+)-enantiomer inhibition of cyclooxygenase (COX1, COX2), with a BMDL5
of 0.04 mg/kg/day S(+)KP as the most sensitive animal point-of-departure based
on renal papillary necrosis in a rat two-generation reproduction study. In rats, 97%
of a 50/50 R(-)/S(+) enantiomeric dose is converted to the active S(+)KP, while the
S(+)-enantiomer is 49% of the total KP dose in humans. AUC was the most appropriate TK dose metric for the DDEF. Human TK is linear over a range of 0.2-2 mg/kg
KP racemate, indicating reasonable linear extrapolation to lower plasma concentrations at POD or lower human exposures. KP is safely used in children (≥ 6 mo) and
exhibits comparable TK to adults; the DDEF assessment also included available
TK in elderly and diseased populations. Integration of these data resulted in a
reduction of the total default safety factor of 100 to a composite DDEF of 2.6 (EFAD
X EFAK X EFHD X EFHK; 2.5 X 0.19 X 3.16 X 1.73 = 2.6) and a proposed Acceptable
Daily Intake (ADI) of cattle food residues of 0.015 mg/kg/day S(+)KP. Subsequent
CVM review endorsed the DDEF approach as described but modified the EFAK to 0.4
and the EFHK to 2.4 to provide adequate protection of sensitive subpopulations. The
resulting composite DDEF safety factor was 7.6 with an associated ADI of 0.005
mg/kg/day. Based on integrated analysis of the overall animal toxicity data and
TK-modified DDEFs, KP was determined as safe and effective as an animal (cattle)
drug when used according to the label.

3906

Risk Assessment for Dioxin Contamination Resulting from a
Residential Fire

B. J. Hughes1, and C. W. Trombley2. 1Independent Consultant, Lansing, MI; and 2Claims
Incorporated, Ann Arbor, MI.
Dioxin and dioxin-like compounds are produced as byproducts of industrial
manufacturing as well as incomplete incineration of various materials. Construction
materials containing polyvinylchloride found in plumbing products, electrical cable
insulation, doors, windows, etc. as well as in common consumer products such as
raincoats, plastic bags, and children’s toys can be a source of chlorine to produce
DLCs in the event of a house fire. This risk assessment evaluates the potential
health hazard of DLC residues produced as a consequence of a residential fire.
Wipe samples were obtained in three areas of the home and tested for polychlorinated dibenzo-p-dioxins and furans (PCDDs and PCDFs). The congeners of interest
were summed based on the toxicity equivalency approach. The concentrations in
the wipe sample ranged from 219 to 3080 pg/g. The evaluation was conducted
via the ingestion pathway since hand-to-mouth activities are shown to be the
largest contributor to aggregate exposures from contaminated dust. The exposure
parameters include the fraction transferred to hands and fingers from hard and soft
surfaces, frequency of events and exposure times, and adjustments for various age
groups. The total cancer risk combining all age groups in the sampled areas ranged
from 3.95 x 10-2 to 8.76 x 10-5. The analysis indicates the need for sampling before
and after any reconstruction due to a residential fire to ensure any DLC generated
our below acceptable risk levels.

3907

Derivation of an Oral Cancer Slope Factor for Chloroethane
from a Chronic Inhalation Study in Mice with Only One Exposure
Concentration

B. J. Lampe. NSF International, Ann Arbor, MI.
Chloroethane is a halogenated alkane that may enter drinking water supplies as a
byproduct of chlorination or by seepage into groundwater resulting from storage
of chemical wastes, although an oral cancer slope factor has not been derived for
chloroethane in any authoritative assessment. In 1989, chronic inhalation studies
were conducted by the National Toxicology Program (NTP) in rats and mice exposed
to 0 or 15000 ppm chloroethane vapor, and the most sensitive cancer effect was
increased incidence of endometrial uterine carcinomas in female mice (0/49
incidence in controls vs. 43/50 incidence in exposed animals). Based on positive
results in mutagenicity assays and insufficient mode of action data, a non-threshold dose-response relationship cannot be ruled out. However, the inclusion of only
one exposure concentration precludes a rigorous evaluation of the dose-response
relationship. To address this data gap, it may be assumed that the relationship
between the dose level and the cancer response rate is linear at all doses; however,
this approach will either overestimate or underestimate the actual cancer potency of
chloroethane at low doses. Therefore, results from an analogous chronic inhalation
study in mice with the surrogate compound bromoethane, in which three exposure
concentrations were included and the same cancer effect was observed (increased
incidence of uterine carcinomas in female mice), were evaluated for comparison to
inform the shape of the dose-response curve for chloroethane. Based on similarities in chemical structure, physical-chemical properties, and toxicological effects, it
was inferred that both chloroethane-induced and bromine-induced uterine tumors
are likely to result from similar modes of action and therefore, the shapes of their
corresponding dose-response curves are also likely to be similar. Benchmark dose
(BMD) modeling using US EPA BMD Software (Version 3.1.2) was conducted on the
dose-response data from the bromoethane study, and the slope of the predicted
dose-response curve for bromoethane was observed to increase with increasing
dose and is lowest in the low-dose region. Therefore, the assumption of a linear
dose-response relationship for the uterine carcinoma endpoint in chloroethane-exposed mice at all doses is likely to be health-protective. By applying this assumption and by converting inhaled concentrations to equivalent oral doses using US
EPA guidance for inhalation dosimetry, an oral slope factor of 7 x 10-4 (mg/kg-day)-1
was derived for chloroethane. Although confidence in the overall assessment is
low, the proposed slope factor is adequately protective of public health in lieu of a
more robust cancer study with multiple exposure groups.

3908

Historical Use of Laboratory Equipment as a Risk Factor for
Mesothelioma: A Weight of Evidence Approach

D. W. Brew, and D. J. Paustenbach. Paustenbach & Associates, Jackson, WY.
Historically, certain laboratory equipment contained chrysotile asbestos because
they were designed to be used during extremely high-temperature processes or in
environments with flammable chemicals. Because of its physicochemical properties, chrysotile asbestos fibers were used in these products because they were
easily woven, which created flexible materials. The hard, needle-like properties
of amphibole fibers were poorly suited for these applications. We assembled the
available scientific literature (Bamber et al. 1970; Gibbs 1975; Samimi et al. 1981;
Yager, 1981; Cherrie et al. 2005; Longo and Hatfield 2001; Mangold, 2007; Vander
Wood, 2007; and Spencer, 2007) on the plausible exposures for persons who used
laboratory equipment (i.e., tabletop heat-resistant pads, gloves and mittens, wire
gauze pads, sleeves for tong handles, aprons and low- and high-temperature ovens)
that contained varying concentrations of chrysotile asbestos during the 1950s 1980s time period. Based upon our literature search, plausible exposures ranged
from a high of 0.028 fibers/cc, which may have occurred when replacing low- and
high-oven rope door gaskets and 0.023 fiber/cc using asbestos gloves/mittens in
a laboratory setting to less than 0.01 fibers/cc for working with the other laboratory products that historically could have contained asbestos. We conservatively
estimated that for an individual working in a laboratory setting for 45 years that
interacted up to eight times per day with gloves/mittens, gauze pads, heat-resistant pads, put an apron on and off four times per day and replaced the rope
door gaskets on an oven twice a year, produced a cumulative exposure of 0.23
fibers/cc-years. This scenario produced an insignificant exposure to the laboratory
worker. The NOAEL for chrysotile asbestos is estimated to range between 200 and
400 fibers/cc-years (Pierce et al., 2016) and our results are approximately 800-fold
to 2000-fold less than this NOAEL. We conclude that, based upon the current weight
of scientific evidence, the historical use of laboratory equipment that contained
chrysotile asbestos was not a risk factor for mesothelioma.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 272

3909

Hybrid Method for Systematic Review: Case Study with Ethylene
Oxide

H. N. Lynch1, J. S. Kozal2, A. J. Russell3, R. D. Freid1, W. J. Thompson1, and K. A.
Mundt1. 1Cardno ChemRisk, Boston, MA; 2Cardno ChemRisk, San Francisco, CA; and
3Cardno ChemRisk, Cincinnati, OH.
Researchers, health agencies, regulators and other decision-makers employ different approaches to perform systematic reviews for chemical risk assessment. Each
approach has potential strengths and limitations. We performed a systematic
review of the literature on the potential carcinogenicity of ethylene oxide, incorporating aspects from the frameworks developed for the US Environmental Protection
Agency (EPA) Integrated Risk Information System [IRIS], for the EPA Toxic
Substances Control Act, and by the Institute of Medicine (IOM), and guidance from
the National Academies of Sciences, Engineering, and Medicine. This novel “hybrid”
approach drew upon the strongest aspects of each framework, while acknowledging the commonality of the basic principles of systematic review across all of the
agency approaches. We present the details of our systematic review methodology
in which evidence of ethylene oxide carcinogenicity was evaluated for relevance
and quality and synthesized within and across epidemiological, toxicological and
mechanistic lines of inquiry. A combination of the EPA IRIS evidence synthesis
judgment criteria for each evidence stream and the 2001 IOM classifications for
overall exposure-disease relationships were applied. Twenty-six primary epidemiological and experimental animal studies, and 45 mechanistic studies were identified. Mechanistic evidence demonstrates a genotoxic mode of action and toxicology studies demonstrate carcinogenicity in animals; however, these studies utilized
higher exposure levels than most human exposures, and there was no information
available on rate-limiting key events in the mode of action (MOA) in the low-dose
region. There was no evidence of increased cancer risk in the epidemiological
studies, particularly in the most recent occupational cohort studies. Integrating
evidence across all lines of inquiry, we conclude that there is suggestive evidence
of no association between ethylene oxide and stomach cancer and breast cancer
at human relevant exposures. We also conclude that there is limited evidence of no
association between ethylene oxide and any specific lymphohematopoietic cancers
at human relevant exposures, acknowledging that there are few studies of the same
specific lymphohematopoietic cancers, each of which is a distinct disease.

3910

In Vitro Toxicological Evaluation of a Tobacco Heating Product
and 3R4F Reference Cigarette Smoke Aerosols at Air-Liquid
Interface

H. Wang1,2,3, S. Han1,2,3, H. Chen1,2,3, S. Li1,2,3, Y. Tian1,2,3, Y. Fu1,2,3, T. Liu1,2,3, H.
Hou1,2,3, and Q. Hu1,2,3. 1China National Tobacco Quality Supervision and Test Center,
Zhengzhou, China; 2Key Laboratory of Tobacco Biological Effects, Zhengzhou, China;
and 3Joint Laboratory of Heated Tobacco Product Safety Evaluation, Zhengzhou, China.
Sponsor: Q. Meng
Air-liquid interface (ALI) is widely used in gas toxicology research, especially in the
toxicological evaluation of tobacco. In this study, cytotoxicity, oxidative stress and
DNA damage were tested for NCI-H292 cells treated with a tobacco heating product
THP COO GOLDEN and 3R4F reference cigarette smoke aerosols at ALI under the
Health Canada Intense regime. Fresh aerosol without dilution was considered to
be 100 % of dose under vacuum flow rate of 10.0 mL/min for each chamber, 4
aerosol dilutions were generated, ranging from 20% to 100% for THP COO GOLDEN,
and from 0.25% to 2.5% for 3R4F. We found that the IC50 of THP COO GOLDEN is
80.22%, and the IC50 of 3R4F smoke aerosols is 2.01%. 2.5% smoke aerosol from
3R4F resulted in a 70% decrease in GSH levels, and 80% smoke aerosol from THP
COO GOLDEN resulted in an 80% decrease; for ROS formation, the effect induced
by 2% smoke aerosol from 3R4F was equal to 80% smoke aerosol from THP COO
GOLDEN. For γ-H2AX, 3R4F caused a positive result and THP COO GOLDEN showed
a negative result. In conclusion, in vitro toxicity of THP COO GOLDEN is significantly
lower than 3R4F, and it does not seem to cause oxidative stress and DNA damage.

3911

Evaluating Health Risks Posed by Pesticide Residues on
Cannabis and Hemp: California’s Novel Approach

A. Kalashnikova, Q. Dong, R. Kubiak, A. L. Rubin, S. Koshlukova, and S. DuTeaux.
California Department of Pesticide Regulation, Sacramento, CA.
Legalization of hemp in the US has prompted many states to approve hemp
extracts (e.g., cannabidiol) for use as ingredients in dietary supplements, food
additives, and cosmetics. This raises questions regarding the regulation of
pesticides in these products. Cannabis, for which cultivation, sale, and use remain
prohibited at the federal level, already undergoes extensive pesticide testing in
states where it is legally grown and sold. California’s Department of Pesticide
Regulation (DPR) established limits on allowable pesticide residues, referred to
as “action levels,” on cannabis products such as foods, drinks, tinctures, cured
flowers intended for smoking, and cartridges intended for vaporization. To reduce
public health risks, cannabis products cannot be sold in California if they contain
pesticide residues that exceed these action levels. The main challenge to evaluating health risks from pesticide residues in cannabis products stems from a lack of

residue and consumption data, both of which are critical to calculating exposure.
An additional challenge is the potential for creation or release of toxic compounds
when pesticides are heated or oxidized at high temperatures (pyrolysis) during
smoking or vaping. To overcome both challenges, DPR developed a healthbased approach to establishing pesticide action levels on cannabis in edible and
inhalable products, to be used during cannabis product compliance testing. For
edible products, action levels were set for pesticides as residue threshold values
calculated using a maximum consumption rate. For inhalable products (flowers,
vapes, etc.), DPR adopted threshold limit values established for tobacco along with
new methodology built-in for health protectiveness assessment. These methodologies incorporated consumption data for cannabis flowers generated by the ongoing
California Cannabis Consumption Survey, as well as toxicity determinations for
pyrolysis products. DPR has developed a framework for assessing health risks from
pesticide residues on cannabis products resulting in California being the first state
to have health-based approaches and methodologies to establish action levels for
pesticides on cannabis. Such approaches and methodology could be applied by
regulatory agencies seeking to assess the health impact of pesticide residues on
hemp products.

3912

Dose and Exposure Route Analyses Inform Relationships
between Liver Steatosis and 2-amino-2-methyl-1-propanol
(AMP): Implications for Hazard Characterization

L. Garnick1, C. Bates2, A. Massarsky3, P. Spencer4, P. Sura4, A. Monnot1, and A. Maier2.
1Cardno ChemRisk, San Francisco, CA; 2Cardno ChemRisk, Cincinnati, OH; 3Cardno
ChemRisk, Aliso Viejo, CA; and 4ANGUS Chemical Company, Buffalo Grove, IL.
2-Amino-2-methylpropanol (AMP™) is an organic chemical widely used as a
neutralizer/pH stabilizer in personal care products at concentrations ranging from
0.0001% to 7%. In repeated oral dose toxicity studies conducted in rat and dog,
high doses of AMP induced liver steatosis; however, the relevant route of exposure
of AMP to humans is via dermal application. Two dermal repeated dose studies
in Sprague-Dawley rats with doses up to 380 mg/kg/day indicate that AMP may
not cause liver effects, based on no changes in gross pathology or liver weights;
however, no histopathology examination or clinical chemistry was performed. In
oral toxicity studies, histopathologic changes were only observed at high doses.
An in-depth analysis was performed using the existing AMP data set to determine
if personal care products containing AMP pose an elevated risk for liver effects
in humans under the intended use conditions. The derived margin of exposure
(MoE) values were above 100, indicating dermal exposures to AMP was unlikely
to present an elevated risk of liver effects. A bioavailability estimate of 2% was
based on animal data showing that dermally-applied AMP is slowly absorbed and
rapidly eliminated. The Cmax of dermally-applied AMP is 49-fold lower than that of
an equivalent oral dose. Cmax-based metrics were supported based on a mode of
action (MOA) analysis that hypothesizes AMP interference with the CDP-choline
pathway [responsible for conversion of choline into phosphatidylcholine (PC)] in
hepatocytes via the inhibition of one or more enzymes integral to the pathway and/
or the replacement of choline in the assembly of the phospholipid unit. Ultimately,
these events halt the lipid export via very low density lipoproteins, which can
subsequently develop into fatty liver accompanied by hepatotoxicity and other
pathological changes if AMP exposure persists at sufficiently high doses. However,
regarding dermal exposure to AMP in expected consumer use and occupational
scenarios, the MOA data coupled with the dermal toxicokinetics data suggest that
it is highly unlikely that toxicologically significant concentrations of AMP can be
achieved. Thus, based on this analysis, we do not anticipate an increased risk of
hepatotoxicity is associated with dermal exposures to AMP in foreseeable product
use and occupational scenarios.

3913

Comparison of Public and Private Literature Databases for
Toxicological Investigations

S. Fitch1, W. D. Klaren2, L. Payne3, and D. Wikoff2. 1ToxStrategies Inc., McKinney, TX;
2ToxStrategies Inc., Asheville, NC; and 3ToxStrategies Inc., Denver, CO.
With the ever-increasing number of peer-reviewed publications, the ability to
evaluate the current state of the science on a specific topic is a constant challenge.
Multiple public and private databases are available with a variety of functionalities
to aid in evaluating the published literature. That said, the inherent differences in
the functioning of those databases may result in an omission of relevant publications. This work set out to compare the query outputs of different public and private
databases to understand the degree of congruency and differences among them.
The public database under consideration is NCBI’s PubMed (PM), while the private
databases are Elsevier’s Embase (E) and EBSCO’s Academic Search Complete
(ASC). Search queries were developed and utilized in all databases to evaluate how
the databases handle broad search queries designed to result in many hits, narrow
and specific search terms resulting in few hits, and evaluations of syntax complexity
and search discretion were also investigated. The number of resulting publications
were compared along with the difference in publications captured from the search.
For select searches, the potential relevancy of the publications to the search terms
was also assessed. A generic search for furfuryl alcohol and toxicity key words was
developed for the three databases. In a query of the PM, E, and ASC databases,
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228, 144, and 78 references were returned, respectively. Of these, 135 citations
were reported by two or more databases, leaving 315 unique citations identified
between the three. The preceding example, among others, indicates that the different databases query the search terms slightly differently, which could result in the
omission or absence of a crucial publication in a literature evaluation if clear a priori
search strategies are not employed. It also highlights the importance of search
validation exercises and supplemental hand-searching, which are common in the
evidence-based medicine community but have not been widely adopted among
the toxicology community. In all, these findings further emphasize the importance
of database selection or multiple database searches and especially search syntax
when performing an evaluation of relevant peer-reviewed publications.

3914

Systematic Evidence Mapping of Inhalation Exposure to
Vanadium and Compounds

S. V. Vulimiri1, K. Newhouse2, E. E. Yost1, D. Farrar3, E. Radke-Farabaugh2, and J.
Lee1. 1US EPA, Research Triangle Park, NC; 2US EPA, Washington, DC; and 3US EPA,
Cincinnati, OH.
Vanadium is a transition metal which occurs naturally in the earth’s crust and is a
component of various minerals, tars, coal, and petroleum crude oils. The combustion of fossil fuels and the use of vanadium in industrial applications (e.g., steel
production, vanadium redox-flow batteries, and catalytic converters) can contribute to the release of vanadium into the environment. The US EPA’s Integrated
Risk Information System (IRIS) undertook scoping and problem formulation for
the inhalation exposure to vanadium and compounds, in response to a request by
the Office of Air and Radiation. A systematic evidence map (SEM) was developed
based on a broad draft Populations, Exposures, Comparators, and Outcomes
(PECO) criteria to identify all the relevant human and animal health outcomes
available in the literature. The Agency for Toxic Substances Disease Registry
(ATSDR) 2012 Toxicological Profile for Vanadium was used as the starting point
for the literature search. Literature updates were then conducted using PubMed,
Toxline, and Web of Science databases to identify records published overlapping
the date of search of the ATSDR document. In addition, relevant references were
identified from previous, publicly available EPA documents on inhalation exposure
to vanadium and compounds. Relevant keywords (like MESH terms) were used
to sort all studies into human, animal, and in vitro evidence streams using SWIFT
Review, a text mining work bench tool. The identified broad pool of studies was
further title/abstract screened using DistillerSR software, followed by full text
screening by two independent screeners. Further, studies meeting the PECO criteria
including animal and human studies which underwent data extraction in DistillerSR
and the results were visualized in Tableau. This SEM approach classified studies
based on study design, study population, species, health outcomes, exposure to
individual vanadium compound or to particulate matter (PM). Epidemiology studies
mostly characterized exposure as total vanadium (as a component of PM or in a
biological sample), while most animal studies evaluated inhalation exposure to
vanadium pentoxide. Overall, we identified 114 epidemiology studies and 31 animal
studies that were considered informative for further analysis. Disclaimer: The views
expressed in this abstract are those of the author(s) and do not necessarily represent
the views or the policies of the US EPA.

3915

Synthesis of Mechanistic Evidence for Male Reproductive
Toxicity of Benzo[a]pyrene Using the Key Characteristics
Approach in Concert with the Mode-of-Action Framework

B. Blake, I. Druwe, and X. Arzuaga. US EPA, Research Triangle Park, NC.
Hazard identification is the first step in human health risk assessment and includes
the synthesis of mechanistic evidence across the literature, however such synthesis
is challenging due to differences across studies in experimental methods, models,
and scope. To address these challenges, we applied the Key Characteristics (KCs)
approach in combination with the mode of action (MOA) framework to identify,
organize, and synthesize the mechanistic evidence for male reproductive effects
induced by an environmentally ubiquitous polycyclic aromatic hydrocarbon,
benzo[a]pyrene (B[a]P). A literature search was performed and 2,172 studies were
identified and then screened using SWIFT-Active Screener and DistillerSR by at
least two independent reviewers based on predefined inclusion criteria for full text
review. The full text review resulted in 64 in vitro and in vivo studies that met the
inclusion criteria. An evidence inventory was compiled through manual extraction
of study information, which underwent quality control by a second reviewer. The
KCs of male reproductive toxicants were used to organize mechanistic evidence
at the molecular, cellular, organ, and organism levels in the evidence inventory.
Application of the KCs approach, in combination with the MOA framework, to the
evidence inventory facilitated the identification of key events and relevant pathways
in the MOA for B[a]P-induced male reproductive toxicity. For example, the proposed
MOA establishes key event relationships between B[a]P-induced oxidative stress,
decreased androgen production in Leydig cells, and decreased sperm quality/
quantity. Given the importance of mechanistic evidence in establishing biological
plausibility and human relevance of effects observed in experimental models, this
work demonstrates the KCs approach is a systematic, efficient, and transparent
qualitative method for identifying, organizing, and summarizing mechanistic data

for male reproductive hazard identification that can be expanded to other toxicants
of interest. The views expressed are those of the authors and do not necessarily
represent the views or policies of the US EPA.

3916

Using Interactive Literature Flow Diagrams to Increase
Transparency in Systematic Reviews

K. Magnuson1, C. Lemeris1, R. McGill1, C. Sibrizzi1, A. Rooney2, K. Shipkowski2, K.
Taylor2, and V. Walker2. 1ICF International Inc., Fairfax, VA; and 2NIEHS/NTP, Research
Triangle Park, NC.
Systematic review methods are recognized for their rigor and transparency and are
widely adapted to frameworks that cover review types such as systematic reviews,
scoping reviews, and systematic evidence maps. Reporting guidelines help promote
better systematic review practices and detailed documentation of the review
process for different types of health research (e.g., PRISMA - Preferred Reporting
Items for Systematic Reviews and Meta-Analyses; CONSORT - Consolidated
Standards of Reporting Trials; and STROBE - Strengthening the Reporting of
Observational Studies in Epidemiology). Transparency in the systematic review
process and reporting of results is one of the key advantages of the methods, and
particularly important for hazard and risk assessments due to the high level of
scrutiny these reviews face from scientific, political, and public communities. Data
visualizations are an important tool to clearly convey information from a review by
helping readers perceive, understand, and assess the displayed information easily
and quickly. The literature search and screening process needs to be documented
in a systematic review in a literature flow diagram to document studies identified,
screened and either excluded or included as relevant for the review question.
Static literature flow diagrams help viewers readily understand the general review
methodology and summarize the number of records included or excluded at each
stage of the review. However, such diagrams can be time-consuming to develop
and maintain during a systematic review or scoping review, and they provide limited
summary-level information. We explored how the use of online systematic review
tools such as DistillerSR coupled with visualization software such as Tableau can
efficiently generate interactive literature flow diagrams that are linked to the literature screening, thus requiring minimal preparation and resulting in a simplified
process for updating the diagram. Furthermore, such diagrams enhance transparency and traceability by not only summarizing the records in the review but allowing
viewers to follow specific records throughout the review process. We present an
example interactive literature flow diagram and discuss how this workflow can
improve efficiency and result in an accessible and transparent interactive literature
flow diagram without advanced programming. We also provide recommendations
for key interactive elements to include in these diagrams, such as record citations
and links to PubMed or other record URLs.

3917

Visualizing the NIOSH Pocket Guide Occupational Exposure
Limit Data

C. Whittaker1, L. Lucas1, and A. Bailer2. 1NIOSH, Cincinnati, OH; and 2Miami University,
Oxford, OH.
The NIOSH Pocket Guide to Chemical Hazards (NPG) contains occupational hazard
information on more than 677 substances and groups of substances. Occupational
exposure limits (OEL) have been used as a composite measure of hazard to
workers and are useful for comparing the toxicity of different chemicals. The online
NPG allows users to review each chemical separately but does not support the
investigation of questions about the relationship between occupational exposure
limits (OEL) or the distribution of OELs for different types of chemicals. This project
sought to develop an application in which questions of comparative toxicity could
be answered by exploring the NIOSH recommended exposure limits (RELs), OSHA
permissible exposure limits (PELs) and immediately dangerous to life or health
(IDLHs) values in the NPG. Specifically, this project aims to develop an online,
enhanced research version of the NPG that uses the data on NIOSH recommendations and OSHA standards in the NPG to explore relationships between them and
assess distributions of OELs. Investigators started with the NPG data and added
publicly available data describing the basis of the REL and the year the recommendation was established. These data were extracted from the NIOSH Compendium
of Policy Documents and Statements (1992), the 1988 PEL Project Documentation,
and individual NIOSH Criteria Documents. The data in the spreadsheet was cleaned
and the “NIOSH REL,” “OSHA PEL,” and “IDLH” fields were expanded to facilitate
statistical analysis and data visualization. The accuracy of the data entry was
evaluated using a double entry technique and all discrepancies were resolved. The
web application was built in R-Shiny and was designed to provide tabs for different
tasks that might be of interest to researchers. Distributions of OELs, scatter plots to
show trends and relationships among OELs and the ability to sort chemicals based
on primary health effect are currently available in the draft application. In addition,
the app allows users to select chemicals and build mini-Pocket Guides that focus
directly on their chemicals of interest. The investigators are currently refining the
draft application and inviting additional user feedback (https://dataviz.miamioh.
edu/NIOSH-NPG/).
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Systematic Review and Analysis of Inorganic Mercury Salts:
Mercuric Chloride, Mercuric Sulfide, and Mercurous Chloride

3920

Comparisons of Polychlorinated Biphenyl Half-Lives in the Rat:
A Mapping Review of the Literature

N. Keshava, B. Schulz, S. V. Vulimiri, J. Gift, G. Peterson, C. Chiang, C. A. Weitekamp, D.
Lehmann, A. S. Persad, Y. Lin, A. Mudipalli, M. Angrish, A. Hotchkiss, and K. A. Thayer.
US EPA, Research Triangle Park, NC.

C. Chiang1, T. Zurlinden1, D. F. Kapraun1, L. M. Carlson1, J. Trgovcich2, R. Silva2, K.
Christensen1, P. Schlosser1, and G. M. Lehmann1. 1US EPA, Research Triangle Park, NC;
and 2ICF International Inc., Durham, NC.

Systematic review approaches are increasingly being used to aid in scoping and
problem formulation, review of relevant data, and analysis of the evidence using
various tools for chemical assessments. The use of specialized software applications allows for relatively rapid and efficient utilization of time for analysis, and the
identification of key data gaps and areas of scientific complexity. Here, we used
systematic review and analysis to identify relevant literature on the potential health
effects associated with oral exposure to three inorganic mercury salts (mercuric
chloride, mercuric sulfide, and mercurous chloride). First, Populations, Exposures,
Comparators, and Outcomes (PECO) criteria were developed to outline the evidence
considered applicable to the specific aims of the assessment. Following a comprehensive literature search, studies were sorted in SWIFT Review, a text-mining
workbench for systematic review, using a predetermined list of health outcomes
and evidence streams. Using DistillerSR, title and abstract and full-text screening
were conducted to identify studies meeting the PECO criteria as well as studies
that may be of potential relevance to the assessment (e.g., mechanistic evidence,
toxicokinetic). PECO-relevant studies were summarized via a literature inventory
and further analyzed for study quality using Health Assessment Workspace
Collaborative, a web-based tool for developing chemical health assessments. Using
the above-mentioned systematic review tools and methods, we identified several
oral short-term, subchronic, and chronic animal studies for both mercuric chloride
and mercuric sulfide, but none for mercurous chloride. The health outcomes identified included effects on the hepatic, renal, reproductive, developmental, immune,
nervous, hematological and other organ systems. Furthermore, this systematic
review approach helped identify the potential need for alternative approaches such
as read-across for the data-poor mercurous chloride, as well as the availability of
mechanistic literature to support linking biomarkers to apical effects. Disclaimer:
The views expressed in this abstract are those of the author(s) and do not necessarily represent the views or the policies of the US EPA.

Polychlorinated biphenyls (PCBs) are persistent organic pollutants consisting
of 209 unique congeners. Although PCB manufacture ceased in the US in 1979,
human exposure to PCBs is still widespread due in part to the persistence of PCBs
in the environment. In addition to the long environmental half-lives that PCBs
have, PCBs can be stored in adipose and other tissues and have half-lives on the
order of years in the human body. PCBs stored in adipose can be mobilized during
pregnancy and lactation, leading to additional routes of exposure in infants. Their
toxicity and persistence in the environment make PCBs a chemical of concern with
unique challenges for risk assessment. To support risk assessment efforts, we
conducted a scoping review to identify studies from scientific literature databases
that contained half-life and other elimination information for PCBs in humans
and other mammals. The analyses herein focus on data from rats. Based on data
extracted from the identified studies, 380 half-life values were reported in rats.
Half-life values were derived for 55 unique PCB congeners, 26 matrices (i.e., bodily
compartments such as blood, liver, and adipose), 5 exposure routes, 3 lifestages,
and 4 rat strains. The matrix, exposure route, life stage, and strain with the most
half-life values were, respectively, blood (71 values), intravenous (146 values), adult
(312 values), and Sprague-Dawley (319 values). There was a notable imbalance
in the amount of half-life data by sex, with 5 half-lives derived in females, 368 in
males, 6 from combined male and female data, and one from a study that did
not specify sex. Only 3 congeners had half-life values for both sexes; there was
no apparent trend by sex. Additional data gaps existed for other comparisons
such as lifestage (only 19 values for elderly) and exposure duration (no values
for exposures > 30 days). Further, 154 congeners had no half-life data in rats at
all. Although this database provides a starting point to support risk assessment
efforts, more research would be useful to provide information on half-lives of other
congeners and potential relationships between congener half-life and considerations such as sex, species, and exposure duration. The views expressed in this
abstract are those of the author(s) and do not necessarily represent the views or the
policies of the US EPA.

3919

Targeted Mechanistic Evidence Synthesis to Inform Evidence
Integration Decisions on the Potential Human Carcinogenicity of
Naphthalene Exposure

I. L. Druwe, J. Lee, and E. Yost. US EPA, Research Triangle Park, NC.
Animal and in vitro studies published since the US Environmental Protection
Agency’s (EPA’s)1998 Integrated Risk Information System (IRIS) Toxicological
Review of naphthalene have provided mechanistic information implicating several
biological processes in the development of naphthalene-induced tumor formation.
Multiple modes of action (MOAs) for naphthalene-induced carcinogenesis have
been proposed, including genotoxicity, cytotoxicity and sustained regenerative
cell proliferation, and protein adduct formation. These MOAs are driven by the
formation of reactive naphthalene epoxide and quinone metabolites in the body.
While a great deal of similarity exists between the rodent and human naphthalene metabolism pathways, the activity of the enzymes involved in naphthalene
metabolism and therefore the number of metabolites and stereochemistry of the
produced metabolites may differ between rodents and humans. The goal of this
study was to assess the biological plausibility that toxic naphthalene metabolites
can be generated in human tissues, which is key to addressing the relevance of
naphthalene as a human carcinogen. To this end, mechanistic studies relevant to
this goal were identified and tagged during screening of a broad literature search
focused on potential human health impacts of naphthalene exposure and supplemented by additional references identified through manual curation of the literature. For the specific question of metabolic relevance, we used the well-established
metabolic pathway for naphthalene as a scaffold and then evaluated the availability
of mechanistic studies that addressed the applicability of this metabolic pathway
to humans. Studies that failed to report critical details (e.g., missing experimental
exposure details) were excluded. The evidence from each study was captured using
a structured table that summarizes study details and findings. Using the metabolic
pathway as a framework, the captured evidence was then integrated to determine
the human relevance of each naphthalene metabolite. This case study proved
useful in highlighting approaches to conduct a targeted mechanistic analysis to
answer key scientific questions during evidence integration. In addition, this case
study can help identify strategies to present the concept of biological plausibility
in structured frameworks for evidence integration. The views expressed are those
of the authors and do not necessarily represent the views or policies of the US EPA.

3921

Screening and Prioritization of Nano- and Microplastic
Particle Toxicity Studies for Evaluating Human Health Risks:
Development and Application of a Toxicity Study Assessment
Tool

T. Gouin1, R. Ellis-Hutchings2, L. M. Thornton Hampton3, C. L. Lemieux4, and S. L.
Wright5. 1TG Environmental Research, Sharnbrook, United Kingdom; 2Dow, Midland, MI;
3Southern California Coastal Water Research Project, Costa Mesa, CA; 4Health Canada,
Ottawa, ON, Canada; and 5Imperial College London, London, United Kingdom.
Concern regarding the human health risks that exposure to nano- and microplastic
particles (NMPs) represents is increasing. While there have been several years of
research reporting on the ecotoxicological effects of NMPs, human health toxicology studies have only recently emerged. Given a limited number of human health
hazard data there is potential concern regarding relevance and reliability. In this
study we develop and apply a NMP toxicity screening assessment tool (NMP-TSAT)
for evaluating human health effects studies against a suite of quality assurance
and quality control (QA/QC) criteria for both in vivo and in vitro studies. A total of 74
studies representing either inhalation or oral exposure pathways are identified and
evaluated. Assessment categories include particle characterization, experimental
design, and applicability for risk assessment; with critical and non-critical criteria
organized to allow screening and prioritization. It is observed that the majority of
studies evaluated using the NMP-TSAT have been performed on monodisperse
particles, predominately spheres (≈60%), consisting of polystyrene (≈46%). The
majority of studies have tested particles <5μm, with a minimal particle size of 10
nm and a maximum particle size of about 200 μm. Given the challenges associated with prioritizing studies based on ranking them according to their Total
Assessment Score we propose a Tiered approach, whereby studies are initially
screened based on how they score against various critical criteria, which have been
defined for their relevance for assessing the hazards and risks for human health.
In this instance, studies that score a minimum of ‘1’ against each of the critical
criteria, regardless of how they rank according to their TAS, are prioritized as part
of a Tier 1 screening and prioritization phase, which would then be followed by an
expert evaluation, representing a Tier 2 level of assessment. Lastly, several key
observations for strengthening future effects studies are identified, these include a
need for the generation and access to standard reference materials representative
of human exposure to NMPs for use in toxicity test systems and/or the improved
characterization and verification of test particle characteristics, and the adoption of
study design guidance, such as recommended by OECD.
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Paving the Way for a UK Roadmap: Development, Validation,
and Regulatory Acceptance of New Approach Methodologies
(NAMs) in Chemical Risk Assessment

O. J. Osborne1, C. Potter1, C. Mulholland1, D. Gott1, and A. Boobis2. 1Food
Standards Agency, London, United Kingdom; and 2Imperial College London, London,
United Kingdom.
Some of the current challenges faced by UK chemical risk assessors are: large
number of (groups of) chemicals that require assessment, lack of toxicological
data on these chemicals and the speed and cost of traditional testing methods.
One of the major recent scientific advancements is the development of New
Approach Methodologies (NAMs) including high throughput screening, omics
and in silico computer modelling strategies (e.g. Artificial Intelligence (AI) and
machine learning) for the evaluation of hazard and exposure. This also advocates
the Replacement, Reduction and Refinement (3Rs) approach to animal testing
but the expansion to the 6R principle: (to also include) reproducibility, relevance,
and regulatory acceptance. The future of food safety assessment of chemicals
depends on our adaptability whilst using the best scientific methodologies. The
vision is to be able to predict risk more rapidly and efficiently. NAMs are gaining
traction as a systematic method to support the informed decision on chemical
risk assessment. For regulatory agencies to incorporate these new capabilities
brings both challenges and opportunities. The UK Food Standards Agency (FSA)
and Committee on Toxicity of Chemicals in Food, Consumer Products and the
Environment (COT) have produced a scoping paper, organized three workshops,
held in international, multidisciplinary settings and included participation from
regulatory agencies, government bodies, academia and industry. The FSA and COT
have developed a UK roadmap towards acceptance and integration of these NAMs
including predictive toxicology methods using computer modelling, into safety and
risk assessments of chemicals for regulatory decision making, with a focus on
food safety. The overall objectives of the roadmap are to: 1) identify latest available
NAMs for optimal risk assessment; 2) learn from other regulatory agencies and
beyond; 3) validate through case studies; 4) build confidence in NAMs in the regulatory setting; 5) develop skills and training as well as 6) implement and integrate
NAMs in the regulatory setting. The Roadmap utilizes the seven steps to integration and acceptance: 1) listening and learning; 2) identify and review; 3) training;
4) research and development; 5) collaboration and dissemination; 6) review and
recommend; and 7) regulatory integration and acceptance.

3923

Development of Methods and Safety Evaluation Procedures for
Nanomaterial Technologies Used in Drinking Water Systems

K. Magurany1, K. Cox1, P. Westerhoff2, and S. Halappanavar3. 1NSF International,
Ann Arbor, MI; 2Arizona State University, Tempe, AZ; and 3Health Canada, Toronto,
ON, Canada.
Drinking water treatment technologies using nanomaterials continue to emerge
in the areas of filtration, advanced oxidation processes, disinfection and water
contact materials to enhance the removal of drinking water contaminants, increase
the efficacy of disinfection and the efficiency of water treatment and distribution. Standard procedures for the safety evaluation of chemicals extracting into
drinking water from drinking water system components cannot directly be applied
to manufactured nanomaterials due to the unique physicochemical properties
and biological phenomena that nanomaterials have the potential to introduce. A
task group consisting of industry, authoritative body, and drinking water system
certifying body representatives was formed to develop evaluation procedures for
intentionally added nanomaterials and to assess applicability of the current drinking
water extractives procedures for NSF/ANSI/CAN 61 (Health Effects for Drinking
Water System Components) and risk assessment procedures for NSF/ANSI/CAN
600 (Health Effects Evaluation and Derivation of Criteria for Chemicals in Drinking
Water). Based on the progress thus far, extractives protocols defined in NSF/ANSI/
CAN 61 were deemed to be relevant to nanomaterial exposure as they are representative of human exposure except those applications that may introduce near-term
human exposure to slowly dissolving nanoforms. These applications include refrigerator or at-the-tap water filters (NSF/ANSI 42 and 53) that may be used immediately after installation with limited flushing. This contrasts with current extractives
procedures for these devices that include a 24-hour exposure duration to achieve
maximum leaching of conventional chemical contaminants prior to analysis.
Procedures for screening of extracting nanoforms are also proposed including evaluation of gastric solubility of those water insoluble nanoforms that are
observed to extract into drinking water. For nanoforms that are insoluble in gastric
fluid, physicochemical disclosure requirements, safety evaluation procedures and
safety data requirements are proposed as part of a draft update to NSF/ANSI/CAN
600, which also includes definitions for nanomaterial specific terminology.

3924

Beyond Science and Decisions: A Diverse Workshop Series

M. L. Dourson, V. Bhat, and B. K. Gadagbui. Toxicology Excellence for Risk Assessment,
Cincinnati, OH.
Since 2010, the Alliance for Risk Assessment (ARA) has sponsored a workshop
series titled Beyond Science & Decisions: From Problem Formulation to
Comprehensive Risk Assessment. Building on the ideas of the National Academy of
Sciences’ (NAS) Science & Decisions: Advancing Risk Assessment (2009), twelve
previous workshops brought together over 60 organizations seeking to advance the
NAS recommendations. Organizationally diverse steering, technical, and advisory
committees shepherd the workshop series, which has been sponsored through
in-kind donations and grants. Over 50 methodological case studies have thus far
contributed to an expanding compendium of practical, problem-driven approaches
for “fit for purpose” risk assessments. As a resource for regulators and scientists,
the compendium details key considerations for applying relevant dose-response or
exposure assessment methods, whether novel or evolving, and links these methods
to specific problems faced by risk assessors and risk managers in a variety of
organizations (e.g., local, regional and federal governments, academia, and
private sector). This multi-stakeholder approach to information sharing supports
the development of practical problem-driven risk assessment methods and also
promotes hazard identification, dose-response, exposure assessment, and risk
characterization methods that reflect relevant biology (including dose-dependent
transitions) and mode of action. The case studies have widely ranged from acute
exposure and emergency events, to modeling uncertainty or causality, to complex
data sets and cumulative exposures and beyond. The longevity of the workshop
series and their depth and breadth highlight an ongoing need for fit-for-purpose
methods and multi-stakeholder approaches to facilitate decision-making across a
wide array of problem formulations. One lesson learned throughout the workshop
series was the need for and utility of tailored approaches specific to each problem
formulation. One opportunity for future research could include assessing and
refining the potential applicability of these methodologies to other chemical classes
or similar risk assessment scenarios, such as through pilot case studies. Future
case studies could also assess minimum data requirements for each method, as
data availability varies widely and depends on the chemical(s) under consideration.

3925

Literature Review and Experimental Studies to Evaluate the
Bioaccessibility and Dermal Penetration of Inorganic Pb
Compounds for Occupational Risk Assessment

R. T. Niemeier1, A. Maier2, and J. F. Reichard3. 1NIOSH, Cincinnati, OH; 2Cardno
ChemRisk, Cincinnati, OH; and 3University of Cincinnati, Cincinnati, OH.
Evaluations were conducted to better understand the potential for dermal penetration of Pb compounds in workplace settings. This included 1) a rapid review of
published data for estimation of key percutaneous absorption parameters (Kp,
diffusion rates), 2) a dermal bioaccessibility study of 4 Pb compounds (Pb acetate
(PbA), Pb Nitrate (PbN), Pb oxide (PbO), Pb red oxide (PbRO)) based on dissolution
in synthetic sweat (SS) at 2 pH values (5.3, 6.5); and 3) pilot studies to evaluate
the potential for PbN to penetrate through human cadaver skin using Franz cells.
Outcomes: 1) The literature review identified 4 Pb compounds PbA, PbN, PbO, Pb
metal (PbM) with relevant data for occupational risk assessment. Diffusion rates
for the pool of animal and human skin data ranged from 10-6 to 10-4 mg/cm2/h for
water soluble Pb compounds (PbA, PbN) and 10-7 to 10-5 mg/cm2/h for insoluble
Pb compounds (PbO, PbM). Kp values ranged from 10-7 to 10-5 cm/h for soluble
Pb compounds. No Kp values were found for water insoluble Pb compounds (PbO,
PbM). Study design and documentation was highly variable and only one study was
conducted using guideline methods. 2) Dissolution in SS ranged from 25.0-39.0%
for PbN and PbA and 0.06-3.6% for PbO and PbRO with a significant difference
between pH values. 3) Pilot Franz cell studies were conducted under both infinite
and finite dosing procedures with donor cell concentrations as high as 1,077 µg Pb
ion/cm2 on skin for 24-72 hrs. The skin was washed after the experiment and Pb
was determined in wash samples, skin (epidermis and dermis layers), and receptor
fluid. Total recoveries ranged from 51-71%, with 39.5-47.2% in wash, 4.0-31.6% in
skin. Pb was detected in the dermis layer (3.0-16.6%), suggesting a potential for
systemic distribution. Pb was not detected in receptor fluid across three studies.
In one study, PbN formed a precipitate in phosphate saline buffer (receptor fluid),
which may have prohibited the penetration of Pb into the receptor and highlights
the importance of considering the interactions of Pb ion interactions test buffers
and biological fluids in experimental systems. Overall, these studies suggest that
dermal penetration and absorption of inorganic Pb compounds are likely, but
additional studies are needed for quantitative estimations of resulting impacts on
systemic doses from skin contact exposures.
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Developing a Strong Foundation for Conducting Cumulative
Impact Assessment at the US EPA

3928

Systematic Review of Perchloroethylene and Non-Hodgkin’s
Lymphoma

S. J. Paul, S. Mazur, N. Tulve, N. Loschin, and S. Julius. US EPA, Washington, DC.
Sponsor: M. Gwinn

R. C. Ticknor1, J. Zhou2, and J. E. Goodman2. 1Gradient, Seattle, WA; and 2Gradient,
Boston, MA.

In January 2021, President Biden signed Executive Order (EO) 13985, titled
“Advancing Racial Equity and Support for Underserved Communities Through the
Federal Government” and EO 14008, titled “Tackling the Climate Crisis at Home
and Abroad.” These two EOs provide a framework for stimulating action across
the federal government to address health disparities in the United States caused
by disproportionate exposures to pollution and environmental degradation exacerbated by racial, economic, and geographic characteristics of individuals and
communities. Chemical and non-chemical stressors accumulate over time, from
one or more sources in the built, natural, and social environments, affecting human
health and well-being, including ecological, social, and economic effects that
directly and indirectly affect (positively or negatively) individuals and communities.
Solving longstanding, recalcitrant environmental health problems such as health
disparities attributable to racial and social injustice will require addressing cumulative impacts to provide an accurate and realistic assessment of the combined
effects from chemical and non-chemical stressors. To support federal, state, tribal,
and community decision-making, the Environmental Protection Agency’s Office of
Research and Development (ORD) is resolved to strengthen the scientific foundation for assessing cumulative exposures, impacts, and risks through existing and
new methods, tools, data, and monitoring. ORD conducted a series of listening
sessions, workshops, and meetings to identify: research gaps; barriers to conducting and translating research; and a broad approach to build knowledge to inform
cumulative impact assessments. This poster presents the results of these engagement activities, capturing feedback from federal, state, tribal, and community
partners. Partners identified research gaps including chemical and nonchemical
stressor identification and characterization, numerous methodological gaps, and
data access and availability challenges. Translation and implementation barriers
range from workforce expertise gaps to challenges in establishing and maintaining fruitful, long-term partnerships with community partners. Addressing these
research gaps and barriers will build a strong foundation for the implementation
of fit-for-purpose cumulative impact assessments to inform land use, permitting,
and regulatory decision-making. These results will inform ORD’s research planning
through 2026 and beyond. The views expressed in this poster are those of the
authors and do not necessarily represent the views or the policies of the US EPA.

The association between perchloroethylene (PCE) and Non-Hodgkin’s Lymphoma
(NHL) has been evaluated by several agencies, but none have systematically
incorporated individual aspects of study quality in their causal evaluations. A
systematic review of epidemiology studies with an independent detailed assessment of exposure measurement, exposure levels, study design, and potential
confounding was conducted, and other aspects of quality were considered less
formally. Eighteen cohort studies of fifteen unique cohorts, seventeen case-control
studies of fourteen unique population groups, and three ecological studies were
identified. None of these studies were considered high quality for all four critical
quality elements, and all had major methodological study limitations. Reported
risk estimates ranged widely, were mostly null, and often had extremely wide
confidence intervals, indicating unstable risk estimates. The evidence for dose-response was also inconsistent. Although it is not clear whether animal models are
relevant to humans, there is no evidence that oral or inhalation exposure to PCE
causes lymphomas in animal models and no evidence for a biologically plausible
mechanism by which PCE could cause NHL. Overall, the evidence does not support
an association between PCE exposure and NHL.

3927

Quality of Conduct of Systematic Reviews in Toxicology and
Environmental Health: The Current State of the Art

J. M. Menon1,2, F. Struijs2, K. Tsaioun3,1, and P. Whaley1. 1Evidence-Based Toxicology
Collaboration, Baltimore, MD; 2Systematic Review Center for Laboratory Animal
Experimentation, Nijmegen, Netherlands; and 3Johns Hopkins University Bloomberg
School of Public Health, Baltimore, MD.
Systematic reviews (SRs) are increasingly used by international regulatory
agencies to increase transparency, objectivity and reproducibility of evidence
used in risk assessment of effects of pharmaceutical, environmental and occupational exposures on human health and environment. Hence, SRs have become
quite prevalent in the environmental health literature. While perceived as the
“gold standard” in evidence synthesis, the extent to which SRs in toxicology and
environmental health (TEH) follow recommended practices is currently unclear. We
analyzed the methodological quality of 75 recently-published TEH SRs. We used
an assessment tool that assigns one point per commonly-recommended element
of a SR, for a total of 11 elements. We tested three hypotheses: whether pre-specifying a protocol, following a reporting standard, or publishing in a higher Impact
Factor journal, was associated with a higher assessment score. We found that
SRs implemented a median average of only 6 out of 11 recommended practices.
Only one SR scored 11 points. 65 of 75 SRs omitted 3 or more SR elements. The
most commonly-overlooked elements were the use of a framework for assessing
certainty in the evidence (omitted by 87% of SRs), a complete Population-ExposureComparator-Outcome (PECO) statement (omitted by 76% of SRs), and reference
to a preregistered protocol (omitted by 83% of SRs). 76% of SRs did provide a
complete electronic search string, and 76% followed a formal process for critically
appraising included studies. SRs that referenced a preregistered protocol scored
more highly than those that did not (mean average 8.77 (SD 1.17) points against
5.39 (SD 1.93)). Given the absence of peer-review of protocol registrations, we
speculate that higher scores for protocols is driven by author awareness of good
practice in conducting SRs, rather than the protocol registration process in some
way improving the methods used by SR authors. Neither the use of a reporting
standard (with vs. without scored 5.5 (SD 1.93) against 4.78 (SD 2.43)) nor journal
Impact Factor (low tertile vs. high tertile scored 5.44 (SD 1.99) against 6.58 (SD
2.37)) was significantly associated with a higher score. We conclude that the large
majority of TEH SRs are not implementing a wide range of recommended practices.
Improving this situation is important for ensuring that SRs, when published, can be
trusted summaries of evidence.

3929

Quality-Based Systematic Review of the Epidemiological
Evidence on Talcum Powder Use and Risk of Ovarian Cancer

R. D. Freid1, H. Lynch1, B. Thompson1, D. Lauer2, O. Leleck3, and K. A. Mundt1. 1Cardno
ChemRisk, Boston, MA; 2Cardno ChemRisk, Boulder, CO; and 3Cardno ChemRisk,
Pittsburgh, PA.
Talc is a hydrous magnesium sheet silicate used in lubricants, cosmetic powders,
ceramics, paints, plastics, rubber, and many other products. We conducted a
systematic review to critically evaluate the possible association(s) between
cosmetic talc use for perineal application and ovarian cancer. A set of inclusion
and exclusion criteria was developed a priori; we included epidemiological studies
(excluding case studies/series), experimental animal studies, and mechanistic
studies in vivo or in mammalian or bacterial cell lines, excluding studies pertaining
to mixtures and oral/dermal exposure. The study quality assessment evaluation
process was a critical phase of our assessment. We adapted the TSCA quality
evaluation framework, employing a tiered approach tailored to each study type and
outcome, with exposure characterization as the primary tier. Evidence from medium
and high quality studies was synthesized incorporating aspects from Institute of
Medicine (IOM) and several EPA frameworks for systematic reviews (i.e., Integrated
Risk Information System [IRIS], Toxic Substances Control Act [TSCA], and EPA’s
Application of Systematic Review in TSCA Risk Evaluations) to allow for a thorough
evaluation of the epidemiological literature. A total of 63 epidemiological studies
were identified after initial title screening; after full-text screening, 26 case-control
and five cohort studies were included for analysis. All of the prospective cohort
studies were rated medium quality and indicated no association between perineal
talcum powder use and ovarian cancer. Alternatively, the majority (15/26) of
case-control studies reported statistically significant associations but were rated
low quality. These studies relied on post-diagnosis recall and self-reporting of talc
use, which is susceptible to recall and reporting bias. None of the case-control
studies received high quality ratings (i.e., 11/26 were rated medium quality). The
subset of better-quality epidemiological studies combined with evidence of bias
in the lower quality studies suggests the lack of a causal connection. Our findings
emphasize the importance of consideration of standard but adaptable systematic
review methods, with a particular focus on study quality evaluation, in systematic
review.

3930

Race/Ethnicity and Age-Based Susceptibilities in Environmental
Exposures to PFAS: A Literature Review of Exposures
Associated with Altered Serum Lipids

S. Boone1, and P. Ruiz2. 1Oak Ridge Institute for Science and Education, Oak Ridge, TN;
and 2CDC/ATSDR, Atlanta, GA.
Growing evidence indicates that exposures to perfluoroalkyl substances (PFAS)
affect animal and human health and that PFAS exposures can alter serum lipid
levels. We reviewed the recently published literature to explore the impact of
environmental exposure to PFAS on serum lipids among race/ethnicity groups
in the USA and abroad. Epidemiological studies focusing on PFAS exposure and
serum lipids among race/ethnic demographics for the last two decades were
identified by a search of the PubMed, MEDLINE and ToxLine literature databases.
These mostly cross-sectional studies considered confounding effects that risk
behaviors might have on how PFAS exposure impacts serum lipid profiles in different communities and populations. Exposure to PFAS increased total cholesterol
and LDL cholesterol in community and general population studies in the USA
(PFOA, PFOS, PFNA, PFDA). PFAS have been positively associated with various lipid
alterations in studies of Asian, Hispanic, Italian, and Croatian populations (PFOA,
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PFOS, PFHxS, PFNA, PFDA, PFUnDA). In general, studies of children, adolescents,
and pregnant women have found mixed associations with PFAS exposures and
changes in serum lipid levels. The available human studies have identified some
potential mechanisms; however, targeted mechanistic studies would be useful for
linking exposures with causality. Common limitations of the reviewed epidemiological studies involved co-exposure to several different PFAS and to persistent
pollutants, additionally, there was not a clear temporal order defined. This work
highlights the need for future investigations that include participants from different
demographic groups and exposure levels to determine potential race/ethnicity and
age-based susceptibilities and health outcomes. The findings and conclusions in
this abstract have not been formally disseminated by the Centers for Disease Control
and Prevention/the Agency for Toxic Substances and Disease Registry and should
not be construed to represent any agency determination or policy.

3931

Fraction-Based Risk Assessment of Complex Mixtures of
Aliphatic and Aromatic Hydrocarbons Using Data-Driven
Approaches

A. L. Phillips1, G. E. Rice2, E. O. Owens2, J. C. Swartout2, M. M. Pratt3, J. Weinberger2,
H. Carlson-Lynch4, K. Zaccaria4, K. Salinas4, J. Melia4, and M. Odin4. 1US EPA, Research
Triangle Park, NC; 2US EPA, Cincinnati, OH; 3US EPA, Washington, DC; and 4SRC Inc.,
North Syracuse, NY.
Petroleum releases pose unique risk assessment challenges. In recognition of the
inapplicability of whole product toxicity data to many contamination scenarios, the
impact of differential fate and transport of individual contaminants, the impracticality of chemically analyzing each constituent separately, and the need for risk-based
assessments of petroleum hydrocarbons, an approach was developed to assess
petroleum hydrocarbon mixtures on the basis of fractions with similar physical
and chemical properties. Six fractions were defined based on structural attributes
(aliphatic v. aromatic) and further categorized by carbon (C) and equivalent carbon
(EC) number ranges that reflect expected environmental transport and exposure:
aliphatic low (C5-C8, EC5-EC8); aliphatic medium (C9-C18, EC>8-EC16); aliphatic
high (C19-C32, EC >16-EC35); aromatic low (C6-C8, EC6-EC<9); aromatic medium
(C9-C10, EC9-EC<11); and aromatic high (C10-C32, EC11-EC35). For each fraction,
toxicity data for mixtures and individual components that met fraction definitions
were evaluated to select an approach for hazard identification. The evaluation
considered the availability of mixture toxicity data and whether the mixture was
sufficiently representative of the fraction, whether available component toxicity data
were likely to encompass the range of potential toxic effects of fraction members,
the degree to which the component toxicity data suggested that fraction members
exert similar effects at similar doses, and analytical data needed for each approach.
Using this approach, the toxicity of each of the six fractions can be estimated in
one or more of the following ways: indicator chemical method, hazard index (HI)
method, relative potency factor (RPF) method, and/or integrated addition method.
For fractions with multiple methods available, methodology selection should be
driven by the available exposure data. To estimate the noncancer health hazard
for the entire hydrocarbon mixture, the estimates for all six of the fractions are
summed using the HI approach. Estimation of the cancer risk of the entire mixture
is performed using a combination of dose and response addition methods. This
poster will discuss applicable mixture methods and this fraction-based approach;
draft toxicity values used in the HI or the chemical indicator approaches will not
be discussed. Disclaimer: The views represented in this abstract are those of the
authors and do not necessarily reflect those of the US EPA.

3932

Erastin Rapidly Inhibits P-glycoprotein Transport Activity at the
Blood-Brain Barrier

S. Brown, and R. Cannon. NIEHS, Research Triangle Park, NC.
The small molecule erastin has utility in cancer therapies due to its ability to induce
ferroptosis, an iron dependent cell death pathway. Erastin induced ferroptosis is
also associated with the accumulation of intracellular lipid reactive oxygen species
(L-ROS). Cells treated with micromolar levels erastin undergo ferroptosis and
exhibit depleted antioxidants. The loss of antioxidants is attributed to erastin’s
ability to lower intracellular glutathione production by inhibiting a cystine glutamate
antiporter. Most studies measure the direct effect of micromolar levels of erastin
on cell lines or cells implanted in mice. Here, we used freshly isolated brain capillaries from male and female Sprague Dawley rats and measured the rapid effect of
nano- and pico-molar levels of erastin on the function of the blood-brain barrier.
The blood-brain barrier resides in the vast array of micro vessels of the brain.
The microvessels are formed of a tri-laminate design containing luminal facing
endothelial cells with outward layering of pericytes and astrocytes. The luminal
side of the endothelial cells are lined with ATP binding cassette transporters (ABC
transporters) that discriminately restrict the blood born xenobiotics, drugs, and
harmful metabolites from entering the brain. P-glycoprotein is the most widely
studied of the ABC transporters because of its wide spectrum of substrates and
its pivotal role in cancer drug resistance. To determine erastin’s effect on the
blood-brain barrier we measured P-glycoprotein transport activity after exposing
rat brain capillaries to 1x10-12 up to 1x 10-6 molar erastin for 1-5 hours. We found
10 nM erastin fully inhibited P-glycoprotein transport activity in the brain capillar-

ies of both male and female rats. To determine the kinetics of P-glycoprotein
inhibition to 10 nM erastin, we measured transport activity hourly for 5 hours in
rat brain capillaries. P-glycoprotein transport was maximally inhibited at 1-2 h in
both male and female rats. Additional experiments will be presented to establish if
P-glycoprotein transport inhibition is irreversible, or if it is associated with changes
in protein levels. This work is significant because it suggests that an alternative low
concentration, erastin dependent, mechanism exist that can improve drug targeting
and efficacy for CNS diseases. This research was supported by the DNTP research
program at NIEHS.

3933

Renal Expression Changes in Patients with Confirmed Etiologies
of Liver Disease

K. Frost1, A. Thompson1, J. Jilek1, R. Klein2, S. Sinari1, E. Torabzedehkorasani1, D.
Billheimer1, R. Schnellmann1, and N. Cherrington1. 1University of Arizona, Tucson, AZ;
and 2Banner - University Medical Center, Tucson, AZ.
Inflammatory liver diseases, including nonalcoholic steatohepatitis (NASH),
alcohol-associated liver disease (ALD), hepatitis C virus (HCV), and ALD/HCV
combination, account for nearly 2 million deaths annually. Despite increasing
evidence that liver dysfunction impacts renal physiology and elimination of xenobiotics, there is limited clinical information on this relationship due to inconsistencies
in liver etiology and weaknesses in renal function tests, estimated glomerular filtration rate (eGFR) with serum creatinine levels. Through medical and social history
examination, standardized human kidney biopsies with defined renal pathology and
systemic function were obtained from patients with nonalcoholic fatty liver disease
(NAFLD), NASH, ALD, HCV, and ALD/HCV etiologies (n = 5-7). Characterization
of clinical features and global transcriptomics were performed with Affymetrix
gene expression arrays. Each liver disease etiology showed renal pathology with
at least 50% interstitial nephritis, 50% interstitial fibrosis, and renal dysfunction
by a decrease in eGFR in NAFLD, NASH, ALD, HCV, and ALD/HCV (36.7 ± 21.4,
32.7 ± 15.0, 16.0 ± 11.0, 27.6 ± 11.5, and 21.0 ± 11.2 mL/min/1.73m2, respectively)
compared to non-diseased control participants (78.6 ± 55.9 mL/min/1.73m2). 55
genes were identified to have progressive liver disease expression changes in
uniform direction with an unadjusted p-value of <0.05. Included in these genes
with log2 fold changes from control to NAFLD, NASH, ALD, HCV, and ALD/HCV
are CD163 (0.1, 2.4, 1.3, 1.4, 1.6); clusterin CLU (0.4, 1.2, 0.9, 0.9, 0.8); and joining
chain of multimeric IgA and IgM JCHAIN (0.9, 1.7, 2.2, 1.7, 2.2), respectively. The
identification of expression changes in these genes in relation to inflammatory liver
diseases and resulting interstitial pathology hold potential as renal biomarkers for
earlier diagnosis of liver associated renal dysfunction that is less reliant on creatinine-based eGFR. This unique cohort overcomes the major challenge of diagnostic
discrepancies and sample availability to improve analysis on the impact of liver
dysfunction on renal physiology and elimination of various substrates.

3934

How Does SARS-CoV-2 Infect Mink?

A. Song, and P. Talbot. University of California Riverside, Riverside, CA.
The emergence of COVID-19, caused by SARS-CoV-2, has posed a global health
emergency. Although SARS-CoV-2 mostly infects humans, many studies have
reported that pets and livestock are also permissive for SARS-CoV-2 infection. More
specifically, mink are farmed on a large scale and spillover of SARS-CoV-2 has
been reported in mink farms in Europe and the U.S, which raises the concern of
variant transmission back to humans. Because of the urgency of this problem,
our study aimed to determine the viral entry mechanism in mink using a mink lung
epithelial cell line (Mv1Lu). We assessed ACE2 and TMPRSS2 expression in mink
using immunofluorescence microscopy and RT-PCR. Indeed, Mv1Lu cells robustly
expressed ACE2 and TMPRSS2. RT-PCR results further validated ACE2 gene expression. We next generated an infection system based on Spike protein pseudoparticles. In order to target viral entry, a fluorogenic substrate for TMPRSS2 was added
to the cells. High fluorescence levels were detected, which indicated the presence
of active levels of TMPRSS2 in Mv1Lu cells. TMPRSS2 inhibitors (ambroxol, aprotinin, Camostat, and Nafamostat) diminished the protease activity. Regardless of
their high expression and activity, TMPRSS2 inhibitors did not lower infection,
possibly due to missing key residues interacting with these inhibitors in mink.
Thus, endocytosis, another entry pathway, could be involved in viral entry following
ACE2 binding. Endocytosis inhibitors, Dyngo4a, chlorpromazine, and Pitstop2, were
next used to block endocytosis-based viral entry. All the inhibitors diminished the
formation of endosomes as evaluated using Dextran-TRITC staining and the early
endosome marker EEA1. Dyngo4a and Pitstop2 significantly lowered the infection,
indicating SARS-CoV-2 enters Mv1Lu cells via dynamin-dependent endocytosis.
Cholesterol inhibitors (mBCD, nystatin, genistein, and filipin) were also tested to
target Caveolae-mediated endocytosis, another dynamin-dependent pathway.
Cholesterol inhibitors also efficiently lowered infection, suggesting endocytosis
inhibitors as a possible preventative for mink infection. Taken together, our data
show that SARS-CoV-2 mainly enters Mv1Lu cells via dynamin-dependent endocytosis. This study will enable the development of therapeutics to prevent zoonotic
transmission of SARS-CoV-2 variants to other animals including humans.
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Identifying Safety Signature of Drugs Administered to COVID-19
Patients through Adverse Events Analysis

H. Hong, and W. Guo. US FDA/NCTR, Jefferson, AR. Sponsor: M. Chen
Coronavirus disease 2019 (COVID-19) is an ongoing pandemic and there is an
urgent need for safe and effective drugs to treat COVID-19. Since new drug development is time consuming, many clinical trials are focused on repurposing existing
drugs, both approved and unapproved for treating other conditions, for safe and
effective COVID-19 treatments. Therefore, selection of safe drugs for COVID-19
patients is vital for combating this pandemic. We aimed to evaluate the safety
concerns of drugs used for treatment of COVID-19 patients by analyzing adverse
events reported in post-market surveillance. We identified drugs that have been
evaluated in clinical trials for COVID-19 and found some thirty million associated
adverse events at the System Organ Classes (SOCs) level in the FDA Adverse Events
Report Systems (FAERS) database. We calculated Z-scores of SOCs that statistically quantify the relative frequency of adverse events of drugs in FAERS to quantitatively measure safety concerns for the drugs when used in persons infected with
COVID-19. Analyzing the Z-scores revealed that these drugs are associated with
different significantly frequent adverse events. Our results suggest that this safety
signature metric may serve as a tool to inform selection of drugs with favorable
safety profiles for COVID-19 patients in clinical practices. Caution may need to be
taken when administering drugs with high Z-scores to patients who are vulnerable
to the associated adverse events. Disclaimer: This abstract reflects the views of the
authors and does not necessarily reflect those of the US FDA.

3936

Gulf War Illness-Associated Altered Host Resistome Links to
Symptom Persistence

D. Bose1, S. Chatterjee1, E. Older1, R. Seth1, P. Janulewicz2, P. Saha1, A. Mondal1, J.
Carlson2, A. Decho1, K. Sullivan2, N. Klimas3, S. Lasley4, J. Li1, and S. Chatterjee1.
1University of South Carolina, Columbia, SC; 2Boston University School of Public Health,
Boston, MA; 3Nova Southeastern University, Fort Lauderdale, FL; and 4University of
Illinois College of Medicine, Peoria, IL.
Antibiotic resistance has been a major public health concern across the global
clinical communities. Reports suggested that aging population have a high risk of
acquiring antibiotic resistance due to impairment of immune functions. Emergence
of bacteria resistant to potent antibiotics has led to treatment failures at an
alarming rate in the elderly people. Chronic multi-symptom illness (CMI) like Gulf
War Illness (GWI) has been a persistent condition affecting the aging Veterans of
Gulf War (GW). Here, using fecal samples from GWI Veterans we wanted to study
if the altered gut microbiome also affected the host resistome. Results showed
that antibiotic resistance genes and mobile genetic elements were significantly
increased in GWI Veterans compared to Control group. Next, we studied if Fecal
Microbiota Transplant (FMT), an established therapeutic method could decrease
antibiotic resistance using established preclinical GWI murine model. Results
showed that FMT treatment significantly decreased the ARGs increased due to
GW chemical treatment. We found an association between altered resistome and
serum IL-6 level in GWI veterans and mouse exposed to GW chemicals. Strong
correlation was also found between immunological markers and increased ARGs
in mice. In this study, we found that exposure to GW chemicals increases antimicrobial resistance which persisted for prolonged time and gaining this knowledge
could help in improving the treatment of the GWI Veterans. Finally, FMT may be
used as a remedial measure against this clinically important issue. Study supported
by DoD-IIRFA Grant W81XWH1810374 and VA Merit Award I01CX001923-01 t to
Saurabh Chatterjee.

3937

Liposome-Mediated Glutaminase Shut Down to Radiosensitive
Glutamine Dependent Lung Tumors

G. Boysen, E. Siegel, A. Jamshidi-Parsian, and R. J. Griffin. University of Arkansas for
Medical Sciences, Little Rock, AR.
Lung cancer is the leading cause of cancer-related deaths in the US, with an
expected 228,000 new cases per year and an overall 5-year survival rate of <17%.
An important class of novel therapies targets tumor metabolism because tumor
cells have re-programmed their metabolism to accommodate for increased nutrient
demands. We recently reported that lung tumors use large amounts of glutamine
to drive glutathione synthesis. Inhibition of glutaminase (GLS) in lung tumor cells
results in glutathione (GSH) depletion and subsequent increased sensitivity to
ionizing radiation. Unfortunately, many GLS inhibitors, despite being very potent,
have poor bioavailability. To overcome this limitation, we synthesized, characterized, and evaluated the efficacy of CB-839-carrying liposomes (CB-893-LP) in
combination with radiation for lung cancer therapy. We demonstrate the upregulation of GLS and glutathione synthesis in lung metastases and proliferating tumor
cell lines and the effectiveness of CB-893-LP in killing tumor cells and preferentially
accumulating in solid tumors in mouse models. In contrast CB-893-LP do not affect
non transformed rat kidney and small airway epithelial cells (SAEC). These results
suggest that CB-839-LP inhibit GLS activity and glutathione synthesis, leading to

increased radiation-induced cytotoxicity in vitro and in vivo. This project will be
the foundation for establishing short course CB-839-LP as a lung tumor radiation
sensitizer and suitable delivery device for GLS targeted therapy.

3938

Toxic Metals, Siglec-3 Expression Levels, and Haematological
Indices Suggest Occupational Cancer Risk in Nigerian Bronze
Casters

O. G. Igharo1, C. F. Harrington2, E. L. Igharo1, A. I. Aruomaren1, T. N. Chuks-Okpaleke1,
J. O. Osakue1, and J. O. Osunbor1. 1University of Benin, Benin City, Nigeria; and 2SupraRegional Assay Service (SAS) Trace Element Centre, Guildford, United Kingdom.
Bronze casting is a well-established ancient vocation that contributes to the
socio-cultural identity of Nigeria as a nation, and also earns means of livelihood
to the artisans involved. With international interest, recognition and acceptance,
Nigerian Bronze Arts have also contributed to the Nation’s foreign earnings. Due
to the hazardous substances identified with the materials used in the bronze
casting process in Nigeria, there is justification for occupational and environmental safety/risk assessment. In this cross-sectional study, 200 consenting participants were recruited from Benin City, South-West Nigeria; consisting of 100 Benin
Bronze Casters (BBC) and 100 age-and-sex-matched Unexposed Participants (UP),
serving as controls. From the blood samples obtained, levels of the toxic metals
(cadmium, lead, mercury, arsenic, chromium, nickel, molybdenum, aluminium,
vanadium, thallium, antimony and tin) were determined using Inductively Coupled
Plasma Mass Spectrometry; Enzyme-Linked Immunosorbent Assay was used to
determine blood level of Siglec-3 (CD 33) while the 3-part differential hematology analyzer was used to determine the levels of the selected haematological
parameters [white blood cells (WBC), Lymphocytes (LY); monocytes (MO), granulocytes(GR), red blood cells (RBC), haemoglobin (Hgb), haematocrit (HCT), mean cell
volume (MCV), mean cell haemoglobin (MCH), mean cell haemoglobin concentration (MCHC) and platelets (PLT)]. From the results, we observed significantly
raised blood levels of toxic metals in the bronze-toxicant exposed populations
(BBC and EC) compared with the UP; and this was accompanied by the upregulation of Siglec-3 (CD33) expression in the Bronze Workers (BBC: 340.20±19.35pg/
mL; UP:233.00±14.63pg/mL). Additionally, from the haematological indices, WBC
(109/L) and LY (%) in BBC (3.78±0.20; 3.788±0.1947) were significantly lowered
compared with UP (4.911±0.392; 4.911±0.3921) respectively. Levels of MCV (µm³),
MCH (pg), MCHC(g/dL) and GR (%) were significantly varied in BBC compared with
UP. These data appear to provide evidence of elevated body burden of genotoxic
metals, upregulation of Siglec-3 (CD33) expression and a possible haematotoxicity
which, taken together, may suggest occupational cancer risk in Nigerian Bronze
Casters.

3939

Population Variation and Nonlinear Dose-Response Relationship
in Assessing Human Health Impact from Chemicals: Addressing
Uncertainties in Exposure and Susceptibility

L. Li, and D. Li. University of Nevada Reno, Reno, NV.
Currently, chemical emission is often scaled linearly to human health impact
assuming a homogeneous exposure and toxicological susceptibility for the entire
population. However, both exposure and toxicological susceptibility may vary within
the population, making the same emission elicit disproportionate impacts. Here
we explore how inter-individual variabilities in human exposure and toxicological
susceptibility interact to affect the estimated overall health impacts on the population level. For exemplification, we use the PROTEX model to simulate the exposure
of the general American population to dieldrin and heptachlor, two organochlorine
pesticides that tend to accumulate in food items. Using a Monte-Carlo analysis, we
characterize inter-individual variabilities in exposure by considering variations in
anthropometrics and dietary patterns between ages, sexes, and racial groups. We
assess the overall health impact on the population level in five scenarios with different combinations of assumptions in exposure (homogeneous/heterogeneous) and
the dose-response relationship (linear/non-linear, homogeneous/heterogeneous
susceptibility). Our results indicate human exposure can vary by a factor of six
among the different demographic groups. Combined with a non-linear dose-response relationship with heterogeneous susceptibility, the estimated overall health
impact is substantially higher than the results using homogeneous susceptibility.
However, current practice of using a linear dose-response relationship produces
even higher results that may overestimate the health impacts.

3940

Describing the Class of Quaternary Ammonium Compounds for
Biomonitoring California

S. Iyer, and S. Hoover. California Environmental Protection Agency, Oakland, CA.
The California Environmental Contaminant Biomonitoring Program, or
Biomonitoring California, can select from “designated chemicals” to measure
in our studies. These include all of the chemicals in the National Biomonitoring
Program implemented by the Centers for Disease Control and Prevention, as well as

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 279

chemicals recommended by Biomonitoring California’s Scientific Guidance Panel
(SGP). In 2019, the SGP raised quaternary ammonium compounds (QACs) as a high
priority for consideration as potential designated chemicals. To support the Panel’s
deliberations on QACs, we first had to describe this chemical class. Evaluating
chemical classes, rather than individual chemicals, is an efficient way to respond
to shifts in chemical use and the emergence of new chemicals. Here we describe
our process in developing a master spreadsheet of QACs to identify class members
and compile information on chemical names and synonyms, CASRNs, structural
subclasses, functional uses, and information related to human exposure potential
(e.g., production volume). By consulting the scientific literature, various state and
national databases, and product websites and labels, we identified over 120 QACs
in five structural subclasses. Development of the master spreadsheet allowed us
to more easily identify a large range of QACs, including both the more frequently
studied disinfectants and antimicrobials, as well as QACs used for less commonly
reported applications (e.g., softeners and antistatic agents). This organizational
process facilitated in-depth research on QAC exposure potential and health effects.
The SGP recommended that the class of QACs be added to the list of designated
chemicals, meaning that any member of this broad group can be selected for
biomonitoring in a future study.

3941

Integrating Personal Air Sensor with GPS to Determine
Microenvironment-Specific Exposures to Volatile Organic
Compounds

M. Breen1, V. Isakov1, S. Prince1, K. McGuinness1, P. Egeghy1, B. Stephens2, S.
Arunachalam3, D. Stout1, R. Walker1, L. Alston1, A. Rooney4, K. Taylor4, and T. Buckley1.
1US EPA, Research Triangle Park, NC; 2Illinois Institute of Technology, Chicago, IL;
3University of North Carolina at Chapel Hill, Chapel Hill, NC; and 4NIEHS, Research
Triangle Park, NC.
Personal exposure to volatile organic compounds (VOCs) from indoor sources
including consumer products is an understudied public health concern. To develop
and evaluate methods for monitoring personal VOC exposures, we conducted a
novel pilot study and examined time-resolved sensor-based measurements of
geocoded total VOC (TVOC) exposures across individuals and microenvironments
(MEs). We integrated continuous (1 min) data from a personal TVOC sensor and a
global positioning system (GPS) logger, with a GPS-based ME classification model,
to determine TVOC exposures in four MEs, including indoors at home (Home-In),
indoors at other buildings (Other-In), inside vehicles (In-Vehicle), and outdoors
(Out), across 45 participant-days for five participants. To help determine places
with large emission sources, we identified high-exposure events (HEEs; TVOC >
500 ppb) using geocoded TVOC time-course data overlaid on Google Earth maps.
Across the 45 participant-days, the MEs ranked from highest to lowest median
TVOC were: Home-In (165 ppb), Other-In (86 ppb), In-Vehicle (52 ppb), and Out (46
ppb). For the two participants living in single-family houses with attached garages,
the median exposures for Home-In were substantially higher (209, 416 ppb) than
the three participant homes without attached garages: one living in a single-family
house (129 ppb), and two living in apartments (38, 60 ppb). We identified 94 HEEs
across all participant-days, and 67% of the corresponding peak levels exceeded
1000 ppb. The MEs ranked from the highest to the lowest number of HEEs were:
Home-In (60), Other-In (13), In-Vehicle (12), and Out (9). For Other-In and Out, most
HEEs occurred indoors at fast food restaurants and retail stores, and outdoors in
parking lots, respectively. Our study provides a novel demonstration of individual
sensor-based time-resolved TVOC exposures in different MEs, in support of identifying potential sources and exposure factors that can inform exposure mitigation
strategies.

3942

Human Absorption and Margin of Exposure for Solvents,
Nicotine, and Flavor Chemicals during JUUL Vaping

M. Hua1, P. Talbot1, C. Khachatoorian1, S. Leung1, W. Luo2, K. McWhirther2, and J.
F. Pankow2. 1University of California Riverside, Riverside, CA; and 2Portland State
University, Portland, OR.
Few studies have examined the exposure, absorption, and environmental accumulation of the solvents, glycerin (G) and propylene glycol (PG), nicotine, and flavor
chemicals during electronic cigarette (EC) use. Our goal was to identify and quantify
the concentration of solvents, nicotine, and major flavor chemicals in JUUL™ pod
fluids before and after use, in lab-generated aerosols, in human exhaled aerosols,
and in aerosol residues that accumulate on surfaces. The chemicals we analyzed
in unvaped JUUL™ menthol pods were G (~621.3 mg/mL), PG (~264.9 mg/mL),
nicotine (~59.3 mg/mL), menthol (~13.3 mg/mL), and WS-23 (~0.1 mg/mL). We
recruited a cohort of 11 experienced male EC users (aged 21-26) who provided
exhale and residue samples before and after vaping JUUL™ menthol pods during
a 2-day study. EC users vaped ad libitum for 20 minutes while we recorded their
puff count and puff duration. All samples were analyzed using gas-chromatography
mass-spectrometry. The total mass (mg) of each chemical in exhaled samples
averaged 0.02 ±0.04 for G, 0.0003±0.001 for PG, 0.05±0.006 for nicotine, 0.18 ±0.27
for menthol, and 0±0 for WS-23. The transfer efficiency of each chemical from the
pod fluid into the aerosol was similar for flow rates between 9-47 mL/sec, indicating that our exposure estimations can capture accurate data despite differences

in puffing topography. At 13 mL/sec, the mass of each chemical delivered to each
participant averaged 20.8 mg for G, 10.6 mg for PG, 2.5 mg for nicotine, 0.4 mg
for menthol, and 0.0025 mg for WS-23, and percent retained by the participants
was 99.9% for G, 99.9% for PG, 87.3% for nicotine, 86.3% for menthol, and 100%
for WS-23. The margin of exposure (MOE) for the solvents during the laboratory
session and extrapolated MOEs based on the participants’ self-reported frequency
of use were generally below 100, indicating a potential risk for adverse respiratory
effects. The exhaled residue accumulated on enclosed surfaces where it could
contribute to passive exposure of bystanders. These data show that solvents used
in JUUL™ ECs are retained with ~100% efficiency, and MOE data support the conclusion that solvents can produce adverse health effects. These data will be of value to
regulatory agencies that can control the manufacture of these products.
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A Scientific Workflow to Estimate Non-occupational 1,4-dioxane
Exposure Pathways from Drinking Water and Product Use

D. E. Dawson1, H. Fisher2, A. E. Noble3, Q. Meng3, A. Doherty3, Y. Sakano3, D. Vallero1, R.
Tornero-Velez1, and E. Cohen Hubal1. 1US EPA, Research Triangle Park, NC; 2Oak Ridge
Institutes for Science and Education, Oak Ridge, TN; and 3California Department of Toxic
Substances Control, Sacramento, CA.
1,4-Dioxane is a persistent and mobile organic chemical that has been found to be
an unreasonable risk to human health in some occupational contexts. It is used in a
variety of industrial applications and occurs as an unintended byproduct of ethoxylated surfactants in some personal-care products such as detergents and soaps.
Both sources may contribute to direct human exposure, wastewater contamination, and contamination of downstream drinking water. However, there have been
limited exposure assessments of 1,4-dioxane outside of an occupational context.
A workflow was designed and executed using US EPA’s simulation modeling tool,
SHEDS-HT, to estimate non-occupational exposure and the chemical mass released
down the drain from using drinking water and consumer products contaminated
with 1,4-dioxane. This workflow used a factorial approach to compare how factors
associated with drinking water geographic scale (US or US State of California) and
source (groundwater, surface water, or mixed water), and prevalence of 1,4-dioxane
in consumer products influenced exposure and mass released down the drain.
We also simulated a regulatory scenario in which a 1 mg/l threshold is imposed
on 1,4-dioxane concentrations in consumer products. Factorial model simulations
showed that the population distributions of estimated exposure and mass released
down the drain were strongly influenced by the probabilistic methods underlying SHEDS-HT, whereas the considered factors had relatively minor influences.
However, for the subset of people with contaminated water, exposure was primarily
driven by drinking water consumption. In contrast, mass released down-the-drain
was driven by consumer product use, regardless of the influence of contaminated
water use. The simulated regulatory action reduced both exposure and mass
released down the drain, but the effect on exposure was influenced by the presence
and extent of water contamination. Finally, the workflow developed for this assessment can readily be adapted to additional exposure scenarios for 1,4-dioxane and
may serve as a starting template for modeling exposure to other persistent and
mobile organic chemicals.

3944

Local Air and Personal Health: Understanding Environmental
Exposures in North Brooklyn

A. Raja1, A. Buissereth2, L. Bloodgood3, W. Elkins3, M. Chavez4, G. Meltzer5, C.
Awada1, K. Shah1, and J. T. Zelikoff1. 1NYU School of Medicine, New York, NY; 2North
Brooklyn Neighbors, Brooklyn, NY; 3Newtown Creek Alliance, Brooklyn, NY; 4New
Jersey Department of Health, Ewing, NJ; and 5NYU School of Global Public Health,
New York, NY.
Industry, vehicular traffic, and construction have long impacted air quality in
Greenpoint and Williamsburg, Brooklyn. In recent years, complaints about the
air quality from local residents have dramatically increased. North Brooklyn
Neighbors (NBN) and Newtown Creek Alliance (NCA), local environmental justice
organizations, partnered with the NYU Grossman School of Medicine - Center for
Investigation of Environmental Hazards (NYU CIEH) to better understand potential
linkages between local air and personal health. One element of the NBN-centered
project was the 2020 North Brooklyn Air & Health Survey offered online in four
different languages that targeted residents and workers in Williamsburg and
Greenpoint. Almost 350 participants completed the survey and were queried on
demographics, air quality, and health issues. Findings demonstrated that: residents
who live near busy truck traffic streets were 5-times more likely to be diagnosed
with a chronic illness and neighborhood workers typically experienced more
health symptoms than residents. As a follow-up, both NBN and NCA in partnership with NYU conducted a comprehensive air monitoring of particulate matter
(PM2.5), volatile organic compounds (VOCs), and polycyclic aromatic hydrocarbons (PAHs) in community-selected areas of North Brooklyn which were heavily
burdened with industry or legacy contamination. Ambient VOCs were collected
using Summa canisters; polyurethane foam (PUF) media was used for PAH collection and all samples were analyzed by GC-MS. Levels of benzene (0.34 - 2.6 μg/
m3), carbon tetrachloride (0.4 - 0.55 μg/m3) and tetrachloroethylene (0.27 - 45 μg/
m3) in some sites exceeded the NYS annual guideline concentrations. Among the
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PAHs analyzed, naphthalene was detected in most test sites, but below NY state
standards. Teflon filter-collected PM2.5 ranged from 7 - 58 μg/m3, compared to
the EPA 24-hr standard of 35 μg/m3. XRF analysis of PM2.5 revealed silicon (Si) to
be the major component of PM2.5. Thus, self-reported data reveal a relationship
between public health and vicinity to heavy traffic in north Brooklyn, as well as,
elevated levels of certain industrial-based VOCs that if persistent could lead to
health concerns. Funded by NYU NIEHS P30 Grant: 5P30ES000260-51 and NYSDEC
Community Impact Grant for NBN’s Clean Air, Safe Soil in the Urban Environment.

3945

An Exposure Assessment of Disinfectants in School
Classrooms: A Case Study of Scenario-Based Product Safety
Assessment

C. Boles1, C. Stewart2, M. Vincent1, S. Attar3, D. Yeomans3, and A. Maier1. 1Cardno
ChemRisk, Blue Ash, OH; 2Cardno ChemRisk, Chicago, IL; and 3GOJO Industries Inc.,
Akron, OH.
Due to the COVID-19 pandemic, disinfectant use increased across community
settings, including schools. The increased potential for exposure to disinfectants
raises questions regarding possible subsequent health effects. Although there are
standardized methods for measuring many disinfectants, such as ethanol, there
are no consensus sampling and analytical methods for quaternary ammonium
compounds (QACs). Disinfectants, with active ingredients including QACs and
ethanol, may be applied to hard surfaces such as floors and countertops through
spraying and wiping surfaces, and may also be applied via a “spray-and-leave”
approach, depending on manufacturer’s instructions for use. Due to the wide range
of applications, the contact time can vary significantly based on product formulation and concentration. Thus, a series of studies were conducted to verify that
air and surface sampling and analytical methods identified from the published
literature can detect and measure QACs on surfaces and in air at exposure
concentrations relevant for use scenarios in a classroom environment. Sampling
was conducted in a controlled laboratory and in a school setting. The exposure
conditions were designed to mimic a child’s exposure following disinfecting of a
class room desk. A QAC-based disinfectant spray containing four different QAC
congeners was selected as the representative QAC product, and an ethanol-based
disinfectant spray was also used. Ethanol concentrations were measured in air,
but not surfaces, due to volatility. Overall, this study demonstrated the viability of
sampling and analytical methods for measuring and evaluating inhalation, dermal,
and surface exposures to disinfectants containing QACs. Measurable concentrations of QACs were detected in all surface samples and some, but not all, of the air
samples. Concentrations of ethanol and QACs measured in air were much lower
than relevant health-based exposure limits, and therefore there is no expected
risk of adverse effects to the bystander from proper (as-instructed) use of either
product in a school setting. Risk from cumulative exposures with dermal, oral,
and multi-route exposures were not quantified. Evaluation of such exposures and
testing of additional scenarios would add to the extant literature for product safety
assessment.

3946

Reconstructing Population Exposures to Acrylamide from
Human Monitoring Data Using a Toxicokinetic Framework

Y. Lin1, V. Morozov1, J. L. Caffrey2, and W. Chou3. 1US EPA, Washington, DC; 2University
of North Texas Health Science Center, Fort Worth, TX; and 3University of Florida,
Gainesville, FL.
Acrylamide toxicity involves several metabolic pathways. Thus, a panel of biomarkers for the evaluation of acrylamide exposure was deemed appropriate. The study
was designed to evaluate daily acrylamide exposure in US adults via hemoglobin
adducts and urinary metabolites using a toxicokinetic framework. A cohort of 2798
subjects aged 20-79 years was selected from the National Health and Nutrition
Examination Survey (NHANES, 2013-2016) for the analysis. Three acrylamide
biomarkers including hemoglobin adducts of acrylamide in blood and two urine
metabolites, N-Acetyl-S-(2-carbamoylethyl)cysteine (AAMA) and N-Acetyl-S(2-carbamoyl-2-hydroxyethyl)-L-cysteine (GAMA) were used to estimate daily
acrylamide exposure using validated toxicokinetic prediction models. Multivariate
regression models were also used to examine key factors in determining estimated
acrylamide intake. The estimated daily acrylamide exposure varied across the
population. Estimated AA daily exposure was comparable among the three different biomarkers (median: 0.4-0.7 µg/kg/day). Cigarette smoking emerged as the
leading contributor to the acquired acrylamide dose. Smokers had the highest
estimated acrylamide intake (1.20 -1.49 µg/kg/day), with passive smokers intermediate (0.47-0.61) and non-smokers (0.45-0.59) least. Several covariates, particularly, body mass index and race/ethnicity, played roles in determining estimated
exposures. This study also highlights the value of integrating toxicokinetics into
human health risk assessments. Estimated daily acrylamide exposure among US
adults was similar to populations reported elsewhere providing external support for
using the current approach in assessing acrylamide exposure. The analysis should
also be evaluated further for its utility in adolescents and children to better protect
vulnerable populations.

3947

Biomonitoring and Multi-mycotoxin Exposure Assessment of
Mother-Infant Dyads in Nigeria

C. Adaku Chilaka1, M. De Boevre2, S. De Saeger2, and A. Mally1. 1Universität Würzburg,
Würzburg, Germany; and 2Ghent University, Ghent, Belgium.
Human exposure to food contaminants such as mycotoxins is a worldwide problem
and represents a major concern in developing regions including Africa because of
food insecurity which often compromises food quality and safety. Mycotoxins are
toxic compounds produced by fungi in diverse agricultural products. Mycotoxins
are toxic to all population groups; however, infants are more vulnerable because
of their young developing organs and immune systems, and frequent consumption
of cereal-based food (often contaminated by toxins) in proportion to their body
weight. Unfortunately, the risks associated with infant exposure to mycotoxins are
yet to be fully ascertained due to paucity of data especially in Africa. The study
aimed to evaluate the multi-mycotoxin exposure of mother-infant dyads using
urinary biomarkers from infants and breastmilk (BM) from their mothers. Samples
were collected from 266 infants (age: 1-15 months) and their mothers from 3
agro-ecological zones of Nigeria comprising of Northern Guinea Savanna (NGS),
Derived Savanna (DS) and Humid Forest (HF) and mycotoxin exposures were
determined using LC-MS/MS. The urine (57%) and BM (70%) samples were contaminated with at least one out of the 18 and 15 mycotoxins analysed, respectively,
with aflatoxin M1 (AFM1), zearalenone (ZEN), ochratoxin A (OTA) and citrinin (CIT)
being the most prevalent. Contamination rates were significantly different between
the regions, with the highest prevalence rate in NGS, the region with the highest
consumption rate of cereals. AFM1 level in the samples ranged from <LOQ-3.6
ng/ml (33%, urine samples) and <LOQ-2.1 ng/ml (63%, BM samples). ZEN, OTA
and CIT were detected in 34, 36, and 43% of urine samples and 67, 52, and 48%
of BM samples, respectively. Other toxins detected in the urine samples included
deoxynivalenol, deepoxy-deoxynivalenol, fumonisin B1 (FB1), aflatoxin B1 (AFB1)
and dihydrocitrinone (HCIT), while FB1, AFB1 and HCIT were also detected in BM
samples. Co-occurrence of mycotoxins was observed in the urine (53%) and BM
(62%) samples. A correlation was observed between AFB1, OTA and CIT contamination in urine and BM samples suggesting an increased health risk of infants due
to maternal exposure to toxins.

3948

Partial Dust Removal in Vehicles Does Not Mitigate Human
Exposure to Organophosphate Esters

A. Reddam1, N. Herkert2, H. M. Stapleton2, and D. C. Volz1. 1University of California
Riverside, Riverside, CA; and 2Duke University, Durham, NC.
Organophosphate esters (OPEs) have been detected within car interior dust,
suggesting that the indoor microenvironment of vehicles may represent a potential
route of human exposure to OPEs. We recently showed that people with longer
commutes are exposed to higher concentrations of tris(1,3-dichloro-2-isopropyl)
phosphate (TDCIPP) - a widely used OPE - and other studies have suggested that
dust removal may lead to lower exposure to chemicals. Therefore, the overall
objective of this study was to determine if a decrease in interior car dust results
in mitigation of personal OPE exposure. Participants (N=49) were asked to wear
silicone wristbands, and a subset of them wiped interior parts at the front of their
vehicles prior to one study week (N=25) or both study weeks (N=11). There were no
significant differences in total OPE concentrations (77.79-13,660 ng/g) nor individual OPE concentrations (0.04-4,852.81 ng/g) across the different wiping groups nor
in relation to participant residence ZIP codes and AC/Heater usage. These findings
suggest that higher exposure to TDCIPP for participants with longer commutes
may be independent of dust located on interior parts at the front of the vehicle.
Therefore, our study demonstrates that there is a need for research on the potential
contribution of other sources of TDCIPP exposure within car interiors.

3949

High Resolution Mass Spectrometry-Based Non-targeted
Approach for Biomonitoring Mycotoxins and Their Metabolites
in Human Hair

A. Narváez1, J. Tolosa2, A. Ritieni1, and Y. Rodríguez-Carrasco2. 1Università degli Studi di
Napoli Federico II, Naples, Italy; and 2Universitat de València, Burjassot, Spain.
Assessing chronic exposure to mycotoxins still represents a challenge considering
that traditional matrices cannot provide long-term information. This has a crucial
relevance in a toxicological context considering that the most severe toxic effects
of mycotoxins are consequence of chronic exposure. Hair emerges an effective
alternative to traditional matrices, since it can provide a highly stable environment
for mycotoxins following similar mechanisms as drugs of abuse. In addition, the
use of potent analytical tools such as high resolution mass spectrometry (HRMS)
allows the detection of metabolic products from mycotoxins for which no analytical standards are available. Therefore, the aim of this work was to evaluate the
mycotoxin profile of 20 human hair samples through a high performance liquid
chromatography (HPLC) coupled to Q-TOF-HRMS. Data were collected through
a data-independent acquisition (DIA) and further non-targeted screening was
performed in the spectral library Agilent Mycotoxins and Related Metabolites
Personal Compound Database and Library (PCDL). Sample treatment was based
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on a previous washing and enzymatic digestion with Pronase E and dithiothreitol.
Extraction was carried out through an acetonitrile-based salt-assisted liquid liquid
extraction (SALLE) with clean-up step using Z-Sep+. Extracts were evaporated to
dryness and resuspended in mobile phase prior to HPLC-HRMS analysis. Total ion
chromatograms were properly treated in order to only extract relevant features.
Up to 128 mycotoxins and related metabolites were tentatively identified. Among
all the matches, the tentative presence of patulin and zearalenone in 85% and 10%
of samples, respectively, has to be highlighted. Metabolic products of relevant
mycotoxins were also tentatively identified, such as fumonisins B3 (40%) and
B4 (10%) and the T-2 toxin metabolites T-2 tetraol (25%) and neosolaniol (5%).
Emerging Fusarium toxins enniatin B2 (60%), fusaproliferin (55%) and enniatin
A2 (10%) were tentatively detected. These results evidenced the accumulation
of not only parent mycotoxins but also other relevant metabolites in hair for the
first time, standing as a crucial feature for facing long-term exposure assessment
studies. This research was funded by the Spanish Ministry of Science and Innovation
project (PID2020-115871RB-I00-ALI) and the project grant given by the Generalitat
Valenciana (Spain) GV/2020/020 (Conselleria d’Innovacio, Universitats, Ciencia i
Societat Digital).
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Blood and Dust Metals Concentrations of Workers’ Household of
Cottage Industries

F. Barrozo1, G. A. Almeida2, M. S. Luz2, and K. P. Olympio1. 1Universidade de São Paulo,
São Paulo, Brazil; and 2Institute for Technological Research of the State of São Paulo,
São Paulo, Brazil. Sponsor: S. Barros
Cottage industries are a subgroup of informal and outsourced work, including household members, associated with hazardous substances exposure. The
Limeira city, in Brazil, is a jewelry center production with a large number of informal,
outsourced, and home-based workers. PTE (Potentially Toxic Elements: Cr, Mn, Ni,
Cu, Zn, As, Cd, Sn, and Pb) concentrations were analyzed in dust collected from the
21 homes of exposed families who are informal jewelry welders and 23 homes of
control families. Two cleaning wipes were placed in each house to collect dust for
approximately 14 days, and another wipe was used to clean part of the welders’
workstation. The wipes were transported to the laboratory, digested in a microwave
oven system, and then analyzed by Inductively Coupled Plasma Mass Spectrometry.
Also, as part of a larger research, it was obtained data about the blood PTE concentrations of 29 children, which were part of the families selected for the research.
Those blood samples were collected 14 days after the dust collects. PTE concentrations in dust samples were significantly higher in the exposed group houses for
all PTE, except for Pb (p<0.05). Pb was not detected above the limit of quantification in any dust sample collected during approximately 14 days. The children’s
subgroup was divided into 14 exposed and 15 control children, aged between 1 - 11
years. The correlations between the PTE concentrations in the children’s blood
and the deposition dust collected during approximately 14 days showed moderate
correlations for Cr (Rho 0.40), Zn (Rho -0.43) and As (Rho 0.40), and strong correlations for Cd (Rho 0.80) (p <0.05). Was not found significant correlations between
PTEs in the blood samples and in the dust collected from the welder`s workstation
(p>0.05).In conclusion, jewelry welders are more exposed to PTE than families
who are not part of the informal production of jewelry. Also, the accumulated dust
in furniture can be an exposure route to Cr, As, and Cd to children, and classified
as carcinogenic substances. This study was funded by FAPESP (2018/18391-0,
2017/20752-8, 2014/50887-4) and CAPES.

3951

Characteristics of the Percutaneous Absorption of MBOCA and
Its Pharmacokinetics in Rats after Dermal Contact

R. Wang, Y. Yanagiba, T. Toyooka, and S. Koda. Japan National Institute of Occupational
Safety and Health, Kawasaki, Japan.
MBOCA (4,4-methylenebis(2-chloroaniline)) is a curing agent for polyurethanes,
and the compound, a group I carcinogen in IARC classification, can cause occupational bladder cancer. It can enter the body via skin and dermal contact may be the
most important route of exposure in occupational settings. Biological monitoring
is therefore a suitable way to estimate the total exposure to MBOCA. For doing the
biomonitoring in a proper way, we investigated the characteristics of skin absorption of MBOCA and its kinetics in rats after dermal application. For comparison,
o-toluidine, another aromatic amine carcinogen, was also studied. Methods: 1. Skin
study: 3D cultured human skin or skin from Yucatan micropig was put into a Franz
diffusion cell, and 14C-MBOCA or 14C-o-toluidine in PBS was applied onto the skin.
The radioactivity in the skin and the receiving phase was measured at multi time
points after the addition. 2. Kinetics study: Rats were prepared by shaving the back
free of hairs, and a piece of Lint cloth containing a certain amount of MBOCA or
o-toluidine was attached on the shaved portion. Blood was taken from tail vein and
urine was collected in a cage at predetermined points of time, and the concentration of these compounds was measured. Results: 1. In the cultured skin system,
o-toluidine was easily transmitted from the donor phase to the receiving liquid
phase, while it took approximately ten times longer for MBOCA to get half-dose
transmitted. Detailed analyses showed that MBOCA could enter skin as fast as
o-toluidine. However, it stayed within the skin and released slowly down to the
receiving phase. Assays with pig skin showed that MBOCA easily entered epidermis

but the amount in the dermis layer kept in low level. 2. In rat experiment, the plasma
half-time of o-toluidine was 13.5 hours but that of MBOCA doubled. Most of the
absorbed o-toluidine was excreted into the urine in the first 24 hours, while MBOCA
in urine was in much small amount and persisted at similar level for at least the
following two days. Conclusions: Although both o-toluidine and MBOCA can easily
enter skin, they behave in different ways thereafter. Transmission of o-toluidine
into the circulation is fast, and so is its clearance from the body. MBOCA is easily
absorbed into the epidermis but its release to blood and excretion into urine are
much slow. Caution should be taken with the time of blood or urine sampling for
biomonitoring of the two chemicals.

3952

Use of Air-Liquid-Interphase (ALI) Device to Monitor Health
Hazard Potency in the Workplace

B. Kim1, J. Shin1, H. Kim2, M. Jo2, H. Kim2, J. Lee1, H. Lee2, H. Kwon3, S. Han3, N. Kang4,
M. Gulumian5, D. Bello6, and I. Yu2. 1Institute of Occupation and Environment, Incheon,
Korea, Republic of; 2HCTM, Icheon, Korea, Republic of; 3Konkuk University, Seoul,
Korea, Republic of; 4Samsung Hospital, Seoul, Korea, Republic of; 5National Institute for
Occupational Health, Johannesburg, South Africa; and 6University of Massachusetts,
Lowell, MA.
Biomonitoring of workers is a way of evaluating workers’ exposure to chemicals
and particulate materials by measuring their biomarkers in workers’ specimens.
We have developed a cell-based biomonitoring device that can evaluate cytotoxicity and induction of biomarkers along with exposure concentration. This device
is based on ALI and can be used to evaluate cytotoxicity and biomarker induction
after exposure of 1-2 hr workplace air to the device. After exposure, cells on the
transwell were processed to assess the induction of biomarkers from the exposed
cells and cytotoxicity from the media. Initially, we estimated the deposition rate of
particles to the filters in the transwell after exposing silver nanoparticles (AgNP
20-30 nm) for 2 hrs. A549 lung epithelial cells cultured on the transwell in the ALI
device were exposed to AgNP for 2 hrs and evaluated for cytotoxicity and induction
of pro-inflammatory cytokines. The cells in the ALI device were exposed to 3-D
printer emissions in the workplace and evaluated for cytotoxicity and induction of
pro-inflammatory cytokines. Two-hour exposure and thereafter 24 hr incubation
of positive control of AgNP increased LDH and microprotein level significantly. In
addition, with 2-hr exposure of the positive control AgNP, the mRNA levels for IL-1,
IL-6, and TNF-α increased significantly (P>0.01 - 0.05), and the levels of for IL-1,
IL-6 (p<0.05), and TNF-α also increased after 24 hr post-exposure. The cytotoxicity evaluation tests conducted for 3-D printer emissions at 0.810 and 0.957 mg/
m3suggested no significant cytotoxicity after 2-hr 3-D printing emission exposure
and thereafter 24-hr post-exposure incubation. Hyperspectral microscopic observation showed the 3-D printer emitted particles were associated with A549 cells
after 2-hr exposure, and many particles were internalized in A549 cells after 24-hr
additional incubation. Pro-inflammatory cytokine mRNA IL-1b and IL-6 increased
significantly after 2-hr exposure and thereafter 24-hr incubation for IL-6, while
TNF-α decreased significantly after 2-hr exposure and after 24-hr incubation. These
results suggested that the ALI device may be used as the alternative to workers’
biomonitoring in the workplace.

3953

Effects of Electronic Cigarette Device Wattage on Aerosol
Nanosized Particle Production

R. Plants, W. T. Goldsmith, J. Boyd, and I. M. Olfert. West Virginia University School of
Medicine, Morgantown, WV.
Electronic cigarettes (e-cigs) are novel nicotine delivery systems that have been
marketed as a safer alternative to traditional cigarettes because they are reported
to produce fewer harmful chemicals than smoking. However, depending on the
e-liquid components and/or device setting, there is growing evidence that this is not
always true. While studies have reported the physical characteristics of the aerosol
cloud produced by e-cigs, few report the relationship between device wattage and
the production of nanosized particles (<100 nm). The aim of this study was to
evaluate the effect of device wattage setting on the concentration and distribution of the aerosol particles generated. A 3rd generation commercially-available,
reusable, tank-style, e-cig device (Joyetech Exceed) was used with e-liquid containing either 100% vegetable glycerin (VG), 100% propylene glycol (PG) or 50:50 VG:PG
(all without nicotine or flavoring). A puff volume of 83 ml with a 5-second puff time
was used with varying wattage settings (i.e. 5-, 17.5-, 30- and 50-watts). For 5-watts
an EX 1.2 ohm MTL atomizer was used, whereas higher wattages used EX 0.5-ohm
DL atomizer. Analyses of aerosol were made using a Casella Microdust Analyzer
(CEL-712) and an electrical low pressure impactor (Dekati ELPI+) to assess particle
characteristics from a total of 5 puffs delivered to a 5-L chamber with 20 L/m bias
flow. Aerosol mass concentration increased with wattage by an average of 12%,
18% and 9% for base e-liquid containing VG, PG, and VG:PG, respectively (p<0.05).
The percentage distribution of nanosized particles (<100 nm) was greatest at 5and 50-watts (19.7 and 29.7%, respectively) compared to 17.5 and 30-watts (5.3
and 0.8%, respectively) for 50:50 VG:PG liquid. These preliminary analyses suggest
that the composition of base solution alone does not significantly alter the mass
concentration of the vape cloud, however increasing device wattage (i.e. temperature) does significantly increases mass concentration. It was also observed that
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the lowest and highest watt setting produced the greatest % of nanosized particles
which may have significant implications on the deposition of particles within the
lung and subsequent health effects. Funding support by AHA Collaborative Science
Award 20CSA35320107 and NIH R21 ES033026-01.

3954

Developing a Conceptual Scientific Workflow to Estimate
Chemical Exposures

D. A. Vallero1, C. Dalton1,2, and E. A. Cohen Hubal3. 1US EPA, Research Triangle Park,
NC; 2Oak Ridge Associated Universities, Oak Ridge, TN; and 3US EPA, Chapel Hill, NC.
Sponsor: M. Evans
Holistic evaluation of chemical impacts requires integration of disparate data
streams, modeling of interactions among physical and biological systems, and
consideration of tradeoffs associated with management decisions. Environmental
health scientists have developed a variety of models that use available data
with other mechanistic information to understand how chemicals in products
move through the natural and built environment. Each new problem incrementally advances data, models, and understanding. To efficiently address problems
of increasing complexity and enable greater insights, more nimble modeling
methodologies are required to assess important chemical exposure scenarios and
pathways across the chemical/product lifecycle. A scientific workflow is designed
to execute a series of data manipulation and computational steps to provide
outputs tailored to decision-making contexts. For chemical assessments, scientific
workflows are useful tools for efficient and transparent analyses, especially for
considering impacts in complex systems. To demonstrate this approach, we use
relatively data-rich chemicals as test cases to drive conceptual workflow development including flame retardants and ethoxylated solvents. The goal is to advance
the workflows for efficient evaluation of a variety of chemicals and a range of
decision contexts. Disclaimer: This document has been reviewed in accordance with
US Environmental Protection Agency policy and approved for publication.

3955

Evaluation and Refinement of Quantitative Structure-Use
Relationship (QSUR) Models for Chemical Function

V. Hull, K. Phillips, L. Eddy, and K. Isaacs. US EPA, Research Triangle Park, NC.
Sponsor: C. Ring
The US Environmental Protection Agency’s (US EPA’s) Office of Research and
Development previously developed high-throughput quantitative structure-use
relationship (QSUR) models that use the structure of chemicals to predict their
functional use in consumer products and processes. These models can be used
to fill gaps in exposure-relevant information for poorly characterized chemicals.
Here, we evaluate these models based on industry-reported chemical functional
uses from EPA and Health Canada and refine the models to improve performance and incorporate new harmonized functional use categories. The evaluation
showed that the models were successful at predicting industry-reported chemical
functional uses when the chemicals in question were within the models’ applicability domain (AD). However, many chemicals with reported industrial uses were
outside the ADs of the QSUR models, as they were trained with data from primarily consumer product sources. To expand the model domain and refine model
application, new data from the industrial sector were incorporated into an updated
modeling framework that includes sector of use. The functional use dataset was
augmented to include new industry-specific data sources (for a total of 9586 unique
chemicals and 17,524 chemical-functional use pairs); these data were mapped
to 107 internationally harmonized functional use categories developed by the
Organisation for Economic Co-Operation and Development (OECD). New consensus QSURs were built for the OECD categories using a standardized workflow that
included 5-fold cross validation. To address sector of use, a tiered set of machine
learning classifier models were built to predict consumer and/or industrial use;
tier 1 used just chemical structure descriptors, tier 2 incorporated a descriptor
indicating industrial or consumer use, and tier 3 incorporated 10 refined product
use categories. Models could be built for 54 OECD use categories that contained
data for 20 or more chemicals. At least 41 models in each tier had an average 5-fold
balanced accuracy greater than 75%. These refined QSUR models allow sector- and
product category-specific predictions to be made, and will inform existing models
for predicting chemical release, consumer product composition, and exposure from
chemical properties and structure. The views expressed in this abstract are those
of the authors and do not necessarily represent the views or policies of the US EPA.
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Predictive Models for Chemical Occurrence in Environmental
and Biological Media

L. Eddy, K. Phillips, J. Sobus, E. Ulrich, and K. Isaacs. US EPA, Research Triangle Park,
NC. Sponsor: C. Ring
Monitoring of chemical occurrence in various media is critical for understanding the mechanisms by which human and ecological receptors are exposed to
exogenous chemicals. Since monitoring studies are expensive, data have not been

exhaustively collected for the tens-of-thousands of chemicals in commerce. To fill
this gap, predictive models can be used to anticipate chemical presence and inform
prioritization for further study. Here we present a suite of random forest models
which integrate data from dozens of public monitoring sources to predict chemical
occurrence in 30 different environmental and biological media. For each medium,
classifier models were built to predict the probability of any given chemical being
detected in that medium. Training data for a robust classifier model must consist
of examples both of chemicals that are and chemicals that are not present in
the medium. However, the available training dataset disproportionately contains
chemical detections; out of 30 media, 14 media had fewer than 5 true negative
chemicals. To address this dearth of negative data, augmented models were built
which use positive unlabeled learning to identify likely negative chemicals from
an unlabeled data set (here the Toxic Substances Control Act active inventory).
Likely negatives identified using the augmented models were then used to train
final media models. Final 5-fold cross-validated models with a balanced accuracy
of 75% could be built for 14 media. An initial validation of blood model with limited
external data demonstrated an accuracy of 73%. Final versions of models for all
media will be tested on identified external data sets to assess their ability to predict
emerging environmental exposures. These models have the potential to inform the
development of 1) workflows for environmental decision-making, and 2) methods
for assessing unknown structures in non-targeted analyses of environmental and
biological media. The views expressed here are those of the authors and do not
necessarily reflect the views or policies of the US EPA.

3957

In Vitro Generation of Reactive Drug Metabolites and Trapping
by a Thiol-Containing Hemoglobin Peptide

L. Tavares, and A. DeCaprio. Florida International University, Miami, FL.
Measurement of covalent binding of xenobiotics to blood proteins, such as
hemoglobin (Hb), to yield adducted species has been successfully applied in
environmental and occupational exposure assessment. Such adducts have the
potential to survive throughout the life of the protein (~120 days for human Hb) if
they do not trigger increased protein turnover. Nevertheless, the potential use of this
technology for clinical or forensic analysis of abused drug exposure has not been
extensively explored. In this study, the capability of reactive drug metabolites to
form adducts with the β-Hb tryptic peptide containing a highly reactive thiol moiety
(i.e., GTFATLSELH93CDK; β-93Cys peptide) was investigated. Analysis of adducted
peptide formed with acetaminophen (APAP), 3,4-methylenedioxymethamphetamine (MDMA), methamphetamine (METH), and Δ9-tetrahydrocannabinol (THC)
was performed using HRMS on an Agilent 1290/6530 LC-QTOF-MS system. For the
generation and trapping of reactive drug metabolites by synthetic β-93Cys peptide,
two methods were applied: 1) an in vitro metabolic trapping assay with human
liver microsomes and 2) electrochemical oxidation using glassy carbon as working
electrode, calomel standard as reference electrode, and platinum rod as counter
electrode. Predicted covalent thiol modifications by drugs and metabolites were
entered as target ions for screening using BioConfirm software for data analysis.
For subsequent targeted MS/MS studies, the spectra were collected and compared
to a theoretical peak list supplied by Protein Prospector software. Adducted Hb
peptides were identified, and structure confirmed for APAP and metabolites (i.e.,
NAPQI, 1,4-benzoquinone, 3,3’-biacetaminophen), MDMA and metabolites (i.e., HHA
and two aminochrome intermediates), METH metabolites (i.e., methcathinone,
phenylacetone, and benzoic acid), and THC and metabolites, (i.e., 11-COOH-THC,
11-dihydroxy-THC, 11-acetoxy-THC, a 11-oxidocarbonate-THC derivative). The
ability of abused drugs and/or metabolites to covalently modify the β-Hb peptide
containing the reactive 93Cys suggests that such modifications could be monitored
as an alternative to clinical and forensic hair analysis, which is the current approach
to long-term and retrospective exposure assessment for abused drugs. Additional
work is being conducted to test the applicability of this methodology for detecting
specific Hb modifications in authentic blood specimens.

3958

Estimating Exposure across Chemical, Individual, and Media
Using Sparse Summary Statistics with the Lorber-Egeghy-East
Method R Package

A. East1,2, C. Dalton1,2, P. P. Egeghy1, and D. A. Vallero1. 1US EPA, Research Triangle
Park, NC; and 2Oak Ridge Associated Universities, Oak Ridge, TN. Sponsor: M. Evans
Deterministic exposure estimates across media and chemicals are the product
of pollutant concentrations and a series of pathway-specific exposure factors.
These estimates are strengthened with greater data resolution and more data
sources. However, published measurement studies commonly report only sparse
summary statistics, with inconsistent measures of central tendency and variance.
To reconcile this issue, the Lorber-Egeghy-East Method (LEEM) R package was
developed. The model accepts a spreadsheet of available summary statistics as
its input and produces synthetic lognormally distributed points for each medium,
individual, and chemical entered to the model. Studies may also be ‘weighted’ (for
example, by sample size) to be more influential. To demonstrate, summary statistics for 12 per- and polyfluoroalkyl substances (PFAS) - 10:2 FTOH, 6:2 FTOH, 8:2
FTOH, PFDS, PFHpA, PFPeA, PFUdA, 4:2 FTOH, PFDoA, PFHpS, PFNS, and PFPeS
- were extracted from scientific literature published between 2011 and 2020. Intake
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was estimated from dust, water, and air, and soil for population groups, i.e. children,
women, and adults. Results are sample-size weighted. The output contains raw
data generated for each individual (by PFAS and pathway), summary statistics, the
data used, the data not used, and an inventory of how many datasets were used to
create each lognormal distribution of points. Abstract does not necessarily reflect
US EPA policy.

3959

Current Breast Milk PFAS Levels in the US and Canada: After All
This Time Why Don’t We Know More?

J. S. LaKind1, M. Verner2, R. Rogers3, H. Goeden4, D. Naiman5, S. Marchitti6, G.
M. Lehmann7, E. P. Hines7, and S. E. Fenton8. 1Lakind Associates, Baltimore, MD;
2Université de Montréal, Montréal, QC, Canada; 3CDC/ATSDR, Atlanta, GA; 4Minnesota
Department of Health, Saint Paul, MN; 5Johns Hopkins University, Baltimore, MD; 6Lakind
Associates, Commerce City, CO; 7US EPA, Research Triangle Park, NC; and 8NIEHS/NTP,
Research Triangle Park, NC.
Despite twenty years of biomonitoring studies of per- and polyfluoroalkyl
substances (PFAS), we have a limited understanding of concentrations in breast
milk from the US and Canada. The lack of information on PFAS levels in breast
milk and the implications for breastfed infants and families were brought to the
forefront by communities impacted by PFAS. In this study, we: 1) review published
PFAS breast milk concentrations in the US and Canada; 2) estimate breast milk
PFAS levels from serum concentrations in national surveys and communities
impacted by PFAS; and 3) compare measured/estimated milk PFAS concentrations to screening values. We identified three studies reporting breast milk concentrations in the US and Canada. To estimate breast milk PFAS concentrations, we
multiplied publicly available geometric mean (GM) and 95th percentile serum PFAS
concentrations from two national surveys (only women) and six communities
impacted by PFAS (men and women) by milk:serum partitioning ratios for four
PFAS: perfluorooctanoic acid (PFOA), perfluorooctane sulfonate (PFOS), perfluorohexane sulfonate (PFHxS), and perfluorononanoic acid (PFNA). Milk:serum ratios
were identified from four previous studies with sample sizes ranging from 12 - 100
paired milk and serum samples. Breast milk concentrations were compared to
Child Environmental Media Evaluation Guides (EMEGs) developed by the Agency for
Toxic Substances and Disease Registry (ATSDR) for drinking water. All measured
breast milk concentrations of PFOA and PFOS exceeded the Child EMEGs, while
most measured PFNA and PFHxS concentrations in breast milk were below the
Child EMEGs. All estimated GM and mean breast milk PFOA and PFOS concentrations exceeded the Child EMEGs. For two of six communities, the estimated GM
concentrations of PFHxS and PFNA were close to - or exceeded - the Child EMEGs.
Exceeding a Child EMEG does not necessarily mean that adverse health effects
will occur but indicates that further evaluation is needed. Milk concentrations may
be overestimated because the serum data is not limited to lactating women. This
analysis is limited by the paucity of adequate data to fully characterize partitioning
of PFAS into breastmilk.

3960

Emerging Investigator Series: The Role of Chemical Properties
in Human Exposure to Environmental Chemicals

Z. Zhang, S. Wang, D. Li, and L. Li. University of Nevada Reno, Reno, NV.
One of the ultimate goals of environmental exposure science is to mechanistically
understand how chemical properties and human behavior interactively determine
human exposure to the wide spectrum of chemicals present in the environment.
Chemical properties, such as partitioning coefficient and degradation half-lives
in different environmental compartment control the mechanisms and pathway
that human expose to the environment chemicals. This comprehensive study
assembles state-of-the-art knowledge of the role of partitioning, dissociation, mass
transfer, and reactive properties in human contact with and absorption of organic
chemicals via oral, dermal, and respiratory routes. Our result shows that, in general,
hydrophobic, and involatile chemicals tend to accumulate in animal- or plant-based
foods and be ingested by humans through diet. Dietary ingestion becomes less
influential for more degradable chemicals. When used indoors, poorly volatile
chemicals are predominantly distributed on indoor surfaces and dust; surface-tohand and subsequent hand-to-mouth contact is the main mechanism responsible
for ingestion of these chemicals. The ingested chemicals can be absorbed into the
circulatory system if they are neither too hydrophobic nor hydrophilic and possess
relatively small molecular sizes. In the meanwhile, human skin can absorb volatile
chemicals directly from air, poorly volatile chemicals bound to dust on hands or
present as surface residuals, as well as various chemicals intentionally applied
to the skin. Dermal absorption becomes highly efficient when a chemical has
moderate hydrophobicity and a relatively small molecular size. Further, inhalation
matters for relatively volatile chemicals, among which hydrophilic chemicals can be
efficiently absorbed by the respiratory tract. This presentation provides theoretical
information for the effective identification of the most relevant exposure pathways
for chemicals with different properties, which guides exposure-oriented biomonitoring efforts and the design of safe and sustainable chemical substances.

3961

An Analysis of Historical Workplace Exposures to Asbestos at
US Steel Facilities (1972-2001)

R. L. Strobel1, S. Ligas2, D. Brew1, A. Pavelka1, and D. Paustenbach1. 1Paustenbach &
Associates, Jackson, WY; and 2Paustenbach & Associates, Boulder, CO.
Although it has been widely believed that asbestos was extensively used during
various steel-making processes during the 1940s - 1980s era, steel making required
limited use of asbestos. We aimed to understand the historical magnitude of
potential asbestos exposures at six United States Steel (U. S. Steel) facilities from
1972 through 2001. The six facilities at which the data were collected were: Clairton
Works, Edgar Thomson Plant, Fairless Works, Gary Works, Homestead Works, and
Worcester Works. Industrial hygiene air samples that measured the concentrations
of asbestos (n=361) were assembled, catalogued, and analyzed using statistical
software. Descriptive summary statistics (arithmetic mean and standard deviation,
geometric mean (GM) and standard deviation (GSD), 95% confidence interval)
were calculated for personal, full-shift time-weighted average (TWA) samples
collected at each facility, in four time periods. All samples were analyzed by PCM.
Sample results that were reported as being below the analytical limit of detection
were included in our analysis after they were transformed by dividing the limit of
detection by 2. There was a clear downward trend in measured airborne asbestos
concentrations over the analyzed time periods for the aggregate data from the
six facilities. Specifically, from June 1972 - June 1976, the GM was 0.28 fibers/
cc (n = 107; 95% CI: 0.21, 0.36 fibers/cc), from July 1976 - May 1986, the GM was
0.07 fibers/cc (n = 54; 95% CI: 0.04, 0.12 fibers/cc), from June 1986 - September
1994, the GM was 0.01 fibers/cc (n=140; 95% CI: 0.008, 0.013 fibers/cc); and from
October 1994 - September 2001, the GM was 0.01 fibers/cc (n = 32; 95% CI: 0.008,
0.02 fibers/cc). Exposures to airborne asbestos fibers at these U. S. Steel facilities were typically about 100-fold below the contemporaneous PELs for asbestos.
As the asbestos PELs were lowered in accordance with new health findings, the
airborne asbestos concentrations measured in U. S. Steel facilities were reduced to
protect worker health. These data illustrate that this firm had excellent control over
their workplace exposures to asbestos.

3962

The Role of Product Use Scheduler for Estimating Exposure to
Methyl, Ethyl, Propyl, and Butyl Parabenzoic Acid (Parabens)
within the Combined Human Exposure Model

C. Dalton1,2, A. East1,2, P. S. Price1, and D. A. Vallero1. 1US EPA, Research Triangle Park,
NC; and 2Oak Ridge Associated Universities, Oak Ridge, TN. Sponsor: M. Evans
It is crucial to define the doses received by both persons with typical exposures
and individuals with the highest exposures when conducting exposure assessment.
Methyl, ethyl, propyl, and butyl parabenzoic acid (parabens) are used as preservatives in a wide range of consumer products including paints, dyes, arts and toys,
and sealers. Exposures from product use are thought to be significant sources of
exposure for these chemicals. Because use varies across individuals and paraben
levels vary in different consumer products, the general population is expected to
receive a wide range of paraben doses. We compared estimates of interindividual
variation in the aggregate exposures to the four parabens using exposure estimates
from simulation modeling using the Combined Human Exposure Model (CHEM)
and biomonitoring data. Implementing the Product Use Scheduler (PUS) in CHEM
allows researchers to assess the differences in Product Use Categories (PUCs),
demonstrating the relationship between sentinel and aggregate exposures for each
paraben. PUS is the second of three modules in CHEM, which estimates exposure
from consumer products. The module accepts a spreadsheet which represents
a US population and returns 364 day diaries of product use depending on the
characteristics of individuals, households, and co-inhabitants. The output is passed
to Source-to-Dose (S2D) in CHEM, which estimates down-the-drain release and
exposure. This approach provides an opportunity to evaluate the applicability of a
simulation model in complex product-use longitudinal exposure scenarios. Abstract
does not necessarily reflect US EPA policy.

3963

Thinking Zinc: A Nutritional Intervention for Metal Toxicity

E. J. Dashner-Titus1, D. MacKenzie1, C. Suey2, and L. G. Hudson1. 1University of
New Mexico, Albuquerque, NM; and 2Southwest Research and Information Center,
Albuquerque, NM.
Navajo communities have concerns about health consequences of chronic
exposures to uranium, arsenic and other metals associated with living in proximity
to abandoned uranium mines. We demonstrated previously that certain metals,
including arsenic and uranium, bind to zinc finger proteins involved in DNA repair
and immune regulatory functions. Supplemental zinc has been shown in cell-based
and in vivo experimental models to reverse the effects of arsenic or uranium and
restore target protein function. These findings provided the foundations for the
Thinking Zinc clinical trial, a one-armed intervention trial to test the hypothesis that
zinc supplementation, at (but not exceeding) recommended adult dietary levels,
can alleviate adverse effects of uranium and mixed metal exposures in populations living in contaminated areas on Navajo Nation. Study design, study name
and community outreach materials were developed with substantial participation
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from community members. Thinking Zinc received approval from the Navajo Nation
Human Research Review Board. Blood and urine samples were collected at two
time points before taking zinc and two time points after taking zinc. Urinary metal
levels for antimony, platinum, strontium, tin and uranium for more than 10% of the
samples were greater than the 95th percentile values established by the National
Health and Nutrition Examination Survey (NHANES). Median urinary uranium values
in Navajo participants were nearly 4-fold greater than the NHANES median level.
Longitudinal biomonitoring revealed patterns of episodic high exposures to multiple
metals including uranium and arsenic. Preliminary analysis shows that supplemental zinc decreased some measures of inflammation and oxidative stress, processes
known to contribute to chronic diseases including autoimmunity and cancer.
Fluctuations in exposure could provide important clues regarding exposure sources
as well as inform models for toxicity testing.

3964

A Methodology for Estimating 4-ABP Dermal Intake via
Contaminated Consumer Products

D. J. Paustenbach1, G. R. Abele2, J. J. Heywood2, and M. T. Donnell3. 1Paustenbach &
Associates, Jackson, WY; 2Paustenbach & Associates, Boulder, CO; and 3Paustenbach &
Associates, Orange, CA.
We provide here an analysis which illustrates a methodology by which scientists
can estimate 4-aminobiphenyl (4-ABP) dermal exposures (intake) when using
contaminated consumer products. 4-ABP historically was an industrial chemical
used as a rubber antioxidant and dye intermediate, as well as an ingredient in certain
consumer products. 4-ABP commercial production stopped in the mid-1950s after
it was discovered the chemical was a bladder carcinogen. In recent times, due to
improved analytical methods, it has been reported as a contaminant of certain
consumer products such as hair dyes. We performed a risk assessment of a
hypothetical barber who both personally used hair dyes and applied them to others
to determine whether they were at an increased risk of developing bladder cancer.
We initially found that via epidemiological studies, barbers were not found to be at
a higher risk of developing bladder cancer after 4-ABP had been removed from hair
dyes in the mid-1900s. Nonetheless, given the potential for exposure, we estimated
the risk to barbers who used contaminated dyes. We adopted a published model
which accounted for the concentration of 4-ABP in hair dyes, dermal absorption
rate, surface area of the scalp, and maximum skin adherence to estimate the
maximum potential exposure of 4-ABP through the use of hair products. We supplemented this model by estimating the potential breakthrough of 4-ABP through
the gloves the barber would wear while applying dyes. We substituted the skin
adherence value in the published paper with the concentration of 4-ABP expected
to break through protective gloves over the approximately 30 minutes it would take
for a barber to dye a client’s hair. We found that the time needed for some 4-ABP
breakthrough was greater than 30 minutes. For sake of conservatism, we used half
of the published penetration rate for chemical breakthrough (0.1 μg/cm2/min.). We
estimated that a barber who dyed the hair of their clients 5 times a week over 40
years and personally applied hair dye to themselves once a month over the same
time frame would have a lifetime intake of 4-ABP of about 0.2 μg. This provided a
lifetime margin of safety (MOS) for the barber, relative to the available no significant
risk level, of about 3,000 for 40 years of use. This analysis indicated that even for
products containing this level of contamination, the chemical posed no chronic
health risks, including cancer, to the barber.

3965

Estimated Total Dietary Intakes of Inorganic Arsenic in the US
Population

S. Floyd1, D. Martyn2, J. Meetro1, and T. Vo1. 1Intertek Health Sciences Inc., Mississauga,
ON, Canada; and 2Intertek Health Sciences Inc., Farnborough, United Kingdom.
Inorganic arsenic is a common food contaminant owing to its ubiquitous presence
in the natural environment, including soil and water, and has been associated with
various types of cancer and skin lesions. Since the primary source of exposure is
through the normal diet, it is important to understand the current levels of dietary
intakes of this element by the US population. The US Food and Drug Administration
(FDA) regularly monitors the levels of this element in food and has previously
examined exposure from select food groups consumed by infants and young
children. Moreover, to reduce dietary exposure to inorganic arsenic, the FDA has
proposed action limits in certain food categories, including apple juice (2013) and
rice cereal for infants (2020). The current research examines total exposure in
the US diet using analytical data from the FDA Total Diet Study (2003-2017) and
consumption data from the most recent release of the National Health Nutrition
Examination Survey (NHANES 2017-2018). The mean and 90th percentile
estimated intakes in the general population were in the range of 0.12 and 0.29
µg/kg bodyweight/day, while infant and toddler intakes were estimated to be in
the range of 0.22 and 0.56 µg/kg bodyweight/day, respectively. These values are
significantly lower than the point of departure (POD) established by JECFA for lung
cancer (BMDL0.5 = 3 µg/kg bodyweight/day), bladder cancer (BMDL0.5 = 5.2 µg/kg
bodyweight/day), and skin lesions (BMDL0.5 = 5.4 µg/kg bodyweight/day). Drinking
water was by far the most significant contributor to these estimated intakes,
contributing approximately 73% of total exposure among the general population.
Considering exposure from other dietary sources, white and brown rice contributed

5% and 2%, respectively, followed by coffee (1%), beer (1%), and bottled water (1%).
Amongst infants, the top contributors to estimated intakes were drinking water
(59%), infant formula (7%), white rice (5%), whole milk (4%), apple juice (2%), and
rice-based baby food (2%). In the absence of data for drinking water, the maximum
regulatory limit (10 ppb) was utilized, which is a potential source of overestimation
in these exposure values. Additional research should focus on measured levels
of inorganic arsenic in drinking water and newly introduced foods to improve the
reliability these and future estimates.

3966

Environmental Pollutant Exposures Are Associated with Nonalcoholic Fatty Liver Disease Severity and Enrichment in the
Metabolic Pathways Associated with Liver Steatosis and
Fibrosis

M. R. Smith1, D. Jones1, Y. Go1, N. Samala2, J. Young3, J. Luo3, S. Rai3, N. P. Chalasani2,
and M. Cave3. 1Emory University, Atlanta, GA; 2Indiana University, Indianapolis, IN; and
3University of Louisville, Louisville, KY.
Environmental pollutants have been associated with disrupted hepatic metabolism and NAFLD. To elucidate the environmental exposures associated with NAFLD
severity and their potential modes of action, a cross-sectional exposomics/metabolomics study was performed in adult NAFLD subjects. Express liquid extraction
followed by untargeted metabolomics (LC-MS2) and exposomics (GC-orbitrapHRMS) was performed in archived plasma samples from 140 participants enrolled
in the IU NAFLD Prospective Observational Study. Elastographic disease biomarkers of steatosis (controlled attenuation parameter, CAP) and fibrosis (liver stiffness
measurement, LSM) severity were determined by Fibroscan®. Metabolome-wide
and exposome-wide association studies (MWAS/EWAS) were performed by linear
regression models using xmsPanda. Integrative network analysis was performed
using xMWAS. Pathway enrichment analyses were performed using Mummichog
1.1. Statistical significance was set at p<0.05 and/or FDR<0.20. MWAS studies
were performed vs. CAP or LSM. Linoleate was the most statistically significant
pathway enriched with CAP (continuous or categorical) or LSM (categorical). EWAS
and xMWAS analyses identified a total of 23 pollutants significantly associated with
CAP and/or LSM. Of these associations, 13 were positive and 10 were negative.
The positively associated pollutants included phenols (n=3), PCBs (n=2), BDEs
(n=2), PAHs (n=2), an herbicide and a nitrosamine. Fluorene, PCB132, diphenyl-nitrosamine and o-octylphenol were positively associated with both CAP and LSM.
xMWAS identified five communities of interacting exposures, metabolites, and liver
disease severity biomarkers. Some of the identified pollutants (e.g., fluorene) were
associated with enrichment in the same metabolic pathways that were associated with NAFLD disease severity (e.g., linoleate). In conclusion, NAFLD severity
was associated with alterations in specific metabolic pathways. Multiple environmental chemicals were associated with NAFLD severity and metabolic disruption.
Some of these pollutants were associated with enrichment in the same metabolic
pathways linked to NAFLD severity. We postulate that environmental pollution may
alter hepatic metabolism to increase liver steatosis and/or fibrosis in adult NAFLD
patients.

3967

Size-Selective Sampler Combined with an
Immunochromatographic Assay for the Rapid Detection of
Pathogenic Bioaerosols

L. Liao1, J. Park1, Z. Luo1, and J. Byeon2. 1Purdue University, West Lafayette, IN; and
2Yeungnam University, Gyeongsan, Korea, Republic of.
Biological aerosols (also called bioaerosols) often including pathogens are found
in various occupational and environmental settings. Pathogenic bioaerosols
can produce toxins and cause various diseases such as legionellosis, influenza,
measles, and tuberculosis. To prevent people’s exposure to these pathogenic
bioaerosols, a rapid detection method is essential in occupational and environmental settings. In this study, we developed a method to detect and identify pathogenic
bioaerosols. A bioaerosol sampler developed to collect bioaerosols directly onto
a swab was combined with an immunochromatographic assay (ICA) to detect
pathogens in the collected samples. In the lab tests, Legionella pneumophila (L.
pneumophila) was used as a target pathogen. The lower limit of detection of the
lateral flow test kit used in the ICA was determined. In our experimental conditions,
the lateral flow test kit formed a positive line when more than 1.3 × 103 colony
forming unit (CFU) of L. pneumophila were deposited on the sampling swab. In
sampling tests, L. pneumophila suspension was aerosolized and then collected
using two identical bioaerosol samplers having different sampling times (10 and 20
min). From the results, an equation to estimate the concentrations of aerosolized L.
pneumophila was obtained. The estimated concentrations were > 5.2 × 104 CFU/m3
and > 2.6 × 104 CFU/m3 when the postive results were formed on the lateral flow test
kits after sampling 10 and 20 min, respectively. A conventional sampler, Andersen
impactor was also used for the comparison with the bioaerosol samplers. The
developed method successfully collected and detected aerosolized L. pneumophila
more easily compared to the Andersen impactor with colony counting.
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MicroRNA Liver Toxicity Biomarkers Associated with Dioxin-Like
Compounds Exposures in ACHS-II

M. Cave1, C. Pinkston1, S. Rai1, B. Wahlang1, G. Carswell2, M. Pavuk3, L. Birnbaum4, and
B. Chorley2. 1University of Louisville, Louisville, KY; 2US EPA, Research Triangle Park, NC;
3CDC/ATSDR, Atlanta, GA; and 4NIEHS, Research Triangle Park, NC.
Associations between ortho-substituted polychlorinated biphenyls (PCBs)
exposures, non-alcoholic fatty liver disease (NAFLD), and microRNAs (miRs) were
previously reported in the Anniston Community Health Survey (ACHS-I). Here, we
investigate cross-sectional relationships between circulating liver toxicity biomarkers, including miRs, and dioxin-like compounds (e.g., non-ortho PCBs, dibenzo-dioxins - PCDDs, and dibenzofurans - PCDFs) in the follow-up ACHS-II cohort. Serum
liver enzymes; albumin; total protein; keratin 18 (K18); thirty-five highly-expressed
hepatoxicity miRs; and twenty dioxin-like analytes were determined in 338 adult
ACHS-II participants. The exposure biomarkers analyzed included: the total dioxin
toxic equivalency (TEQ) and the individual TEQs for dioxin-like PCBs, PCDDs, and
PCDFs. Associations were determined by log-transformed linear adjusted models
using SAS v9.4 and R. There was a 60% prevalence of K18-categorized liver disease
associated with increased liver enzymes and miRs-122-5p and -192-5p. Using
complete linkage analysis, miRs and liver enzymes clustered into four groups
(G): G1 (n=9 miRs), G2 (n=4 miRs), G3 (n=11 miRs), and G4 (n=11 miRs). G2 miRs
were associated with the liver enzymes and K18 biomarkers. By Ingenuity Pathway
Analysis, miRs in the four groups were linked to various liver disease processes
including hepatic steatosis (G2), hepatitis (G4), cirrhosis (G4), liver hyperplasia
(G1-G2), and hepatocellular carcinoma (G1-G3). Total dioxin TEQ was inversely
associated with G1 (miR-29a-3p) and G2 (albumin, total protein and miR-185-5p)
liver biomarkers. Albumin was inversely associated with all four TEQs. Individual
PCB, PCDD, and PCDF TEQs were associated with additional miRs. The observed
high prevalence of liver disease associated with miR-122-5p and miR-192-5p
validated key findings published in ACHS-I. Those results were extended in new
directions by the inclusion of liver enzymes and dioxin biomarkers. Circulating
miRs provided non-overlapping information with routine liver biochemistries. We
postulate that serum miRs could serve as accessible biomarkers of both dioxin-induced liver metabolic toxicity and/or adaptation. The results are those of authors
and do not necessarily reflect US EPA, ATSDR or NIEHS policy.
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Testing the Efficacy of a Low-Cost Air Pollution Monitoring
Device for Occupational Exposure Measurements: A Pilot Study

S. Stowe, and M. Vilcassim. University of Alabama at Birmingham, Birmingham, AL.
The development of new low-cost air sensors has expanded the field of air quality
surveillance; however, previous studies have demonstrated potential limitations
to their abilities. Low-cost air Particulate Matter (PM) sensors have been used
successfully for environmental sampling, but their use to measure occupational
exposures is very limited. A smaller and affordable unit will enable sampling of
more individuals at a workplace and have a lesser impact on worker behavior,
compared to the larger monitors. Therefore, this study aimed to test the efficacy of
a selected low-cost PM sensor, the Airbeam, in comparison with a more advanced
nephelometric device and industry standard; the Thermo Scientific PDR 1500 Data
RAM. Both the Airbeam and the PDR 1500 use light scattering for PM measurements. However, the PDR 1500 uses a physical cut cyclone for size-selective
sampling, while the Airbeam uses an algorithm to estimate the size/size distribution of PM (recorded as PM10, PM2.5, and PM1). To calibrate the Airbeams
(n=10), two or more units were placed into an airtight chamber at a time with a
PDR 1500 and were then exposed to the exhaust emissions from a leaf-blower
engine. Both instruments simultaneously recorded PM concentrations in 1-min
intervals, which were used to generate calibration curves for each Airbeam. Results
showed a strong correlation between the Airbeam and PDR measurements within
a certain range, however, inter-instrument variability, and plateauing of the Airbeam
measurements above ~ 300 µg/m3 were observed. Importantly, the relationship
between the Airbeams and the PDR 1500 was linear at concentrations below ~
150 µg/m3. The internal equations of the Airbeam sensors impacted size distribution curves and measurements, therefore the default equations of the sensors
were used. Volunteers were recruited to test how the devices compared in occupational settings. Results showed that when measured simultaneously, the PDR 1500
recorded higher average concentrations compared to Airbeams in occupational
settings. In Addition, it was found that participants preferred to wear the low-cost
air sensor due to its smaller size, making it less laborious to carry. In conclusion, the
findings demonstrate that low-cost sensors have the potential to be reliably used
for occupational PM measurements within a certain range, however, importantly,
each individual unit requires calibration and testing prior to use for research quality
measurements.
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Chemical Exposure in a Longitudinal Cohort during and PostHurricane Harvey Flooding

S. Samon1, D. Rohlman1, L. Tidwell1, P. Hoffman1, A. Oluyomi2, and K. Anderson1.
1Oregon State University, Corvallis, OR; and 2Baylor College of Medicine, Houston, TX.
Hurricane Harvey was associated with flood-related damage to chemical plants,
oil refineries, and flooding of hazardous waste sites, including 13 Superfund sites.
During the hurricane, there was an estimated 8.3 million pounds of reported air
pollution, including volatile organic chemicals. As clean-up efforts for the hurricane
began, individuals and communities raised questions regarding the human health
impact of possible increased chemical exposure resulting from the hurricane and
subsequent flooding. Oregon State University’s Food Safety and Environmental
Stewardship (FSES) program formed a multi-institutional team with expertise
relevant to disaster research response which included Baylor College of Medicine
(BCM) and University of Texas-Health School of Public Health (UT-SPH). Together
we deployed personal sampling devices in the form of silicone wristbands to a
longitudinal cohort of individuals (n=99) immediately after the hurricane and again
one year later in the Houston metropolitan area. We used the second time point
as a baseline chemical exposure. When comparing the two-time points, we were
able to evaluate whether Hurricane Harvey impacted chemical exposure to the
longitudinal participants of our study, and more broadly to individuals living within
the impacted area. Using Gas Chromatography-Mass Spectroscopy, we screened
each wristband for 1,530 chemicals and additionally analyzed for 63 PAHs. When
comparing across the two-time points using the 1530 screen, it was found that
a majority (84%) of the compounds evaluated were found in higher concentrations immediately after Hurricane Harvey. When evaluated by chemical category
Σ [Personal care products], Σ [pesticides], Σ [flame retardants], and Σ [pharmacological] were all found in higher concentrations at the post-hurricane timepoint. In
the PAH analysis, 39% of the compounds evaluated had greater concentrations at
the post-hurricane timepoint and 10% had greater concentrations at the estimated
baseline time point. Lastly, both the sum concentration of the analytes detected in
the 1530 screen and the sum concentration of the analytes detected in the 63 PAH
method was found to be higher post-hurricane. This evidence largely supports the
hypothesis that there was increased chemical exposure after Hurricane Harvey in
the Houston metropolitan area.

3971

Environmental Pollution Due to Gold Mining in Rainforest from
Northwest of Colombia

Y. Palacios Torres, and A. J. Romaña-Palacios. Universidad Tecnológica del Chocó,
Quibdo, Colombia. Sponsor: J. Olivero-Verbel
Mercury is a toxic environmental pollutant found in muscle of fish from polluted
sites, representing a human health risk. The aim of this study was to quantify Hg
levels in muscle, gill and liver of most consumable fish species from mining district
at Bebará River basin, as well as in human hair from people living on this area.
Mercury was quantified using a total Hg (T-Hg) analyzer. Average Hg concentration
in all evaluated fish specimens was 0.16±0.02 μg/g, with values ranging between
0.01 and 0.96 μg/g. Maximum concentrations were observed in Ctenolucius beani
(0.41 ± 0.13 μg/g), Pseudopimelodus schultzi (0.38 ± 0.12 μg/g) and Brycon henni
(0.25 ± 0.0 μg/g). All species had mean T-Hg values below permissible concentrations set by USEPA (0.5 μg/g) but above maximum values to protect vulnerable people (0.2 μg/g). Mean T-Hg levels in liver were detected for P. magdalenae
((0.07± 0.003 μg/g) and P. schultzi (2.85±1.55 μg/g). Mean T-Hg levels in gill was
0.09±0.01 μg/g (0.03-0.19 μg/g). Mercury levels in human hair were 0.3 to 5.7 μg/g,
with a mean concentration of 1.86±0.17 μg/g. Men had 1.5-fold greater values than
women (2.1 vs. 1.7 μg/g), this may be the result of occupational exposure in gold
mines. About 64% of the studied sample showed Hg values in hair above the WHO
thresholds. In summary, the Hg-T values were closed to safety limits, suggesting
some risks for public health, and the need to implement health and environmental
education programs related to Hg exposure and its effects.

3972

Characterizing Exposure Trends from NHANES Urinary
Biomonitoring Data

Z. Stanfield1, R. W. Setzer1, V. Hull1,2, R. R. Sayre1, K. K. Isaacs1, and J. F. Wambaugh1.
1US EPA, Research Triangle Park, NC; and 2Oak Ridge Associated Universities, Oak
Ridge, TN.
Knowing which environmental chemicals contribute to metabolites observed
in humans is necessary for meaningful estimates of exposure and risk from
biomonitoring data. It is also important to understand how these exposures
might be changing over time. We employed a recently developed approach using
Bayesian methodology to infer ranges of exposure to parent compounds consistent with urinary biomarker levels reported in the National Health and Nutrition
and Examination Survey (NHANES), which is representative of the US population.
The method was made into a publicly available R package named bayesmarker
and applied to all NHANES 2-year cohorts (from 1999 to 2016). Metabolites were
linked to parent chemicals using the NHANES reports and text mining of PubMed
abstracts. The 151 NHANES metabolites were linked to 179 unique parent chemicals
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by 270 associations. Using the bayesmarker package, chemical exposure values
were inferred for each NHANES cohort individually to identify temporal exposure
trends. The chemicals di-isononyl phthalate, ethylbenzene, and deltamethrin
exhibited the greatest increase in exposure over time while multiple chemicals
with restrictions on use, production, or emission (such as triclosan, bisphenol A,
and diethyl phthalate) showed corresponding decreases in exposure. Trends were
stratified by chemical class as well as clustered to identify common patterns of
exposure over time. Temporal forecasting was used to categorize chemicals by
anticipated changes in exposure: likely to increase, decrease, or stay the same in
the upcoming NHANES cohorts. Chemicals for various demographic groups were
also prioritized by identifying those with the highest divergence in exposure from
the average of the total population over time. Lastly, we demonstrated another
aspect of the bayesmarker package by combining the NHANES data by decade
(2000s and 2010s) for increased statistical power to identify more robust exposure
changes. The tools and methods used to create these analyses have been
thoroughly documented in preparation for peer-review and public distribution to the
biomonitoring community. This abstract does not necessarily reflect US EPA policy.
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Evaluation of the Safety and Efficacy of Children’s Hand
Sanitizers Available during the COVID-19 Pandemic

L. Gloekler1, N. Bincewski1, E. DeGandiaga1, K. Gibbs1, J. Kozal2, A. Massarsky1, M.
Vincent3, R. Zisook2, G. S. Dotson3, and S. Gaffney2. 1Cardno ChemRisk, Aliso Viejo, CA;
2Cardno ChemRisk, San Francisco, CA; and 3Cardno ChemRisk, Cincinnati, OH.
Usage of hand sanitizers in the United States (US) increased dramatically after
the emergence of SARS-CoV-2 and ensuing global pandemic. The US Food and
Drug Administration (FDA) released temporary guidance for manufacturers during
the pandemic, which changed requirements for impurity levels allowed in alcoholbased hand sanitizers and guidance for the preparation of such products. The FDA’s
method for determination of interim limits is not clearly reported, and therefore it is
not understood whether these limits are protective of sensitive populations (e.g.,
children). Since the temporary guidance took effect, the FDA has recalled numerous
hand sanitizers from newly registered foreign and domestic companies due to
concerns over safety, efficacy, and/or risk of incidental ingestion in children. To
address current gaps in exposure characterization, this study describes a market
survey of children’s hand sanitizers available for purchase in the US during the
pandemic, as defined by the inclusion criteria (e.g., cartoon characters on packaging, scented liquid, etc.). A subset of products (n=31) that fit the study inclusion
criteria were evaluated for alcohol content and the presence of organic impurities
using a modified version of the FDA’s Direct Injection Gas Chromatography Mass
Spectrometry (GC/MS) method. Products with detectable levels of impurities were
compared to the interim limits established by the FDA for the preparation of hand
sanitizers during the COVID-19 pandemic. Four children’s products had levels of
impurities that exceeded the recommended FDA interim limits, including benzene
(6.9-9.1 ppm), acetaldehyde (59.9-104.1 ppm), and acetal (41.8-63.0 ppm). The
total measured alcohol content ranged from 52-98% in all hand sanitizers tested,
which ranged from 39% below and up to 31% above than the labeled concentration. A risk assessment is needed to determine if dermal application, or incidental
ingestion of hand sanitizers with impurities found at levels reported in this study
pose potential risks to children. Future studies are also needed to confirm source
of impurity contamination, whether the issue is related to product batches alone or
represent a systemic issue related to manufacturing processes.
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A Comparison of Soil Ingestion Rates in Developed and
Developing Countries: Implications for Risk Assessment

S. R. Boomhower, J. Zhou, and B. D. Beck. Gradient, Boston, MA.
Incidental soil ingestion is often a key pathway of exposure to a variety of metals
in children. Children may spend time playing on floors or the ground and engage in
hand-to-mouth or object-to-mouth activity, inadvertently ingesting soil and dust that
adheres to the hands or objects. A comparison of soil ingestion rates in developed
and developing countries can provide important information on exposure
assumptions for risk assessments in different countries. We conducted a literature search for studies of soil ingestion rates in children and identified ingestion
rate method used (i.e., tracer, activity pattern, and biokinetic model), economic
status of country (developing vs. developed), sample characteristics (e.g., age),
and estimates of soil ingestion rate. The majority of studies of soil ingestion rates
in developed countries were conducted in the US. We also identified studies of
soil ingestion rates conducted in developing countries (e.g., Congo, Bangladesh,
and Taiwan). In general, soil ingestions rates were highly variable both within and
across studies, often spanning one or more orders of magnitude. Further, soil
ingestion rates observed in developing countries were generally higher than soil
ingestion rates observed in developed countries. For example, mean and median
estimates of soil ingestion rates in children ranged from 162-234 (geometric
mean), 300-420 (median), and 4-41 mg/day (arithmetic mean) in studies conducted
in the Congo, Bangladesh, and the US, respectively. Our analysis underscores the
relevance of the economic status (developing vs. developed) of countries with
respect to understanding exposure assumptions in children. We consider potential

mechanisms for increased soil ingestion rates, such as variation in child activity
(e.g., time spent playing outside) and infrastructure (e.g., degree of land coverage)
in developing vs. developed countries.
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Evaluating Potential Human Exposure to Bisphenol A in
Eyeglasses via Hand-to-Mouth Contact

S. L. More1, J. A. Parker2, E. Encina2, K. Gibbs2, and E. S. Fung2. 1Cardno ChemRisk,
Portland, OR; and 2Cardno ChemRisk, Aliso Viejo, CA.
Bisphenol A (BPA) is a plastic monomer and plasticizer utilized in the production of polycarbonate plastics and epoxy resins, and in many plastic consumer
products including toys, drinking containers, eyeglasses, sports equipment, dental
monomers, medical equipment and tubing, and electronics. Recently, eyeglass
frames and lenses have been reported as a potential source of BPA exposure.
While the methodology to determine dermal exposure has been well defined,
methods to determine the exposure from hand-to-mouth ingestion have not been
clearly defined. Thus, a model was developed to evaluate the exposure of BPA
in eyeglasses via hand-to-mouth ingestion for adults. Limited data was available
regarding the surface-accessible BPA of the plastic components; thus, BPA loading
onto the hand was estimated via two methods: 1) data from artificial perspiration extraction studies, assuming that the concentration of BPA leached from
eyeglasses is available on the surface to transfer to the hand; and 2) data from
BPA from thermal printer paper transfer to skin as a surrogate for transfer from
eyeglasses to hand. Direct and indirect hand-to-mouth intakes were estimated by
multiplying the BPA loading (0.000945 and 0.000728 µg/cm2/hr for method 1 and 2,
respectively), the hourly rate of direct and indirect hand-to-mouth contact (9 and 10
1/hr, respectively), the surface area of the hand in direct contact with the mouth (3
fingertips or 20 cm2), the direct and indirect hand-to-mouth transfer factor (0.5 and
0.25, respectively), and the hours per day the eyeglasses are worn (16 hr). The direct
and indirect hand-to-mouth intakes were summed to give an overall hand-to-mouth
intake of 0.175 to 0.227 µg/day (correlating to 0.0029 to 0.0038 µg/kg/day for a
60 kg adult). When the BPA hand-to-mouth intake from eyeglasses was compared
to the EFSA BPA total dietary intake (TDI) of 4 µg/kg/day, which was set to be
protective of adverse effects to the kidney and liver (the most sensitive endpoint)
from lifetime daily exposure to BPA, a margin of safety of over 1000 was estimated.
Among those who wear eyeglasses, this suggests that oral exposure to BPA from
hand-to-mouth contact is not expected to lead to increased risk of kidney or liver
toxicity. Overall, this quantitative risk assessment approach provides context for
potential alternate exposures to BPA and can be adapted for other sensitive populations such as children or to evaluate exposures for other chemicals.

3976

Improve Alternatives Assessment through Strengthening
Comparative Exposure Assessment

Q. Meng, and X. Zhou. California Department of Toxic Substances Control,
Sacramento, CA.
Exposure reduction has been identified by the National Research Council (NRC)
as one of the six principles commonly stated in different alternatives assessment frameworks. Since NRC released the report in 2014, A Framework to Guide
Selection of Chemical Alternatives, comparative exposure assessment (CEA) has
been highlighted in a number of alternatives assessment frameworks. However, the
value of CEA has not been fully manifested in practice. There is a pressing need to
improve alternatives assessment by further integrating CEA with other components
of an alternatives assessment. Paradigms and technical reports published since
2014, regarding alternatives assessment and CEA, as well as the Alternative
Analysis Reports received under the regulatory framework of California Safer
Consumer Products regulations were reviewed and analyzed. The analysis focuses
on the elements in CEA and the relationship between CEA and other components,
such as hazard assessment and life cycle assessment, in an alternatives assessment. A number of scientific challenges related to performing CEAs in alternatives
assessments were identified. Obstacles hindering maximizing the value of CEA in
alternatives assessment can be addressed through the improvement in the following five areas: setting clear CEA goals and scope, choosing fit-for-purpose methods,
integrating CEA with other components of alternatives assessment for decision
making, filling exposure data gaps, and uncertainty analysis. The goal of a CEA is
broader than comparing exposure levels of different alternatives during product
use, and the broad goal of CEA needs to be clearly stated. CEA also needs to be
integrated with other alternatives assessment components using a fit-to-purpose
approach. Curated CEA knowledge bases, including case studies, exposure scenarios, and input parameters through the product life cycle, are crucial for conducting
an alternatives assessment. Uncertainties in CEA should be explicitly stated. In
addition, retrospective CEAs, based on both successful and unsuccessful case
studies, could provide answers to “what if” questions, i.e., evaluating the impact
of various sources of variabilities and uncertainties on alternatives assessment
decision making.
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Incorporation of a Lead Exposure-Based Citizen Science Project
into a Summer Undergraduate Research Program

3979

Community Outreach and Engagement: Building Partnerships to
Promote Health

H. Swanson, P. M. Mirabito, J. M. Unrine, and L. Xiang. University of Kentucky,
Lexington, KY.

M. Silva, J. Biddle, T. Taiwo, S. Capps, S. Rodriguez, and J. London. University of
California Davis, Davis, CA.

Citizen Science is a growing branch of Environmental Health Sciences that can
provide unique educational experiences particularly when incorporated within
summer undergraduate research programs. Including an exposure of concern
to a community, such as lead exposure, can bolster undergraduate participant’s
engagement. Implementing a team-based approach for both teaching and learning
sessions allows participants to hone attributes required for membership of an
effective group. Collecting and preparing samples, discussing and interpreting
data, and documenting the activities provides opportunities for participants to build
valuable scientific and oral communication skills. These concepts were incorporated into the design and implementation of a multi-session activity focused
on determining soil lead concentrations. Participants were the 2021 cohort of
undergraduate students and their near-peer mentors all of whom were involved in a
summer undergraduate research programs. Prior to sample collection, educational
sessions led by UK-CARES faculty addressed the impact of lead exposures on
human health, risk communication, community engaged research and analyses
of water and soil contaminants. Working in groups, student participants chose
sampling locations, collected samples and prepared the samples of analyses by
mass spectrometry. Team members documented all activities. During the final
session, students groups described their experiences and with the guidance of
an expert in trace element analyses, interpreted their data. Student-reported data
indicated that soil sample weight loss after 4 days of oven drying ranged from
27-47%. Soil lead levels ranged from 23.8-150.1 mg Pb/kg dry mass as determined
using EPA methods 3051a 6020b (microwave-assisted acid digestion and
inductively coupled plasma mass spectrometry). The accuracy of the method was
verified using the certified acid extractable values in NIST SRM 2711A (San Joaquin
soil). These results were compared to EPA recommended soil lead limits for play
areas and gardening. By incorporating instruction with hand’s on data collection
and analyses, we have created a novel learning experience to create awareness of
the connection between environmental health science research and communities.

The University of California, Davis (UCD) Environmental Health Sciences Center
(EHSC) uses a Community-Based Participatory Research model to partner faculty
with environmental justice (EJ) organizations and health advocacy groups to
assist in solving community-identified adverse environmental health exposures
(e.g., pesticides in air and water, gas and oil field setbacks, wildfire smoke, and
COVID-19). The model helps shape the research agenda of UCD EH researchers
to respond to community identified priorities and build bridges with the broader
community resulting in interventions with greater relevance and feasibility. Access
to scientific resources to support community advocacy and bolster legitimacy in
political and public discourse is provided. Support for community self-empowerment to participate in producing, translating, and applying knowledge. Formation
of a Community Stakeholder’s Advisory Committee (CSTAC) from EJ and state
agencies builds successful community-researcher partnerships Successful CEC
partnerships resulted in significant EH findings related to toxins in wildfires,
pesticides and autism spectrum disorder, air pollution and diabetes (>44 articles
2020-21). The EHSC funds 5 Pilot Projects per year for investigators in EHS who
intend to submit full proposals to National Institute of EHS. Pilot Projects include
investigations of cumulative impacts of wildfires on adults and youth, and the
utility of notifications of agricultural pesticide applications to empower residents
to reduce exposures and support policy changes. Successful UCD CE-modeled
partnerships with communities affected by human made disasters, are publicly
available as documentaries: Air, Water, Blood: The Power of Community-Engaged
Research and Emmy Nominated series: Waking Up to Wildfires (included in the
National Academies of Science Proceedings, CalFire Suicide Prevention Program,
the American Public Health Association Film Festival, aired on PBS). Next steps:
CEC and CSTAC will host an annual EHS Academy to train community leaders in
concepts and methods of EHS to support their informed participation in research.
CEC and CSTAC have developed a center-wide diversity, equity, and inclusion initiative to help ensure future faculty diversity and train a new generation of researchers to solve EH challenges. The CBPR model benefits all partners and effectively
yields research that is deemed legitimate and credible by policy and funding
professionals.

3978

Creating Authentic Assessments in Online Graduate-Level
Toxicology Courses

J. L. Plahovinsak. Ohio State University, Columbus, OH.
Since the COVID-19 pandemic, it has become increasingly evident that universities need structured support for high quality online education. Online programs
offer flexibility to a diverse audience of learners (e.g., education levels, personal
commitments, accessibility) of varied experience levels and provide additional
educational opportunities to the workforce. Many toxicologists receive formal
training within their discipline, but receive fewer classroom opportunities to refine
their soft skills in the online space. From an instructor perspective, online course
delivery places an additional burden on educators to organize courses, facilitate
learning, and deliver instruction. As the online classroom evolves, a need exists to
determine the most impactful means of creating authentic assessments (AA) for
online health science learners. AA evaluate learning in a manner that is consistent
with how learners function outside of the academic environment. This instruction
is characterized by higher-order thinking, increased depth of knowledge, connectedness to the world beyond the classroom, substantive conversation of key ideas,
and social support for students. The course Design and Management of Preclinical
Studies, within Ohio State’s online MS in Translational Pharmacology program,
enrolls experienced and novice research professionals at the graduate level, professional students, and rarely undergraduate students. Course outcomes include an
understanding of leadership in the context of preclinical and translational research
endeavors. Students navigate a series of case studies that require students make
difficult choices around authentic scenarios such as authorship disputes, conflicts
of interest, and data ownership. These activities present multiple pathways for
students to chose from and require students to reflect and dialogue with peers
about their decisions. Thus, students practice soft skills in the online classroom
rather than the workplace. Following the completion of the activities, students are
guided through the creation of a novel scenario to share with their peers. Student
performance is assessed using course discussion board rubrics and students are
encouraged to share relevant personal experiences. Student evaluation of instruction scores and course reflections have consistently demonstrated that these
activities provide an authentic learning experience by allowing for key social and
cognitive interactions within the online classroom.

3980

Mentoring the Next Generation of Underrepresented
Undergraduate STEM Students in the Field of Toxicology

P. Van Benthem1, C. Santana1, P. Lein1, L. Van Winkle1, R. Poppenga1, E. Gilbreath2,
D. Alexander2, R. Warren2, R. Whittington2, J. Flaws3, J. Danielson4, A. O’Connor5, C.
Vengrin6, A. Correia7, B. Eidemiller8, and W. K. Rumbeiha1. 1University of California
Davis, Davis, CA; 2Tuskegee University, Tuskegee, AL; 3University of Illinois at UrbanaChampaign, Urbana, CA; 4Iowa State University, Ames, IA; 5Michigan State University,
East Lansing, MI; 6International Council for Veterinary Assessment, Bismarck, ND; 7Ohio
State University, Columbus, OH; and 8Society of Toxicology, Reston, VA.
Exposure of undergraduate students to toxicology as a career choice is not
common across US colleges and universities due to limited toxicology undergraduate programs. This is particularly true for underrepresented students who are
critical to a more diverse and representative future workforce. Toxicology Mentoring
and Skills Development Training Program (ToxMSDT) - a nationwide consortium
amongst educators at the University of California Davis, Iowa State University,
Tuskegee University, Michigan State University, The Ohio State University, and the
Society of Toxicology - seeks to acquaint promising underrepresented undergraduates with toxicology careers and knowledge through a year-long 1:1 mentorship
by toxicology professionals to aid their entry into graduate programs or careers.
The public face of this program is a web resource comprised of learning modules
and supplemental resources targeted to student learning as well as 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. New toxicology case
studies to build critical thinking skills are being developed. For the 3rd cohort we
recruited 25 mentees and 25 mentors, both of wide racial, ethnic, and socioeconomic backgrounds.

3981

DemoTox-PK: An Educational Tool for Visualizing
Pharmacokinetics and Toxicodynamics Associated with
Hypotheses of Idiosyncratic, Drug-Induced Liver Injury (IDILI)
Etiology

R. Roth, O. Kana, D. Filipovic, and P. Ganey. Michigan State University, East Lansing, MI.
Idiosyncratic, adverse drug reactions (IADRs) cause morbidity and mortality in
patients and lead to curtailed use of efficacious pharmaceuticals and withdrawal of
drugs from the market. The liver is often a target for injury. Unlike intrinsically toxic
reactions, which clearly depend on drug dose and most often occur in overdose
situations, IADRs occur in a minority of patients at pharmacological doses.
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Idiosyncratic, drug-induced liver injury (IDILI) reactions characteristically vary in time
of onset, often occurring days to months after onset of maintenance drug therapy.
Because IDILI reactions occur infrequently in patients, much remains unknown
about their etiology. Consequently, numerous hypotheses about IDILI pathogenesis
have arisen. Underlying these hypotheses is either altered pharmacokinetics that
leads to plasma drug concentrations that rise above a threshold for toxicity or a
change in toxicodynamics that is reflected in a lowering of the toxicity threshold.
Examples of the former include alterations in drug metabolism or a transition from
first- to zero-order elimination kinetics. Conversely, slowly developing, drug-induced
mitochondrial injury, hepatic accumulation of toxic endogenous factors or harmful
innate or adaptive immune responses can lead to liver injury by lowering the threshold for drug toxicity. We have created a user-friendly, web-based, minimal pharmacokinetic platform named “DemoTox-PK,” and we applied it to provide graphical
representations of the pharmacokinetic and toxicodynamic (i.e., toxicity threshold)
consequences of hypotheses underlying IDILI pathogenesis. DemoTox-PK is an
educational tool for toxicology allowing the user to explore preset pharmacokinetic
and dynamic scenarios of IDILI as well as illustrate how altering pharmacokinetic
and/or toxicodynamic parameters can influence drug toxicity. It is hoped that the
illustrations provided by DemoTox-PK will establish a framework for conceptualizing IADRs and put forward a springboard for future discussion and research into
modes of action of IDILI.

3982

Crushing Chest Pain: A Problem-Based Learning Case Study
on Cardiovascular Physiology and Per- and Polyfluoroalkyl
Substances (PFAS)

C. L. McGinnis, J. Giblin, and J. B. Chiari. Quinnipiac University, Hamden, CT.
This problem-based learning (PBL) case introduces medical students to a
relatively new class of xenobiotic compounds known as per and polyfluoroalkyl
substances (PFAS). Since the 1940s, PFAS have been used to make food packaging, fire-fighting foam, non-stick films, cleaning products, and other mass-produced
household items. While the research around the impact of PFAS is ongoing, several
studies suggest that this class of chemicals are responsible for immunologic,
cardiovascular, neurological, and metabolic pathologies. This case was developed
to educate and increase student awareness of the role that chronic PFAS exposure
may play in the development and progression of cardiovascular disease. The case
draws on epidemiological data from the Faroese people and individuals living and
working in Barnstable County, Massachusetts, while requiring students to utilize
their background knowledge of cardiovascular physiology. The case follows
William, a figurative character who recently experienced an acute myocardial infarction. Through a series of appointments and medical tests, William learns about
PFAS, the impact these chemicals have on his health, and how to mitigate his future
exposures. The student or team of students completing the case will describe how
environmental exposures to PFAS may contribute to an increased risk of cardiovascular and metabolic disease. In doing so, students will gain a deeper understanding
of how exogenous chemicals can play a role in the development of disease, as well
as learn fundamental principles of toxicology.
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Implementation of Toxicology Instruction, Research, and Career
Panels at Fort Valley State University

R. Bright, C. Dodd, and T. Holmes. Fort Valley State University, Fort Valley, GA.
Demand for toxicologists is at an all-time high due to expanding global threats
of chemical exposure linked to increased reliance on fossil fuels, threats to food
security, aging hazardous waste sites, and recent natural disasters. Moreover, while
populations at a higher risk of exposure to contaminated sites are underserved
communities of color, there remains underrepresentation in toxicology careers. The
purpose of this poster is to present the outcomes of a five-year Targeted Infusion
Award entitled Infusion of Toxicology in the Biology and Chemistry programs at
Fort Valley State University (FVSU). FVSU is a historically black college and university located in rural Georgia. The funding received from the National Science
Foundation was awarded to address the global need for diverse and qualified
toxicologist through the development of: 1) courses in toxicology (Principles of
Toxicology and Investigations in Toxicology), 2) a toxicology teaching laboratory,
and 3) undergraduate research experiences in toxicology at FVSU and with collaborating institutions. Over the course of the five-year targeted infusion project, 85
students participated in the courses, 19 students completed the summer toxicology
internships, 48 traveled to toxicology conferences, and many more participated in
toxicology related activities including the SOT Tox Scholar program. Additionally, by
the end of the funding period, 12 were accepted to post graduate degree programs
STEM fields. This presentation will highlight the impact of the above developments
of toxicology related activities on FVSU undergraduate students and interpret the
results of pre- and post- student surveys given both to undergraduate research
students and students enrolled in toxicology courses as to an increased interest
and understanding of the importance in toxicology as a discipline.
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Hybrid Summer Internships Facilitate Nationwide Collaboration
in Toxicology Training

L. M. Aleksunes, C. Doherty, C. Smith, M. Abustan, J. Andres, L. Walker, A. Bellomo, and
D. Laskin. Rutgers, The State University of New Jersey, Piscataway, NJ.
Educational challenges during the past two years have required summer internships to reimagine and innovate their programming. Most notably, this redesign
of activities necessitated incorporation of online platforms. In 2021, the Rutgers
Summer Undergraduate Research Fellowship (SURF) was run in a hybrid fashion
with all career development activities held on Zoom. Capitalizing on this format,
we sought to expand the reach of five interactive Zoom training activities to over
100 summer undergraduate and high school interns participating nationwide.
Directors from 15 programs in biomedical science, toxicology, and environmental health science registered their interns for any or all of the activities. Topics of
the five activities included Developing LinkedIn Profiles, Lead in Drinking Water,
Careers in Toxicology, Communicating Science, and Developing Chemical Warfare
Countermeasures. Including the 20 Rutgers SURF interns, participation ranged
between 38 and 75 individuals each session. Online polling was used to engage
participants in activities, solicit real-time feedback, and assess the quality of
each session. Using a 5-point Likert scale, the most popular activity was LinkedIn
(mean:4.5) and the least popular was Communicating Science (mean:4.1) though
overall enthusiasm for all five sessions was high. For the Lead in Drinking Water
activity, sampling kits were mailed to participants’ homes and 53 completed tests
were returned to Rutgers. Concentrations of lead in all water samples were below
federal action limits and provided to participants during a second online session
addressing risk assessment. Online collaboration between intern programs capitalizes on available resources and increases the reach of interactive learning while
enhancing toxicology literacy and awareness of toxicology career paths. Supported
by R25ES020721, T32ES007148, P30ES005022, UL1TR003017, U54AR055073 and
the SOT and ASPET SURF Intern Programs.
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Association of Cardiovascular Disease and Long-Term Exposure
to Fine Particulate Matter (PM2.5) in the Southeastern United
States

R. B. Valdez1, M. Z. Al-Hamdan2, M. Tabatabai3, W. Im3, D. Wilus3, A. Nori-Sarma4, A.
Ramesh3, M. M. Donneyong5, M. Langston6, C. P. Mouton7, P. D. Juarez3, and D. B.
Hood5. 1University of New Mexico, Albuquerque, NM; 2University of Mississippi, Oxford,
MS; 3Meharry Medical College, Nashville, TN; 4Boston University, Boston, MA; 5Ohio State
University, Columbus, OH; 6University of Tennessee, Knoxville, TN; and 7University of
Texas Medical Branch at Galveston, Galveston, TX.
There is a well-documented association between ambient fine particulate matter
air pollution (PM2.5) and cardiovascular disease (CVD) morbidity and mortality.
Exposure to PM2.5 can cause premature death and harmful and chronic health
effects such as heart attack, diabetes, and stroke. The US Environmental Protection
Agency sets annual PM2.5 standards to reduce these negative health effects.
Currently above an annual average level of 12.0 µg/m is considered unhealthy. We
examined the association of long-term exposure to PM2.5 and CVD in a cohort of
44,610 individuals who resided in 12-states recruited into the Southern Community
Cohort Study (SCCS). The SCCS was designed to recruit Black and White participants who received care from Federally Qualified Health Centers; hence, they
represent vulnerable individuals from low-income families across this vast region.
This study tests whether SCCS participants who lived in locations exposed to
elevated ambient levels of PM2.5 concentrations were more likely to report a history
of CVD at enrollment (2002-2009). Remotely sensed satellite data integrated with
ground monitoring data provide an assessment of the average annual PM2.5 in urban
and rural locations where the SCCS participants resided. We used multilevel logistic
regression to estimate the associations between self-reported CVD and exposure
to elevated ambient levels of PM2.5. We found a 13.4 percent increase in the odds
of reported CVD with exposure to unhealthy levels of PM2.5 exposure at enrollment. The SCCS participants with medical histories of hypertension, hypercholesterolemia, and smoking had, overall, 385 percent higher odds of reported CVD than
those without these clinical risk factors. Additionally, Black participants were more
likely to live in locations with higher ambient PM2.5 concentrations and report high
levels of clinical risk factors, thus, they may be at a greater future risk of CVD. In
the SCCS participants, the data support a strong relationship between exposures to
high ambient levels of PM2.5 and self-reported CVD at enrollment.

3986

Teaching a Research Ethics Course Focusing on Culture
Improved Students’ Connections to the Course Content

J. E. Mirowsky1, and M. Reynolds2. 1SUNY College of Environmental Science and
Forestry, Syracuse, NY; and 2Washington College, Chestertown, MD.
Research ethics represents an important topic that is typically covered in both an
undergraduate and graduate science curriculum, and it is particularly important
for students in the biomedical field, including toxicology. Details on how ethics
courses are taught, however, can vary between professors, degree programs,
and delivery method, and there does not seem to be a consensus as to the best
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and most effective way to teach this topic. Further, many people familiar with
science education are aware that taking courses or workshops on research ethics
are often just to satisfy federal mandates for funding. With this in mind, and with
the assistance of the Promoting Active Learning and Mentoring (PALM) network,
I designed and implemented a new, 1 credit, highly interactive undergraduate/
graduate research ethics course at my institution. This course not only covered
the responsible conduct of research (RCR) topics and definitions required by the
National Institutes of Health (NIH) in their standard-issued text, but the content was
supplemented with scientific articles on ethics and ethical decision making, blogs,
podcasts, case studies, and a non-fiction book. The class was implemented using a
flipped classroom design, where the students had to read or listen to the references
supplied, and then class time was dedicated to discussion. The course culminated
with each student being asked to write a three-page essay reflecting back on the
importance of research ethics to them. Since the course’s inception, eight students
have enrolled in this course: two at the undergraduate, and six at the graduate, level.
For the essay, six of the eight students chose to discuss concepts taken directly
from the supplementary content. In each of these six essays, students focused
on the culture around performing scientific research and how it can contribute
to unethical decisions being made; two students expressed optimism and hope
that the culture can change for the better now that they have a better grasp on
why people might engage, or be pressured to engage, in unethical behavior. One
undergraduate, in particular, stated: “Knowing the behaviors that lead to poorly
conducted studies is just as beneficial as knowing the behaviors that will lead to
groundbreaking science.” By designing the course around the culture of research
practices and supplementing the traditional text with references focused on culture,
the students had a deeper understanding as to why unethical practices might
occur. Thus, for anyone wishing to teach a course on research ethics in the future,
I would recommend heavily supplementing the information required by NIH with
content not only describing what actions are unethical, but the reasons why.

3987

The Value of Small Group Learning in a Virtual Educational
Environment

A. J. Gow, E. R. Stevenson, M. L. Wilkinson, G. Guo, D. L. Laskin, and L. M. Aleksunes.
Rutgers, The State University of New Jersey, Piscataway, NJ.
Since 2013, the Toxicology, Health, and Environmental Disease (THED) program
has been conducted at Rutgers University as a one-week summer camp for high
school students interested in careers in environmental health and toxicological
sciences. This program employs a hybrid approach of paired lectures and laboratories to teach biomedical and toxicological principles. With continued restrictions for students on campus in 2021, THED strived for effective instruction by
adapting to a virtual environment. Students (n=64, 2020; n=70, 2021) participated in a 4-day intensive, online program consisting of modules that introduced
concepts fundamental to the biomedical sciences. These included 1) fundamentals
of research (laboratory safety and ethics, acquiring research funding, and team
science) and 2) life sciences and toxicology (mechanisms of toxicity, use of animal
models in preclinical studies, ADME, and histopathology). In this study, we sought
to investigate the effect of small group learning and higher-engagement modules
on student task confidence and satisfaction. In 2021, group size for modules was
decreased to maintain a student:instructor ratio of 8:1 at all times compared to
large-group modules with a ratio of 32:1 in 2020. This resulted in an increase in
satisfaction ratings from 2020 to 2021 in the Histology (25% v 36% satisfaction)
and Pathology (23% v 34% satisfaction) modules, which were identified as difficult
units to adapt from in-person instruction to an engaging online format in 2020.
Students received didactic instruction in one of two formats: 1) individual groups
(8 students:1 instructor) or 2) combined groups (16 students:2 instructors). A
significant increase in students responding that the module exceeded expectations
was observed between small and large group instruction in 2021 (Small: 32.5±2.2*
vs. Large: 27.6±2.3; Mean±SEM). Students completed a survey before and after
completion of the program that included a self-evaluation of their confidence in
performing specific skills using a 5-point Likert scale. The number of completely
confident responses for a topic or task significantly increased (*p<0.001) after
completion of the THED program when compared to the pre-survey during the
2021 program (4.26±0.6 vs 12.03±0.7*). A vast majority of students surveyed also
reported that small group learning enhanced their overall experience in the program
(n=66) while only a small number (n=4) stated that it did not make a difference.
Small groups and increased access to instructors is integral to creating an effective
online learning environment in a toxicology high school program. Supported by
T32ES007148 and P30ES005022.

3988

Determinants of Exposure to Potential Endocrine-Disrupting
Chemicals following Hurricane Harvey

S. Samon1, D. Rohlman1, L. Tidwell1, P. Hoffman1, A. Oluyomi2, and K. Anderson1.
1Oregon State University, Corvallis, OR; and 2Baylor College of Medicine, Houston, TX.
Hurricane Harvey was a category four storm that induced catastrophic flooding
in the Houston metropolitan area. Following the hurricane there was increased
concern regarding chemical exposures due to damage caused by flood waters and
emergency excess emissions from industrial facilities. This study utilized personal

passive samplers in the form of silicone wristbands in Houston, TX to both assess
chemical exposure to endocrine-disrupting chemicals (EDCs) immediately after
the Hurricane and designate participant characteristics associated with higher
concentrations of exposure. Participants (n=172) wore a wristband for seven days
and completed a questionnaire to determine various flood-related demographic
variables. Questionnaires included information necessary to gauge exposure to
flooding (i.e., home flooding status, amount of time spent in a flooded home, participation in flood clean-up activities and degree of flooding in-home), demographic
information, and information to calculate an Area Deprivation Index (ADI), which
was used to measure a participant’s socioeconomic status. Most of the variables
studied that were associated with EDC exposure were demographic such as
participant ADI, race/ethnicity, and participant neighborhood. A high ADI (which is
indicative of a low socioeconomic status), identifying as Black/African American
or LatinX, and specific neighborhoods were associated with increased exposure
to ΣEDC’s and the particular EDCs lilial, triphenyl phosphate, butylated hydroxytoluene, butyl benzyl phthalate, and bis(2-ethylhexyl) phthalate. Moderate collinearity existed between these demographic variables and time spent in a flooded
home where individuals living in lower-income neighborhoods were more likely to
remain in their flood-damaged homes during remediation. These results provide
evidence of racial/ethnic and socioeconomic injustices in exposure to EDCs and
add to existing evidence about the disproportionate impacts of Hurricane Harvey.

3989

Experiential Science Activities at Science and Technology Entry
Program at John Jay

S. Cheng. John Jay College of Criminal Justice, New York, NY.
Science and Technology Entry Program at John Jay College of Criminal Justice
(STEP at John Jay) funded by the New York State Education Department is
designed to engage, motivate and prepare minority, economically disadvantaged,
and traditionally underrepresented secondary school students from grades 7-12
in New York City for higher education studies and careers in science, mathematics, computer programming, health-related professions, and other science professions. The program is committed to exposing STEP students to scientific inquiry
and research. STEP students will participate in scientific experiment activities
during the summer to explore their interests in computer programming, biomedical
science, toxicology, and forensic science. STEP students will have opportunities
to participate in research projects mentored by college professors. Lab shadowing sessions offered by John Jay science faculty in Forensic Science, Toxicology,
and Cell and Molecular Biology will be available for students to get an insight into
the scientific research and have a conversation with scientists. In 2021-2022, a
4-day Toxicology experiential workshop will be offered to provide STEP students’
hands-on experiences in PCR and DNA electrophoresis to test for the presence of
two different genetically modified organism (GMO)-associated DNA sequences and
in toxicity testing with California Blackworms for nicotine. The overall objective is to
increase middle and high school student interest in pursuing education and careers
in science via experiential scientific activities.

3990

Advancing Research to Replace Animal Models: A Portfolio
Analysis of the Alternatives Research and Development
Foundation (ARDF) Annual Open Grant Program

G. E. Costin1, A. Hvitved2, S. Leary2, and K. G. Norman3. 1Institute for In Vitro Sciences,
Gaithersburg, MD; 2Alternatives Research & Development Foundation, Jenkintown, PA;
and 3Burt’s Bees, Durham, NC.
In 1993, the ARDF Annual Open grant program was established to fund research
developing innovative methods to replace or reduce the use of animals in research,
testing, and education. One of the longest running programs of its kind, ARDF’s
Annual Open grant program funds investigator-initiated research across a broad—
and evolving—range of scientific areas with a focus on projects with high scientific
merit and the greatest potential to contribute to the replacement of animal models.
Toxicology, as a discipline, has historically played an important role in the development of new approach methodologies (NAMs) and toxicologists have served as
leaders in this exciting and rapidly developing field. This portfolio analysis of ARDF’s
Annual Open program examines the scientific areas and methods supported by the
program and the major scientific trends that are reflected in the past ten years of
funding (2012-2021). These trends are presented in the context of the broader
developments in the NAMs space with an emphasis on the concurrent trends in
toxicology. The Annual Open program invites proposals from non-profit educational
or research institutions worldwide. Current awards are $40,000 and the program
had an average funding rate of 21.5% for 2015-2020. Since 1993, the program
has provided over $4 million in funding for research projects across 31 states in
the United States and five other countries. Applications are evaluated by external
reviewers with relevant expertise for each application. ARDF relies on a diverse
and dedicated cohort of reviewers from industry, academia, and government
agencies who provide expert assessments based on the program’s review criteria
and scoring rubric. The broad range of expertise represented in the reviewer pool
reflects the breadth of scientific areas the program attracts. The types of projects
funded by the Annual Open program have shifted over the past 28 years, along with
the shifting scientific landscape. As methods and techniques mature and become
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commonly accepted, investigator and funder interests evolve to more complex,
sophisticated models. This pattern is borne out, for example, in the observed trend
of funded projects moving from standard cell culture approaches to microphysiological systems (“organ-on-a-chip” models). Continued progress will require continued support and collaboration across the full range of funders: non-profit, commercial, and federal. This analysis examines one program and how it has evolved to
meet the changing needs of researchers working to reduce the use of animals and
advance human health.

3991

AI/ML Models to Predict DILI Severity Using Chemical
Properties and Predicted Off-Target Interactions

M. S. Rao1, V. Nassiri2, H. Geys2, J. Snoeys2, N. Mesens2, F. Van Goethem2, O.
Irrechukwu3, J. Damewood3, and Y. Will1. 1Janssen Pharmaceuticals Inc., San Diego, CA;
2Janssen Pharmaceuticals Inc., Beerse, Belgium; and 3Janssen Pharmaceuticals Inc.,
Spring House, PA.
The in silico identification of toxicities in drug candidates may help in facilitating drug safety evaluation and reduce the costs associated with attrition in drug
development. Drug Induced Liver Injury (DILI) is a critical drug development-limiting toxicity in the discovery process. Several groups have reported DILI predictive
models that use physicochemical properties or surrogate in vitro assay endpoints;
however, these approaches have not leveraged on and off-target pharmacology. We have developed an integrated AI/ML engine to predict DILI potential for
small molecules using a combination of in silico predicted off-target pharmacology and physiochemical properties. A curated dataset of 620 chemically diverse
small molecules with known severe DILI (165), less DILI (248) and non-DILI (207)
activities were used as the basis for model development. On average, severe DILI
compounds tended to have more pharmacology off-target interactions predicted
than did non-DILI compounds. All physiochemical properties were predicted using
Qikprop. Six orthogonal machine learning methods were integrated into an AI/
ML pipeline for the prediction of DILI potential. The approaches include k-nearest
neighbor (κ-NN), support vector machine (SVM), random forest (RF), naïve Bayes
(NB), artificial neural network (ANN), and logistic regression (LR). All machine
learning approaches, except κ-NN, identified similar chemical features and distinct
off-target interactions for severe DILI compounds. The ANN, RF and LR methods
identified severe and non-DILI compounds with AUC of 0.78, sensitivity of 0.61-0.72
and specificity of 0.70-0.80 . Approximately 20 off targets and chemical properties
such as Csp3, logS and number of predicted metabolites were predicted to play
a significant role in differentiating severe and non- DILI compounds. This AI/ML
computational approach suggests that the incorporation of both chemical properties and potential on and off-target biology can significantly improve DILI predictivity compared to chemical properties alone.

3992

High-Throughput High Content Imaging of Environmental
Toxicants Reveals Novel Morphometric Phenotypes

N. Cemalovic, A. Tapaswi, and J. Colacino. University of Michigan School of Public
Health, Ann Arbor, MI.
High-content imaging represents an emerging set of methods to assess total cell
response to pharmaceuticals and environmental toxicants in a high-throughput
manner. In particular, the ability to derive a chemical morphometric phenotypic
fingerprint in an unbiased manner may be useful in identifying the mode of action
(MOA) of poorly characterized chemicals. Here, our goal was to apply these
methods to derive a chemical’s morphometric phenotypic “fingerprint,” classifying
the mode of action for over 15 environmental toxicants previously identified as
racially disparate in the US population via NHANES in a dose-dependent manner.
MCF10A breast epithelial cells were first exposed to 4 doses of toxicant and a
reference panel of 20 small molecules of known target and MOA for 48 hours
before being fixed and stained. Following CellPainting, a high-content image-based
assay, and automated microscope image processing, 3300 morphometric features
were calculated for over 200,000 cells. Integrating BMDExpress and cell viability
data, phenotypically active doses and features were selected and fed into generalized linear models to rank each feature for its chemical-specific significance and
dose-dependent directionality, followed by unbiased clustering and heatmap
visualization. Such analyses demonstrated distinct morphometric fingerprints for
each compound, identifying feature clusters with distinguishable structure-activity relationships, modes of action, and dose-dependent behaviors. Specifically, we
identified the phenotypes of Copper and Cadmium to be enriched in the nuclear
region and to cluster significantly with all 4 histone deacetylase inhibitors (HDACi)
in our panel, suggesting that both chemical classes act upon similar targets related
to histone acetylation - an essential mechanism for epigenetic stability previously
unexplored with traditional single-cell and high-throughput techniques. These
findings support and complement MOA and structure-activity relationship studies,
providing distinct morphological and molecular targets of future characterization.

3993

AI/ML Models Based on Chemical and Phenotypic Descriptors
Accurately Predict Mitochondrial Liabilities for Early De-Risking
in Drug Discovery

N. Mesens1, C. Van Dongen1, T. Le Van1, M. Kandula1, L. Freitas1, D. Herman1, F. Van
Goethem1, S. Zoffmann1, H. Ceulemans1, J. R. Damewood2, Y. Will3, L. Zhang2, and P.
Peeters1. 1Janssen: Pharmaceutical Companies of Johnson & Johnson, Beerse, Belgium;
2Janssen: Pharmaceutical Companies of Johnson & Johnson, Spring House, PA; and
3Janssen: Pharmaceutical Companies of Johnson & Johnson, La Jolla, CA.
As mitochondrial dysfunction is implicated in the etiology of drug-induced toxicities, pharmaceutical companies have implemented in vitro screening methods for
designing out mitochondrial liabilities. The Glu/Gal assay addresses mitochondrial
toxicity semi high throughput allowing SAR analysis. Although large datasets have
been generated, no validated in silico models have been successfully developed to
predict Glu/Gal ratios at an earlier discovery stage. We evaluated whether both AI/
ML enabled in silico chemistry based modeling and high dimensional phenotypic
profiling (image-based cellular morphology) could predict Glu/Gal outcomes.
Based on open source chemprop and sparce chem tools, custom-coded multitask
classification models were used; calibrated with Mondrian cross-conformal
prediction (MCCP) (ε = 0.05). First generation models built on 7-12K compounds
with Glu/Gal annotations showed similar performance. Both the chemistry and
image-based models had a high NPV > 0.98 and PPV of 0.45 to 0.30 for Glu/Gal
positives and strong positives, respectively. To enrich for more positives, both
models were run on a separate library of compounds with image-based phenotypic
profiles. Compounds predicted positive by the image-based model, not recognized
by the chemistry-based model were selected for in vitro Glu/Gal assessment. The
in vitro confirmation for these compounds was in alignment with the PPV (70% for
positives vs 34% for strong positives). Updating both models with these new in
vitro data improved both models significantly. The image-based model improved to
NPV/PPV of > 0.98/ 0.64 and efficiency of 0.34 and the chemistry-based model to
NPV/PPV of > 0.98/ 0.68 with efficiency of 0.47. Both models independently predict
Glu/Gal outcomes with a high confidence. Although efficiency of prediction is
limited to 30% for both the image- and chemistry-based predictions, the combined
efficiency of both models reaches 60%, demonstrating the value of combining both
phenotypic and chemical features in predicting Glu/Gal activity.

3994

Deriving Structural Alerts for the Qualitative Assessment of
Mitochondrial Toxicity by Mining Data from a Glu/Gal Assay

N. Mesens1, C. Alhambra1, J. R. Damewood2, and Y. Will3. 1Janssen: Pharmaceutical
Companies of Johnson & Johnson, Beerse, Belgium; 2Janssen: Pharmaceutical
Companies of Johnson & Johnson, Spring House, PA; and 3Janssen: Pharmaceutical
Companies of Johnson & Johnson, La Jolla, CA.
During the drug discovery process, it is paramount to be able to identify chemistries that could be associated with mitochondrial dysregulation which can lead
to a host of toxicological outcomes. One of the in silico efforts aiming at early
detection of compounds that may exhibit mitochondrial toxicity is the identification
of chemical substructures that are associated with this toxicity. One in vitro assay
used to identify compounds that are mitochondrial toxicants is the Glu/Gal assay.
Mining data obtained in house Glu/Gal assay, covering over 15,000 compounds,
we were able to identify distinct substructures across multiple scaffolds that are
statistically enriched towards positive Glu/Gal outcomes. These substructures
can then be used as structural alerts (SA’s) for flagging potential mitochondrial
toxicity. SA’s for mitochondrial and hepatotoxicity associated with mitochondrial
toxicity were first collected from the literature and the prevalence of these SA’s in
Janssen’s chemistry was investigated by interrogating compounds tested in our
Glu/Gal assay. Based on their very low representation, we concluded that these
literature SA’s are not a sufficiently complete set of substructures to represent what
we have identified as potential liabilities. Therefore, we conducted the described
mining exercise using well stablished techniques in literature (1,2,3), deriving twentyone novel Glu/Gal mitotoxic SA’s. Support for these derived SA’s was observed
when additional compounds containing the novel SA’s were tested in the Glu/Gal
assay and the association with positive in vitro findings was confirmed. Early identification of compounds or chemical series in drug discovery programs containing
these SA’s will be useful in avoiding mitochondrial toxicity. 1. Automatic knowledge
extraction from chemical structures: The case of mutagenicity prediction. Gini et al.,
SAR QSAR Environ Res. (2013) 24: 365. 2. Bioalerts: a python library for the derivation of structural alerts from bioactivity and toxicity data sets. Cortes-Ciriano, J.
Cheminform. (2016) 8:13. 3. Computational derivation of structural alerts from large
toxicology data sets. Ahlberg et al., J. Chem. Inf. Model. (2014) 54:2945.
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3995

Using Privacy-Preserving Federated Learning to Enable Precompetitive Cross-Industry Knowledge Sharing and Improve
QSAR Models

T. Hanser1, D. Bastogne2, A. Basu3, R. Davies1, A. Delaunois2, A. Fowkes1, A. Harding1,
J. Harvey4, L. Johnston1, C. Korlowski2, E. Kotsampasakou4, J. Plante1, L. RosenbrierRiberio2, P. Rowell1, Y. Sabnis2, A. Sartini1, S. Werner1, A. White5, and T. Yukawa3. 1Lhasa
Limited, Leeds, United Kingdom; 2UCB Biopharma, Braine-l’Alleud, Belgium; 3Takeda
Pharmaceuticals International Inc., Cambridge, MA; 4GlaxoSmithKline, plc, Ware, United
Kingdom; and 5GlaxoSmithKline plc, Ware, United Kingdom. Sponsor: A. Oliveira
The development of new pharmaceuticals is a multi-parameter optimization
process, including the reduction of off-target interactions to reduce the likelihood
of drug candidate attrition. Secondary pharmacology profiling using quantitative
structure-activity relationship (QSAR) models offer an efficient way to provide
insight into biological properties during compound optimization and prioritization.
However, the performance of these models is dependent on the data available to
train them and can limit their performance, particularly when investigating new
areas of chemical space. Federated learning can overcome the limitation of data
availability, through using a privacy-preserving approach to extract knowledge from
the wealth of data stored in proprietary silos, without loss of confidential information. A pharmaceutical industry consortium was established to develop a platform
to enable federated learning and deploy novel QSAR models. Using federated
learning, bioactivity knowledge was shared for a diverse set of eight secondary
pharmacology endpoints. Analysis of the consolidated knowledge demonstrated
that bioactivity information was successfully transferred, as it alone could be used
to train useful QSAR models. Incorporating the shared knowledge alongside local
data into new models, led to an average increase in Matthews correlation coefficient and coverage of 0.04 and 19% respectively in a challenging cluster cross-validation for the eight endpoints, compared to models trained on local data only.
These results highlight that federated learning methods can significantly improve
the coverage, whilst also increasing the accuracy of the QSAR models. The consortium plan to expand the federated model suite to enable comprehensive hazard
identification and also deploy new machine learning approaches to improve
knowledge transfer between organizations.

3996

QSAR Model to Predict the Minimum Inhibitory Concentration
(MIC) of Antibiotics against E. coli

R. J. Richardson, M. M. Reuter, and S. Chandrasekaran. University of Michigan, Ann
Arbor, MI.
Bacterial resistance to antibiotics is a critical issue in medicine and public health.
The present study was carried out as part of a program to understand the cellular
and molecular mechanisms contributing to bacterial resistance and to use this
understanding to design new, safe, and effective therapies for bacterial infections.
An important component in this campaign was to determine the extent to which
quantitative structure-activity relationship (QSAR) models could predict the
toxicity of antibiotics to bacteria based on a minimal set of molecular descriptors. Toxicity data (MICs) for 64 antibiotics against E. coli were extracted from
the EUCAST database (https://mic.eucast.org), converted to molar units, and
transformed to pMIC (logMIC) values. Antibiotic structures were downloaded from
ChemSpider (http://www.chemspider.com/) as 3D MOL files, energy minimized
in MOE 2020.0901 (Chemical Computing Group, Montreal, Canada; https://www.
chemcomp.com/), and exported as an SDF file. Molecular descriptors (341 2D and
36 3D), ECFP4 fingerprints (2048), and QSAR models were generated using ADMET
Predictor® X.2 (Simulations Plus, Inc., Lancaster, CA; http://www.simulations-plus.
com/). The data set was split 90:10 into training and test sets using k-means
clustering in the descriptor space. During model runs, the initial training set was
further divided into training and verification sets. Model algorithms included artificial neural network ensembles (ANNE), support vector machines (SVM), kernel
partial least squares (KPLS), and multiple linear regression (MLR). Sensitivity
analysis methods for descriptor selection included input gradient, truncated linear
analysis, iterative truncated linear analysis, and a genetic algorithm (GA) with grid,
row, and cell options. Optimal results were obtained with ANNE (2 neurons, 4
descriptors, 4 fingerprint keys, and GA/cell analysis). Respective model statistics
for training, verification, and test sets included RMSE = 0.30, 0.30, 0.22; R2 = 0.91,
0.89, 0.92; and Q2 = 0.90, 0.90, 0.92. These encouraging results have prompted
further studies to model the toxicity of antibiotics and their combinations against
other species and strains of pathogenic bacteria. Funded in part by grants from
the Alternatives Research and Development Foundation (RJR) and NIH/NIGMS
R35GM13779501 (SC).

3997

Drug Identifier Standardization for US FDA-Approved Drug
Labeling Using RxNorm

I. T. Harris1,2, T. M. Ingle2, Z. Liu2, L. Wu2, J. Yang2, S. C. Harris2, J. Xu2, W. Tong2, and H.
Fang2. 1New York University, New York, NY; and 2US FDA/NCTR, Jefferson, AR.
US FDA regulates and approves all prescription drugs marketed in the US. The drug
labeling, which must be available at the time of approval, contains rich drug safety
and effective use information widely used in healthcare practices. Drug identifiers
can be presented in various forms in FDA systems, databases, and publications due
to the inherent complexity of a drug. These conceptual inconsistencies can present
challenges when comparing data within the FDA and with outside drug sources.
This study investigates the different naming systems of a drug in FDA approved
drug labeling and mapping of these identifiers to RxNorm (National Library of
Medicine), a normalized drug naming system widely used in clinical medicine and
research. We mapped from the FDA’s identifiers of a drug to RxNorm’s quantified SCD drugs to standardize the drug names. Specifically, we mapped different
identifiers of a drug from the FDA drug labeling (e.g., UNII, Application ID, NDC,
SPL Set ID) to an external identifier, RxNorm’s SCD (Semantic Clinical Drug), and
created a translator across the various drug identifiers to accurately represent
standardized drug content. The results illustrated that (1) Approximately 45% of
all human Rx application numbers (5,473 of 12,137) are associated with more than
one RxNorm SCD/generic drug; (2) Approximately 25% of all human Rx SPL set ids
(11,045 of 43,445) are associated with more than one RxNorm SCD/generic drug;
(3) Approximately one percent of two-part sections NDC codes (436 of 68,816)
are associated with more than one RxNorm SCD/generic drug. Thus, application
numbers and Set IDs are not precise enough to refer to a drug product or a drug
concept, and NDCs are far too specific to be associated with the concept of a
drug. However, NDCs are perfect for identifying a singular drug product. We have
mapped different identifiers of a drug from the FDA labeling (e.g. UNII, Application
Number, NDC, SPL Set ID) to an external identifier, RxNorm’s SCDs, in a graphical representation that elucidates the relationship among the different levels of
drug identifiers. These relationships will be available for the benefit of regulatory,
clinical, and research applications. Mapping results between FDA drug labeling and
RxNorm will allow easier identification and searching of drug information under
the standard names, codes, vocabularies, and drug product representations, to
advance drug related clinical decisions, research, and ultimately, drug safety for
public health. Ultimately, RxNorm has enormous potential for the future development of FDALabel; as such it will benefit regulatory, clinical, and research applications of FDA Drug Labeling documents.

3998

Development and Application of a Web-Based Interactive
Physiologically Based Pharmacokinetic (iPBPK) Model for
Meloxicam in Broiler Chickens and Laying Hens

L. Yuan1, W. Chou1, L. A. Tell2, R. E. Baynes3, J. L. Davis4, F. P. Maunsell1, J. E. Riviere5,3,
and Z. Lin1. 1University of Florida, Gainesville, FL; 2University of California Davis, Davis,
CA; 3North Carolina State University, Raleigh, NC; 4Virginia-Maryland College of Veterinary
Medicine, Blacksburg, VA; and 5Kansas State University, Olathe, KS.
Meloxicam is a non-steroidal anti-inflammatory drug (NSAID) used in avian species.
This study aimed to develop a physiologically based pharmacokinetic (PBPK)
model for meloxicam in broiler chickens and laying hens to estimate withdrawal
intervals (WDIs) and then convert the model to a web-based interactive PBPK
(iPBPK) framework to facilitate its application. The PBPK model for broiler chickens
contained six compartments including plasma, muscle, liver, kidney, fat and rest
of body tissue compartments, with an additional compartment of ovary included
for laying hens. The model well simulated pharmacokinetic profiles in plasma
and tissue residues of boiler chickens as well as eggs in laying hens. The model
predictions well correlated with the observed data with an estimated coefficient of
determination (R2) of 0.96 in broiler chickens following intravenous (IV) administration and 0.83 in laying hens following oral administration. The final model was
converted to a web-based iPBPK interface using R Shiny, and then Monte Carlo
simulations were incorporated into the user-friendly web-based framework to better
predict population-relevant WDIs following extra-label administration of meloxicam. The Monte Carlo simulations showed that the WDIs in broiler chickens were
126.04, 76.29, 55.92 and 28.12 days in liver, kidney, muscle and fat, respectively
after repeated IV administration for 14 doses at 0.5 mg/kg at 24-h intervals. As
for laying hens, the WDIs were 49.08, 43.21, 10.92, 2.42, 2.29, 22 and 4 days in
liver, kidney, muscle, fat, ovary, yolk and egg white, respectively after repeated oral
administrations for 14 times at 1 mg/kg at 24-h intervals. The model provides a
useful tool for safety assessment of meat and eggs for domestic chickens for
meloxicam and serves as a basis to extrapolate to other drugs and other avian
species.
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3999

In Silico Prediction Method for Volumes of Systemic Circulation
of 320 Disparate Chemicals for Use in Rat Physiologically Based
Pharmacokinetic Models for Estimating Plasma and Tissue
Concentrations after Oral Doses

H. Yamazaki, and M. Shimizu. Showa Pharmaceutical University, Machida Tokyo, Japan.
Recent high-throughput in vitro screening assays combined with in silico computational models might provide suitable alternative methods to conventional animal
testing. Although the toxicological profiles of a variety of chemicals to which
humans are exposed have been investigated in rodents in vivo, new alternative
methods to evaluate compound safety are being developed worldwide using in
vitro or in silico approaches. Physiologically based pharmacokinetic (PBPK)
modeling has the potential to play a significant role in reducing animal testing for
estimating the internal exposure of chemicals. Pharmacokinetic input parameters
generated in silico for 246 chemicals using a machine learning algorithm were
previously reported along with the 14-26 physicochemical properties used by the
algorithm. Here, updated algorithms for predicting the volumes of systemic circulation (V1), along with absorption rate constants and hepatic intrinsic clearances,
as input parameters for PBPK models, were established to improve the accuracy
of estimated plasma and tissue concentrations of 323 disparate chemicals after
virtual oral administrations in rats. Using ridge regression with an enlarged set of in
silico-evaluated chemical descriptors (up to 99), the estimated input V1 values for
rats for the 323 test compounds resulted in an improved correlation coefficient with
the traditionally determined values, along with good modeled maximum plasma
concentrations in rats (r = 0.91, p < 0.01, n = 323). Because plasma exposure is
reportedly a determinant biomarker for chemical hematotoxicity, these results
indicate that the PBPK model input parameters for rats of a diverse set of industrial
compounds can be precisely estimated by increasing the number of descriptors
calculated using in silico tools. Supported by the METI Artificial Intelligence-based
Substance Hazard Integrated Prediction System Project, Japan.

4000

Building Confidence in Alternative Methods through ICE

Rooney1,

J.
J. Abedini1, S. Bell1, X. Chang1, B. Cook1, P. Ceger1, N. Choksi1, A. Daniel1,
D. Hines1, A. L. Karmaus1, E. McAfee2, J. Phillips2, D. G. Allen1, W. Casey3, and N. C.
Kleinstreuer4. 1Integrated Laboratory Systems Inc., Research Triangle Park, NC; 2Sciome
LLC, Research Triangle Park, NC; 3NIEHS/NTP, Research Triangle Park, NC; and 4NIEHS/
NICEATM, Research Triangle Park, NC.
New approach methodologies (NAMs) are generally defined as non-animal
methods using one or more in vitro assays or in silico tools to provide information
on chemical hazard and risk assessment. While scientific and policy advances
have enabled adoption of some NAMs for specific applications, barriers remain to
widespread regulatory acceptance of NAMs, with animal-based testing paradigms
remaining standard. Two critical resources must be provided to foster development of, and build confidence in, NAMs. One of these is access to high-quality
data, including context and provenance. The other is opportunity for stakeholder
engagement through increased familiarity and use of interpretable, approachable language and controlled terminology. These needs are met by the National
Toxicology Program’s (NTP’s) Integrated Chemical Environment (ICE, https://ice.
ntp.niehs.nih.gov/), a user-friendly, open-access resource that provides high-confidence, curated reference data and in silico predictions of chemical properties.
Processes used for ICE data acquisition and curation are transparent and include
citations of original data sources. Use of controlled vocabularies and standard
IDs (CASRNs, DTXSIDs) aids in data interoperability and linkage between ICE, the
US Environmental Protection Agency’s Chemicals Dashboard, and NTP’s Chemical
Effects in Biological Systems (CEBS) database. ICE computational tools allow
users to search for, visualize, and obtain context for these data. High-throughput
screening assays from ToxCast and Tox21 have been annotated to mechanistic
targets and modes of action to provide biological context for assay results. Curated
data from these assays can be viewed as concentration-response curves using
the Curve Surfer tool. Other tools available in ICE allow users to run physiologically
based pharmacokinetics and in vitro to in vivo extrapolation models and search for
structurally similar chemicals. These tools are designed to be accessed by diverse
end-users through simple user interfaces and provide a bridge between subject
matter experts and computational scientists. This project was funded by NIEHS,
under Contract No. HHSN273201500010C.

4001

Predicting Florfenicol and Florfenicol Amine Tissue Distribution
and Estimating Withdrawal Intervals in Market-Age Sheep and
Goats Using a Physiologically Based Pharmacokinetic Model

M. Riad1, L. A. Tell2, R. E. Baynes3, J. L. Davis4, F. P. Maunsell1, J. E. Riviere5,3, and Z.
Lin1. 1University of Florida, Gainesville, FL; 2University of California Davis, Davis, CA;
3North Carolina State University, Raleigh, NC; 4Virginia-Maryland College of Veterinary
Medicine, Blacksburg, VA; and 5Kansas State University, Olathe, KS.
Florfenicol (FF) is an antibiotic used for treating respiratory disease in food animals.
Extralabel use of FF may lead to violative residues of FF and its major metabolite
florfenicol amine (FFA) in edible tissues. This study aimed at developing a physio-

logically based pharmacokinetic (PBPK) model to predict FF and FFA concentrations in edible tissues of sheep and goats to estimate extralabel withdrawal
intervals (WDIs). The model consisted of two flow-limited sub-models for the parent
drug and the metabolite. The sheep model was calibrated with FF plasma concentration data following intramuscular (IM), intravenous (IV), and subcutaneous (SC)
administration and FFA edible tissue concentration data following SC administration. Due to the lack of FFA concentration data in goats, we performed an extrapolation of the sheep model to goats. Upon calibration, the model was evaluated
with independent datasets from the Food Animal Residue Avoidance Databank
(FARAD). The regression coefficients for calibration and evaluation datasets were
calculated to assess the goodness of the fit quantitatively. The regression coefficient (R2) values for model calibration were 0.97 and 0.94 for the sheep and goat
models, respectively. The model could predict FF concentrations in plasma and
FFA concentrations in edible tissues with acceptable accuracy, which is evident
from the R2 value of 0.98 and 0.91 for the sheep and goat model evaluation, respectively. Furthermore, a population PBPK model was developed to estimate the time
required for concentrations to deplete below the 99th percentile within a population
by applying the Monte Carlo sampling method. Finally, the model was converted
to an interactive PBPK (iPBPK) web interface using R Shiny to facilitate the model
application. This modeling framework provides a useful tool for predicting WDIs
for FF after extralabel use in small ruminants to ensure food safety and serves as a
basis for extrapolation to other drugs and food animals.

4002

Knowledge-Guided Deep Learning Models of Drug Toxicity
Improve Interpretation

Y. Hao1, J. D. Romano1, and J. H. Moore2. 1University of Pennsylvania, Philadelphia,
PA; and 2Cedars-Sinai Medical Center, Los Angeles, CA. Sponsor: Y. Hao, International
Society for Computational Biology
Toxicity is a major source of attrition in drug development. Around one-third
of clinical trials fail due to toxicity concerns. These failures are largely due to a
lack of understanding on cellular mechanisms governing drug toxicity. Machine
learning models, such as random forests and artificial neural networks, have
shown promising performance in toxicity prediction. However, the black-box
nature of these models has limited their utility in identifying candidate targets and
pathways that lead to toxicity. Here we developed DTox, a knowledge-guided neural
network model along with an interpretation framework, to predict 15 endpoints
of Tox21 screening assays and infer toxicity pathways of individual compounds.
We demonstrate that DTox can achieve the same level of predictive performance
as conventional black-box models with a significant improvement in interpretability. For instance, in three of the four nuclear receptor endpoints, our interpretation framework was able to recapitulate compounds with the exact receptor and
transcription pathways from DTox, increasing the baseline performance by at least
two-fold. In two of the four assays with coupled transcription profiling data, the
pathways identified by our framework were found to be differentially expressed
after compound treatment. In-depth analysis of HepG2 viability assay revealed the
distinctive mechanisms leading to cell death in drug-induced liver injury, which can
be systematically validated by apoptosis assays in vitro. We implemented the DTox
model of HepG2 viability to perform a virtual screening of 708,409 compounds.
We show that compounds with predicted cytotoxicity are at higher risk for hepatic
adverse events. In general, DTox provides a framework for deciphering cellular
mechanisms of toxicity in silico, facilitates both preclinical investigation and clinical
prediction. Furthermore, DTox can be extended to construct interpretable models in
other biomedical domains.

4003

A Data-Driven Computational Modeling Study to Identify and
Prioritize Potential Human Carcinogens Using Public Data

E. Chung1, D. P. Russo1, H. L. Ciallella1, L. M. Aleksunes2, and H. Zhu1. 1Rutgers, The
State University of New Jersey, Camden, NJ; and 2Rutgers, The State University of New
Jersey, Piscataway, NJ.
Currently, tens of thousands of chemicals in daily use lack detailed toxicity
information, posing a risk to human health and the environment. Traditional risk
assessment methodologies require expensive and time-consuming studies to
identify chemicals with complex toxicities, such as carcinogens. Computational
approaches, such as quantitative structure-activity relationship (QSAR) models
offer a promising alternative strategy for chemical risk assessment. Available
QSAR models can predict new compounds for their simple physicochemical properties and simple biological activities. However, QSAR models typically cannot predict
new compounds well for complex toxicity endpoints such as carcinogenicity. We
sought to develop a data-driven computational approach to advance QSAR models
for carcinogenicity-related assays. To this goal, a probe dataset was obtained from
the United States Environmental Protection Agency’s Integrated Risk Information
System (IRIS), containing carcinogenicity data for 342 chemicals. This dataset was
used to identify relevant bioassay data from NIH’s PubChem. Among the 1,971
PubChem assays with testing results for the chemicals in the IRIS dataset, 25
assays were identified as relevant to carcinogenicity (p<0.05) and were selected to
develop QSAR models. The tested chemicals in each bioassay were used to create
15 QSAR models using the combination of five machine learning algorithms and
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three chemical descriptors, totaling 375 models across the 25 assays. Among the
25 bioassays, eight resulted in QSAR models with acceptable predictivities based
on 5-fold cross-validation (i.e., balanced accuracies of 69.1% ± 5.9%). Using our
QSAR models, we can predict and rank the carcinogenic potentials of 342 IRIS
compounds correctly (i.e., positive predictive values of 76.0% ± 7.1%). We also used
these models to predict five external databases of pesticides, drugs, high production volume chemicals, natural products, and cosmetics. The results showed that
more potential carcinogens exist in the pesticides and drug databases than in the
other three. This study offers a novel, automated modeling approach to prioritize
new chemicals as potential carcinogens by employing validated QSAR models from
different assays obtained from a public data resource. Supported by P30ES005022,
R15ES023148, R01ES029275, and R01ES031080.

4004

ICE Tools to Support Chemical Evaluations

J. Abedini1, B. Cook1, E. McAfee2, J. Phillips2, J. Rooney1, D. G. Allen1, K. Mansouri3,
and N. C. Kleinstreuer3. 1Integrated Laboratory Systems Inc., Research Triangle
Park, NC; 2Sciome LLC, Research Triangle Park, NC; and 3NIEHS/NICEATM, Research
Triangle Park, NC.
The National Toxicology Program’s Integrated Chemical Environment (ICE, https://
ice.ntp.niehs.nih.gov/) provides easy access to data and tools to explore and
contextualize chemical bioactivity. The interactive computational tools in ICE allow
users to characterize, analyze, and identify potential hazards for their chemicals of
interest. ICE Search lets users select and merge data sets for lists of chemicals and
mixtures, yielding summary-level information, curated reference data, and assay
results mapped to mechanistic targets and modes of action. With the ICE Curve
Surfer tool, users can explore concentration-response relationships for curated
high-throughput screening assays. The ICE Physiologically Based Pharmacokinetics
(PBPK) tool predicts tissue-level concentrations resulting from in vivo doses, while
the ICE In Vitro-In Vivo Extrapolation (IVIVE) tool translates in vitro activity concentrations to equivalent in vivo dose estimates. The ICE Chemical Characterization
tool provides consumer use information and physicochemical and pharmacokinetic
properties for chemicals of interest, and allows users to compare properties of two
sets of chemicals. The newest ICE tool, Chemical Quest, leverages existing data
to help characterize data-poor query chemicals. Chemical Quest allows users to
explore ICE’s database of over 800,000 chemicals through SMILES or 2D renderings. Query results are ranked based on the similarity of the query chemical fingerprints with chemicals in the ICE database. These similar chemicals can then be
entered into any ICE tool, including the PBPK and IVIVE tools, expanding available
information and enhancing queries. This presentation will highlight how ICE tools
and data can support various chemical evaluation use cases, such as identifying
information from data-poor chemicals, comparing the bioactivity of chemicals
across multiple toxicity endpoints of regulatory concern, and putting in vitro assay
results into an in vivo context. This project was funded with federal funds from the
NIEHS, NIH under Contract No. HHSN273201500010C.

4005

Providing Context to In Vitro High-Throughput Screening Data
via Annotation and Visualization Tools

A. L. Karmaus1, J. Rooney1, P. Ceger1, J. Abedini1, J. Phillips2, S. Bell1, D. G. Allen1,
and N. C. Kleinstreuer3. 1Integrated Laboratory Systems Inc., Research Triangle
Park, NC; 2Sciome LLC, Research Triangle Park, NC; and 3NIEHS/NICEATM, Research
Triangle Park, NC.
A wide variety of in vitro high-throughput screening (HTS) assay data is available to
the public. These data have the potential to facilitate the development of computational approaches for chemical hazard assessment, but linking HTS data to regulatory endpoints remains a challenge and requires detailed information about the
assays as well as an understanding of their biological context. Here we present
the results of our efforts to facilitate HTS data integration with in vivo bioassays
and other data sources through a mechanistic mapping approach. This approach
provides an assay grouping schema with a toxicological endpoint-based framework
that is applicable beyond HTS datasets. We used expert curation and molecular/
cellular process annotations to map assays to regulatory endpoints of interest
through structured vocabularies that allow data to be searched, grouped, and
visualized by regulatory endpoint. Furthermore, these annotations are publicly
available in the Integrated Chemical Environment (ICE, https://ice.ntp.niehs.nih.
gov/). Increased accessibility to annotated HTS data provides context that facilitates the identification of data gaps, insight into mechanistic plausibility, and
investigation into regulatory-relevant endpoints such as endocrine disruption,
carcinogenicity, developmental toxicity, and systemic effects. This effort highlights
that while single assay results are generally insufficient for regulatory application,
leveraging annotations across diverse data sources within ICE helps integrate
results in a weight of evidence framework. Associated data visualizations assist
users in reviewing a chemical’s potential activity for selected regulatory endpoints.
This presentation will walk through specific case studies that demonstrate how to
access and interpret the annotations within the ICE tool. This project was funded
with federal funds from the NIEHS, NIH under Contract No. HHSN273201500010C.

4006

Bioactivity Signatures of Drugs versus Environmental Chemicals
Revealed by Tox21 High-Throughput Screening Assays

D. K. Ngan1, L. Ye1, L. Wu2, M. Xia1, A. Rossoshek1, A. Simeonov1, and R. Huang1. 1NIH/
NCATS, Rockville, MD; and 2US FDA/NCTR, Jefferson, AR.
Humans are exposed to tens of thousands of chemicals over the course of a
lifetime, yet there remains inadequate data on the potential harmful effects of
these substances on human health. Using quantitative high-throughput screening
(qHTS) in vitro assays, we can test these compounds for potential toxicity in a more
efficient and cost-effective way compared to traditional animal studies. Tox21
has developed a library of ~10,000 chemicals (Tox21 10K) comprising one-third
approved and investigational drugs and two-thirds environmental chemicals. The
Tox21 10K compound library was screened in a qHTS format against a panel of 70
cell-based assays with 213 readouts covering a broad range of biological pathways
and targets. Activity profiles were compared with chemical structure to assess
their ability to differentiate drugs from environmental chemicals (e.g., pesticides),
and structure was found to be a better predictor of which chemicals are likely to
be drugs. Drugs and environmental chemicals were further analyzed for diversity
in structure and biological response space and showed distinguishable, but not
distinct, responses in the Tox21 assays. Inclusion of other targets and pathways
to further diversify the biological response space covered by these assays is likely
required to better evaluate the safety profile of drugs and environmental chemicals
to prioritize for in-depth toxicological studies.

4007

Viewing and Interrogating AOP-Wiki Knowledge as a Network
within Wiki Kaptis

S. Kane1, D. Blaney1, W. Bradwell1, A. Cayley1, P. Cunningham1, J. M. O’Brien2, A. F. de
Oliveira1, T. Roberts1, D. L. Villeneuve3, and C. Wittwehr4. 1Lhasa Limited, Leeds, United
Kingdom; 2Environment and Climate Change Canada, Ottawa, ON, Canada; 3US EPA,
Duluth, MN; and 4European Commission Joint Research Centre, Ispra, Italy.
Adverse outcome pathways (AOPs) represent a formalized knowledge framework
capturing mechanisms leading to toxicity. They are made up of key events
(KEs) which are linked together through key event relationships (KERs) and are
generally developed as a linear series of events, starting from a molecular initiating event (MIE), leading through to the adverse outcome (AO). Each KE must be
measurable and, as a result, it is possible to link evidence to the relevant nodes
along an AOP. AOPs have been recognized and recommended by the OECD as
a key tool in the development of integrated approaches to testing and assessment (IATA) and a large amount of knowledge has already been captured in this
format in the public repository AOP-Wiki. The knowledge within these webpages
is primarily presented and interrogated as single linear AOPs, with each pathway
being assessed in isolation from the others. While there is value in viewing and
developing the knowledge in this way, one of the great benefits of using AOPs
is the potential to consider wider interactions of the KEs and KERs developed in
a more complex network context. Considering the knowledge as a network has
great advantages, in terms of helping develop a consistent knowledgebase, discovering new and previously unknown relationships, and making predictions about
the potential toxicity pathway(s) and/or hazards relevant for a chemical. With this
in mind, a project was initiated, in collaboration with the OECD AOP-KB working
group, to allow knowledge from AOP-Wiki to be visualized and interrogated as a
network of KEs and KERs within a software tool. Data from the XML capture of the
AOP-Wiki knowledge was first mapped into the database of the AOP knowledge
development application, Kaptis. Features within Kaptis were then used to view the
AOP knowledge within a network and interrogate this network through KE searching. This allows users to browse AOP-Wiki knowledge in different ways and ask
specific questions of it. “Emergent” pathways which had not been encoded by the
AOP curators were identified and relationships between existing pathways could
be displayed in mini networks. The visualization tool being developed in this work
is named Wiki Kaptis. It will allow users to view and interact with the knowledge
from the AOP-Wiki as a network. In the future the functionality of this tool may be
further developed to allow for additional methods of interacting or visualizing the
knowledge. The contents of this abstract neither constitute nor necessarily reflect
US EPA policy.

4008

National Toxicology Program Histopathology and Clinical
Pathology Dictionary

D. Burrows1, J. Moose1, Y. Liu1, E. Fawcett1, M. Jackson1, C. Wilson2, M. Cora3, A.
Brix4, R. Herbert3, S. Elmore3, M. Cesta3, and J. Fostel3. 1ASRC Federal, Morrisville, NC;
2Integrated Laboratory Systems Inc., Research Triangle Park, NC; 3NIEHS/NTP, Research
Triangle Park, NC; and 4EPL Inc., Research Triangle Park, NC. Sponsor: M. Hooth
The NIEHS Division of the National Toxicology Program (DNTP) has been reporting clinical pathology and histopathology data in technical reports on toxicology
and carcinogenesis and other publications since 1976. During this time, pathology terminology for identifying tissues and morphologies has evolved, thereby
limiting the ability to mine data from studies with data for common tissues and
morphologies. To make DNTP data more Findable, Accessible, Interoperable,
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and Reusable (FAIR), an extensive list of pathology terms used by DNTP over the
years (> 4500 legacy terms from 2500 studies) was assembled, standardized, and
linked to ontologies in various online Open Biological and Biomedical Ontology
(OBO) Foundry collections. Ontologies are important for organizing knowledge by
categories, harmonizing names, and defining properties and relationships. The
product of this work, the DNTP Pathology Dictionary, consists of three components:
the DNTP Legacy Histopathology Mapping to DNTP Standard Terms, the DNTP
Histopathology Standard Terms with Links to Ontology, and the DNTP Clinical
Pathology Standard Terms with Links to Ontology. Each histopathological term
for organ, location, morphology, and modifier was standardized and included in
the DNTP Legacy Histopathology Mapping to DNTP Standard Term document,
which covers both legacy and current histopathology terms. Standardized histopathology terms were linked to ontologies to build a DNTP Histopathology Standard
Terms with Links to Ontology document, and standard clinical pathology assays
were linked to ontologies to produce the DNTP Clinical Pathology Standard Terms
document. Multiple datasets with histopathology and clinical pathology data that
utilize the standard terms described here are available to the public on the Chemical
Effects in Biological Systems (CEBS), NTP Data Collections Guided Search
(Statistically Analyzed NTP Pathology Lesions; NTP Individual Animal Pathology
Lesions; NTP Clinical Pathology Data; NTP Clinical Pathology Control Data). The
standard terms are integrated into the datasets that allow users to search across
all of DNTP studies.

4009

Quantitative Similarity Measures for Assessing Analog
Suitability for SAR-Based Read-Across

C. Lester, E. Byrd, M. Shobair, and G. Yan. Procter & Gamble, Mason, OH.
SAR (Structure Activity Relationship) based read across is the most widely used
animal alternative method for filling toxicological data gaps. The safety of a target
compound or structure of interest (SOI) lacking toxicological data may be assessed
using data for source compounds or analogs. One of the most challenging aspects
of the technique involves identifying suitable analogs providing the source of the
toxicological data used to read across to establish the safety of the SOI. Analogs
considered suitable for read across are “similar” to the SOI in structure, reactivity, metabolism, and physical chemical properties. While methods for quantifying
similarity in structure are well known and routine, we have shown that structural
similarity using current molecular fingerprints and the Tanimoto algorithm are not
always consistent with suitability for read across. Here we introduce fingerprints for
quantifying similarity in reactivity alerts, metabolism and physical chemical properties and show that a combined score of these three components does correlate
with suitability for read across. Several case study chemicals are considered, and it
is shown that quantitative similarity scores for reactivity, metabolism and physical
chemical properties increase transparency, consistency among assessors and the
interpretability of SAR-based read across assessments.

4010

Mitigation of hERG Inhibition Using Structure-Based Designing
Principles

A. Basu1, T. Takai2, K. Yonemori3, Y. Dragan1, J. Goodwin1, and T. Yukawa1. 1Takeda
Pharmaceutical Company Limited, Cambridge, MA; 2Takeda California, San Diego, CA;
and 3Takeda Pharmaceutical Company Limited, Shonan, Japan.
Drug molecules binding to off-targets can cause unwanted side effects and is one
of the major drivers for the attrition of molecules. One of the major off-target that
is sensitive to drug binding is the hERG potassium channel (human Ether-à-go-goRelated Gene). Inhibition of this ion channel can lead to serious cardiotoxicity like,
drug-induced proarrythmia (may lead to lethal arrythmia- torsade de pointes), which
has resulted in numerous drug attrition. Ligand-based machine learning predictive models have been amongst the most common strategies for hERG mitigation,
which can prioritize molecules, but are unable to guide future molecular designing
strategies. On the other hand, a structure-based model predicts molecules that
can inhibit the hERG, at the same time identify the functional groups (hot spots) in
the molecules that make putative interactions with the active site of the receptor.
In this study, we used the recently published hERG cryo-EM structure bound with
astemizole (pdb id. 7cn1), which is a first ligand-bound hERG structure for structurebased studies. For the ligand database, we have used ~3000 in-house molecules
covering a wide chemical space at Takeda, having hERG manual patch assay results.
The compounds are classified as high vs low based on their percentage inhibition
at 10 uM dose. The molecules were docked in the hERG active site, keeping the
active site residues rigid, except the hydroxyl groups, which were allowed to rotate;
the ligands were conformationally flexible. The poses were scored using a in-house
scoring function. The model provided satisfactory predictive statistics with an
accuracy of 0.83 and ROC AUC = 0.82. Not only the model provides superior prediction, but it also helps us guide future molecular designing by identifying pharmacophores interacting with the hERG active site. Overall, our modeling strategy identifed potential hERG inhibitors and also provided the structure-based platform for
designing both off-target (hERG in this case) and on-target in tandem.

4011

Chemical Exposures Affect Innate Immune Response to SARSCoV-2

O. Arowolo, L. Pobezinsky, and A. Suvorov. University of Massachusetts Amherst,
Amherst, MA.
Severe outcomes of COVID-19 are associated with pathological response of the
immune system to the SARS-CoV-2 infection, including the delayed interferon (IFN)
response and the development of “cytokine storm.” Emerging evidence suggests
that interaction may exist between COVID-19 pathogenesis and a broad range
of xenobiotics, resulting in significant increases in death rates in highly exposed
populations. Understanding of the molecular basis of the interaction between
SARS-CoV-2 infection and chemical exposures may open opportunities for better
preventive and therapeutic interventions. This study used in silico approach to
identify genes and molecular pathways sensitive to both chemical exposures
and SARS-CoV-2 in human immune cells (T-cells, B-cells, NK-cells, dendritic, and
monocyte cells). Sensitivity of genes to a varity of xenobiotic exposures was identified using data from the Comparative Toxicogenomics Database CTD. Using a
total 591,084 individual chemical-gene interaction entries, sensitivity of genes to
chemical exposures was identified and expressed as a number of chemical-gene
interactions per gene (CGI). Normalized Gene Expression (NGE) values for human
immune cells were extracted from the Human Protein Atlas and used to calculate
cell specific sensitivity of genes (CSSG) for every gene (CSSGs = CGI × NGE). To
identify genes that are sensitive to both chemicals and COVID-19, top CSSG genes
for each cell type were overlapped with genes affected in Coronascape datasets
in the same cell types. Top genes with high CSSG values for each cell type as
well as genes affected by chemical exposures and COVID-19 in immune cells were
submitted for enrichment analysis using Metascape. Our findings demonstrate for
the first time that overlapping molecular mechanisms affected by a broad range of
chemical exposures and COVID-19 are linked to IFN type I/II signaling pathways
and the process of antigen presentation. Based on our data, exposures to various
chemical compounds will predominantly impact the population of monocytes
during the response against COVID-19. No evidence was observed to support that
chemical exposures may favor “cytokine storm” response to COVID-19.

4012

National Toxicology Program Individual Animal Histopathology
Data Harmonization and Accessibility in CEBS Data Collections

C. Baril1, Y. Liu1, J. Moose1, A. Chen1, D. Burrows1, C. Martini1, D. E. Malarkey2, A.
E. Brix3, R. A. Herbert2, S. A. Elmore2, M. F. Cesta2, and J. Fostel2. 1ASRC Federal,
Morrisville, NC; 2NIEHS/NTP, Research Triangle Park, NC; and 3EPL Inc., Research
Triangle Park, NC. Sponsor: M. Hooth
The Division of the National Toxicology Program (DNTP) has played a key role in
the collection and curation of histopathology data since 1976. This data is vital
to technical reports and scientific publications that are released to the public. The
reporting, collection, and curation of this histopathology data has evolved over time
with advances in technology and better understanding of the subject matter. Over
the past 45 years, data had been organized into numerous legacy databases, with
changing terminology and structure, that was difficult to harmonize. To alleviate
these difficulties, the DNTP has curated the histopathology individual animal data
(IAD) into a single database, with consistent and defined terminology, as well as
universal data structure. A glossary of standardized terms was composed by the
DNTP to define each histopathology finding. This was accomplished through the
careful review of these terms in context of their respective studies, whether legacy
studies or modern. The goal is to provide a seamless data exploration experience
for the user. This glossary is available to the public (https://doi.org/10.22427/
NTP-DATA-002-00092-0001-0000-4), and the associated IAD data is supplied
through the Chemical Effects in Biological Systems (CEBS) NTP Data Collections.
This data covers all aspects of a study, including study details and animal level
information, while incorporating the standardized terminology defined by the
histopathology glossary. The collation of this data into one database allows the
user to easily search for data of interest and allows a user to download the filtered
results into an exportable document. The application programming interface (API)
can be found at https://doi.org/10.22427/NTP-DATA-022-00002-0028-000-6,
and the returned data can be traced back to the CEBS homepage and associated
publications. With the curation of this data into one source database with consistent terminology and organization across legacy and modern toxicological studies,
all DNTP histopathology IAD are available to the public in an easy to navigate
interface at no cost to the user.
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4014

Annotation of Histopathology Findings in Public Databases: A
Standardized Nomenclature and Ontology

F. Hunter1, B. Durchfeld-Meyer2, Z. Pendlington1, M. Keys3, and R. J. Brennan4.
1European Bioinformatics Institute (EMBL-EBI), Hinxton, United Kingdom; 2Sanofi,
Frankfurt, Germany; 3Wellcome Sanger Institute, Hinxton, United Kingdom; and 4Sanofi,
Waltham, MA.
Efficient search and retrieval of data on compounds or experiments associated with
specific histopathological outcomes requires a standardized curation approach.
The Innovative Medicines Initiative TransQST project has gathered, curated, and
made available on public resources such as ChEMBL and ExpressionAtlas, physicochemical and experimental data on compounds of toxicological interest. The
DrugMatrix and TG-GATES toxicogenomic databases include histological findings
from in vivo studies on hundreds of compounds. To capture these histopathological relationships according to principals of findability, accessibility, interoperability,
and reusability (FAIR), detailed information is critical to understanding the biological relevance of the finding, and to identifying compatible datasets for comparative
analysis and model building. A precise, preferred term for each distinct pathological
finding (including possible synonyms) is required, but also the species, the exact
anatomical location (organ or tissue, organ substructure) and cell type affected in
many cases. To provide an extensible solution for long-term public availability of
TransQST data, and to support future data curation of pathology data for consortia
such as IMI eTRANSAFE, and public databases such as ChEMBL and ArrayExpress,
we leveraged existing public ontologies for species (NCBITaxon), histopathology
(MC, derived from the IMI eTOX hpath ontology), anatomic pathology (UBERON),
and cell type (CL) included in the EBI Ontology Lookup Service (https://www.ebi.
ac.uk/ols). These existing resources were modified and updated with additional
terms and revised recommendations from related efforts such as the International
Harmonization of Nomenclature and Diagnostic Criteria (INHAND). Hundreds of
distinct pathology diagnoses from DrugMatrix and TG-GATES were mapped to
these ontologies. Ambiguities in mapping were reviewed with an expert pathologist,
and gaps and inaccuracies identified in the ontologies addressed with the ontology
administrators to ensure precise annotations of all findings. The process used for
mapping histopathology terms and extending public ontologies in OLS provides
a template for the future capture of pathology data, facilitating their consistent
annotation in public repositories.

4015

Updated Dermal Sensitization Thresholds Derived Using an In
Silico Expert System and an Expanded Local Lymph Node Assay
Dataset

M. L. Chilton1, A. M. Api2, R. S. Foster1, G. F. Gerberick3, M. Lavelle2, D. S. Macmillan1,
M. Na2, D. O’Brien2, C. O’Leary-Steele1, M. Patel1, D. J. Ponting1, D. W. Roberts4, R. J.
Safford5, and R. E. Tennant1. 1Lhasa Limited, Leeds, United Kingdom; 2Research Institute
for Fragrance Materials, Woodcliff Lake, NJ; 3GF3 Consultancy LLC, West Chester, OH;
4Liverpool John Moores University, Liverpool, United Kingdom; and 5B-Safe Toxicology
Consulting, Rushden, United Kingdom.
When conducting a quantitative (next generation) risk assessment of skin sensitization, one available tool is the Dermal Sensitization Threshold (DST). The DSTs
are thresholds of toxicological concern which can be used to support exposurebased waiving if the expected consumer exposure is suitably low. Three values
have previously been published: a non-reactive DST of 900 µg/cm2 based on Local
Lymph Node Assay (LLNA) data for 38 sensitizers judged to be non-reactive by
human experts (Safford et al., 2011); a reactive DST of 64 µg/cm2 based on LLNA
data for 233 reactive sensitizers (Safford et al., 2015); and a High Potency Category
(HPC) DST of 1.5 µg/cm2 (Nishijo et al., 2020). This study sought to update these
DST values using an expanded LLNA dataset, and to investigate assigning chemical
reactivity using the in silico expert tool Derek Nexus. An expanded LLNA dataset
containing 1,160 chemicals was collected and curated in-house, and skin sensitization structural alerts within Derek Nexus were used to assign each chemical as
reactive or non-reactive. Further rules for capturing High Potency Category (HPC)
chemicals were also encoded into Derek Nexus, and these were used to identify
the HPC chemicals in the dataset. A gamma distribution was fitted to the EC3
values of the 79 non-reactive sensitizers, leading to an updated non-reactive DST
of 710 µg/cm2. Similarly, analysis of the potency of the 331 reactive (non-HPC)
sensitizers led to a newly defined reactive (non-HPC) DST of 73 µg/cm2, while the
146 HPC sensitizers resulted in an updated HPC DST of 1.0 µg/cm2. The updated
DST values were very similar to the original values despite being based on a much
large dataset, highlighting the robustness of these thresholds. It is hoped that these
updated DSTs will prove to be useful thresholds when conducting quantitative (next
generation) risk assessments for skin sensitization.

4016

Linking LRI AMBIT3 Chemoinformatic System with the IUCLID6
Substance Database to Support Read-Across of Substance
Endpoint Data and Category Formation

B. Hubesch. Cefic, Sint-Pieters-Leeuw, Belgium. Sponsor: A. Van Rompay
Read-across and category formation are indispensable techniques in safety
assessments of chemicals. The read-across approach is used on average in
20% of the Endpoint Study Records, while (Q)SAR is used in less than 1% of the
dossiers, according to European Chemical Agency reports. Although many tools
are available, only a limited number is capable to provide easily accessible data
on substance identity, composition together with chemical structures and high
quality endpoint data. The AMBIT software, funded initially within the CEFIC LRI
programme, provides a web service and user friendly web interface to a chemical
database, various chemical structure search facilities and toxicity prediction
models. The AMBIT data model supports substances with complex compositions and substances experimental data which allows importing data from the
International Uniform Chemical Information Database (IUCLID6) as well as other
sources. The chemical structures already contained in AMBIT are automatically
linked to constituents/impurities/additives of the imported substances. The flexible
data storage and visualization allows for user friendly presentation of study data
(physicochemical properties, environmental fate, ecotoxicological and toxicological information) and composition. Comprehensive assessment workflows are
developed for read-across and category formation based on all the data available
in AMBIT. The assessment workflow facilitates the search for target and source
structures through multiple similarity methods, generating data matrices, gap
filling and generating assessment reports with predefined formats automatically.
The enhanced AMBIT facilitates drafting and improves quality for read-across
and category formation and will be a useful tool for substance assessments. The
current landscape of chemical databases is in order of many thousands, distributed
under different licenses, and are being continuously updated and may be of interest
in different use cases. In addition to REACH study results https://iuclid6.echa.
europa.eu/reach-study-results and OpenFoodToxv2, AMBIT3 will follow stakeholder’s recommendation and integrate additional sources as e.g. ECHA’s REACH 2018
dataset, US EPA CompTox Dashboard, EFSA’s OpenFoodTox 2 dataset and the
RepDose database.

4017

Toward Quantitative Models in Safety Assessment: Impact of
Dose-Response Inference on hERG Inhibition Models

F. Melnikov, L. Anger, L. Zhao, and C. Hasselgren. Genentech Inc., South San
Francisco, CA.
In silico models that provide users with quantitative prediction rather than categorical outcomes have significant impact on decision making in drug discovery. Here
we present a consistent data inference approach for dose-response data from
diverse screening formats that enabled the development of quantitative model for
Ether-à-go-go-Related Gene (hERG) K+ inhibition based on historical pharmaceutical compounds. The hERG channel is one of the more prominent safety targets
assessed in drug development and hERG inhibition has been associated with
severe cardiac effects. Consequently, a wide array of in vitro and in silico screening methods have gained industrial and regulatory acceptance. Most recent hERG
models predicted categorical inhibition outcomes due to the difficulties with quantitative data inference from diverse data formats. In this study, the hERG inhibition
IC50 estimated from the diverse historical data were used to develop a robust quantitative model for hERG inhibition. The model’s MAE (0.47) and R2 (0.46) were on
par with assay reproducibility. Furthermore, the quantitative model demonstrated
higher accuracy than qualitative alternative built on the same data when assessed
on 10 μM activity threshold. The quantitative model demonstrated higher utility for
project use than a categorical model as it could rank order existing and theoretical
compounds and evaluate compounds on project-specific thresholds.

4018

Comprehensive Analysis of the Literature to Construct
AOP Network Related to Metabolism Induced by Endocrine
Disruptors Using the AOP-helpFinder Tool

K. Bernal1, F. Jornod2, E. Zgheib1, E. Blanc1, M. Kim3, and K. Audouze1. 1Université de
Paris, Paris, France; 2Inserm 1124, Paris, France; and 3Université Sorbonne Paris Nord,
Paris, France.
Adverse outcome pathways (AOP) are a conceptual framework that support the use
of alternative toxicological approaches in chemical risk assessment. AOPs provide
structured organizations of known biological perturbations, starting from an initial
molecular event (MIE)to an adverse outcome (AO) across several intermediate key
events (KE). To help the development of AOPs and AONs (AOP networks), which
are a combination of several AOPs sharing at least one biological event, we have
developed a tool named AOP-helpFinder (http://aop-helpfinder.u-paris-sciences.
fr/ ). AOP-helpFinder is based on artificial intelligence, more precisely using natural
language processing (NPL) and graph theory to systematically and rapidly explore
all available abstracts stored in the PubMed database. It will identify and extract
known associations between stressors of interest and KEs, therefore supporting
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the development of AOPs. Recently a webserver has been created to facilitate the
use of this advanced bioinformatics tool. The webserver operates with an updated
version of the tool, that allows to refine (using machine learning, i.e. lemmatization for text normalization) and reduce (capability to search only in the results/
conclusion part of an abstract) the searches. Here we investigated the applicability
of using the AOP-helpFinder tool with an integrated systems toxicology approach
to develop an AON related to metabolic disorders, that are among the main
adverse health outcomes associated with endocrine-disrupting chemicals (EDCs).
Co-occurring terms (i.e. EDCs and biological events (MIE, KE, AO) from the AOP-wiki
database and from in house experts) were identified by the AOP-helpFinder tool.
This step allowed to decipher known links between EDCs and biological events and
was followed by a manual curation to select the most relevant publications. Then,
an AON was proposed, which was enriched by integration of complementary data
extracted from other databases (e.g. CompTox). Computational approaches that
allow Identification, extraction and integration of existing knowledge, appear to be
essential to have a better understanding of the mode of action of suspected EDCs,
and the biological pathways that may be perturb in order to identify their real impact
on the human population.

4019

Identify Endocrine-Disrupting Chemicals Using a Suite of
Complementary In Silico Models Employing Semi-Automation

E. Fioravanzo1, P. Russell1, and C. Molina2. 1ToxNavigation Ltd., East Molesey, United
Kingdom; and 2Tox PIKAÏROS SAS Ltd., Saint Orens de Gameville, France.
There is a need for new approach methodologies (NAMs) to identify potential
endocrine-disrupting chemicals involved in key events of endocrine pathways
including binding to receptor proteins. In 2018 a guidance describing how to
perform hazard identification for endocrine-disrupting properties by following the
scientific criteria which are outlined in EU 2017/2100 and EU 2018/605 for biocidal
products and plant protection products, respectively, was published by ECHA and
EFSA. In this guidance computational approaches are proposed as line of evidence
for endocrine activity assessment. An in silico screening workflow which follows
this guidance is described here. It employs 108 freely available and commercial
models covering 27 receptors: 62 (Q)SARs, 19 rule-based profilers, 18 models of
receptor interactions and 6 ToxCast pathway models. It addresses EATS (Estrogen,
Androgen, Thyroid, Steroidogenesis) and “other” modalities as well as the Mode
of Action agonist, antagonist or binding. The issues with this process is that each
model has its own terminology for results, definition of whether the prediction is
within the applicability domain as well as different specificity and model reliability. In order to reach a consensus outcome, it was first necessary to devise an
ontology from the output of the different models into a normalized input. The model
specificity, model reliability and type of model requires scoring to provide a weighting to the predictions. For example, the results of the profilers are primarily used
to confirm the results of the QSAR as these approaches are known to give high
rate of false positives. The molecular modelling and the in vitro ToxCast results
are rated according only to the reliability of the models as the applicability domain
is not an issue. All the models are applied and the results are combined with an
algorithm that considers existing experimental data, the reliability of the model and
the uncertainty of each prediction. The predictions are then combined by receptor
and an overall conclusion for each receptor is given. When models with the same
level of uncertainty disagree an expert assessment of the nearest neighbors is
carried out to get to a final conclusion. Positive predictions are used to give indication on the mechanism of action for the endocrine disruption. As this workflow is
very labor intensive, a KNIME workflow was coded to automate the data normalization, weighting process and report generation. Two examples are demonstrated:
butylparaben, correctly predicted as active towards the estrogen receptor, and
triclosan, correctly predicted to be active towards the androgen receptor.

4020

Predicting Molecular Initiating Events from High-Throughput
Transcriptomic Screening Using Machine Learning

J. L. Bundy, R. Judson, A. Williams, C. Grulke, I. Shah, and L. Everett. US EPA, Research
Triangle Park, NC.
The advent of high-throughput transcriptomic screening technologies has resulted
in a wealth of gene expression data associated with chemical treatment. From a
regulatory perspective, data sets covering a large chemical space offer utility for
the prediction of molecular mechanisms. Here, we describe a framework in which
we predicted molecular initiating events by integrating a database of chemical-target linkages with gene expression data. First, we matched perturbagens present
in the CMAP LINCS L1000 gene expression data to chemical-target annotations
in RefChemDB. Next, we trained binary classifier models for each molecular target
using MCF7-derived gene expression profiles and compared six classification
algorithms to identify optimal analysis parameters. For validation, we used a variety
of approaches, including multiple hold-out data sets, and empirical significance
testing using “null” models based on permuted chemical-target labels. We identified 13 MIEs with high performance classifiers that outperformed greater than 95%
of their “null” models. High performance classifiers were shown to corroborate
RefChemDB chemical-target linkages withheld from model training, demonstrating
that predictive accuracy extends beyond the set of chemicals used in classifier

training. To explore if this methodology could be extended to other gene expression data sets, we trained a second set of classifiers on gene expression profiles
generated using TempO-Seq high throughput sequencing, demonstrating that
this approach is generalizable across transcriptomic platforms. Current results
demonstrate that this framework produces accurate models for predicting MIE
activation, and it can be readily extended to additional platforms, cell types, and
molecular targets as sufficient data becomes available. This abstract does not
necessarily reflect US EPA policy.

4021

CTD: Integrating Chemical, Gene, Phenotype, Anatomy, Disease,
and Exposure Data to Fill in Knowledge Gaps for Environmental
Health

A. P. Davis, C. J. Grondin, R. J. Johnson, D. Sciaky, J. Wiegers, T. C. Wiegers, and C. J.
Mattingly. North Carolina State University, Raleigh, NC.
The free, public Comparative Toxicogenomics Database (CTD; http://ctdbase.
org) is a sophisticated knowledgebase that interrelates chemical, gene/protein,
phenotype, anatomy, disease, and exposure information to advance understanding about environmental health. Manually curated interactions from the scientific
literature are seamlessly integrated to produce an innovative digital resource
that harmonizes cross-species, heterogeneous data for chemical exposures and
their biological repercussions. CTD is updated each month with new content and
currently includes information for over 16,900 chemicals, 53,200 genes, 6,100
phenotypes, 930 anatomical terms, and 7,300 diseases from 620 comparative
species, as well as 192,000 human exposure statements. Users can explore CTD
from any data type-of-interest (e.g., chemical, gene, phenotype, anatomy, disease)
and easily traverse and discover novel connections that help fill in knowledge gaps
for environmental health, including molecular initiating events (chemical-gene
interactions), intermediate processes (phenotypes), adverse outcomes (disease),
and population-level consequences (exposure details). These connections can
be uniquely leveraged to generate testable hypotheses and help construct and
refine chemical-induced environmental disease pathways. Information can also
be surveyed from an anatomical perspective to peruse tissue-specific exposomes
and tissue-specific chemical toxicities. We highlight just some of CTD’s numerous
applications for discovery and insight related to environmental chemicals, such
as air pollutants, pesticides, per/polyfluoroalkyl substances, and e-cigarette
compounds.

4022

Translational Analysis of Secondary Pharmacology Panels and
Promiscuity Derivations

F. Melnikov, S. Kiyota, and C. Hasselgren. Genentech Inc., South San Francisco, CA.
In vitro pharmacological panels are often used early in the drug development to flag
potential off-target effects and safeguard against promiscuous compound; thus
helping select safer drug candidates during lead selection. While the panel diversity
and assay composition for these secondary pharmacology analyses have been
discussed in the past, the translational relevance of individual assays and overall
promiscuity scores received limited attention. Here we examined historical secondary pharmacology data set with over 3000 cpds to elucidate the 1) translatability
of binding assay results to functional data, and 2) the relevance of promiscuity
scores to in vitro functional effects and cytotoxicity. We found that assays vary
largely in their translational relevance. Binding assays identified between 0 and
100 % of compounds active in their functional counterparts. Furthermore, while
panel composition may play a critical role in the conclusions drawn from the data,
several panels of varying size and composition can often lead to similar results.
The correlations between promiscuity scores derived from different panels ranged
from 0.1 to 0.9. However, a well-chosen panel of as few as 10 assays could achieve
balanced accuracy of 85% when predicting promiscuity derived on the large panel.
Similarly, these panels showed high correlations with functional results (R = 0.87)
and a more complex but positive relationship with cytotoxicity (R = 0.46). We hope
that the insight from this analysis will help scientists select fit-for-purpose panels
for secondary pharmacology screening that utilize resources most efficiently and
help minimize adverse drug reactions.

4023

Evaluation of the ToxCast Assay Suite for Detection of
Neuroactivity

A. F. Carpenter1,2, K. E. Carstens1,2, M. M. Martin1, T. J. Shafer1, and K. Paul Friedman1.
1US EPA, Research Triangle Park, NC; and 2Oak Ridge Institute for Science and
Education, Oak Ridge, TN.
New approach methodologies may provide an effective alternative for obtaining information on potential neurotoxicity hazard for thousands of data-poor
compounds. The US Environmental Protection Agency’s (EPA) Toxicity Forecaster
(ToxCast) was developed to rapidly identify putative hazard; however, its ability to
identify neuroactive compounds has not been thoroughly evaluated. We hypothesized that high-throughput screening assays included in ToxCast can qualitatively
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and quantitatively detect neuroactive compounds. Manual curation of published
literature, expert-knowledge, and in vivo neurotoxicity data in the US EPA’s Toxicity
Values database yielded 366 neuroactive compounds to evaluate ToxCast performance. Qualitatively, 88% of these compounds were active in at least 1 ToxCast
assay. We identified a subset of 23 assays that was sufficient to detect these
compounds. Limitations that may explain inactivity in the remaining compounds
include physicochemical properties that are not amenable to aqueous media-based
assays or lack of testing in assays that target the appropriate neurological
mechanism. We identified 135 of the ToxCast assays that use a neuronal cell
model or include a neurologically-relevant target. These neuro-relevant assays
detected 64% of the neuroactive compounds, with perturbations in neural network
formation as the most sensitive assay. However, the neuro-relevant assays were
not necessary to detect any compounds that had been tested in both neuro-relevant
and other assays. Quantitatively, we found that the lower 5th percentile of concentrations that caused a 50% of maximal response (AC50s) in neuro-relevant assays
was less than the lower 5th percentile of AC50s in other assays for 54% of the
neuroactive compounds. Of the 30 pyrethroids, organochlorines, neonicotinoids,
and mectins considered, 24 had a more potent lower 5th percentile of AC50s in the
neuro-relevant assays, while 23 of the 30 organophosphates had a less potent lower
5th percentile of AC50s in the neuro-relevant assays. Although the neuro-relevant
assays may not be necessary for observing bioactivity for neuroactive compounds,
the inclusion of neuro-relevant assays may help identify putative mechanisms or
targets and inform potency for neuro-relevant targets, processes, and cells. This
abstract does not reflect US EPA policy.

4024

Prediction of Mutagenicity, Genotoxicity, and Carcinogenicity of
Drugs and Chemicals Using Derek Nexus

V. Ahuja, and M. Krishnappa. Syngene International Limited, Bangalore, India. Sponsor:
V. Ahuja, EUROTOX
Genotoxicity and carcinogenicity assessment of chemicals and drugs plays a
crucial role and are pre-requisites for regulatory approval decisions. Usually, a
battery of experimental tests is required to cover the different endpoints. These
tests involve time and huge costs, especially for in vivo carcinogenicity testing
where animal welfare concerns are also involved as huge number of animals
are required for testing purpose. We performed in silico evaluation of several
substances using Derek® Nexus 6.1.1/Derek Knowledge Base 2020 1.0 (Lhasa
Limited, UK) thus aiming for a quicker and cost-effective screening. Derek was
used for prediction for mutagenicity, genotoxicity and carcinogenicity. We were
also interested to compile a database of fired structural alerts responsible for
mutagenicity, genotoxicity and carcinogenicity of the tested compounds. Sixty five
substances including drugs and chemicals selected for in silico analysis belonged
to various classes viz. (i) Ames-positive in vivo genotoxins/carcinogens, (ii) In vivo
genotoxins and /or carcinogens negative or equivocal in Ames, (iii) Non-genotoxic
carcinogens, (iv) Non-carcinogens that are negative or equivocal for genotoxicity
in vivo. Available mutagenicity, in vitro mammalian cell genotoxicity data, in vivo
genotoxicity and in vivo carcinogenicity data for the selected substances was
compiled. Thus, in vivo data for a total of 4 endpoints for each compound was
compiled, wherever possible, and compared with in silico predictions. While analyzing Derek results, a prediction of various degrees such as equivocal/probable/
plausible were considered as positive prediction. A negative result was given in
case of negative prediction or no fired alerts from Derek. We found Derek to be
useful for predicting mutagenicity, in vitro and in vivo genotoxicity and carcinogenicity. Derek accuracy predictions for in vitro mutagenicity and in vitro mammalian
cell genotoxicity was 95% and 89%, respectively, while for in vivo genotoxicity
and carcinogenicity it was 92%. Our results show that Derek can be effectively
incorporated in the workflow for assessing mutagenicity, in vitro mammalian cell
genotoxicity, in vivo genotoxicity and carcinogenicity. The compiled database of
fired structural alerts responsible for mutagenicity, genotoxicity and carcinogenicity
will be useful tool for scientists involved in synthesis and helps in early prediction of
toxicity of drugs and chemicals.

4025

Refining Reference Chemicals and Signatures of Activity Using
High-Throughput Transcriptomics for Advancing Predictive
Toxicology

L. W. Taylor1, B. A. Chambers1, N. C. Baker2, J. A. Harrill1, L. J. Everett1, I. Shah1, and
R. S. Judson1. 1US EPA, Research Triangle Park, NC; and 2Leidos, Durham, NC.
Important components of the United States Environmental Protection Agency’s
strategic plan are to reduce the cost and time of toxicity testing, reduce the use
of animals in testing, and develop a strong scientific basis for evaluating adverse
health effects of chemicals. It is therefore advantageous to be able to screen
chemicals using high-throughput in vitro models to infer which genes or cellular
pathways each chemical may perturb. Towards these goals, a collection of 22,343
gene set signatures from MSigDB, BioPlanet, DisGeNET, and CMAP were annotated
as being associated with a specific target (a gene, cell process, illness, etc), and
approximately 2,500 chemicals were annotated for gene and/or cellular targets that
have been reported to be impacted by the chemical. High-throughput transcriptomic
(HTTr) data from exposure of cells to those chemicals was then evaluated using

gene set enrichment analysis (GSEA) for whether the gene signatures were active
in MCF7 cells, HepaRG (2D) cells, and/or U2OS cells. Results for chemicals and
gene set signatures that were annotated for the same gene or cellular target were
then evaluated and visualized using heatmaps. Ideally, chemicals and signatures
annotated for the same target should have active dose-responses, but not all
chemicals result in significant transcriptional changes of the expected signature
gene sets and not all signatures are relevant for predicting changes in transcriptomics data. Therefore, target annotations for the chemicals and signatures were
refined to increase their sensitivity and specificity using hierarchical clustering
and literature support strength for the activity of the chemicals. This refinement
resulted in a list of reference chemicals for the targets and provides a more reliable
set of gene signatures to use when screening new chemicals for whether they
impact specific targets (such as screening for estrogen receptor activity). This work
will help to aid predictions of target genes and cellular pathways that are perturbed
by chemicals and thus help to increase the speed and efficiency of screening
chemicals for biological hazards when perturbation of those target pathways is
known to result in toxic effects. This abstract does not necessarily represent US
EPA policy.

4026

Application of Matrix Factorization Method for Kinase Data to
Support Safety Profiling

L. Zhao, F. Broccatelli, J. Napoli, J. Moffat, J. Nand, and C. Hasselgren. Genentech Inc.,
South San Francisco, CA.
During the drug discovery and development process, screening compounds against
human kinases is crucial for exploring both primary therapeutic opportunities and
for risk assessment of drug candidates by identifying potential off-target liabilities. Kinases are well known be involved in organ toxicities such as cardiotoxicity.
To support better decision making, it is important to use a broad kinase panel
and to utilize existing historical data in a predictive manner. For this purpose,
the internal kinase screening data for all proprietary compounds were analyzed,
comprising ~11,000 compounds screened against ~600 kinases. However, 94%
of the IC50 data matrix is missing due to the kinase portfolio related screening
strategy employed and/or changes to the panels used over time and therefore,
a Bayesian factorization method, Macau[1], was investigated for the kinase data
imputation. Macau can be used to include more than one descriptor representation
as compound or protein latent spaces. First, ECFP[2] fingerprints describing the
chemical structures were incorporated into the model, resulting in a model with
good performance (R2 is 0.77 and RMSE is 0.49) when predicting the 20% masked
data from the training set. The model performance was further investigated using
an external test set, resulting in an R2 of 0.69 and a RMSE of 0.57. Secondly, protein
descriptors embedding the included kinase structures were used together with
ECFP fingerprints. This provided two orthogonal latent space representations that
were integrated in one model. This model was used to predict the IC50 results of
358 compounds for 12 kinase targets (both compounds and kinases are unknown
to model) and the prediction accuracy for different kinase targets varies according to whether there are similar kinase targets in the training set. All the results
from this study indicate 1) Macau is a powerful method for data imputation of
kinase inhibition profiles when incorporating ECFPs as compound representations;
2) the value of applying Macau for novel compounds against novel kinase targets
by combining both ECFP and protein embedding descriptors. This method provides
an efficient means to easily predict potential kinase off-target interactions and aid
in identifying selective compounds with improved toxicity profiles and is currently
used to support the hazard identification in early drug discovery. [1] Simm et al.,
“Macau.” [2] Rogers and Hahn, “Extended-Connectivity Fingerprints.”

4027

Application of AOPs for Weight of Evidence Assessments:
Rationalizing Evidence for the ICH S1B Guidance Addendum

A. Cayley, S. Stalford, S. Kane, D. Newman, and A. F. de Oliveira. Lhasa Limited, Leeds,
United Kingdom.
The recent publication of the ICH S1B(R1) draft addendum reflects the paradigm
shift occurring across industry with respect to moving away from long-term animal
studies for carcinogenicity. Using evidence gathered throughout the pharmaceutical development process, the guidance suggests that the totality of this data
should be sufficient, using a weight-of-evidence (WoE) approach based around six
factors, to indicate if conducting an in vivo carcinogenicity study would be of any
additional value. This has the potential to reduce the number of animals used to
determine the carcinogenic potential of new pharmaceuticals. Adverse outcome
pathway (AOP) networks have been advocated as a way of organising and contextualising evidence in a framework upon which an integrated approach to testing
and assessment (IATA) can be built. Using the structure this concept provides, an
approach to assess the evidence for ICH S1B(R1) and make a relevant decision
has been developed, which is transparent, consistent, and robust. The six factors
which need to be considered for the WoE assessment (as described in the draft
addendum) were associated to molecular-initiating events (MIEs) and key events
(KEs) in a network of 35AOPs for carcinogenicity, as well as appropriate evidence,
including data from in vivo and in vitro assays, and in silico models. To combine
the evidence in a meaningful way, reasoning based on the source of evidence was
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applied on KEs where there is more than one piece of evidence. Three ways of
propagating results to the adverse outcome (and thus a conclusion) were investigated - through 1) single AOPs, 2) networks of AOPs related to each factor, and 3)
the entire network. Results suggest that using the entire network of AOPs gives the
most comprehensive view of knowledge and relationships to reach a conclusion.
However, interpreting which factors contribute and the mechanisms involved would
not be as transparent as when using the other methods. Therefore, there is a benefit
to using all three approaches to support a decision.

4028

Variability of Organ-Level Effects in Repeat-Dose Animal
Studies

M. J. Foster1,2, R. W. Setzer2, R. S. Judson2, and K. Paul Friedman2. 1Oak Ridge
Associated Universities, Oak Ridge, TN; and 2US EPA, Research Triangle Park, NC.
Building scientific confidence in new approach methodologies (NAMs) may include
a comparison to in vivo results. This work suggests benchmarks for NAM performance in predicting organ-level effects in repeat dose studies of adult animals.
The percent of chemicals with concordant organ-level findings in replicate studies,
defined by chemical only, chemical and species, and chemical and study type,
and the variance in treatment-related organ lowest effect level (LEL) values, were
estimated. Differences between chronic (CHR) and subchronic (SUB) organ-level
effects as well as in vivo and in vitro estimates of organ-level effects were also
quantified. LELs for weight, gross, or histopathological changes in liver, kidney,
stomach, spleen, thyroid, and adrenal from the Toxicity Reference database (v2.0)
were used. Total concordance (% chemicals with positive or negative agreement),
depending on organ and replicate definition, was 39 - 88%. Multilinear regression modeling, using study descriptors of organ LELs as covariates, was used to
estimate total variance, mean square error (MSE), and root residual mean square
error (RMSE). The MSE values (estimates of unexplained variance) suggest study
descriptors accounted for 52-69% of total variance in organ LELs. The RMSE ranged
0.4 - 0.6 log10-mg/kg/day. SUB to CHR comparison using odds ratios indicated an
organ effect for a chemical in a CHR study was unlikely if the SUB was negative. A
paired randomization procedure to compare the mean difference of CHR-SUB organ
LELs indicated that mean CHR organ LELs were less than mean SUB organ LELs
for most tissues, with a mean CHR-SUB difference ranging 0.1 to -0.5 log10 mg/
kg/day depending on tissue. Finally, in vitro bioactivity data in ToxCast from liver
and kidney models were used to estimate administered equivalent doses (AEDs)
using a high throughput toxicokinetic approach to in vitro to in vivo extrapolation.
Paired randomization testing indicated the observed mean difference between LEL
and AED values may approach 0.5 log10-mg/kg/day for liver and kidney. Overall,
variability in repeat dose organ LELs suggests: a good NAM might predict organ
LELs within ± 1 log10-mg/kg/day with accuracy approaching 70%, and it is possible
that existing NAMs, on average, may predict liver-related LELs within estimates of
variability in replicate in vivo studies. This abstract does not necessarily reflect US
EPA policy.

4029

Development of an In Silico Procedure to Estimate Toxicity of
Substances of Unknown or Variable Composition, Complex
Reaction Products, or Biological Materials

Y. Li1, G. Hayward2, Z. Rodgers1, E. Fioravanzo3, S. Capitosti1, W. Barton2, P. Russell3,
and L. Sweet1. 1Lubrizol Corporation, Wickliffe, OH; 2Lubrizol Corporation, Hazelwood,
Derby, United Kingdom; and 3ToxNavigation Ltd., East Molesey, United Kingdom.
Quantitative structure-activity relationship (QSAR) modeling and read-across are
data gap-filling techniques for regulatory purposes. However, these approaches
are difficult for substances of unknown or variable composition, complex reaction
products, or biological materials (UVCBs), due to their complexity and/or high
number of isomers. All UVCB chemical risk assessment approaches follow a
case-by-case and weight-of-evidence procedure combining in vivo and in vitro
data, grouping, read-across and QSAR. The most detailed approach is provided by
the European Chemicals Agency and follows two lines of evidence: a constituent
approach and a substance approach. This study was carried out to pilot a cheminformatics workflow to apply the constituents-based approach to investigate toxicological properties of an aromatic UVCB substance. 345 structures representing all
possible isomers of the constituents of the UVCB substance were generated and
described with molecular descriptors and predicted physicochemical, toxicological, and toxicokinetic properties including Absorption, Distribution, Metabolism
and Elimination (ADME). A Principal Component Analysis (PCA) was carried out
on the descriptors matrix and the principal components able to explain 90% of
the variance of the original matrix were extracted and used for a cluster analysis
(hierarchical cluster analysis, distance function euclidean, linkage type single). This
technique can visualize discrete and/or blocks of UVCB constituents with similar
or dissimilar properties in toxicokinetics and toxicity. The knowledge gained from
this analysis guided the design of novel phenyl derivatives by selecting the ones
with the desired toxicokinetic and toxicological profile among nearly a thousand
candidates simultaneously. This work demonstrates that toxicological descriptors
as well as characteristics of all structural variations can enhance groupings and
improve the translation of toxicological activity of source to target substance in the
read-across procedure.

4030

High-Throughput Toxicokinetics Exposure Inference for
Environmental Organic Chemicals

M. Breen1, Z. Stanfield1, K. Isaacs1, V. Hull2, J. Arnot3,4, A. Sangion3,4, M. Linakis5, S.
Davidson1, M. Sfeir6, and J. Wambaugh1. 1US EPA, Research Triangle Park, NC; 2Oak
Ridge Associated Universities, Research Triangle Park, NC; 3ARC Arnot Research and
Consulting, Toronto, ON, Canada; 4University of Toronto, Toronto, ON, Canada; 5US Air
Force, Wright-Patterson AFB, OH; and 6Oak Ridge Institute for Science and Education,
Research Triangle Park, NC.
There is a need to rapidly assess the potential risk of chemicals in our environment,
but for most chemicals the necessary toxicokinetics (TK) data are unavailable. High
Throughput TK (HTTK) methods provide the ability to characterize large numbers
of chemicals by combining in vitro measurements and in silico predictions of
chemical-specific TK properties with generic TK models. The US EPA provides HTTK
methods through an open-source R package “httk.” The CDC’s National Health and
Nutrition Examination Survey (NHANES) provides biometric and chemical exposure
biomonitoring data that are statistically representative of the US population.
Previously, reverse dosimetry inferred steady-state (SS) human exposure rates for
the US population from urine biomonitoring data from the 2009-10 NHANES cohort
for 106 environmental chemicals. We have updated the median SS human exposure
daily intake rates (mg/kg bw/day), expanding the inference to 179 parent chemicals
based on NHANES biomarker data from the 2015-16 cohort with 118 exposure
biomarkers. For the 179 chemicals investigated, 5 chemicals had exposures
indicative of a high potential risk when compared to ToxCast bioactive doses. We
expanded our analysis using two different approaches - one for semi-volatile and
non-volatile chemicals in urine and another for volatile chemicals in blood/plasma.
Inference from urine was drawn using a SS assumption and a parent-metabolite
stoichiometric mapping. Inference from blood for 18 volatile chemicals was made
with a generic gas inhalation HTTK model. Since many compounds are semi-volatile, gas and oral PBTK inferences for these chemicals were compared. This update
produced refined estimates of exposure, a faster workflow for integrating newly
published NHANES data, and a template for analysis of other similar datasets.
Inclusion of volatile chemicals for high-throughput chemical risk prioritization
addresses a key limitation of previous efforts. By placing volatile chemical risk into
the context with semi- and non-volatile chemicals, priorities can be better identified.
This abstract does not necessarily reflect US EPA policy.

4031

Assessment of the Dermal Sensitization Potency of Extractables
and Leachables Using Existing Data and In Silico Methods

M. L. Chilton, A. A. F. de Oliveira, and M. Patel. Lhasa Limited, Leeds, United Kingdom.
There is a recognized need to assess the sensitization potential of any extractable
and leachable (E&L) compounds as part of the safety assessment of impurities,
alongside other toxicological endpoints of concern. This study sought to investigate the role that in silico models, including expert systems and machine learning
algorithms, could play in predicting dermal sensitization hazard and potency as
part of a wider E&L safety assessment. Dermal and respiratory sensitization data
was collected from the public literature for a total of 231 compounds, of which 229
had dermal sensitization hazard data, 54 had dermal sensitization potency data,
and 37 had respiratory sensitization hazard data. This data was used to assess
the performance of different in silico models for predicting dermal sensitization.
The skin sensitization structural alerts from the Derek Nexus expert system were
able to predict the dermal sensitization hazard of E&L with a balanced accuracy of
72% and could also be extrapolated to predict the respiratory sensitization of E&L
(balanced accuracy = 81%). However, a purely machine learnt model (using the
SOHN algorithm) for predicting dermal sensitization was not able to infer as much
from the data as the expert system (balanced accuracy = 60%). Combining the two
systems increased the sensitivity of the approach, but when they disagreed the
expert system was correct 70% of the time, suggesting that the machine learning
model was not adding much value. A k-nearest neighbors (k-NN) model was used
in combination with structural alerts to predict dermal sensitization potency. This
approach was able to correctly identify 5/7 of the E&L that are strong/extreme
sensitizers, although predictions were unavailable for the other 2 chemicals due to
a lack of relevant data in the training set. To address this, data-driven worst-case
scenario predictions were made using the established Dermal Sensitization
Thresholds, which when combined with structural alerts and the k-NN model
were able to correctly identify all 7 strong/extreme sensitizers. This novel in silico
approach combing expert-derived structural alerts, a machine-learnt potency model
and thresholds based on existing data has been shown to conservatively predict the
dermal sensitization hazard and potency of E&L. This approach could be part of a
pragmatic E&L sensitization safety assessment going forwards, for example within
the remit of the upcoming ICH Q3E guideline on E&L.
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Animal-GAN: Generating Animal Data with Artificial Intelligence

Z. Liu, X. Chen, and W. Tong. US FDA/NCTR, Jefferson, AR.
Testing data from laboratory animals provide crucial evidence for safety evaluation
and risk assessment of environmental chemicals. This animal testing paradigm
has been an essential component in regulating drug, food, and chemical safety
by almost all the regulatory agencies in the world. As a result, abundant animal
data are available from the public domain and private practice. As the toxicology
community and regulatory agencies are moving towards reduction, refinement,
and replacement (3Rs principle) of animal studies, we are exploring an Artificial
Intelligence (AI) approach to learn from the existing animal studies to generate the
animal data without conducting animal experiments. This so-called Animal-GAN
was developed based on a generative adversarial network (GAN)-based framework.
In this poster, we presented the Animal-GAN methodology and its application
to animal-based clinical pathology. Specifically, we constructed Animal-GAN
by learning hematologic and clinical chemistry data from multiple experimental
settings (compound/time/dose combination) available in DrugMatrix. We found
that Animal-GAN is capable of generating hematologic and clinical chemistry data
that are close to the corresponding animal testing values under the same experimental condition with a correlation coefficient of 0.85±0.09. Since both hematologic
and clinical chemistry data are critical in toxicological assessment, we compared
the generated data versus real data in hepatotoxicity assessment (e.g., ALT, AST,
ALP, and Hy’s law), achieving an average concordance rate of over 90%. We also
challenged the Animal-GAN (which was developed on DrugMatrix) with data from
other experiments. Specifically, we asked Animal-GAN to generate the animal data
for the experimental conditions (i.e., compound/time/dose combination) reported
in TG-GATEs. We found that the generated data were highly correlated with the
corresponding experimental data with correlation coefficients of 0.82±0.10. These
results demonstrated the potential of utilizing advanced AI approaches to produce
a non-animal model as an alternative to animal study based on the existing data.

4033

Chlordecone: Development of a Physiologically Based
Pharmacokinetic Tool to Support Human Health Risks
Assessments

C. Emond1,2,3, and L. Multigner3. 1PKSH Inc., Mascouche, QC, Canada; 2Université de
Montréal, Montreal, QC, Canada; and 3Université de Rennes, Rennes, France.
Chlordecone (CD) is an organochlorine insecticide with neurological, reproductive,
developmental, and carcinogenic toxicities and recognized as an endocrine disruptor. It was used in the French West Indies (FWI) (Guadeloupe and Martinique) from
1973 to 1993 to control the banana weevil. CD is also well known in the United
States because of the Kepone chemical disaster that occurred in Hopewell, VA, in
1974. Although CD was banned in FWI 25 years ago, it still persists in the environment and has permanently polluted banana soils and environmental waters. Today,
human exposure to CD mainly comes from eating contaminated food. Researchers
have conducted epidemiological studies that evaluated the amount of CD found in
the blood of exposed populations and identified corresponding health effects. The
objective of the current study was to develop, a physiologically based pharmacokinetic (PBPK) model for assessing CD in humans. The seven-compartment PBPK
model can simulate blood and tissue concentrations of CD in human populations
and the corresponding external dose by using a reverse dosimetry approach. We
simulated daily exposures (oral route) and estimated the mean concentration at
steady state for blood, adipose tissue, and liver; those concentrations for tissue that
were published in literature about the Hopewell disaster. We also simulate a FWI
subpopulation with different CD blood levels; the results showed accurate predictions. Use of the model will make it possible to improve the chronic toxicological
reference values for CD and estimate the external CD exposure dose scenarios
based on blood concentrations. This research was supported by the French Agency
for Biodiversity (AFB, grant number R17148NN) supported this research within the
framework of the Ecophyto II Plan organized by PNRPE France.

4034

Evaluation of Alternative Dose Metrics for a Cancer Risk
Assessment of Chloroprene

H. J. Clewell1, M. E. Andersen2, J. L. Campbell1, and P. R. Gentry3. 1Ramboll US Corp,
Research Triangle Park, NC; 2Andersen ToxConsulting LLC, Denver, NC; and 3Ramboll US
Corp, Monroe, LA.
Chloroprene is metabolized in vivo to two reactive chloroepoxides. Previous
physiologically based pharmacokinetic models of chloroprene have used the
total production of these epoxides as the dose metric for comparison of lung
carcinogenicity across species, because this dose metric harmonized the differing
dose-responses for chloroprene-induced lung tumors in mouse, rat and hamster.
However, there have been concerns that the use of this dose metric does not
consider possible species differences in either the clearance of the epoxides or
in production of reactive degradation products from the epoxides, which could
impact the relative risk across species. To investigate the possibility that species
differences in the clearance of the epoxides or the production of reactive products
would better harmonize dose-responses across species, we added a description

of the downstream metabolism of the chloroepoxides to our previously published
PBPK model of chloroprene. We estimated the additional metabolism parameters
needed for the extended model from literature data and added a description of
glutathione depletion and regeneration similar to previous models of other chloroalkenes. The resulting model predicts that the concentrations of the chloroepoxides themselves represent only a small fraction of the concentrations of reactive
products generated by their clearance. Model-predicted dose metrics for both total
metabolism and the concentration of reactive products harmonized the difference
in the concentration-response relationship for the genomic responses of the female
mouse and female rat in a previous study (Thomas et al., 2013), while the concentration of epoxides did not. These results, taken together with the lack of evidence
of mutagenicity from in vivo assays, support conclusions that (1) the toxicity of
chloroprene, similar to that seen with vinylidene chloride, is driven primarily by
reactive metabolites and cytotoxicity, (2) the dose response for cytotoxicity drives
the appearance of tumors, rather than genotoxicity, and (3) the use of total metabolism as the dose metric is appropriate.

4035

Incorporation of Rapid Association/Dissociation Processes in
Tissues into the Monkey and Human Physiologically Based
Pharmacokinetic Models for Manganese

J. L. Campbell1, H. J. Clewell1, C. Van Landingham2, R. Gentry2, A. M. Keene3, M. D.
Taylor4, and M. E. Andersen5. 1Ramboll US Corp, Research Triangle Park, NC; 2Ramboll
US Corp, Monroe, LA; 3Afton Chemical, Richmond, VA; 4NiPERA, Durham, NC; and
5Andersen ToxConsulting LLC, Denver, NC.
In published physiologically based pharmacokinetic (PBPK) models for manganese
(Mn), the kinetics of transport of Mn to and from tissues was primarily driven by
Mn binding in tissues. In subsequent years, appreciation of the role of cellular
membrane transporters in the homeostasis of Mn has grown appreciably. Based
on these insights, an updated Mn model for primates, following similar work with
rats, was developed that accounts for more rapid rates of transporter-mediated
entry into tissues, interaction of Mn with cellular binding sites and accumulation
of free Mn in tissues after saturation of these Mn-binding sites. This alternative
structure successfully described Mn kinetics in tissues in non-human primates and
humans exposed to Mn via various routes including diet, oral gavage, inhalation,
and intraperitoneal, subcutaneous, or intravenous injection. An important contribution of this effort is showing that the extension of the rate constants for cellular
transport and intracellular disposition of Mn established in the monkey were also
able to describe kinetic data from humans. The increased biological relevance of
the Mn model structure and parameters provides greater confidence in applying the
Mn PBPK models to risk assessment. This model is also well-suited to extension
to explicitly incorporate emerging information on the role of transporters in tissue
disposition, intestinal uptake, and hepatobiliary excretion of Mn.

4036

In Silico Predictions of Absorption and Bioavailability of MDI
Substances after Dermal or Inhalation Exposures Can Be Used
to Support a Category-Based Read-Across Assessment

M. J. Bartels1, W. van Osdol2, M. Le Merdy2, A. Chappelle3, A. Kuhl4, and R. West5.
1ToxMetrics.com LLC, Midland, MI; 2Simulations Plus, Lancaster, CA; 3International
Isocyanate Institute, Mountain Lakes, NJ; 4Huntsman LLC, The Woodland, TX; and
5International Isocyanate Institute Inc., Mountain Lakes, NJ.
A wide variety of methylenediphenyl diisocyanate (MDI) substances are used
commercially in the production of polyurethane products. These MDI substances
can range from their simplest monomeric forms (e.g., 4,4’-MDI; CASRN 101-68-8)
to complex mixtures of the monomers with various homologues, homopolymer,
and prepolymer derivatives. The dermal and pulmonary absorption and systemic
bioavailability of 39 discrete constituents of these MDI substances were predicted
using the mechanistically-based GastroPlus® modelling program to investigate potential relationships in the molecular, physical-chemical, and pharmacokinetic properties within this class of substances. Predicted dermal uptake and
bioavailability in human of the three MDI monomeric isomers from an acetone
solvent vehicle was 84-86% and 1.4-1.5%, respectively, while lower absorption
and bioavailability values were predicted for their higher molecular weight derivatives (< 0.1-26% and 0.1-1.3%, respectively). Similar trends, but substantially lower
magnitudes of dermal uptake were predicted from exposures of these substances
in a more lipophilic vehicle (1-octanol). Modeled inhalation exposures to human
afforded the highest pulmonary absorption for the three MDI isomers (38-54%),
with lower levels (3-27%) for derivatives within the MW range of 381-751 g/mole
and less than 0.1% absorption for the remaining, higher MW derivatives. Predicted
absorption via the oral route, representing mucociliary transported dose following
inhalation exposure, ranged from 5-10% for the MDI isomers, higher levels (10-25%)
for constituents of MW 381-751 g/mole, and ≤ 3% for constituents with MW > 900
g/mole. The results of in silico modeling show that 36 non-monomeric MDI constituents would have lower uptake through the skin or pulmonary tissues than would
the three monomeric MDI isomers, supporting a Category-based Read Across
Assessment for this class of compounds. Predictions of appreciable mucociliary
transport following inhalation exposure may be useful to address data gaps in oral
toxicity testing for this category of compounds.
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Application of Maternal Fetal Physiologically Based
Pharmacokinetic (PBPK) Model to Predict Fetal Exposure to
Antipsychotic Drugs

M. Li, K. Fairman, P. Gonnabathula, M. Choi, and A. Lumen. US FDA/NCTR,
Jefferson, AR.
Perinatal life-stages, such as neonates, infants, young children, pregnant and
postpartum women, are traditionally excluded from the clinical trials leaving
these populations data sparse. Drugs often do not have well established dosing
regimens in these life stages, yet are prescribed for use off-label. Antipsychotics
and mood stabilizers are reported to be widely used during pregnancy. There are
concerns and debates for birth defects following the use of antipsychotics during
the first trimester. PBPK modeling is a useful computational tool to predict drug
disposition during pregnancy by incorporating both the drug-specific properties and
time-varying maternal fetal physiological changes. The objective of this project is to
develop and apply maternal fetal PBPK modeling for antipsychotics to predict fetal
exposure for the use of these drugs during pregnancy. A maternal fetal PBPK model
was developed to describe the dynamics of maternal and fetal pharmacokinetics. Three commonly used antipsychotics (aripiprazole, risperidone and clozapine)
were chosen as case studies for model evaluation through oral administration. In
vitro to in vivo extrapolation (IVIVE) of the corresponding maternal liver enzyme
activities and their gestational ontogenies were applied to simulate changes in
hepatic metabolism. The unbound fetal plasma to maternal plasma concentration ratio (Kp,uu) was estimated from observed data, and estimated Kp,uu values
were applied to predict the transplacental disposition during pregnancy for the
three drugs. The model is being expanded to simulate drug pharmacokinetics at
a population level by incorporating population variabilities. The model can well
predict the fetal plasma concentration. By comparing to the observed data from
umbilical cord blood at birth, the predicted concentrations are within 2 fold differences of the observed values. The maternal fetal PBPK model helps to predict the
fetal exposure to drugs used during pregnancy, and offers valuable alternatives
for evaluating safety and efficacy of therapeutic agents and guiding appropriate
dose-adjustments to protect and promote perinatal health.

4039

A Physiologically Based Biokinetic Model for Thyroid Hormone
Homeostasis and the Effect of PXR/CAR Inducers in Rat and
Human

R. A. Clewell1, R. Cooper2, P. Hinderliter2, C. Valdez-Flores2, S. Melching-Kollmuss3,
C. Wiemann4, S. Stinchcombe3, E. Fabian5, B. Riffle6, and C. Breckenridge2. 121st
Century Tox Consulting, Chapel Hill, NC; 2Quality Scientific Solutions LLC, Reidsville,
NC; 3BASF SE, Limburgerhof, Germany; 4BASF Austria GmbH, Vienna, Austria; 5BASF SE,
Ludwigshafen, Germany; and 6BASF Corporation, Research Triangle Park, NC.
Thyroid hormone (TH) homeostasis is maintained by the hypothalamus-pituitary-thyroid (HPT) axis through a coordinated feedback network governing thyroxine (T4) and triiodothyronine (T3) synthesis, metabolism, disposition and elimination. Chemical inducers of pregnane X receptor (PXR) and constitutive androstane
receptor (CAR) reduce plasma T4 and T3 by liver glucuronidation, increased
biliary secretion and fecal TH elimination. Physiologically-based biokinetic (PBK)
models exist for chemical effects on TH synthesis, but do not describe effects
on TH homeostasis from induction of hepatic TH clearance. We developed a
PBK model to evaluate species differences in TH storage and clearance, and to
predict effects of PXR/CAR activators on hormone homeostasis in humans. The
rat model was parameterized with radiolabeled TH data (single-/dual-isotope,
iv bolus and infusion, intestinal instillation) in plasma, tissues, bile, and excreta,
and validated against endogenous hormone data. Predicted plasma total T4 (59
nmol/L) and total T3 (1.7 nmol/L) were within the published values for euthyroid
rats. Human TH disposition was predicted from the allometrically scaled rat model
and validated against radiolabeled TH data in plasma, liver and excreta, as well
as endogenous human data (predicted plasma total T4: 78 nmol/L; total T3: 4.5
nmol/L) in euthyroid individuals (normal range plasma total T4: 57-159 nmol/L;
T3: 1.2-2.8 nmol/L). Published rat data on effects of the CAR inducer phenobarbital (PB) on T4 glucuronidation were used to predict the 40% decrease in total
plasma T4 in PB-treated rats at 100 mg/kg/day for 5 days. Preliminary predictions
of increased fecal clearance in humans are consistent with limited data available
for patients taking PB for therapeutic purposes. Successful extrapolation of the rat
acute TH model across dosing regimens and species supports its potential for use
as a predictive tool for an assessment of the effects of PXR/CAR activators on TH
homeostasis in humans.

4040

Computational Modeling of Germinal Center Response and Its
Disruption by Environmental Chemicals

D. P. Mu1, N. E. Kaminski2, and Q. Zhang3. 1Montgomery Blair High School, Silver Spring,
MD; 2Michigan State University, East Lansing, MI; and 3Emory University, Atlanta, GA.
The germinal center response (GCR) is a critical event in adaptive humoral immunity
involving activation and differentiation of B cells. Many environmental pollutants
may disrupt the B cell response. GCR is a T cell-dependent process, involving cell-to-

cell interactions with spatial complexity. The formation of GC requires activated B
cells to migrate between the dark and light zones for multiple cycles, during which
they undergo clonal expansion, somatic hypermutation, and apoptosis. This spatial
behavior is crucial to the formation of long-lived plasma cells that secrete high-affinity immunoglobulins. The process is underpinned by a complex gene network
responding to chemoattracting signals and cytokines from T cells and follicular
dendritic cells (FDC). A mathematical model integrating the molecular network and
the spatial behaviors of B cells in GCR can help us to better understand the adverse
outcome pathways (AOP) of environmental immunotoxicants which may perturb
the intracellular signaling network to alter GCR. Here we report a mathematical
model of GCR using the CompuCell3D platform. Tellurium is used to simulate the
intracellular gene network. The model captures the key events in GCR, including B
cell proliferation and somatic hypermutation in the dark zone, migration of B cells
to the light zone where they interact with FDC and T cells to check for antibody
affinity and make decision for apoptosis, survival or returning to the dark zone.
The migration of B cells within GC is driven by the gradients of chemoattractants
CXCL12 and CXCL13, and the receptors CXCR4 and CXCR5, whose expression,
along with cell proliferation, is regulated by the interaction with FDC and T cells. Our
simulations predict the morphological and functional consequences of GCR when
key events are disrupted, such as apoptosis by pesticides which have been shown
to alter human B cell fate upon interaction with FDC, and terminal differentiation
which can be inhibited by polychlorinated dibenzo-p-dioxins. In summary, the virtual
GCR model developed can be used to better understand the mechanism of GCR
disruption and enhancement by environmental and pharmaceutical chemicals and
predict potential consequence of the alterations.

4041

Applying IVIVE to Determine Margins of Exposure for Potentially
Cardiotoxic Chemicals

S. Krishna1, X. Chang2, and N. Kleinstreuer1. 1NIEHS/NTP, Research Triangle Park, NC;
and 2Integrated Laboratory Systems Inc., Research Triangle Park, NC.
High-throughput screening (HTS) assays mapped to cardiovascular (CV) failure
modes provide an efficient way to identify cardiotoxic potential of environmental chemicals. In vitro to in vivo extrapolation (IVIVE) approaches harness in vitro
biological activities to predict the equivalent in vivo exposures that would lead to
internal concentrations at which in vitro bioactivity was observed. In this IVIVE
study, we applied chemical-specific experimentally measured or computationally predicted pharmacokinetic (PK) parameters (hepatic clearance and plasma
protein binding) with multiple PK models including one-compartment population,
three-compartment, and physiologically based PK models. These PK models were
used to facilitate quantitative comparison of in vitro and in vivo dosimetry for
drugs and environmental chemicals that may cause adverse CV events through
interacting with the CV failure mode-associated targets. We first identified the
most sensitive assays (i.e., assay providing lowest AC50), including an estimate of
upper and lower uncertainty bounds based on bootstrapping chemical replicates
for each chemical-assay combination. Based on those in vitro activity values, we
predicted the daily equivalent administered dose (EAD) in humans that would
result in a steady-state in vivo blood concentration equivalent to the AC50 values.
We further compared the EADs to human exposure estimates obtained from the
US EPA’s CompTox Chemicals dashboard. Chemicals such as Dibutyl phthalate,
3,3’,5,5’-Tetrabromobisphenol A, and Perfluorooctanoic acid had EADs predicted
from AC50 values that overlapped with human exposure levels, suggesting that
further study to provide more conservative hazard estimates for use in risk assessment may be required for those chemicals. In cases where the in vitro-derived
human EADs are orders of magnitude higher than the estimated exposures, cardiotoxicity induced by environmental exposure to these chemicals appears unlikely.
Our modeling approach highlights the significance of PK considerations in ranking
cardiotoxic chemicals based on in vitro HTS assays and provides a framework
supporting alternatives to animal safety testing methods that are traditionally used
to perform hazard and risk assessment.

4042

Parameter Estimation from Microphysiological Placenta Barrier
Model to Support Physiologically Based Pharmacokinetic
(PBPK) Modeling

M. Li1, D. Mehta1, S. Rahman1,2, B. Kwee2, K. Sung2, and N. Nakamura1. 1US FDA/NCTR,
Jefferson, AR; and 2US FDA/CBER, Silver Spring, MD.
There remain many unknowns regarding human pregnancy, particularly drug
transport across the placenta to the developing fetus. Increasing understanding of
drug transport through the placenta barrier could better inform drug dose adjustment decisions during pregnancy, subsequently decreasing drug-related risks and
improving safety for both fetuses and pregnant women. Currently, there are no
good experimental models that can reliably mimic or predict drug transport through
the placenta in humans. To address this gap, we developed a placenta barrier
microphysiological system (MPS), recapitulating key structural and functional
features of the human placenta barrier, then applied computational modeling tools
in order to provide mechanistic-based information of drug transport through the
placenta. The MPS placenta model consists of monolayers of human placental
epithelial and endothelial cells cultured on the side walls of hydrogel. Using this
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model, we tested the transportation of glyburide, rifaximin, and caffeine across
the engineered placenta barrier. Parameters related to drug transportation were
then calculated using non-compartmental pharmacokinetic analysis based on
drug concentration data from the MPS placenta barrier model. The parameters
estimated from the MPS model were adapted to a maternal-fetal PBPK model to
predict drug transport through the placenta. Previous reported data from umbilical
cord blood were used to evaluate the model performance. The estimated placental
transport parameters combined with the PBPK model for caffeine, helped to predict
clinical umbilical cord blood concentrations for caffeine. The maternal-fetal PBPK
model with estimated parameter values from the MPS model has the potential to
improve predictions of drug concentrations in maternal and fetal plasma, which
could enhance drug safety during pregnancy.

4043

Physiologically Based Toxicokinetic Dose-Response Model of
Botulinum Neurotoxin in Mice and Rats

B. W. Gutting1, J. Gillard2, and G. Intano3. 1Naval Surface Warfare Center, Dahlgren, VA;
2Defense Science and Technology Lab, Porton Down, United Kingdom; and 3US Army
Public Health Center, Aberdeen Proving Ground, MD.
Botulinum neurotoxin (BoNT), a large protein, is one of the world’s most toxic
substances. BoNT is a Tier 1 Select Agent and poses a significant bioterrorism
threat. The ability to predict human dose-response is a critical aspect in the defense
against BoNT. The objective of this work was to develop species-specific physiologically-based toxicokinetic (PBTK) dose-response models of BoNT toxicity. The
BoNT PBTK model was based on published species-specific physiologically-based
pharmacokinetic (PBPK) models for therapeutic antibodies because the size of
BoNT is identical to a typical Immunoglobulin G (150 kilodaltons) and size is a
main factor responsible for biodistribution of proteins. Physiological compartments
included blood, lymphatics, and tissues grouped by their capillary pore characteristics. Species-specific parameters included body weight, blood/plasma volume,
lymph volume and flow, and interstitial fluid volume. BoNT parameters included
rate of extravasation from blood to tissue, charge, nonspecific binding to internal
lamella, and BoNT-specific dual-receptor binding and endocytosis at motor neuron
endplates. The model was developed using published mouse data describing the
kinetics of BoNT toxicity following IV administration. All host parameters and several
BoNT parameter values were obtained directly from the literature. BoNT parameter values, for which no data are available, were fit using Approximate Bayesian
Computation (ABC) methods. Collectively, the model captured the mouse data well
and all ABC-derived parameter estimates were biologically plausible. Next, mouse
physiological parameters were reparameterized for rat using published parameter values, while all BoNT-specific parameters remained unchanged. The rat-BoNT
model predictions (dose-response, toxicokinetics) were compared to published
rat-BoNT toxicity data. The model predictions agreed well with the published data
for all available dose data. These results suggest a successful species-specific
extrapolation (mouse to rat) of BoNT toxicokinetics and further suggest that
reparameterizing the rodent model using human physiological parameters may be
useful in predicting human dose-response and toxicokinetics following exposure
to BoNT.

4044

A Flexible Physiologically Based Pharmacokinetic (PBPK)
Model for Mixtures of Dioxin-Like Compounds

R. Liu1, T. R. Zacharewski2, R. B. Conolly3, and Q. Zhang4. 1Lower Merion High School,
Ardmore, PA; 2Michigan State University, East Lansing, MI; 3Ramboll US Corp, Monroe,
LA; and 4Emory University, Atlanta, GA.
Humans are exposed to persistent organic pollutants such as dioxin-like
compounds (DLCs) as mixtures. Predicting the toxicokinetics of major constituents in a mixture is essential for risk assessment and remediation strategy. PBPK
models traditionally focus on one or a small number of compounds; extending
existing models for additional compounds often requires tedious, error-prone
manual work. This lack of flexibility to efficiently scale up for multi-compound
exposures is a major technical barrier toward large-scale mixture PBPK models.
Here we reported the development of a PBPK modeling framework that can
simulate an arbitrary number of DLCs. Congeners in this family share similar albeit
quantitatively different toxicokinetics and toxicodynamics properties, including
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), 2,3,7,8-tetrachlorodibenzofuran (TCDF),
and 2,3,4,7,8-pentachlorodibenzofuran (PeCDF). Our mixture model was adapted
from existing models for TCDD and contains 4 diffusion-limited compartments liver, fat, blood, and rest of body. To accommodate different numbers of DLCs in
a mixture, varying-length vectors of ordinary differential equations (ODEs) were
used to track the tissue concentrations of congeners, while shared ODEs account
for competitive binding between congeners and aryl hydrocarbon receptor (AHR)/
CYP1A2 and the induction of CYP1A2. Parameters such as AHR binding affinities
and efficacies of CYP1A2 induction were informed based on TEQ values; parameters such as partition coefficients were estimated using algorithms implemented in
open-access platforms such as PK-Sim etc. The mixture models were implemented
in the free Octave program, and partially validated with published TCDD dosimetry data. The human version of the model allows us to make preliminary predictions for mixture exposures experienced by residents in the Michigan Great Lakes

region. The mouse version of the model provides guidance for dosing in reference
to human exposure. In summary, we developed a highly flexible mixture PBPK
modeling framework for DLCs which can be utilized upon further optimization as a
quantitative tool to estimate tissue dosimetry of DLC mixtures.
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A Negative Feedback Loop and Transcription Factor Cooperation
Regulate Zonal Gene Induction by 2, 3, 7, 8-tetrachlorodibenzop-dioxin in the Mouse Liver

Y. Yang, D. Filipovic, and S. Bhattacharya. Michigan State University, East Lansing, MI.
Activation of the aryl hydrocarbon receptor (AHR) by the potent and persistent
environmental pollutant 2, 3, 7, 8 tetrachlorodibenzo-p-dioxin (TCDD) results in a
strong induction of the cytochrome P450 (Cyp) enzymes - Cyp1A1 and Cyp1A2
in the mouse liver. In addition to being induced by TCDD-activated AHR, Cyp1A2
also binds to and sequesters TCDD. At low TCDD doses the induction of Cyp1A1 is
localized to the pericentral region of the liver lobule. With increasing TCDD doses
the induction of Cyp1A1 begins to spread across the lobule towards the periportal
region, resulting in a pan-lobular induction at the high end of TCDD exposure. Many
genes, including AHR, have been shown to be basally zonated in the liver lobule
along the central-to-portal axis, and this metabolic zonation is mainly the result of
differential WNT signaling across the lobule. The transcription factor β-catenin, a
downstream component of WNT signaling, aids in the activation of Cyp1A1, both
independently and in cooperation with AHR. To examine the mechanism of zonated
gene induction by TCDD-activated AHR, we developed a multiscale computational
model of the mouse liver lobule at single-cell resolution. We used previously
published high-resolution images of the liver lobule to determine the spatial location
and the number of individual hepatocytes. Each virtual hepatocyte was equipped
with a model of the biochemical signaling pathway network known to result in
the induction of Cyp1A1 and Cyp1A2. These models were calibrated in a lobular
zone-dependent manner with previously published single cell spatially resolved
gene expression data. Model simulations demonstrated that a negative feedback
loop created by binding of the induced Cyp1A2 protein to TCDD, together with
cooperative gene induction by β-catenin and the β-catenin/AHR/TCDD transcription
factor complex, produce the spatially localized induction of Cyp1A1. Although WNT
signaling regulates the metabolic zonation of many basally expressed metabolic
genes, zonal induction of Cyp1A1 was not affected by alterations in WNT signaling. This work contributes to a broader understanding of spatial gene regulation
along the liver lobule. Funding acknowledgement: USDA National Institute of Food
and Agriculture, Michigan AgBioResearch, National Institute of Environmental Health
Sciences (R01 ES031937).
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Computational Modeling of Endocrine Disruption of
Gonadotrophin-Dependent Ovarian Follicle Maturation

S. Moyd1, S. Xiao2, and Q. Zhang1. 1Emory University, Atlanta, GA; and 2Rutgers Ernest
Mario School of Pharmacy, Piscataway, NJ.
Selection of ovarian dominant follicles is a key step in folliculogenesis to ensure
successful ovulation. The selection is a gonadotrophin-dependent process, requiring stimulation of antral follicles by follicle-stimulating hormone (FSH), which rises
above a threshold in the early stage of the menstrual cycle in women. Many environmental pollutants, including microcystins, per- and polyfluorinated substances
(PFAS), and a variety of endocrine-disrupting chemicals (EDCs), can interfere with
the follicle maturation process. To better understand and predict the dose-response relationships for the adverse outcomes of reproductive EDCs, it is helpful
to construct quantitative adverse outcome pathway (qAOP) models simulating the
perturbed signaling dynamics of ovarian follicles. Here we reported our effort in
developing a computational model of the signal transduction and gene regulatory
network that underpins follicle dominance selection and the feedback interaction
between ovarian hormones and FSH. The dynamical model contains primarily the
PKA and AKT pathways in the granulosa cells and the transcriptional program
supporting follicle dominance and maturation to the preovulatory stage. Among
the induced gene products, CYP19A1 (aromatase), insulin-like growth factors (IGF),
and pregnancy-associated plasma protein (PAPPA) can synergize the activities of
the signal transduction pathways, forming multiple intrafollicular positive feedback
loops (FPLs). The PFLs function collectively as a bistable switch, underpinning the
FSH thresholds required for the acquisition and maintenance of follicle dominance.
Dominant follicles secrete inhibin and E2 into the circulation to inhibit pituitary FSH
secretion, preventing subordinate follicles from becoming dominant. By disrupting the cross-talk in signal transduction and blocking E2 signaling, the model was
able to recapitulate the effects of microcystins and aromatase inhibitors in arresting antral follicles at pre-dominance stage. The model can help to understand the
pathophysiology of women’s ovarian diseases such as anovulation and polycystic
ovarian syndrome associated with environmental exposure.
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A Physiologically Based Pharmacokinetic (PBPK) Model of
Diethyl Phthalate in Humans

S. Chen1, and Q. Zhang2. 1University of Washington, Seattle, WA; and 2Emory University,
Atlanta, GA.
Phthalates are a family of industrial and consumer product chemicals. Humans can
be exposed to phthalates through oral intake, inhalation, and dermal absorption.
Among the variety of phthalate congeners, diethyl phthalate (DEP) has been widely
used and human exposure can be through personal care products, pharmaceutical
products, and industrial materials. Exposure to DEP may induce male reproductive
toxicity, developmental toxicity and hepatotoxicity. DEP is metabolized into the
active metabolite monoethyl phthalate (MEP), which is conjugated and ultimately
excreted into the urine. To better understand the toxicity of DEP and MEP, it is
important to predict their internal concentrations, especially in reproductive organs.
Here we present a human PBPK model of DEP and MEP. The model consists of
seven tissue compartments, tracking the concentrations of both DEP and MEP. The
tissue compartments include gut, liver, adipose, skin, gonad, and rest of body (RB),
and are all considered as flow-limited. In the blood, both DEP and MEP partition
into free and bound forms. DEP is metabolized in the gut and liver into MEP. MEP
is further glucuronidated and cleared through the urine. The PBPK model was
implemented in R by using the deSolve package. The chemical-specific parameters
of the model were estimated based on published human urinary MEP data after
exposure to DEP in the air through inhalation and dermal absorption in a controlled
environment. The calibrated model was then subjected to sensitivity analysis for
Cmax, AUC, and clearance half-lives of DEP and MEP in plasma, gonad and urine.
Sensitive parameters identified include the partition coefficients of DEP for adipose,
RB, and skin compartments, and the rate constants for glucuronidation of MEP and
urinary excretion. Interestingly, the DEP metabolic rate constants in the liver and gut
are not sensitive parameters due to the flow-limited metabolism. A subset of the
sensitive parameters was then included in hierarchical population Bayesian Markov
chain Monte Carlo (MCMC) simulations using the FME package in R to characterize
the uncertainty and variability of these parameters. The developed human PBPK
model of DEP and MEP can be utilized as a quantitative tool to predict the tissue
dosimetry of the compounds for risk assessment.
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Translating Internal Dosimetry of Dibenzo[def,p]chrysene (DBC)
and Metabolites across Dose and Species Using Physiologically
Based Pharmacokinetic (PBPK) Modeling

P. Pande1, E. Madeen2, D. Williams2, S. Crowell1, T. Ognibene3, K. Turteltaub3, R. Corley1,
and J. Smith1. 1Pacific Northwest National Laboratory, Richland, WA; 2Oregon State
University, Corvallis, OR; and 3Lawrence Livermore National Laboratory, Livermore, CA.
An environmental polycyclic aromatic hydrocarbon (PAH), dibenzo[def,p]chrysene
(DBC), causes tumors in mice and has been classified as a probable human carcinogen by the International Agency for Research on Cancer. Like many PAHs, DBC
requires metabolic bioactivation to form the ultimate toxicant, and researchers
have measured different rates of metabolism of DBC and its metabolites among
animal models and humans. In order to understand implications of dose and
species differences on DBC disposition, a physiologically based pharmacokinetic model (PBPK) originally developed to describe DBC disposition in mice was
extended to humans and DBC metabolites. Metabolism parameters used in the
model were obtained from experimental in vitro metabolism assays in mice and
human hepatic microsomes. PBPK model simulations were evaluated against mice
orally dosed with 15 mg/kg DBC and human volunteers orally microdosed with
29 ng of DBC. DBC and its primary metabolite DBC-11,12-diol were measured in
blood of mice and humans, while in urine, the majority of DBC metabolites were
conjugated DBC-11,12-diol, conjugated DBC tetrols, and unconjugated DBC tetrols.
The PBPK model was able to predict the time course concentrations of DBC and
DBC-11,12-diol, and other DBC metabolites in blood and urine of human volunteers
and mice with reasonable accuracy. Simulations show that internal dose metrics
used for risk assessments do not necessarily scale allometrically between mice
and humans. Sensitivity analysis identified important parameters, and Monte
Carlo simulations using distributions of sensitive parameters estimated inter-individual variability of internal dose metrics in humans. PBPK modeling provides an
approach to appropriately account for interspecies differences in metabolism and
physiology and predict inter-individual variability of internal dosimetrics. Supported
by NIEHS Grant No. P42 ES016465.
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Development and Application of a Physiologically Based Kinetic
(PBK) Model for the Inhalational Route

N. Nowak, N. Sonnenschein, T. Hansen, D. Ritter, K. Blümlein, S. Escher, and K.
Schwarz. Fraunhofer Institute for Toxicology and Experimental Medicine, Hannover,
Germany. Sponsor: A. Bitsch
Information on systemic available substance concentration is an important
element for both pharmacology and toxicology in the pre-clinical development of
new drugs or the risk assessment of chemicals. In recent years, uptake via the
inhalational route has gained particular interest. To bridge the gap between external

exposure concentrations to internal concentrations inside the body, a physiologically based kinetic (PBK) model has been developed for the human as part of
the Cefic LRI-B21 project. Its applicability domain ranges from gases and vapors
to liquid and solid aerosols and solely requires quantitatively in vitro to in vivo
extrapolated inputs parameters by design (QIVIVE-PBK).The new model divides the
lung into several sub-compartments due to its heterogenic structure and different
clearance and uptake mechanisms. This mechanism include mucociliary clearance
and macrophage uptake, dissolution and clearance. Actual breathing patterns can
be applied for acute exposures for improved short term predictability. The attached
systemic part consists of a generic state-of-the-art design that includes various
tissues. Several substances haven been used to investigate the applicability of this
model: easily soluble nicotine (vapor/aerosol), poorly soluble toluene (vapor) and
iron oxides (aerosol), and bioinert polystyrene (aerosol). Substance-specific ADME
data that are required as model inputs were taken from literature, generated in silico
or were measured in in vitro experiments. Epithelial permeability of the air:blood
barrier was measured for toluene and nicotine and solubility rates of iron oxides
in different physiological fluids have been determined. Predicted lung retention
or blood kinetics for these substances were compared to available clinical data
and show very good agreement with both the quantitative concentration levels as
well as the qualitative concentration profile. In conclusion, these results indicate
that the lung PBK model can successfully predict respiratory uptake and bioavailability of inhaled vapors and particles for exposure durations of a single or couple
of breaths to several hours and clearance for up to several months. Due to its
generalized design, the model can be applied for other chemicals and drugs. Future
development of the lung PBK model will include different human subpopulations,
lung metabolism and the diseased lung and extend its use to inhalation by rats.
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A Minimal Human Physiologically Based Kinetics Model
of Thyroid Hormones and Effects of Endocrine-Disrupting
Chemicals

A. D. Bagga, and Q. Zhang. Emory University, Atlanta, GA.
Thyroid hormones (THs) thyroxine (T4) and triiodothyronine (T3) are under
homeostatic and circadian control by the hypothalamic-pituitary-thyroid axis while
their free plasma concentrations are strongly buffered by three TH binding proteins
(THBPs): thyroxine-binding globulin (TBG), transthyretin (TTR), and albumin (ALB).
Many endocrine-disrupting chemicals (EDCs) can interfere with the regulation and
actions of THs, some of which are structurally similar to THs with comparable or
even higher binding affinities for THBPs. It has been suspected that by disrupting
the binding of THs with THBPs, EDCs may alter the plasma TH concentrations and
the delivery to tissues. Given that the majority of the binding sites on THBPs are
unoccupied—thus available for EDC binding—it is uncertain whether TH homeostasis can be tangibly perturbed by EDC exposure. To answer these questions, we
constructed a spatial multi-compartment human physiologically based kinetic
(PBK) model of TH production, distribution, and metabolism. The model contains
the thyroid, liver, and rest-of-body compartments with explicit descriptions of the
reversible binding kinetics between THs and THBPs in the blood. The model was
parameterized and validated extensively based on literature data. Here we reported
several novel findings: (1) The contribution to TH tissue delivery by each THBP is
not spatially constant across a tissue: ALB always contributes more THs to the
arterial side of the tissue while TBG contributes more to the venous side. (2) THBPs
are essential for a uniform TH tissue delivery but are cross-compensatory in this
role. (3) Contrary to the long-held assumption that ALB is the dominant contributor,
TBG contributes more of the THs delivered to a tissue overall than ALB and TTR.
(4) Bode plot analysis using control theory suggests that a circadian signal driving
T4-to-T3 conversion in the extra-thyroidal tissue is crucial to establish the distinct
phase and amplitude profiles of circulating T3 and T4 in humans. (5) Displacement
of THs from THBPs by high-affinity EDCs has a negligible effect on free plasma
THs even under high exposures. (6) Daily exposure to THBP-binding EDCs does
not affect the circadian variations in tissue delivery of THs. The PBK model can be
further elaborated in the future to make tissue-specific predictions of TH kinetics.
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Developing Generic Toxicokinetic Models for Enhanced
Reporting Accuracy and Statistical Evaluation

J. F. Wambaugh1, S. E. Davidson1, R. G. Pearce1, M. J. Devito1, M. W. Linakis2, G. S.
Honda1, E. M. Kenyon1, T. Purucker1, C. L. Ring1, M. A. Sfeir1, and R. W. Setzer1. 1US EPA,
Research Triangle Park, NC; and 2Ramboll US Corp, Research Triangle Park, NC.
Toxicokinetics (TK) describes the absorption, distribution, metabolism, and elimination of chemicals by the body. TK predictions provide key information for chemical
risk assessment, including interspecies and in vitro-in vivo extrapolation. Chemicalspecific in vivo data (for example, from animal studies) are often unavailable for
the thousands of chemicals in commerce. Due to data scarcity chemical-specific physiologically based TK (PBTK) models are rarely evaluated using external
(non-training) data sets. This leaves decision makers who want to extrapolate to
public health situations unclear about whether they are extrapolating signal, noise,
or both. Generic PBTK models evaluated across many chemical databases provide
a degree of statistical evaluation that is often otherwise unobtainable. Large
amounts of data providing in vitro measures of chemical-specific TK for parame-
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terizing generic TK models have been collected enabling “high-throughput TK” or
HTTK. The R package “httk” provides a library of peer-reviewed chemical-specific
data and a suite of tools for parameterization and evaluation of TK models. Here we
describe the tools and methods used to add a new PBTK model to the “httk” suite.
The open-source language “MCsim” is used to describe the model. “MCsim” then
converts the descriptions into high-speed C computer code. With the addition of a
model documentation file in the R language, the C model code is then integrated
into the “httk” environment using R package development functionality. Within
R, the package “deSolve” allows use of the C code. “httk” provides functions for
unit conversion; model parameterization; Monte Carlo propagation of uncertainty
and simulation of biological variability; and both tools and in vivo-derived data for
evaluating model predictions. We use a recently developed gas inhalation PBTK
model as an illustrative example for integration of a new model into the “httk”
platform using the general methodology described here. That model was compared
with CvTdb data from 41 chemicals across 142 exposure scenarios, with reasonable agreement to the data (r2 = 0.45) in a high-throughput and easily replicable
manner. Following this example, modelers may add to the “httk” suite and take
advantage of the pre-existing simulation functionality and chemical-specific data
for 998 chemicals in humans and 228 chemicals in rat. Ultimately “httk” provides
an open-source and reproducible means by which the public can contribute to and
examine toxicokinetic modeling. This abstract does not necessarily reflect US EPA
policy.
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Interspecies and Interindividual Differences in the Role of
Gut Microbial Conversion in the Estrogenicity of Daidzein as
Characterized by PBPK Modeling and Monte Carlo Simulation

Q. Wang1, M. Strikwold2, B. Spenkelink1, S. Wesseling1, and I. M. Rietjens1. 1Wageningen
University and Research, Wageningen, Netherlands; and 2Van Hall Larenstein University
of Applied Sciences, Leeuwarden, Netherlands.
Daidzein is a phytoestrogen known to be metabolized by gut microbiota, with
S-equol being the most potent estrogenic metabolite. In contrary to rodents, only a
subset of the human population is capable metabolizing daidzein to S-equol in the
gut, thereby potentially contributing to interspecies and interindividual differences.
To predict plasma levels of daidzein and S-equol in rat and human, physiologically
based pharmacokinetic (PBPK) models were developed using kinetics obtained
from in vitro anaerobic fecal incubations. To define the human model, fecal samples
were collected from 15 individuals, of which 6 were able to metabolize daidzein
into S-equol and thereby were classified as S-equol “producers” while the other
9 were classified as “non-producers.” Fecal incubations allowed definition of the
maximum velocity (Vmax) and Michaelis-Menten constant (Km) for daidzein metabolites formation. The kinetic constants thus obtained were input to the PBPK models,
enabling prediction of the maximum daidzein and S-equol plasma concentrations
(Cmax), which were comparable to reported in vivo data. Comparisons between
predicted Cmax of daidzein and S-equol with their EC10 values for estrogenic receptor
alpha (ERa) activation indicated that the ERa-mediated estrogenicity is likely to
be dominated by daidzein. Interspecies comparison revealed that the catalytic
efficiency (expressed in mL/h/g feces) for S-equol formation in rats was 210-fold
higher than that of human S-equol producers. Subsequently, the PBPK model was
coupled with Monte Carlo simulations taking into account variability in metabolism
related kinetic parameters, providing the distribution of the daidzein and S-equol
plasma concentrations in a large population. Altogether, the described in vitro-in
silico strategy provides a proof-of-principle for assessing gut microbial metabolism
and including it in PBPK modelling as part of the development of New Assessment
Methods (NAMs) in safety testing.
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Development of an Interactive Physiologically Based
Pharmacokinetic (iPBPK) Modeling Platform to Predict Meat
and Milk Residues and Withdrawal Intervals for Perfluorooctane
Sulfonate (PFOS) in Beef and Dairy Cattle

W. Chou1,2, Y. Cheng2, L. A. Tell3, R. E. Baynes4, F. P. Maunsell1, J. L. Davis1, J. Riviere4,2,
and Z. Lin1. 1University of Florida, Gainesville, FL; 2Kansas State University, Manhattan,
KS; 3University of California Davis, Davis, CA; and 4North Carolina State University,
Raleigh, NC.
Dietary intake from milk and edible tissues from food animals is considered to
be an important route of human exposure to per- and poly-fluoroalkyl substances
(PFAS), yet the understanding of how PFAS are accumulated and distributed
through contaminated feed and drinking water to farm animals is limited. This
study aimed to develop a physiologically based pharmacokinetic (PBPK) model
for lactating cows fed with naturally contaminated perfluorooctane sulfonate
(PFOS)-containing hays and silages as well as for beef cattle following a single oral
dose of PFOS. Preliminary results showed that the model adequately simulated the
observed data with an estimated coefficient of determination (R2) of >0.95. Monte
Carlo simulation is being incorporated into the model to estimate the withdrawal
interval (WDIs) for meat and milk (i.e., the time when PFOS concentrations fall
below the acceptable human intake concentrations or analytical detection limits
for milk or edible tissues). The average concentrations of PFOS in liver, kidney and
muscle were 102, 55 and 8 ng/g, respectively, for the simulation in the beef cattle

exposed to groundwater containing PFOS with a daily intake rate of 0.181 μg/kg/
day for 2 years. The maximum concentration of PFOS in milk was 36 μg/L for the
simulation in lactating cows after feeding of grass silage and hay containing PFOS
providing a daily intake of 7.6 μg/kg/day for 28 days. The estimation of WDIs from
this model is ongoing. The final PBPK model will be converted to a web-based
interactive PBPK (iPBPK) modeling platform to provide a user-friendly quantitative
tool for real-time predictions of WDIs for PFOS in beef and dairy cattle. This model
will serve as a foundation for extrapolation to other PFAS chemicals to improve
food safety assessment.
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Modeling Deposition and Uptake of an Inhaled Puff Emitted
from an Electronic Nicotine Delivery System (ENDS) in the
Human Respiratory Tract

B. Asgharian1, O. Price2, J. Schroeter1, G. Erives3, J. Fallica3, C. Li3, and S. Chemerynski3.
1Applied Research Associates Inc., Raleigh, NC; 2Applied Research Associates Inc.,
Arlington, VA; and 3US FDA/CDER, Silver Spring, MD.
A coupled vapor uptake and aerosol deposition model was developed for a puff
of an electronic nicotine delivery system (ENDS) consisting of a multi-constituent
mixture of droplets and vapors made up of water, glycerin, nicotine, propylene glycol,
and flavors. The mixture is highly unstable and undergoes rapid thermodynamic
changes as the aerosol moves from the ENDS into the respiratory tract. As a result,
there are significant changes in the characteristics of inhaled aerosols immediately
after generation in the ENDS and while traveling through the respiratory tract. These
changes are currently understudied and are important when developing a dosimetry
model to assess both vapor uptake and droplet deposition. The model included
the coagulation of airborne materials, which is significant at high droplet number
concentrations, and constituent mass exchange between liquid (droplet) and vapor
phases. The model accounted for the mixing of the puff with the dilution air at the
end of mouth hold, and with reserve air when the puff reached the pulmonary space.
The fate of all constituents in the puff was obtained at different sites in the respiratory tract to examine regional differences in the deposited dose. Overall, about 90%
of the nicotine and propylene glycol were taken up by lung tissues whereas that for
glycerin was under 60%. Tissue dose from droplet deposition was higher than that
from vapor uptake for all aerosol constituents of the puff. The model is a powerful
tool to inform the exposure and health risk evaluation of ENDS use. This study was
funded by the FDA Center for Tobacco Products. This is not a formal dissemination
of information by FDA and does not represent Agency position or policy.
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Physiologically Based Pharmacokinetic (PBPK) Simulations and
Modeling of Botanical Constituents

M. Lawless1, A. Lumen2, M. Li2, M. Embry3, C. A. Mitchell3, and Y. Liu4. 1Simulations Plus,
Lancaster, CA; 2US FDA, Jefferson, AR; 3HESI, Washington, DC; and 4US FDA, Laurel, MD.
Botanicals have broad use as traditional medicines, natural health products, and
dietary supplements around the world. Due to the complexity and variability in
chemical constituents, safety testing for botanicals is challenging. The Botanical
Safety Consortium, created to address this challenge, is a partnership among
industry, academia, and government experts to promote new approach methodologies, such as in silico modeling, to enhance the botanical safety toolkit. Here,
high-throughput pharmacokinetic (HTPK) simulations were used to predict pharmacokinetic (PK) properties of the constituents of 13 botanicals. Additionally, PBPK
models were created to mimic in vivo PK profiles of constituents in Ashwagandha,
Yohimbe, and Goldenseal. The PK properties of 211 compounds that are constituents of the 13 botanicals were simulated using in silico predicted input parameters
(logP, solubility, permeability etc.) for a 100 mg dose of an oral tablet administered to a 70 kg human subject. Most of the botanical constituents were predicted
to have a high (>90%) fraction absorbed (%Fa). However, many of the constituents of Ginseng have a low predicted %Fa due to low predicted permeability or
solubility. Plasma concentration-time (Cp) curves of withaferin A/withanolide A
(Ashwagandha), yohimbine (Yohimbe), and berberine (Goldenseal) from animal
and human studies in the literature were modeled using GastroPlus®. For the
Ashwagandha constituents, a shoulder was observed in the Cp-time profile that
was explained by adjusting the dissolution time which allowed the compounds to
precipitate and then re-dissolve in the stomach and upper GI tract. The in vivo study
of Yohimbine resulted in a wide variety of PK properties for the seven subjects in
the study. The average oral bioavailability (%F) was 33% but ranged from 7.1 to
86.9%. The model predicted that the AUC0-inf levels were within 2-fold of the average
observation in healthy humans given a single oral and intravenous dose of 10 mg of
yohimbine hydrochloride. In vivo studies of berberine in rats resulted in a very low
oral bioavailability (0.4%) due to low %Fa (44%) and high metabolism. PBPK simulations of berberine that incorporated CYP2D metabolism and P-glycoprotein efflux
transportation were required to properly estimate PK parameters. These results
show the potential application of PBPK modeling as a suitable tool for evaluating
botanical constituents.
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Mechanistic Modeling of Biologics-Induced Liver Injury (BILI)
Predicts Hepatotoxicity of Tocilizumab through Both On- and
Off-Target Effects

L. Clemens1, J. J. Beaudoin1, L. A. Vernetti2, D. L. Taylor2, A. Gough2, C. Battista1, S. Q.
Siler1, L. K. Shoda1, B. A. Howell1, and K. Yang1. 1Simulations Plus, Research Triangle
Park, NC; and 2University of Pittsburgh, Pittsburgh, PA.
Biologics address a range of unmet medical needs. However, there are increasing
numbers of BILI cases which slow therapeutic development or require frequent
monitoring of liver function. To assess the potential clinical BILI liability of
biologics, a novel quantitative systems toxicology platform, BIOLOGXsym™, was
developed incorporating relevant liver biochemistry, mechanistic representations
of key pathophysiologic pathways, and assay data from a human biomimetic
liver microphysiology system. Tocilizumab (TCZ), a human anti-interleukin (IL)-6
receptor antagonist biologic used for treating inflammatory diseases, can lead to
transient elevations in alanine aminotransferase (ALT), a biomarker of liver injury.
Within BIOLOGXsym, a mechanistic model of TCZ was developed including direct
representation of IL-6, IL-6 receptor, and specific on-target (CYP expression, hepatocyte regeneration) and off-target (TCZ-induced reactive oxygen species, [ROS])
effects. Exposure of human (vascularized) liver acinus microphysiology system ([v]
LAMPS) to 1.6 µM TCZ demonstrated TCZ-induced ROS and increased CYP activity,
offering insights into potential hepatotoxic effects of TCZ. These data, along with
data from the literature and TCZ exposure predictions from GastroPlus™, were used
to parameterize the model and run proof-of-concept simulations. Simulated TCZ
administration (8 mg/kg Q4W for 12 weeks) to a small cohort (n=4) of individuals
with elevated IL-6 demonstrates ALT above three times the upper limit of normal
in one individual. When TCZ is co-administered with repeat therapeutic doses of
acetaminophen, a medication with CYP-dependent hepatotoxicity, all individuals in the cohort show significant ALT elevations. Mechanistic analysis of these
responses indicates persistent ALT elevations during co-medication when either
off-target or on-target effects are excluded from the simulation. These results
demonstrate the potential of BIOLOGXsym to predict BILI, identify key toxicity
mechanisms, and evaluate drug-drug interactions for developing biologics.
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Determination of Species- and Sex-Dependent PFAS
Pharmacokinetics (PK) through Bayesian Hierarchical Modeling

T. J. Zurlinden1, M. W. Dzierlenga1, D. F. Kapraun1, B. Prasad1, A. S. Bernstein1,2, P. M.
Schlosser1, and V. Morozov1. 1US EPA, Research Triangle Park, NC; and 2Oak Ridge
Institute for Science and Education, Oak Ridge, TN.
The carbon chain length and degree of fluorination of per- and polyfluoroalkyl
substances (PFAS) greatly influence their physio- and biochemical properties,
resulting in environmental persistence for some compounds. For humans, exposure
to numerous PFAS occurs through a variety of environmental sources such as food
and water, and protein binding coupled with possible renal resorption allows some
PFAS to remain in the body for years. Laboratory animal studies provide a means
for interspecies extrapolation to inform human PFAS PK. However, physiological
variation, sex-specific differences in PFAS clearance, disparate numerical methodologies, and compartmental assumptions for fitting PK models can result in large
differences among PK parameters, making cross-species extrapolation difficult. To
address these differences, we developed a Bayesian inference hierarchical model
to estimate PFAS PK for multiple species across numerous data sets. After reviewing the existing literature to obtain time course blood and tissue concentration data,
we used fifty studies to estimate PK for six PFAS: PFHxA, PFHxS, PFNA, PFDA,
PFBS, and PFBA in rats, mice, and non-human primates of both sexes. Using the
Bayesian approach, we obtained distributional estimates of animal PK parameters
of interest such as beta-phase elimination half-life, volume of distribution (Vd),
and clearance. The resulting half-life estimates ranged from two hours for shorterchained (C4, C6) PFAS in female rats up to eighty days for longer chained (C8, C10)
PFAS across both sexes. Additional sex-dependent differences in Vd demonstrated
higher Vd estimates in males than females for longer chain PFAS. Ultimately, this
study provides a large collection of in vivo derived PFAS PK parameters across
multiple species and sexes. These estimates, which include quantitative information about uncertainty, are useful for the development of more robust and physiologically relevant PK models. Finally, they can provide a foundation for quantitative
structural activity relationship models to predict half-lives for PFAS when PK data
are unavailable.

4059

A Dynamic Pharmacokinetic Model for Evaluating Exposures
to PFOA and PFOS in Adults: Background and Site-Specific
Exposure Evaluations

C. Welsh1, R. Siwakoti2, J. Compton2, P. Ruiz3, and J. Fisher4. 1CDC/ATSDR, Chamblee,
GA; 2Oak Ridge Institute for Science and Education, Oak Ridge, TN; 3CDC/ATSDR, Atlanta,
GA; and 4ScitoVation, Durham, NC.
A “Dynamic Pharmacokinetic Model” was constructed to aid in the assessment
of human ingestion exposures to perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) in adults. The starting point was a one compart-

ment pharmacokinetic model. Subsequent construction steps advanced the one
compartment model framework by incorporating intake components that account
for: 1) age-variable bodyweight; 2) calendar-time-variable “background”; and 3)
calendar-time-variable intake dosing for simulating site-specific exposures. Model
simulations of serum PFOA and PFOS showed reasonable agreement with serum
background levels derived from two decades of biomonitoring data from North
America (data from National Health and Nutrition Examination Survey, American
Red Cross, Canadian Health Measures Survey). Published intake estimates were
used to generate modeled predictions of serum PFOA and PFOS. The estimated
serum contaminant levels were within a factor of two when compared to either
biomonitored background levels or site-associated data describing exposures from
PFAS contaminated drinking water. The concordance of the comparisons using
simulated estimates vs. biomonitored data suggests the Dynamic Pharmacokinetic
Model can provide credible estimates of community exposures to PFOA and PFOS.
Model simulations that address hypothetical site-related questions are illustrated
and demonstrate a utility for evaluating various site-associated exposure issues.
The findings and conclusions in this abstract have not been formally disseminated by
the Centers for Disease Control and Prevention/the Agency for Toxic Substances and
Disease Registry and should not be construed to represent any agency determination
or policy.
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Physiologically Based Pharmacokinetic (PBPK) Modeling of
Perfluorohexane Sulfonate (PFHxS) in Humans

L. Sweeney. UES Inc., Dayton, OH.
Per- and polyfluoroalkyl substances (PFAS) are persistent, man-made compounds
prevalent in the environment and consistently identified in human biomonitoring
samples. In particular, perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid
(PFOA), and perfluorohexane sulfonic acid (PFHxS) have been identified at US Air
Force installations. The study of human toxicokinetics and physiologically based
pharmacokinetic (PBPK) modeling of PFHxS has been less robust and has been
limited in scope and application as compared to PFOS and PFOA. The primary goal
of the current effort was to develop a PBPK model describing PFHxS disposition
in humans that can be applied to retrospective, current, and future human health
risk assessment of PFHxS. An existing model developed for PFOS and PFOA was
modified and key parameter values for exposure and toxicokinetics were calibrated
for PFHxS prediction based on human biomonitoring data, particularly general
population serum levels from the US Centers for Disease Prevention and Control
(CDC) National Health and Nutrition Examination Survey (NHANES). Agreement
between the model and the calibration and evaluation data was excellent and
recapitulated observed trends across sex, age, and calendar years. The average
absolute fold model error (AAFE) for the NHANES data was 1.32 (AAFE = 1
indicates perfect agreement between the model and the data) and AAFE for 7 of the
8 other US data sets ranged from 1.00 to 1.37. The remaining US data set had an
AAFE of 2.12 and consisted of samples collected approximately one decade earlier
than the calibration data. Based on the low AAFE values, the model is suitable for
future application in derivation of toxicity reference values or other risk assessment
applications. Confidence in the model is greatest for application to adults in the
2000-2018 time frame and for shorter-term future projections. Disclaimer: I am a
contractor working with the Air Force Research Laboratory/711 Human Performance
Wing and the views expressed are my own and do not necessarily reflect the views of
the Air Force, Department of Defense (DOD), or my employer UES, Inc.

4061

Rapid PBPK Model Parameterization for Estimating Food Animal
Tissue Residues: Case Study Using ADMET Predictor and
GastroPlus

R. DeWoskin1, Z. Lin2, M. Li3, Y. Cheng4, J. Spires5, V. Lukacova5, K. Szeto5, R. Baynes6,
and J. Riviere6. 1etioLogic LLC, Rockville, MD; 2University of Florida, Gainesville, FL; 3US
FDA/NCTR, Jefferson, AR; 4Kansas State University, Manhattan, KS; 5Simulation Plus,
Lancaster, CA; and 6North Carolina State University, Raleigh, NC.
The Food Animal Residue Avoidance Databank (FARAD; http://www.farad.org) is
a university-based national program, sponsored by the USDA, that serves as the
primary source of kinetic information and scientifically-based recommendations for
safe withdrawal intervals (WDIs). WDIs specify the time needed for drug or chemical
clearance following exposure to assure that residues in food animal products or
tissues are below safe levels for consumption. PBPK models are especially useful
in predicting WDIs for drugs with off-label uses or with varying dosage regimens,
however, sparse data to populate critical parameter values are a major impediment to model development. New Approach Methodologies (NAMs) (e.g., QSAR,
IVIVE, HTS, Read-Across) offer data streams with potential for more efficient model
parameterization. In a research teaming arrangement with Simulations Plus (SLP)
(https://www.simulations-plus.com), SLP’s ADMET Predictor® and GastroPlus®
(GP) programs are being used to explore the utility of these newer data streams for
parameterizing PBPK models capable of predicting WDIs. Prototype model results
are being compared with previously published PBPK models for common drugs/
chemicals, initially for penicillin G-procaine in swine (Li et al., 2017). Simulations
with the minipig model in the GP animal domain, and with ADMET Predictor providing the penicillin G parameters, overestimated the swine plasma calibration data, as
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well as underestimated the slower terminal clearance that is crucial for developing
WDIs. Simulations with a swine PBPK model developed by SLP (based on physiological parameter values from Lin et al., 2020), and with ADMET Predictor providing all but two previously fitted parameters - kidney urinary clearance (1.4 l/hr/kg)
and kidney tissue partitioning (7.0) - matched the plasma data within 1-2 fold and
produced much better representation of the critical lower terminal phase clearance.
These encouraging results with the GP swine PBPK model support continuing with
next steps: 1) parameterizing the swine PBPK model for 5-10 more drugs/chemicals
using different NAM data, 2) developing workflows to align various NAM data types
to specific types of parameters, and 3) defining criteria to rank confidence in NAM
parameterized models to support a WDI prediction.

4062

Predicting Chemical Tendencies within the Human Body

A. Olsen, L. Dingsheng, and L. Li. University of Nevada Reno, Reno, NV.
A systematic understanding of the dosimetric relationship between the human
intake of a chemical contaminant and its concentration in bodily fluids is critical for
assessing human exposure and health impacts associated with chemical production and use. However, it remains less clear how such a dosimetric relationship
depends on the interaction between fundamental chemical properties and human
physiological features. In this work, the dosimetric relationship is characterized by
a ratio of the daily chemical intake dose to the steady-state concentration in the
human blood, which quantifies the chemical’s tendency of accumulation within the
human body. Using a well-evaluated model, this work investigates the dependence
of such a dose-to-concentration ratio on properties of partitioning between octanol,
air, and water (i.e., the hydrophobicity and volatility of chemicals) and age-dependent body composition, by linking it to toxicokinetic processes that determine the
absorption and elimination of chemicals. These investigations are visualized in
a series of chemical partitioning space plots, which inform us of the chemicals
that, once in the body, are likely to be absorbed by the body and how long they
are predicted to persist within the body. Our results indicate that chemicals with
moderate hydrophobicity and relatively low volatility are most accumulative in the
human body, owing to their efficient absorption and inefficient elimination. Another
finding is the applicability of the ratio outcome to both adults and children with little
variance between the two. Overall, this study is important in helping to provide a
way to predict blood concentrations of a chemical if the information is available
for exposure (e.g., estimates from the US EPA’s ExpoCast project), and to back-calculated the rate of exposure that sustains the blood concentrations observed in
biomonitoring campaigns (e.g., measurements from NHANES). The results could
be used to help those who set or advocate for safe environmental regulations as
well as pharmacists and others working within this field. The model can also be
used as a useful New Approach Method (NAM) tool by environmental toxicologists,
exposure scientists, biomonitoring practitioners, and health risk assessors.

4063

Refined Prediction of Retained Dose in the Revised US EPA
Multiple-Path Particle Dosimetry (MPPD) Model

A. M. Jarabek1, O. T. Price2, and B. Asgharian3. 1US EPA, Research Triangle Park, NC;
2Applied Research Associates Inc., Arlington, VA; and 3Applied Research Associates Inc.,
Raleigh, NC.
Retention of inhaled particles in the respiratory tract reflects the integration
of inhalability and deposition mechanisms with clearance mechanisms; and
represents the best dose metric to evaluate effects from chronic exposure studies.
In response to a May 2021 expert peer review, the US EPA has incorporated
clearance in the extra-thoracic (ET) region of its MPPD model version (EPA v. 2.0)
as well as a refined description of clearance by dissolution in all regions of the
respiratory tract. The ET region serves to filter inhaled particles to prevent transport
to and hence protect the lower respiratory tract; adverse health effects in the ET
region are directly linked to the fate of particles in this region. Particles deposited in
the ET region are cleared by dissolution, transport to lymph nodes, and transport of
undissolved particles to the gastrointestinal (GI) tract. In addition, because nanoparticles may directly translocate to the brain via nerve tracts, this revised MPPD
model offers the possibility to explore this potential. As before, inhaled particle
accumulation and clearance via oral and nasal pathways are computed separately
to accommodate different breathing modes (i.e., nasal, oronasal, mouth) that may
result from different ventilatory activity patterns (e.g., augmented oral breathing
with exertion). The refinements are based on structures and parameters provided
in various publications of the International Commission on Radiological Protection
(ICRP) and several published computational fluid dynamic (CFD) model simulations
or studies. Model simulations performed for acute and chronic exposures show a
steady decrease of retained particles in the ET region for acute exposures. Mass
burdens reach a steady state during chronic exposure after a few days of exposure.
Particles cleared from the ET region distribute to the GI tract during post exposure.
The revised MPPD model is a dynamic dosimetry model capable of assessing the
fate of inhaled particles with various physicochemical properties in the respiratory and GI tracts; thereby supporting realistic assessment of the fate of inhaled
particles in both the portal of entry and available to systemic distribution. The views
expressed in this abstract are those of the authors and do not necessarily represent
the views or policies of the US EPA.

4064

An Inhalation Dosimetry-Based Software Platform to Facilitate
Risk Evaluation of Electronic Cigarette Constituents

J. Schroeter1, B. Asgharian1, D. Oldson1, A. Parks1, O. Price1, G. Erives2, J. Fallica2, C. Li2,
and S. Chemerynski2. 1Applied Research Associates Inc., Raleigh, NC; and 2US FDA/CTP,
Beltsville, MD.
Electronic nicotine delivery systems (ENDS) heat liquids containing ingredients
such as nicotine, water, propylene glycol, glycerin, and flavors to deliver an aerosol
mixture to the user. Potential health risks to ENDS users depend on the dosimetry
of the aerosol in the respiratory tract, which is affected by many factors related
to the device and user behavior. A Java-based software platform was developed
that accepts inputs for user topography and ENDS device profiles to simulate
daily ENDS sessions and compute the respiratory deposition of the ENDS constituents along with nicotine kinetics. Respiratory deposition of ENDS aerosols was
simulated using a modified version of the Multiple-Path Particle Dosimetry (MPPD)
model developed specifically for ENDS. More than 20 individual flavor chemicals
and several byproducts (formaldehyde, acrolein, and acetaldehyde) were included
as part of the ENDS aerosols. A physiologically-based pharmacokinetic model
was implemented to simulate nicotine disposition following lung deposition. For
a hypothetical user session consisting of 16 sessions/day with 5 puffs/session
and theoretical e-liquid constituent quantities, model predictions showed that
uptake of more volatile aerosol constituents such as nicotine, propylene glycol, and
byproducts was very high (> 90%). In this scenario, the e-liquid nicotine content of
5%, yielded a predicted maximum nicotine blood concentration of about 20 ng/ml.
Available toxicological data on individual ENDS constituents and byproducts were
included in the software platform to compare with predicted dose-based metrics
of individual constituents following ENDS use. In this scenario, the average formaldehyde flux (5.50e-8 µg/cm2-sec) was much lower than flux values calculated
from exposures that resulted in toxicity in published animal studies. The software
platform packages advanced aerosol dosimetry models and toxicity data into a
user-friendly interface and demonstrates the utility of dosimetry modeling results
to inform exposure and health risk evaluation of ENDS constituents. This work was
supported by the FDA Center for Tobacco Products. This is not a formal dissemination of information by FDA and does not represent Agency position or policy.

4065

Computational Modeling of Insecticide Perturbation of the Gene
Regulatory Network and Trajectory of Developing Midbrain
Dopaminergic Neurons

Y. He, W. M. Caudle, and Q. Zhang. Emory University, Atlanta, GA.
Embryonic exposure to environmental chemicals, such as insecticides, can cause
abnormal development of the midbrain dopaminergic (mDA) neurons, which can
lead to neurological disorders including autism, attention deficit hyperactivity
disorder and Parkinson’s Disease. To better understand the neural developmental
trajectory that is altered by insecticides, it is helpful to construct and simulate the
specific quantitative adverse outcome pathway (qAOP) to capture the dynamics
of the gene regulatory network (GRN) underpinning DA neuronal differentiation
and migration. In the present study, we developed a computational model of the
GRN that can be perturbed by insecticides by integrating a variety of bioinformatics and numerical simulation tools. The structure of the GRN was determined by
integrating primary literature and network inference using pyScenic on published
single-cell RNA sequencing (scRNA-seq) data of developing mouse midbrain. The
network consists of key transcription factors (TF) including Otx2, Foxa2, Lmx1a/1b,
Msx1, Neurog2, Nr4a2, Pitx3 and En1/2, and extracellular signaling molecules
such as Wnt1 and Shh. The control logics of TF-TF regulation were determined
based on gene knockout experimental literature and the temporal relationship of
gene expression derived from latent-time analysis using scVelo based on the RNA
velocity concept. These genes form a series of network motifs including positive
and negative feedback, and feedforward, which enable transient, delayed, and
sustained transcriptional dynamics that characterize the mDA neural developmental processes. The network model is implemented using stochastic numerical simulation algorithm in Tellurium. Our simulation is able to recapitulate the
specification, neurogenesis, and maturation stages of mDA neural development,
which encompass the trajectory starting from progenitor cells through medial
neuroblasts, neuroblast DA, and mature DA neurons. When specific genes are
perturbed to simulate the effects of insecticides, the model can predict altered
developmental trajectories including stalling at a particular stage and deficiency in
mature mDA neurons. Future work will extend the qAOP into virtual tissue models
that can capture spatial mDA neuronal migration by using platforms such as
CompuCell3D to predict morphological disruptions.
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On the Feasibility of Extending PBPK to Machine-Learning
Models

S. Habiballah1, and B. Reisfeld1,2. 1Colorado State University, Fort Collins, CO; and 2IARC,
Lyon, France.
Physiologically based pharmacokinetic (PBPK) modeling is increasingly used
predict the ADME (absorption, distribution, metabolism, and excretion) properties
of xenobiotics for a variety of subject populations, life-stages, disease states, and
dosing conditions. Because such models require the solution of complex systems
of ordinary differential equations subject to time-based dosing events, they are often
inconvenient to integrate into complex simulation frameworks or workflows. The
aim of this work was to demonstrate the feasibility of developing a self-contained
machine learning (ML) module that could faithfully represent summary TK parameters produced by a full PBPK model, given a set of input chemical-specific information. As a demonstration of this concept, the open-source compartmental and
transit (OpenCAT) PBPK model was used to generate pharmacokinetic predictions
and summary parameters resulting from oral dosing of drug formulations spanning
a large range of solubility and absorption characteristics. Drugs were chosen
(instead of environmental toxicants) because quantifying their complex absorption characteristics provided a critical test of the methodology. PBPK-generated
values, augmented with those from the literature, were used in the development
and evaluation of the ML (gradient-boosted decision trees regression) model. The
model was evaluated for concordance between both the full PBPK model and data
using several statistical measures. In addition, reduced parameter modeling and
feature importance studies were conducted. In general, the values predicted by the
ML model were within 20% of those of the OpenCAT model across the range of drug
and formulation properties. However, predictions from both modeling approaches
were occasionally far from the experimentally determined PK parameters, indicating deficiencies with the underlying mathematical descriptions of the biological and
biochemical phenomena. The feature importance studies indicated that those most
influential in the regression were the subject’s body weight, metabolic constants,
and the ratio of the drug fraction unbound over its partition coefficient in the liver.

4067

Generative Deep Learning of the Single Cell-Dose Response of
2,3,7,8 Tetrachlorodibenzo-p-dioxin in Mouse Liver

O. Z. Kana, R. Nault, T. R. Zacharewski, and S. Bhattacharya. Michigan State University,
East Lansing, MI.
Single cell RNA-seq provides a new opportunity to study the heterogeneity of
chemical perturbation within tissues. However, exploring the space of all cell type
- chemical combinations is experimentally and financially unfeasible. This space is
significantly expanded by the dose axis of chemical perturbation. Thus, computational tools are needed to predict responses not only across tissues, but also across
doses while capturing the nuances of cell type specific gene expression. Variational
autoencoders simplify the single cell expression space allowing cross-tissue,
-organ, -organism and -dose predictions using simple vector arithmetic. However,
differing sensitivities and non-linearities make cell type specific gene expression
predictions following treatment at higher doses challenging. Here, improvements to
vector arithmetic in the latent space achieve high dose cell type specific predictions
better than other state of the art algorithms. We specifically look at a well-studied
toxicant, 2,3,7,8 Tetrachlorodibenzo-p-dioxin (TCDD), in the mouse liver as a case
study. TCDD binds to and activates the aryl hydrocarbon receptor (AhR) to regulate
gene expression associated with several physiological processes including xenobiotic metabolism, development, and circadian rhythm. Prediction of the effects of
TCDD across liver cell types is non-trivial as AhR is not only differentially expressed
across cell types but is also differentially expressed within certain cell types along
the porto-central axis of the liver lobule. Our model predicts dose-dependent gene
expression across liver zones (i.e., portal to central hepatocytes), and across liver
cell types (e.g., endothelial to stellate cells) using basal gene expression data. The
model is also able to predict low dose TCDD gene expression using high dose data.
Finally, using outputs from the model, an algorithm was developed to order cells
based on their sensitivities to a particular toxicant by assigning a “pseudo-dose”
value to each cell. Given the model’s high performance on these tasks, the tool
developed here will aid the exploration of the gene expression space of chemical
perturbation. Grant support: The National Human Genome Research Institute
(R21HG010789) National Institute of Environmental Health Sciences (T32ES007255)
Michigan AgBioResearch.

4068

Use of PBPK Modeling to Evaluate Maximum Tolerated Doses: A
Case Study with 3-Chloroallyl Alcohol

W. Cheng1, R. Conolly2, H. Clewell2, M. Moore3, J. Campbell2, and R. Gentry2. 1UPL
Limited Inc., Durham, NC; 2Ramboll US Corp, Monroe, LA; and 3Martha M. Moore LLC,
Little Rock, AR.
A physiologically based pharmacokinetic (PBPK) model for 3-chloroallyl alcohol
(3-CAA) was developed and used to evaluate pharmacokinetic aspects of the design
of in vivo toxicity tests of 3-CAA. The main goals of this work were to demonstrate
(1) development of a PBPK model using a read-across approach and (2), how PBPK

modeling can help to characterize the relationships between applied dose, target
tissue dose, and maximum tolerated dose (MTD) for studies intended to support
regulatory evaluation. PBPK model development for 3-CAA was supported by read
across from a published PBPK model for ethanol, based on the expectation that
3-CAA, like ethanol, is metabolized primarily by hepatic alcohol dehydrogenase.
The PBPK model was used to evaluate the quantitative relationship between two
metrics of tissue dosimetry, maximum concentration (Cmax; mg/L) and area under
the curve (AUC; mg-hr/L), and how these relationships vary with dose of 3-CAA and
with dose route (oral gavage and drinking water). The metrics were evaluated for
an existing in vivo study of 3-CAA comprised of a transgenic rodent gene mutation
(TGR) assay and a micronucleus (MN) test. Oral gavage dosing was predicted to
result in a 6-fold higher Cmax than the same dose administered in drinking water,
but in a similar AUC. This calibration is important because cytotoxicity is a potential
confounder of mutagenicity testing and is expected, for 3-CAA, to correlate more
closely with Cmax. These pharmacokinetic insights are relevant to the design of
an MTD study, as the MTD is characterized by a lack of severe toxicity (e.g., by
a decrease in body weight gain, minimal signs of overt toxicity) for both general
toxicity and for in vivo genotoxicity assessments. The insight into internal dosimetry provided by the PBPK model can help to ensure that new studies meet OECD
Test Guidelines and that the highest dose used will not be associated with severe
toxicity that could potentially confound the interpretation of study data. In addition,
PBPK modeling provides assurance of target tissue (e.g., bone marrow) exposure,
even in the absence of laboratory data, by defining the relationship between applied
dose and target tissue dose in terms of accepted principles of pharmacokinetics,
relevant physiology and biochemistry of the dosed animals, and chemical-specific
information.

4069

Two Promising Molecules—Melatonin and S-Methylisothiourea—
as Prophylaxis against Nitrogen Mustard-Induced Intestine
Toxicity

E. Macit, and Z. I. Kunak. University of Health Sciences, Ankara, Turkey.
Sulfur mustard known as mustard gas is still a great threat to humanity as there is
no specific treatment of cure for it yet. Although many studies are being made for
improvements, studying with nitrogen mustard is safer and legally easier. One of our
studies showed glimpses of hope, but the structure of the experiment demanded on
after exposure treatment. Nitric oxide and peroxynitrite are responsible for mustard
induced toxicity. In our previous study, it was aimed to compare the therapeutic
efficiencies of melatonin (wide-spectrum antioxidant) and S-methylisothiourea
(selective iNOS inhibitor) in intestine toxicity caused by nitrogen mustard in rats.
Thirty six rats were randomly divided into four groups: control, MEC, MEC+MEL,
and MEC+SMT. Group 1 was given 2 ml saline, other groups received single dose
of mechlorethamine (MEC) (3.5 mg/kg transdermally) with the same time intervals.
Group 3 and 4 received MEL (100 mg/kg i.p.) and SMT (50 mg/kg i.p.), respectively.
In all groups, tumor necrosis factor-α (TNF-α), interleukin 1-beta (IL-1β) and nitrate/
nitrite (NOx) levels were measured in intestine tissues. Mechlorethamine injection
resulted in severe inflammatory cell infiltration, ischemic changes and vacuolization in small intestine. In melatonin group, vacuolization was decreased, inflammation was minimal in intestine. In S-methylisothioure group, Epithelial damage
was minimal and no inflammation in intestine. TNF-α, IL-1β and NOx levels in the
MEC and MEC+SMT groups were significantly higher compared to the other groups.
In terms of TNF-α and NOx concentrations, there was no difference between the
control and MEL groups. There was no difference in the MEC and MEC+SMT
groups in terms of IL-1β levels. IL-1β concentrations were found lower in MEL group
compared to MEC and MEC+SMT groups. But unfortunately IL-1β levels in MEL
group were higher than control group. Increased TNF-α, IL-1β and NOx levels were
in good agreement with histopathological injury. These results suggest that MEL
treatment found beneficial. But the prophylactic effects of these two molecules are
vague and worth to investigate with further studies.

4070

Analysis of Astrocyte Activation Biomarker GFAP and Microglial
Activation Biomarker IBA-1 in the Hippocampus following Sarin
Surrogate Exposure and Novel Oxime Acetylcholinesterase
Reactivator in Rats

D. C. Stanford, A. K. Olivier, and J. E. Chambers. Mississippi State University, Mississippi
State, MS.
Exposure to high levels of organophosphate (OP) anticholinesterases may induce
neuronal damage that leads to long-term neurological deficits. Oxime 20, the lead
compound from a platform of substituted phenoxyalkyl pyridinium oximes (US
Patent 9,227,937), is an oxime that reactivates OP-inhibited acetylcholinesterase
and has displayed neuroprotection within the brain of rats in in vivo tests where
2-PAM has not. Our aim was to investigate the neuroprotection of oxime therapy
for OP poisoning. Glial fibrillary acidic protein (GFAP) and ionized calcium-binding
adapter molecule 1 (IBA-1) were evaluated as markers of injury following administration of the sarin surrogate nitrophenyl isopropyl methylphosphonate (NIMP).
Comparisons were made between Oxime 20 and the currently approved oxime
treatment 2-PAM. Rats were administered a lethal dose SC of NIMP (0.6 mg/kg)
or Multisol (a biocompatible vehicle) control. After one hour, IM injection of the
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muscarinic cholinergic receptor antagonist atropine and oxime (Oxime 20, 2-PAM;
146 µmoles/kg) was administered. Three animals per treatment group (vehicle,
NIMP, NIMP+Oxime20, and NIMP+2-PAM) were sampled four days post-treatment.
Brain sections containing the CA1 region of the hippocampus were sectioned and
immunostained for GFAP and IBA-1. The apex of the CA1 and entire CA1 region
were imaged to quantify the percent area of immunopositive GFAP or the number
of IBA-1 cells per area. While a one-way ANOVA test showed no significant difference among test groups, a trend of increased GFAP percent area and IBA-1 cells in
the NIMP group was seen compared to the vehicle group. Activated astrocytes and
microglia in NIMP groups are indicative of brain insult from the OP. Additionally,
a trend of neuroprotection was seen in both NIMP+Oxime20 and NIMP+2-PAM
groups compared to NIMP alone, as indicated by the percent area of GFAP staining
and fewer IBA-1 cells. Supported by NIH U01NS107127 and NIH U01NS123255.

4071

Royal Demolition Explosive (RDX) Triggers Seizure Activity in
Larval Zebrafish

P. C. Mundy, B. Pressly, H. Wulff, and P. J. Lein. University of California Davis, Davis, CA.
Hexahydro-1,3,5-trinitro-1,3,5-triazine, or Royal Demolition Explosive (RDX),
is a major component of common explosives such as C-4. RDX contamination
after detonation and release from explosives waste sites is an environmental
health concern. Acute exposures from intentional or accidental ingestion are a
documented clinical concern, especially among young male US service members in
the armed forces. When ingested in large enough quantity, RDX causes tonic-clonic
seizures. Recently, it has been proposed that RDX causes seizures via GABAAR
antagonism. In our lab, in vitro and in silico experiments have predicted that RDX
binds to the GABAAR subunit combination of α1β2γ2. Our goal is to determine
whether this mechanism translates in vivo. To do this, we first need to establish
an in vivo model of RDX-induced seizures. We exposed larval zebrafish to RDX at
varying concentrations ranging from 10 µM - 300 µM for 6 h and recorded their
seizure behavior. At 3 h 20 min of exposure to 300 µM RDX, in comparison to
vehicle control larvae, larval zebrafish exhibited a significant increase in motility
that persisted for up to 6 h. Researchers blinded to the treatments manually scored
a 20 min segment of video starting at 3.5 h post-exposure for seizure behavior
at Stage I (hyperlocomotion), Stage II (whirlpool swimming), and Stage III (tonic
seizure). The manually scored seizure events correlated with automated tracking of
locomotor behavior. Additionally, we established that midazolam (MDZ), a GABAA
receptor positive allosteric modulator, mitigated RDX-induced seizure-like behavior
in zebrafish larvae. The EC50 of MDZ efficacy in mitigating seizure behavior was
0.01µM. These results set up future studies to confirm the molecular target of RDX
in vivo and provide insights regarding more targeted therapeutic countermeasures
to mitigate RDX-induced seizure events. Supported by R21 NS110647.

4072

Role of Farnesoid X Receptor in Nitrogen Mustard-Induced
Pulmonary Inflammation and Injury

J. Andres, C. Jiang, K. Vayas, G. Guo, A. Gow, J. D. Laskin, and D. L. Laskin. Rutgers,
The State University of New Jersey, Piscataway, NJ.
Nitrogen mustard (NM; (bis(2-chloroethyl)methylamine) is a cytotoxic vesicant
known to cause pulmonary injury that can progress to fibrosis. This is associated with an accumulation of inflammatory macrophages in the lung which
have been implicated in NM toxicity. Farnesoid X Receptor (FXR) is a nuclear
receptor involved in bile acid and lipid homeostasis; it has also been shown to
exert anti-inflammatory activity. In these studies, we developed a model to assess
the progression of pulmonary injury following NM exposure and the role of FXR
in regulating macrophage inflammatory activity. Male Wistar rats were exposed
to phosphate-buffered saline (CTL) or NM (0.125 mg/kg) via i.t. Pencentury
Microsrprayer™ aerosolization. Following exposure, rats were treated orally with
FXR-RA, an FXR receptor agonist or vehicle control (peanut butter, 0.13 -0.18 g),
1x/day, 5 days/week. Lung tissue and alveolar macrophages (AMs) were collected
28 days post-exposure. NM induced time related histopathological changes in the
lung including epithelial-thickening, alveolar-circularization, and pulmonary edema.
Picrosirus Red staining was also increased 28 days following NM exposure; this
was associated with increases in hydroxyproline levels in lung tissue, indicative
of fibrosis. NM lung toxicity and fibrosis was attenuated by FXR-RA; expression
of HO-1, a marker of oxidative stress, was also blunted. The effects of FXR-RA
on macrophage inflammatory activity was also evaluated. Immuno-histochemistry
showed that NM administration resulted in increased NOS2 in macrophages. This
correlated with upregulation of mRNA expression of NOS2, as well as TNFα, and
NF-κB; these increases were suppressed by FXR-RA. These findings demonstrate
that FXR plays a role in limiting NM-induced injury/fibrosis, oxidative stress, and
inflammatory macrophage activation, processes key to the pathogenic response of
the lung to mustard vesicants. Supported by NIH grants AR055073 and ES005022.

4073

Isolation of Antimicrobial Activity and Cola acuminata

Perry1,

C.
P. Kilgore2, U. Cvek2, and W. G. Gray1. 1Southern University and A&M College,
Baton Rouge, LA; and 2Louisiana State University Health Sciences Center Shreveport,
Shreveport, LA.
The emergence of resistant bacterial strains has led to the need for developing
new antibiotics. Cola acuminata and Cola nitida are two eatable plant nuts showing
both antimicrobial and antifungal activity in selective microorganisms. Recently,
we reported that the acetone extract of Cola acuminate (Biz-3w) contains putative
antimicrobial bioactivity in Staphylococcus aureus. In this study, we focused on
isolating the active ingredients in Biz-3w, evaluating their sensitivity, and exploring
their mechanism of action. An analytical reverse-phase HPLC chromatographic
separation method was used to isolate Biz-3w_A1, an enriched antimicrobial
fraction. This method resulted in an 80% purification of the antimicrobial activity in
Biz-3w as determined by growth inhibitory turbidity assay and disc diffusion assay.
A wavelength spectrum scan of purified peaks (Biz-3w_A1) detected the presence
of at least five individual compounds having an observation max at 210-225 nm.
Biz-3w_A1 had excellent bactericidal activity against S. aureus and was similar to
vancomycin in killing organisms in the late exponential growth phase. Biz-3w_A1
treatment resulted in lysis of over 90% of the organism after three hours. RNASeq
gene expression profiling of Staphylococcus aureus in response to two different
concentrations (0.25XMIC and 2.5X MIC) of Biz-3w_A1 at 3hr induction resulted
in a total of 102 genes that were differentially expressed (2.0-fold log2 change
in expression). In response to the Biz-3w_A1 challenge, 36 genes were upregulated, and 66 genes downregulated. KEGG pathway analysis reveals that over fifty
percent of the regulated gene was associated with either the ABC Transporter (19
genes), the Quorum sensing (11 genes), the purine metabolism (10 genes), or the
Staphylococcus aureus infection (11 genes) pathways. These results demonstrate
that Cola acuminata is an excellent new antimicrobial agent source that affects
multi biochemical pathways in gram-positive bacteria.

4074

Bromodomain 4 (BRD4)-Dependent Chromatin Remodeling by
Lewisite and Other Similar Arsenicals in Porcine Skin

R. Srivastava1, J. Khan1, S. Muzaffar1, B. Mishra1, P. Guroji1, C. Croutch2, M. Shahid
Mukhtar1, and M. Athar1. 1University of Alabama at Birmingham, Birmingham, AL; and
2MRIGlobal, Kansas City, MO.
Lewisite and other arsenic-containing chemical warfare agents (CWAs) are
extremely toxic vesicants developed for use in World War I/II. Later, unused arsenicals were buried or dumped in ocean. However, stockpiles of these chemicals may
still exist. Accidental or deliberate exposure to these agents pose a significant
risk to human health. The molecular pathogenesis of these devastating CWAs
are not known primarily due to lack of suitable human relevant animal models.
Here, we show the development of a porcine model of arsenicals toxicity and
skin damage which closely mimic to human skin. Employing this porcine model
(Gottingen minipig), we demonstrated that lewisite-induced chromatin remodeling. BRD4-associated histone lysine hyper-acetylation of H3 and H4 histone
target proteins (H3K9ac, H4k5ac and H4k8ac) occurs in a dose-and time-dependent manner following topical exposure of lewisite to porcine skin. This H3 and
H4 histone hyper-acetylation is complemented by the increased expression of
target inflammatory genes such as Il6, Ptx3, Lcn2, Adm, and Il33. Transcriptomic
analysis of lewisite-challenged skin confirms that BRD4-regulated inflammatory
and tissue damage genes panels are significantly altered in lewisite-treated pig
skin. Interestingly, these changes are consistently observed in the skin of other
structurally diverse arsenical-challenged animals. Diphenylchlorarsine, diphenylcyanoarsine or diethylchlorarsine at molar equivalent concentration of lewisite
caused tissue injury of different magnitude but regulated by identical epigenetic
mechanisms. We also provide data to demonstrate the role of arsenical-mediated
elaboration of reactive oxygen species (ROS) and oxidative damage in the epigenetic regulation of chromatin remodeling. Our data suggest that porcine model is
a faithful model that recapitulates the toxicity of vesicants in humans. BRD4 is a
primary critical regulator of arsenicals-mediated cutaneous injury and could be an
important therapeutic target for developing antidotes against these and similar
chemicals.

4075

Design, Testing, and Biosynthesis of Therapeutic Peptides to
Sequester Acetylcholine for Treating Nerve Agent Poisoning

C. M. Luft1, T. C. Schutt2, M. G. Feasel3, X. Luo2, S. Thangapandian4, Y. Li5, J. R.
Horsmon3, K. P. Glover3, E. Cooley5, M. K. Shukla2, and P. Gong2. 1Simetri Inc., Winter
Park, FL; 2US Army Engineer Research and Development Center, Vicksburg, MS;
3Chemical Biological Center, Gunpowder, MD; 4Oak Ridge Institute for Science and
Education, Oak Ridge, TN; and 5Bennett Aerospace Inc., Raleigh, NC. Sponsor: M. Chen
Nerve agents are warfare agents posing chemical threat to both civilian populations
and military forces. They block neural signaling by inhibiting acetylcholinesterase
(AChE), an enzyme that catalyzes the breakdown of the neurotransmitter acetylcholine (ACh), resulting in the overstimulation of acetylcholine receptors (AChRs).
We developed a pipeline for the design and screening of ACh-binding peptides
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to treat nerve agent intoxication by sequestering the excessive ACh, instead of
targeting the overstimulated AChR. This pipeline consisted of the following key
steps: de novo peptide design, computational simulation, chemical synthesis,
binding affinity measurement, in vitro screening, and biosynthesis scaleup. We
designed hundreds of small single-domain ACh-binding peptides and modelled
their binding activity with the ligand ACh. After docking and molecular dynamic
simulation, we selected a total of 53 single-domain peptides and 14 dual-domain
sandwich peptides for chemical synthesis and their ACh-binding affinity was
determined using Plexera, a surface plasmon resonance (SPR)-based instrument.
Based on the measured KD values, a total of 16 top-ranked peptides were chosen
for in vitro testing using Fluorescence Imaging Plate Reader (FLIPR) assay and
Chinese Hamster Ovarian (CHO) cells expressing human muscarinic acetylcholine
receptors (hmAChR). At least two peptides showed significant antagonism against
ACh-induced, hmAChR-mediated calcium mobilization, suggesting that they had
the potential to sequester ACh. The last step of the pipeline was to biosynthesize
the candidate therapeutic peptides on a large scale, which is currently under investigation. Through this study, we discovered at least two good peptides possessing
promising therapeutic properties.

4076

Analysis of Regulatory Inflammation Oxylipins and Arachidonic
Acid following Acute Sarin Surrogate Exposure and Novel Oxime
Therapy in Rats

C. Price, M. Ross, B. Backer, and J. Chambers. Mississippi State University, Mississippi
State, MS.
The sarin surrogate nitrophenyl isopropyl methylphosphonate (NIMP), a potent
organophosphorus compound (OP), causes acute neurotoxicity by inhibiting
acetylcholinesterase (AChE) in the brain. Acute OP exposure causes toxic cholinergic signs and induces neuroinflammation, as well as brain damage leading to
long-term neurologic and cognitive deficits. Neuroinflammation is regulated by
oxylipins that are derived from fatty acid metabolism. Our laboratory has invented
a series of oxime AChE reactivators (US Patent 9,227,937) that enter the brain,
reduce time to cessation of seizure-like activities, and prevent neuropathology after
NIMP exposure. In this study, critical regions of seizure initiation (piriform cortex
and hippocampus) were examined for pro- and anti-inflammatory oxylipins in an
atropinized rat model of an acute lethal NIMP (0.6 mg/kg, s.c.) exposure and novel
oxime therapy (146 μmol/kg, i.m.) at 1-, 4-, and 7-days post NIMP challenge. Novel
oxime therapy dose is equivalent to the human equivalent dose of the US approved
oxime, 2-PAM. When compared to vehicle controls, NIMP challenge caused the
most abundant pro-inflammatory oxylipins (prostanoids) to be decreased at day
1, increased at day 4, and their levels were similar at day 7 indicating possible
resolution of neuroinflammation. By day 4, NIMP-challenged animals given oxime
therapy exhibited higher levels of pro-inflammatory oxylipins than those in the
vehicle control group; however, they were lower than those animals challenged
with NIMP only, suggesting an oxime-mediated anti-inflammatory effect. These
results, observed in both the piriform cortex and hippocampus, suggested that
NIMP can induce neuroinflammatory lipids at day 4 and that novel oxime therapy
could attenuate this effect. Thus, reducing OP-induced neuroinflammation might
contribute to the neuroprotection previously observed with these novel oximes.
Supported by NIH U01NS107127 and U01NS123255.

4077

Sulfur Mustard Vapor Modifies Corneal Matrix Proteins in New
Zealand White Rabbits

L. B. Joseph1, J. D. Laskin1, P. Zhou1, R. A. Hahn1, C. R. Croutch2, and M. K. Gordon1.
1Rutgers, The State University of New Jersey, Piscataway, NJ; and 2MRIGlobal,
Kansas City, MO.
Sulfur mustard (SM; bis(2-chloroethyl) sulfide) is a bifunctional alkylating agent
utilized in chemical warfare. Ocular exposure to SM causes severe irritation, pain,
and blepharitis; this can lead to recurrent corneal ulcerations and dry eye disease.
In the present studies, we followed the progression of SM-induced ocular toxicity
in New Zealand white male rabbits. Rabbits were anesthetized and the corneas
exposed to SM vapor (0.42 mg/L, 8 min) using continuous flow googles. Animals
were euthanized 3, 14 and 28 d later, and the corneas removed for histological and
immunohistochemical analysis. Within one day post-SM, corneal hazing and edema
were observed, a response that persisted for 28 d. Neovascularization was evident
by 7 d and continued to increase for at least 28 d. H & E staining of histologic
sections revealed significant epithelial stromal separation ranging from ~8-17% of
the epithelial surface at all times post SM exposure. Tenascin C (TNC), a glycoprotein expressed during corneal embryogenesis and wound repair, was expressed
at low constitutive levels in the stroma of control rabbits. TNC was upregulated
at 3 d post SM and continued to increase through 28 d. Cellular fibronectin (cFN),
a provisional matrix protein, was highly expressed in the basement membrane of
control animals. Whereas at 3 d post SM, cFN was absent in the injured central
cornea, at 14 d, it was upregulated with a diffuse staining pattern throughout the
stroma. At 28 d post-SM, cFN was highly disorganized in the stroma, while in
the basement membrane it began to return to control levels. Perlecan (PLC), a
basement membrane glycoprotein, was a highly expressed as a compact dense
layer in corneas from control animals. SM vapor caused a marked downregulation

of PLC in the basement membrane. Taken together, these data indicate that SM
vapor induced corneal injury resulting in unresolved corneal edema and neovascularization, with disruption of the corneal epithelium and stroma up to 28 d post
exposure. Progressive alterations in corneal matrix proteins in response to SM
is indicative of prolonged injury which may contribute to corneal dysfunction.
Supported by NIH U54AR055073.

4078

Optimization of Delivery of Novel Substituted Phenoxyalkyl
Pyridinium Oxime Cholinesterase Reactivators for Treatment of
Organophosphate Poisoning in Rats

E. Meek, B. Backer, and J. Chambers. Mississippi State University, Mississippi
State, MS.
Novel phenoxyalkyl pyridinium oximes (US Patent 9,227,937), previously shown
to cross the blood-brain barrier, reactivate organophosphate (OP) inhibited brain
cholinesterase and enhance survival following lethal exposures to OPs (nerve agent
surrogates and insecticide metabolites), are being optimized for enhanced solubility and bioavailability. The pharmacokinetics (PK) of the lead oxime candidates
(administered IM in Multisol vehicle) were determined in both male and female rats.
The three lead novel oximes all displayed longer serum half-lives (3-13 hrs) than
2-PAM (45 min), the approved oxime in the US. A lead candidate, Oxime 20, was
selected based on PK and efficacy data (24-hour survival following challenge with
lethal levels of OPs). The limited solubility of Oxime 20 in Multisol (48.5% water,
40% propylene glycol, 10% ethanol, and 1.5% benzyl alcohol) required investigating
other vehicles. Following solubility testing of Oxime 20 in many combinations of
excipients, two possible new vehicles were chosen, 1) 90% water and 10% benzyl
alcohol and 2) 80% water, 10% benzyl alcohol and 10% propylene glycol. A new
vehicle would be required to have improved solubility over Multisol at a range of
temperatures while exhibiting similar or improved efficacy and PK. The two new
vehicles resulted in greater oxime solubility than Multisol, not precipitating at lower
temperatures, as was seen with Multisol. To evaluate efficacy, male and female
rats were challenged subcutaneously with 0.6 mg/kg nitrophenyl isopropyl methylphosphonate (NIMP, a sarin surrogate) in Multisol. All rats received 0.65 mg/kg
atropine in saline intramuscularly (IM). This challenge regime is lethal to all atropinized animals within 24 hours. At time of initiation of seizure-like behavior (30 min),
atropine and Oxime 20 (146 µmol/kg, human 2-PAM equivalent dosage) in each of
the two new vehicles was administered IM. Oxime 20 in either new vehicle yielded
similar survival to Oxime 20 in Multisol, i.e., 60-70%. Additionally, serum chemistries
following treatment with either new vehicle alone or with Oxime 20 were not altered
at 7 days following treatment at the therapeutic dosage. These results suggest the
new vehicles have improved potential as a delivery vehicle for novel oximes in the
treatment of OP poisoning. Supported by NIH U01 NS107127 and NS123255.

4079

Chlorine Inhalation Is Associated with Alterations in Lung
Macrophage Activation, Phenotype, and Bioenergetics

R. Malaviya, C. Jiang, E. Abramova, K. N. Vayas, L. Smith, R. C. Rancourt, C. R. Gardner,
A. J. Gow, J. D. Laskin, and D. L. Laskin. Rutgers, The State University of New Jersey,
Piscataway, NJ.
Chlorine (Cl2) gas is a cytotoxic pulmonary irritant that causes acute damage to
the respiratory tract. In these studies, we developed a mouse model of chlorine
inhalation exposure to investigate inflammatory mechanisms of lung injury.
Spontaneously breathing male C57BL/6 mice were exposed to air or Cl2 (300 ppm,
25 min) in whole-body exposure chambers. Bronchoalveolar lavage (BAL), alveolar
macrophages and lung tissue were collected 24 h later and analyzed for markers
of macrophage activation and oxidative stress. Exposure of mice to Cl2 resulted
in increases in number of BAL cells and levels of IgM, total protein, extracellular vesicles, and fibrinogen, indicating alveolar epithelial barrier dysfunction.
Markers of inflammation including BAL surfactant protein (SP-D), soluble receptor
for glycation end product (sRAGE) and matrix metalloproteinase (MMP)-9 were
also increased. Expression of phospho-histone H2A.X, a marker of double-strand
DNA breaks was upregulated in the bronchiolar epithelium, along with markers of
oxidative stress including heme oxygenase (HO)-1 and catalase in the lung. Flow
cytometric analysis revealed increases in lung pro-inflammatory CD11b+Ly6GLy6C+CD11c+F4/80+ macrophages following Cl2 exposure, whereas numbers of
resident CD11b-Ly6G-Ly6C-CD11c+F4/80+ and anti-inflammatory CD11b+Ly6G-Ly6CCD11c+F4/80+ macrophages were reduced. This was associated with increases
in numbers of macrophages expressing cyclooxygenase (COX)-2 and inducible
nitric oxide synthase (iNOS), markers of pro-inflammatory activation, with no effect
on mannose receptor or Ym-1 expression, markers of anti-inflammatory activation. Metabolic analysis of lung macrophages using an Agilent Seahorse showed
increases in glycolytic activity following Cl2 exposure. Mechanistic understanding
of Cl2-induced injury will be useful in the identification of efficacious countermeasures for mitigating morbidity and mortality of this highly toxic gas. Supported by
NIH Grants U54AR055073, R01ES004738, and P30ES005022.
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4080

Multi-’Omics Analysis and Characterization of Emerging
Chemical Threats Using Organ-on-a-Chip Technology

T. D. Goralski. and M. Feasel. US Army, Aberdeen Proving Ground, MD.
Organ-on-a-chip technology such as the systems developed by Emulate have
provided DEVCOM CBC with a unique capability to address the physiological and
toxicological effects of biological and chemical agents on multiple human organs
and biological systems. These platforms bridge the infrastructure and regulatory
gaps between in vivo animal work and human systems, with model systems that
exemplify active biological pathways. In conjunction with the advent of increased
capabilities associated with next generation sequencing and mass spectrometry
based ‘-omic’ technologies, organ-on-a-chip platforms provide an excellent opportunity to investigate the global changes at multiple biological levels, including the
proteome and metabolome. When investigated concurrently, a complete profile of
cellular and regulatory perturbations can be characterized following treatment with
specific agonists. Global effects were observed and analyzed following exposure to
the chemical warfare agent VX in liver chips. Our results demonstrate the efficacy
of utilizing an organ-on-a-chip platform as a surrogate system to traditional in
vivo studies by specifically indicating significant dysregulation in response to VX
exposure to a number of cellular processes to include but not limited to amino acid
synthesis, respiration, and smooth and skeletal muscle function.

4081

Seizure Suppression and Neuroprotection in Soman-Exposed
Rats following Delayed A1AR Agonist Treatment as an Adjunct
to Medical Countermeasures

Z. N. Keith, C. Munoz, C. Acon-Chen, and T. Shih. US Army Medical Research Institute of
Chemical Defense, Aberdeen Proving Ground, MD. Sponsor: J. McDonough
Organophosphorus nerve agents (NAs), such as soman (GD), produce excitotoxic effects by inhibiting acetylcholinesterase in the cholinergic synapses and
neuromuscular junctions. Current medical countermeasures (MCMs: atropine,
2-PAM and midazolam) do not fully protect against NA-induced sustained status
epilepticus (SSE), and the central nervous system (CNS) often becomes refractory
to MCMs when treatment is delayed. A mass exposure to NAs may overwhelm first
responders’ capacity to quickly treat all victims, necessitating the need for novel
MCMs capable of terminating ongoing SSE and preventing CNS damage. Previous
work verified that delayed intramuscular (IM) treatment with the A1 adenosine
receptor agonist N-Bicyclo[2.2.1]hept-2-yl-5’-chloro-5’-deoxyadenosine (ENBA)
suppressed SSE. Here we focused on the effects of delayed ENBA (60 mg/kg,
IM) treatment on seizure termination, neuropathology, and survival in a rat seizure
model by giving it in combination with MCMs. A week after surgical implantation
of EEG electrodes, male rats were pretreated with HI-6 (an acetylcholinesterase
reactivator, given IP) 30 min prior to exposure to GD or saline. Either 15 or 30 min
following SSE onset animals received either MCMs or MCMs + ENBA. Surviving rats
were euthanized and perfused at 2, 7, or 14 days post-exposure. All animals treated
with MCMs + ENBA at 15 or 30 min had 100% seizure termination and significantly
reduced neuropathology compared to animals treated with MCMs alone (2 day,
p ≤ 0.01; 14 day, p ≤ 0.01). Yet MCM + ENBA-treated groups had a reduction in
the 14-day survival rate regardless of treatment time when compared to GD/MCM
groups (100% survival for all MCM alone vs. 40% for 15 min, p ≤ 0.01, and 18%
for 30 min after SSE, p ≤ 0.01). Based on our findings ENBA shows promise as an
anticonvulsant/neuroprotectant in a combined treatment following NA exposure;
additional studies should test the ability of a lower dose to provide higher survival.

4082

Nitrogen Mustard Induces DNA Damage and Cytotoxicity in
Mouse Precision Cut Lung Slices

A. Bellomo, J. Herbert, A. J. Gow, J. D. Laskin, and D. L. Laskin. Rutgers, The State
University of New Jersey, Piscataway, NJ.
Sulfur mustard (SM) is a chemical warfare agent that inflicts progressive
pulmonary damage via DNA alkylation and cross-linking; this is associated with
oxidative stress and inflammation which contribute to lung toxicity. In previous
studies using nitrogen mustard (NM; mechlorethamine hydrochloride), a chemical
analog of SM, we demonstrated that precision cut lung slices (PCLS) can be used
to assess cellular and functional toxicity of NM. PCLS represent an ex vivo model
that preserves lung architecture and is comprised of all resident cell types. In the
present studies, we used PCLS to further characterize NM-induced pulmonary injury.
C57BL/6 mice were euthanized, and the lungs filled with low-melting point agarose
via i.t. instillation. After allowing 10 min for the agar to congeal, the lungs were
isolated and cut into 300 μm slices. Slices were washed twice, refed with culture
medium, and incubated for 24 h. PCLS were then treated with control medium or
NM (30 or 50 μM) for one hour, washed and incubated for an additional 24 hours.
Cytotoxicity and mitochondrial activity were then measured by lactate dehydrogenase (LDH) release and a water-soluble tetrazolium salt-1 (WST-1) assay, respectively. NM caused a dose-dependent increase in cytotoxicity and a decrease in
metabolic activity. Hematoxylin and eosin staining of formalin-fixed PCLS sections
revealed dose-related epithelial sloughing and bronchial epithelial cell damage
following NM exposure. This correlated with increases in expression of phospho-

H2AX, a marker of DNA double-stranded breaks, cleaved caspase-3, a marker of
apoptosis, and cyclooxygenase-2, a marker of inflammatory activation. These data
provide additional support for the use of PCLS to investigate mechanisms underlying NM toxicity. Supported by NIH Grants AR055073 and ES005022.

4083

Network of miRNAs Regulating Inflammatory and Fibrotic
Responses in Sulfur Mustard-Induced Skin Injuries in Mice

N. Mishra1, R. Prasad1, L. Saba1, N. Tewari-Singh2, C. Agarwal1, and R. Agarwal1.
1University of Colorado Anschutz Medical Campus, Aurora, CO; and 2Michigan State
University, East Lansing, MI.
Sulfur mustard (SM) is a toxic bifunctional alkylating agent, used in warfare
since 1917 and recently in the Syrian conflict. SM exposure may cause inflammation, blistering, pruritus, delayed wound healing and fibrosis, conditional upon
exposure dose (concentration/duration) and route, and physiology of the individuals exposed. Skin, the largest organ in human body, is often the primary line of
defense against SM exposure. Despite continued research into SM-induced cutaneous toxicity, the precise underlying mechanisms remain elusive, hindering effective
prophylaxis and treatment developments. Exploring novel approaches, such as the
role of microRNAs (miRNAs), is important to decipher these mechanisms. MiRNAs,
single-stranded non-coding RNAs (<22 nucleotide), regulate post-transcriptional
gene expressions, including skin wound healing. Thus, it is important to establish
comprehensive networks regulated by miRNAs in SM toxicity to develop multi-targeted countermeasures for SM-induced cutaneous injuries. Expression profiles
of miRNAs associated with inflammatory and fibrotic responses in mouse model
of SM-induced cutaneous injuries were studied. Dorsal skin of SKH1 mice was
exposed to SM (10 µL for 6 min) or vehicle control; samples were collected at day
3, 7, 14, and 21, and miRNA arrays were performed (RT-PCR; fold change: ∆∆Ct
values). MiRNAs with significant treatment effect upon SM exposure (two-way
ANOVA, FDR<0.05) were selected. Furthermore, mRNA targets for the selected
miRNAs were determined and established into networks using Ingenuity Pathway
Analysis. Results showed significant differences in expression profiles of 50
inflammatory and 52 fibrotic miRNAs (18 common miRNAs) upon SM exposure
as compared to their respective controls. Most important pathways associated
with SM exposure were the cellular stress and injury regulating pathways as well
as growth and inflammation pathways, including TGFβ, JAK/STAT/MAPK and
VEGF pathways. Six mouse miRNAs: mmu-miR-17-5p, mmu-miR-27a-3p, mmu-miR16a-5p, mmu-miR-29b-3p, mmu-miR-30a-5p, mmu-miR-26a-5p, were found to
play important regulatory roles in these pathways. To conclude, a comprehensive
regulatory network of miRNAs with their target mRNAs was established with TGFβ
and JAK/STAT/MAPK pathways eliciting inflammatory and fibrotic responses upon
cutaneous SM-exposure in mice.

4084

Skin Decontamination of Carfentanil In Vitro: Effect of Delaying
Decontamination

C. H. Dalton, R. J. Watkins, S. J. Pritchard, and S. J. Graham. Defence Science and
Technology Laboratory, Wiltshire, United Kingdom.
Recent work1 describes the percutaneous absorption of the potent opioid carfentanil in vitro and concludes that dependent on the contamination density, contamination area and residence time, skin decontamination and medical treatment may
be required to ameliorate toxicity. The current work focusses on time to initiation of
decontamination protocols. Military doctrine and common sense dictate that skin
decontamination should be undertaken as soon as reasonably practicable after
contamination. Successful skin decontamination will reduce the amount of a toxic
substance on the skin surface so that less is available for subsequent penetration
through the skin and into the body. This reduction in toxic load can increase both
the efficacy and therapeutic window of any subsequently administered medical
countermeasure. As a result, skin decontamination may be viewed as one of the
primary medical interventions within the overall medical countermeasure strategy
when considering percutaneous penetrants. Furthermore, effective removal of a
toxic substance from the skin will limit cross contamination, increasing safety to
first responders giving aid to casualties. The current UK in service skin decontaminant, Fuller’s Earth (DKP-1 Mk3, MoD, UK), was applied (using the blot, bang rub
technique) to free base carfentanil contaminated rat skin (contamination density
10 g·m2, diluted in IPA) within custom built in vitro Franz type static diffusion cells,
specifically designed for the evaluation of decontamination regimens at five or
ninety minutes post contamination. Receptor fluid samples were taken at regular
intervals and carfentanil present quantified by UPLC-MS. Measured carfentanil
penetration rates (Jmax, µg·cm-2·h-1) were 2.3 ± 0.5 (no decontamination), 0.2 ±
0.1 (DKP-1 Mk3 at five minutes) and 2.9 ± 0.6 (DKP-1 Mk3 at ninety minutes). All
values are mean ± standard deviation of up to n=8 individual animal replicates.
The results indicate the importance of early decontamination in this experimental series. Future work should investigate a range of decontamination times to
determine the maximum delay for a skin decontaminant to retain efficacy against
carfentanil. 1Dalton C, Watkins R, Pritchard S and Graham S “Percutaneous absorption of Carfentanil in vitro” Toxicology In Vitro 72 (2021). © Crown copyright (2021),
Dstl. This material is licensed under the terms of the Open Government Licence
except where otherwise stated. To view this licence, visit http://www.nationalar-
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chives.gov.uk/doc/open-government-licence/version/3 or write to the Information
Policy Team, The National Archives, Kew, London TW9 4DU, or email: psi@nationalarchives.gsi.gov.uk.

4085

Effects of Dexamethasone on Sulfur Mustard-Induced
Transcriptional Changes in Rabbit Cornea

N. Mishra, L. Saba, C. Agarwal, and R. Agarwal. University of Colorado Anschutz Medical
Campus, Aurora, CO.
Sulfur mustard (SM) is a potent vesicating bifunctional alkylating agent that is
used since 1917 in combat and terrorist activities, and is highly stockpiled. Ocular
physiology makes eyes highly susceptible to SM-induced injuries including redness,
inflammation, delayed wound healing, fibrosis, ulceration, vision impairment and
even blindness depending upon the exposure dose and duration. The mechanisms
for SM-induced ocular injuries remain elusive, as do effective therapeutic modalities. Dexamethasone (DEX) is an FDA approved, cosmopolitan, anti-inflammatory
agent, reported to alleviate SM-induced injuries in eyes; but little is known about
the mechanism of action of DEX on SM toxicity. Whole transcriptome analysis is
a vigorous tool to determine pathways effected by DEX in countering SM-induced
ocular toxicity. This would also aid in developing additional countermeasures and
targeted therapeutics against ocular SM exposure. Thus, transcriptomic analysis
was performed on long RNAs (rRNA depleted) to assess differentially regulated
genes and pathways upon SM exposure and those upon DEX treatment. Corneas
were obtained from rabbit eyes: Group I (untreated control eyes), Group 2 (SM
vapor exposed eyes; 0.4mg/L), and Group 3 (SM vapor exposed eyes treated with
DEX [0.1%] every 8h, beginning 2h after SM exposure, for 28 days) at day 28 post
exposure. Genes with significant differential expression upon SM exposure and
significant DEX treatment effects (two-way ANOVA, FDR<0.05 followed by post
hoc testing) were selected for further pathway analysis using Ingenuity Pathway
Analysis. Results showed significant differences in expression profiles of 262
transcripts upon SM exposure; 102 transcripts had a ≥2-fold change and 29
transcripts showed downregulation as compared to controls. A near complete
reversal of expression profiles of 96 genes with a ≥2-fold change upon SM exposure
was observed upon DEX treatment, bringing the expression profiles close to that of
untreated controls. Ontological analysis (using Enricher) showed that genes associated with these transcripts regulate integral components of plasma membrane and
were involved in extracellular matrix organization and transmembrane transport.
Fibrosis, neovascularization, and tight junction associated pathways are also
implicated. These outcomes indicate efficacy of DEX in reversing NM-induced
ocular toxicity in our model at the transcriptome level.

4086

Dose-Dependent Effect of α-connexin Carboxyl-Terminal
Peptide Treatment on Nitrogen Mustard-Induced Corneal
Injuries in an In Vivo Rabbit Model

R. Kant1, K. Kandhari1, N. Mishra1, C. Grek2, T. McQuiston2, and R. Agarwal1. 1University
of Colorado Anschutz Medical Campus, Aurora, CO; and 2FirstString, Mount Pleasant, SC.
Nitrogen mustard (NM) is a less toxic analogue of the potent vesicant sulfur mustard
(SM) that is safer to work with in laboratory settings and has produced well-characterized in vivo and ex vivo rabbit models of ocular injuries that parallel SM-induced
injuries. Eyes are extremely sensitive to vesicants. Exposure may result in epithelial
degradation and disruption of the cellular junctions in the corneal epithelium and
endothelium, thus impairing cell-cell communication and causing inflammation
and corneal edema, in a dose- and duration-dependent fashion. Alpha-connexin
carboxyl-terminal (aCT1) peptide is a connexin43 mimetic peptide that has shown
anti-inflammatory, regenerative, and anti-scarring properties via the stabilization
of gap junctions (intercellular communication) as well as tight junctions (intercellular contacts) of epithelial and endothelial cells and a coordinated reduction in
hemichannel activity. Thus, evaluation of the potential therapeutic effect of high
dose (HD; 5mM) and low dose (LD; 0.2mM) aCT1 treatment every 12h beginning
2h post NM exposure for 7 days post NM exposure was performed. Rabbits were
divided into 4 groups: Group 1 (left eye: untreated control; right eye: NM), Group
2 (left eye: vehicle; right eye: NM+vehicle), Group 3 (left eye: vehicle; right eye:
NM+aCT1 LD), and Group 4 (left eye: vehicle; right eye: NM+aCT1 HD). Clinical
parameters (corneal opacity, ulceration, and neovascularization) were assessed
at day 3 and 7 post NM exposure. Biological (epithelial degradation, epithelial-stromal separation, blood vessels density, and inflammatory cell count) and molecular (COX-2, MMP-9, and VEGF expression) parameters were studied at day 7 post
NM exposure. Results indicated that aCT1 treatment reduced NM-induced corneal
injuries in a dose-dependent manner. The most significant alleviating effects of
aCT1 HD were decrease in NM-induced total corneal thickness (51% reversal) and
decrease in NM-induced inflammatory cell infiltration (78% reversal). A complete
reversal in the blood vessel count was also observed with both aCT1 doses. In
conclusion, though more studies are required to definitively characterize aCT1’s
efficacy, these data support aCT1 administration in the in vivo ocular rabbit model
to alleviate NM-induced corneal injuries.

4087

Blockage of L-type Calcium Channel and IP3 Receptor Rescues
Hydrogen Sulfide-Induced Suppression of Neuronal Activity

D. Kim, I. Pessah, and W. K. Rumbeiha. University of California Davis, Davis, CA.
Hydrogen sulfide (H2S) is a toxic gas with a rotten egg smell. Acute exposure to
high concentration of H2S can lead to severe neurological disorders and acute
death. H2S intoxication often involves seizure activity and loss of consciousness.
The exact mechanisms underlying H2S-induced acute toxicity have not been clearly
elucidated. Calcium (Ca2+) plays important roles in cellular homeostasis, and
dysregulation of Ca2+signaling pathways was shown to be involved in H2S -induced
toxicity. To gain further insight of H2S -induced Ca2+dysregulation, a real-time high
throughput Ca2+ flux assay, fluorescent imaging plate reader (FLIPR), was used
in mouse primary cortical neuronal (PCN) cultures. Higher than 300µM sodium
sulfide (Na2S), a H2S donor, induced suppression of Ca2+ oscillations. A variety of
Ca2+channels were evaluated for their roles in modulating H2S -induced neurotoxicity using pharmacological inhibitors in PCN. Treatments with MK-801, inhibitor
of NMDA receptor, and perampanel, an inhibitor of AMPA receptor, exacerbated
H2S -induced suppression of Ca2+ oscillation. Nifedipine, inhibitor of L-type voltage
gated calcium channel, and 2-APB, inhibitor of IP3 receptors rescued H2S-induced
suppression of Ca2+oscillations. However, ethosuximide, T-type voltage gated
calcium channel; dantrolene, inhibitor of RyR receptor; sodium channel blocker,
lamotrigine; and doxycycline, inhibitor of Ca2+ uniporter in mitochondria, failed to
alleviate H2S -induced suppression of Ca2+ oscillations. Furthermore, the neuronal
electrical activity was tested using multi-electrode array (MEA) systems. Exposures
higher than 300µM Na2S induced suppression of neuronal electrical activity in PCN.
Both 2-APB and Nif alleviated the suppression of H2S -induced neuronal electrical
activity in MEA as in FLIPR. These results provided the important clues on roles of
Ca2+channels in H2S -induced toxicity.

4088

Physiological Biomarkers of Low-Level Anticholinesterase
Exposure

M. Horsmon, N. Vincelli, C. Boeri, S. Roe, and T. Moran. US Army, Gunpowder, MD.
Sponsor: S. Hulet
The advent and advancement of wearable physiological monitoring devices has
made data typically available only through a visit to a medical clinician continuously available to end users. As wearable technologies mature, the reliability of
measurements will only improve the diagnostic capability of such devices. With this
in mind, the present study set out to determine if meaningful changes in routinely
monitored physiological signals could yield biomarkers of exposure to chemical
warfare agents at exposure levels that do not produce overt signs of intoxication.
Sixteen New Zealand white rabbits were implanted with a telemetry device capable
of monitoring the electrocardiogram, blood pressure, body temperature, and animal
activity. Groups of four rabbits were exposed to VX aerosols resulting in red blood
cell acetylcholinesterase (RBCAChE) inhibition ranging between 10% and 90%.
Physiological data were recorded for 5 days prior to, including, and 5 days following
exposure. Statistical comparison of post exposure to pre exposure values resulted
in several notable changes. In animals with RBCAChE inhibition ranging between
40% and 60%, mean arterial blood pressure transiently increased to 94.23mmHg
during exposure and then was reduced from a pre exposure mean of 81.56mmHg
to 76.10mmHg for the duration of the five day post exposure period. Heart rates
were generally lower (below 95% confidence limits of the baseline mean) for 48
hours following exposure with perturbation or complete abolishment of circadian
rhythm in exposures resulting in RBCAChE inhibition greater than 30%. Additionally,
disturbances in the circadian rhythm of animal activity and body temperature were
observed. Thermoregulatory disturbances were evident for the duration of the 5
day post exposure period (baseline range: 39.05 - 39.33C; post exposure range:
38.83 - 39.52C). Additional analysis are currently ongoing, however current findings
indicate that it may be possible to identify exposure to chemical warfare agents
through perturbations in normal physiology prior to onset of traditional overt signs
of exposure such as miosis, respiratory distress and tremors.

4089

Apoptosis and DNA Damage from Phosgene Oxime Cutaneous
Exposure in C57BL/6 Mice

O. Madadgar1, D. Goswami1, S. Singh1, C. Croutch2, R. Agarwal3, and N. TewariSingh1. 1Michigan State University, East Lansing, MI; 2MRIGlobal, Kansas City, MO; and
3University of Colorado Anschutz Medical Campus, Aurora, CO.
Phosgene Oxime (dichloroform oxime; CX), an urticant categorized as a vesicating agent, is a potential chemical threat agent. Its exposure causes rapid and
painful dermal injury and systemic effects; however, its mechanism of action is
not studied. To elucidate the mechanism of CX-induced toxicity from its dermal
exposure, we exposed the dorsal skin of male and female C57BL/6 mice to neat
CX for 0.5 or 1.0 min using two 12 mm vapor caps at MRIGlobal. Data from our
study showed that CX exposure leads to acute skin lesions (edema, erythema,
necrosis, urticaria and blanching) and an increase in the epidermal and dermal
plus hypodermal thickness, and apoptotic cell death. Since exposure to vesicants
has been shown to cause oxidative stress leading to the activation of signaling
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pathways related to DNA damage causing apoptotic cell death, we studied the
DNA damaging effect of CX skin exposure in C57BL/6 mice. CX exposure caused
an increased expression of DNA damage markers, phosphorylated H2A.X (Ser139)
and p53 (Ser15), within 2 hours of its exposure and this increase sustained at 24h
post-exposure. TUNEL staining of the mouse skin sections showed a maximal
increase in apoptotic cell death at 2 hours post CX exposure, indicating rapid skin
toxicity. We are further analyzing the CX-induced expression of cleaved caspase-3
and cleaved PARP, the markers for apoptosis and DNA repair in C57BL/6 mice.
Further investigations are being carried out to analyze the effect of CX exposure
on oxidative damage including DNA oxidation (8-oxo-2-deoxyguanosine), protein
oxidation, and lipid peroxidation (4-Hydroxynonenal). Since rapid mast cell degranulation is observed immediately after CX exposure, therefore, using mast cell
knockout mice, we are also focusing to decipher if CX-induced oxidative stress and
DNA damage is a consequence of mast cell activation-related events or a direct
effect of CX-induced oxidative damage involving other pathways. Further molecular
analyses are underway to determine the signaling pathways related to DNA damage
and apoptosis, and their contribution in CX-induced toxicity and cell death.

4090

Elucidating the Role of the NRF2 Pathway in Nitrogen MustardInduced Toxicity in Mouse Epidermal Skin Cells

R. Kerin1, H. Wright1, F. Fuertes1, A. Monson2, S. Sharma1, S. Singh1, D. Goswami1, O.
Madadgar1, S. Lundback1, C. Rockwell1, K. Liby1, and N. Tewari-Singh1. 1Michigan State
University, East Lansing, MI; and 2University of Pittsburgh, Pittsburgh, PA.
Nitrogen mustard (NM), a structural analog of warfare agent sulfur mustard (SM),
belongs to the same class of chemical vesicants that cause blistering of skin and
damage to mucus membranes. Currently, we lack effective therapies to rescue skin
injuries by NM and SM. The insight into the mechanisms of NM and SM-induced
skin injuries is crucial for the development of effective therapies against the skin
injuries by vesicant exposure. Our lab’s previous studies suggest that skin toxicity
from NM exposure can cause macromolecular damage and activation of signaling pathways, especially those related to inflammation, oxidative stress, and DNA
damage. Therefore, targeting anti-oxidative stress and anti-inflammatory pathways
such as the nuclear factor erythroid 2-related (Nrf2) pathway can be essential to
treat epidermal injuries from this vesicant exposure. Nrf2 is a key transcription
factor that provides downstream anti-inflammatory and cytoprotective effects.
Thus, activating the Nrf2 pathway can be a targeted approach for the treatment
of NM skin toxicity. To study the role of the Nrf2 pathway we used mouse skin
epidermal JB6 cells. The JB6 cells were treated with 75µM of NM for 2, 6, 12 or
24 hours where approximately 50% of cell viability was achieved (MTT assay and
trypan blue cell counting). Using qPCR analysis, we studied the RNA expression
of the Nrf2 pathway and its targeted genes including heme oxygenase-1 (HO-1),
NADPH Quinone oxidoreductase enzyme (NQO-1), Glutamate-Cysteine Ligase
Modifier Subunit (GCLM), Glutamate-Cysteine Ligase Catalytic Subunit (GCLC) and
Catalase. Our results showed an upregulation in RNA expression for HO-1 at 2 and
6 hours post NM exposure, and a downregulation in Nrf2, NQO-1, Catalase, GCLM,
and GCLC. There was also an upregulation for HO-1 and NQO-1 at 12 hours post
NM exposure. However, there was a downregulation in RNA expression for all these
markers at 24 hours post NM exposure. To induce the activation of Nrf2 pathway
and its targeted genes, we want to treat the cells with synthetic oleanane triterpenoid derivatives of 2-cyano-3,12-dioxooleana-1,9(11)-dien-28-oic acid (CDDO).
These results will help us conduct further in vivo experiments for testing the potent
Nrf2 activators for the treatment for NM-induced skin toxicity.

4091

Mitigation of Nitrogen Mustard-Induced Lung Injury, Oxidative
Stress, and Inflammation by N-Acetylcysteine

C. Jiang, J. Andres, E. Abramova, R. Malaviya, J. D. Laskin, and D. L. Laskin. Rutgers,
The State University of New Jersey, Piscataway, NJ.
Nitrogen mustard (NM) is a blistering agent originally developed for use in chemical
warfare. It is known to cause severe lung injury that can progress to fibrosis.
Currently, there are no approved treatments for mustard-induced lung injuries. NM
induces oxidative stress in the lung, which is thought to be key in its pathophysiological actions. N-acetylcysteine (NAC), a precursor to L-cysteine, is an antioxidant
that reduces oxidative stress by replenishing glutathione. These studies aimed to
elucidate the therapeutic potential of NAC in NM-induced lung injury. Male Wistar
rats were exposed intratracheally to NM (0.125 mg/kg) or PBS control. This was
followed by daily administration of NAC (150 mg/kg/day, i.p.) or vehicle control
beginning 30 min after exposure and continuing for 3 days; rats were euthanized 24
h after the last treatment. NM exposure resulted in increased levels of immunoglobulin M (IgM), protein, and total cells in bronchoalveolar lavage fluid (BAL), indicating
lung injury and inflammation. This was associated with increases in expression
of markers of oxidative stress including heme oxygenase 1 (HO-1) and YM-1 in
the lung as measured by immunohistochemistry. Gene expression of proinflammatory cytokines including interleukin (IL)-6 and IL-12 were also increased in the
lung following NM exposure, along with inflammatory proteins, cyclooxygenase-2
(COX-2) and inducible nitric oxide synthase (iNOS). Treatment of rats with NAC
reduced NM-induced lung injury and oxidative stress. Thus, increases in IgM,
cell, and protein levels in BAL were reduced and macrophage expression of HO-1

and YM-1 down-regulated. Additionally, NAC administration reduced NM-induced
increases in IL-6, IL-12, COX-2, and iNOS mRNA, indicating blunted inflammation.
These findings suggest that NAC treatment is an effective approach to control
acute lung injury, oxidative stress, and inflammation induced by mustard vesicants.
Supported by NIH Grants U54AR055073, R01ES004738, and P30ES005022.

4092

RNASeq of VX-Exposed Human Primary Liver Cells in Emulate
Chip Reveals Interruption of Glycolysis and Other EnergyRelated Pathways

J. W. Sekowski, and D. Angelini. US Army, Aberdeen Proving Ground, MD.
While the primary mechanism of action of the chemical warfare agent, VX, is
well-established, off-target and other cellular mechanisms occurring at lower
exposure levels are not fully elucidated. To better characterize these other effects
in a human model system, an Emulate Human Liver-Chip (Emulate, Boston, MA)
(ELC) was utilized to grow and expose a 3D quad culture of human primary liver
cells to VX. RNASeq was carried out from these cells to reveal transcriptomic
changes at Day 1 and Day 7 post-exposure to three concentrations of VX. The
two-channel microenvironment of the ELC supports the 3D growth of four liver cell
types, primary human hepatocytes, nonparenchymal (NPC) Kupffer cells, human
stellate cells (HSCs), and liver sinusoidal endothelial cells (LSECs), which allows
them to communicate with each other in an environment that mimics human liver
cytoarchitecture and function. The constant, unilateral media flow to which they are
exposed is useful for both realistic toxicant exposure and for mimicking the sheer
stress of blood flow comparable to what would be experienced in vivo. In this initial
work, mRNA transcript changes were analyzed (Qlucore Omics Explorer, v3.7) on
post-exposure Days 1 and 7 after exposure to sub-cytotoxic VX levels (25 µM, 12.5
µM, and 6.25 µM). All exposure/time points were maintained as triplicates (same
human donor). The VX concentrations were selected based on earlier experiments
indicating these concentrations were well below the cytotoxic range. To further
confirm this, an albumin ELISA performed on the cells 1 day after exposure to those
VX concentrations confirmed that the hepatocytes were functioning equally to
untreated controls. The RNASeq analysis presented here indicates that all levels of
VX tested interfered with glycolysis, Krebs Cycle, mitochondrial fatty acid beta-oxidation and other related energy pathways of the liver cells, as anticipated from
earlier work on other in vivo and in vitro (other than liver) systems examined in
our laboratory (Glaros, et al. 2020). While this work is ongoing, these early results
highlight the potential efficacy of utilizing the ELC platform as an improved human
cell culture system for more phenotypic complex characterization of mechanisms
of action of chemical warfare agents in human systems.

4093

Role of Mast Cells in Mediating Phosgene Oxime-Induced Skin
Toxicity in a Mouse Model

D. G. Goswami1, S. K. Singh1, O. Madadgar1, P. Anantharam2, C. R. Croutch2, E. L.
Noland1, R. Agarwal3, J. Brown3, and N. Tewari-Singh1. 1Michigan State University,
East Lansing, MI; 2MRIGlobal, Kansas City, MO; and 3University of Colorado Denver,
Aurora, CO.
Phosgene Oxime (dichloroform oxime; CX), is a potent chemical warfare agent. CX
penetrates the skin quickly and causes erythema, urticaria, blanching, itching hives,
necrosis, and systemic toxicity. Despite the severe toxic effects, CX remains one of
the least studied chemical warfare agent and limited studies have been carried out
to understand the mechanism of CX induced toxicity. We have shown that dermal
CX exposure in SKH-1 mice causes clinical lesions, epidermal cell death, mast
cell degranulation, infiltration of immune cells, and increase in the level of DNA
damage and inflammatory markers. CX exposure also causes a decrease in heart
and respiratory rate, vasculature dilation and blood congestion in multiple organs
indicating urticaria and anaphylaxis. Along with increase in mast cell degranulation, an increase in mast cell associated molecules, tryptase and chymase was
also observed, suggesting a role of mast cell in CX-induced dermal toxicity. These
toxic effects were observed upon dermal CX exposure in C57BL/6 mice as well.
To decipher the role of mast cell in CX induced toxicity, we examined the effect
of dermal CX exposure in WT (C57BL/6) and mast cell deficient (MCD) male and
female mice. Dorsal skin of WT and MCD mice was exposed to CX for 0.5 or 1.0 min
using two 12 mm vapor caps at MRI Global. In line with our previous and current
studies, CX exposure led to significant increase in skin bi-fold thickness, edema,
and erythema in male and female mice. In the 0.5 min exposure, necrosis was also
observed. Compared to WT mice, reduced erythema, and edema was observed
in the MCD mice, especially at 24h post 1.0 min CX exposure. In the 0.5 min CX
exposure, female MCD mice showed reduced erythema and edema at day 3 post
exposure. Necrosis was also reduced in the MCD mice compared to WT mice at day
3 post CX exposure. Further histopathological analyses of the skin tissue from CX
exposed WT and MCD mice are being carried out to validate the role of mast cells
and associated inflammatory pathways in CX induced dermal toxicity.
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4094

Single Cutaneous Lewisite Exposure Can Cause Obliterative
Airways Disease in Survivors

R. Surolia, F. Li, P. Singh, K. Dsouza, C. Stephens, Z. Wang, H. Weng, M. Athar, and V.
Antony. University of Alabama at Birmingham, Birmingham, AL.
Arsenicals are a class of agents of war known as vesicants. Stockpiles of weaponized arsenicals-based vesicants developed for World War II still exist. Exposure to
these vesicants may occur accidentally or by deliberate release. Skin exposure to
these agents causes severe local blistering and inflammation in distal organs such
as the lung causing injury and respiratory failure. There are few reports of deleterious systemic effects after a single skin exposure, and progress to multi-organ
failure and death. However, there are no animal models to study possible effects
and mitigation measures. This study aims to develop and characterize an animal
model for pulmonary injury after single skin exposure. We studied delayed lung
injury after a single cutaneous exposure to Lewisite. The effect of Lewisite on lungs
was studied at week10 and week 20 after single skin exposure. Lung morphology
and lung function were analyzed using Micro-CT imaging, immunohistochemistry,
microscopy, and FlexiVent. Collagen content in the lungs was measured using a
hydroxyproline assay. Single exposure to Lewisite on skin resulted in increased lung
density, airway resistance, and collagen deposition around airways. Histological
analysis of lungs demonstrated obstruction of airways by peripheral pruning of
small airways and remodeling of large airways as evident by α-SMA and collagen
deposition. Mice survived after single skin exposure of Lewisite- developed obstructive bronchiolitis-like lung disorder. This work is supported by CounterACT Program,
grants U54ES030246; and the National Institute of Environmental Health Sciences,
NIH, grant P42ES027723.

4095

Dosing Frequency-Dependent Effect of Dexamethasone
Treatment on Sulfur Mustard-Induced Corneal Injuries in Rabbit
Ocular In Vivo Model

N. Mishra1, R. Kant1, K. Kandhari1, N. Tewari-Singh2, P. Anantharam3, C. R. Croutch3,
M. B. Pantcheva1, J. M. Petrash1, C. Agarwal1, and R. Agarwal1. 1University of Colorado
Anschutz Medical Campus, Aurora, CO; 2Michigan State University, East Lansing, MI; and
3MRIGlobal, Kansas City, MO.
Sulfur mustard (SM) is the most infamous vesicating agent, extensively used in
warfare. Eyes, due to their high water content and physiological milieu, are most
susceptible to SM-induced injuries, depending on the route, duration, and dosage
of exposure. Ocular SM injuries include irritation, redness, inflammation, fibrosis,
epithelial degradation, blurred vision, partial/complete blindness. Targeted and
effective countermeasures against SM-ocular exposure are unavailable and
warranted in case of a terrorist activity or leakage from stockpiles. Dexamethasone
(DEX), an FDA approved potent corticosteroid with documented anti-inflammatory
activities, could be an effective treatment modality. Thus, we assessed the efficacy
of DEX (0.1%) administration beginning at 2h post SM-exposure and then either
every 8 or 12h thereafter for 28 days post SM exposure, in reducing corneal injuries
in rabbit ocular in vivo model. The rabbits were divided into two groups: Group I
(right eye, SM exposed and left eye, control) and Group II (both eye SM exposed;
right eye, DEX 12h and left eye, DEX 8h treatments). The parameters assessed were
clinical (corneal opacity, ulceration, and neovascularization) at day 14, 28, 42, and
56, biological (epithelial degradation, epithelial-stromal separation, blood vessels
density, and inflammatory cell count) and molecular (COX-2, MMP-9, and VEGF
expression) at day 28, 42, and 56 post SM exposure. Results indicated that DEX
treatment at both dosing regiments reversed SM-induced injury markers in rabbit
corneas. However, a clear and marked dosing frequency-dependent effect was
observed, with DEX treatment every 8h being more potent than 12h treatment in
reversing the injury markers in our study model. The effects were most pronounced
at the day 28 and day 42 timepoints post SM exposure. In conclusion, DEX administration every 8h beginning at 2h post SM exposure in the rabbit in vivo ocular model
was found to be more effective in reversing SM-induced corneal injuries.

4096

Investigation of the Role of the Nrf2 Pathway in ChemicalInduced Toxicity in Human Corneal Epithelial Cells

H. N. Wright, D. Goswami, A. Roney, R. Kerin, K. Liby, and N. Tewari-Singh. Michigan
State University, East Lansing, MI.
Ocular exposure to toxic chemicals can lead to inflammation, corneal necrosis, and
blindness. The eye is one of the most sensitive organs to chemical exposure. The
eye has an aqueous-mucous interface containing corneal epithelial cells which have
high metabolic activity that contributes to the nature of high sensitivity. Nitrogen
mustard (NM), a structural analog of warfare agent sulfur mustard, belongs to
the class of chemical vesicants that cause devastating toxic effects to the eye
including irritation, swelling, and lacrimation as well as long term effects including
photophobia and blindness. Chloropicrin (CP) is a broad-spectrum pesticide that is
used in agriculture, as well as in warfare, and causes severe ocular toxicity including irritation, corneal edema, as well as a potential to cause severe long-term ocular
injuries. At present, we lack effective therapies to rescue eye injuries by NM and CP.
Our previous studies indicate that eye toxicity from NM and CP exposure can cause

activation of signaling pathways, mainly those related to DNA damage, oxidative
stress, and inflammation. Therefore, targeting pathways involved in antioxidant
and anti-inflammatory responses can be fundamental to treat epithelial injuries
from exposure to these agents. The nuclear factor-erythroid factor 2-related factor
2 (Nrf2) pathway is a key pathway that when activated can express genes related
to cytoprotective effects and anti-inflammatory responses. To study the Nrf2
pathway changes in vesicant-induced corneal injury, human corneal epithelial (HCE)
cells were exposed to 60 μM NM for 6 or 24 hours. Using molecular analysis, an
increase in the mRNA expression was observed of NM toxicity biomarkers related
to Nrf2 pathway including phase II antioxidant enzymes of the Nrf2 pathway, heme
oxygenase-1 (HO-1) and NAD(P)H quinone dehydrogenase-1 (NQO-1), suggesting
changes in Nrf2 pathway. Triterpenoids are known activators of Nrf2 pathway, thus,
activating the Nrf2 pathway using triterpenoids can be a targeted approach for the
treatment of chemical induced corneal toxicity. Since CP has similar effects to the
vesicating agent NM, we will continue to study the activation and involvement of
the Nrf2 pathway in CP treated HCE cells. Based on those studies, we will further
evaluate the effect of activating Nrf2 pathway by triterpenoids for the treatment of
NM and CP-induced corneal toxicity.

4097

Development of Receptor-Active Antidotes for the Treatment of
Nerve Agent Poisonings by Rational Drug Design

H. Thiermann1, T. Seeger1, K. T. Wanner2, F. F. Paintner2, T. Wein2, G. Hoefner2, S.
Rappenglueck1, S. Sichler1, F. Worek1, and K. V. Niessen1. 1Bundeswehr Institute of
Pharmacology and Toxicology, Munich, Germany; and 2Ludwig Maximilian University of
Munich, Munich, Germany.
The most recent Novichok attack in 2020 shows that organophosphorus
compounds (OPCs) still pose a considerable threat to military personal and
civilians. The current standard treatment, consisting of administration of a competitive mAChR antagonist (e.g. atropine) and an oxime (e.g. obidoxime, pralidoxime,
HI-6) is not sufficient against all types of OPCs, such as soman or tabun. OPCs
irreversibly inhibit the enzyme acetylcholinesterase (AChE), the pivotal enzyme
in the process of neuromuscular transmission. Because of failed hydrolyses of
acetylcholine, this neurotransmitter accumulates uncontrolled in cholinergic
synapses and disturbs functional activity of muscarinic (mAChRs) and nicotinic
acetylcholine receptors (nAChRs). The resulting cholinergic syndrome will become
life threatening, if not treated adequately. Consequently, alternative therapeutic
options are necessary. An innovative approach to close this gap comprises the
use of compounds selectively targeting nAChRs to recover their activity in spite of
high acetylcholine concentrations. The symmetric bispyridinium compound MB327
(1,1’-(propane-1,3-diyl)bis(4-tert-butylpyridinium) di(iodide)) has been shown to
restore muscle function in-vitro after OPC-poisoning, but its efficacy proved much
too weak for a therapeutic application. To identify more potent compounds, a
rational drug design program was initiated, based on an iterative process consisting of molecular modeling, organic synthesis, mass spectrometry based binding
assays as well as functional electrophysiological studies. Some newly identified
compounds bind to muscle-type nAChRs with micromolar affinity and are able to
“resensitize” the non-functional receptor. Additionally, application of these interesting drug candidates restore muscle activity of soman-poisoned rat diaphragm.
Structure-activity relations show that asymmetric pyridinium compounds appear to
be beneficial. With regard to the initial promising results, the challenge of developing new compounds for the treatment of OPC poisoning should be taken up with
great effort. This project was funded by the German Ministry of Defense (E/U2AD/
CF514/DF561).

4098

Protein and Membrane Binding of the Cyanide Antidote
Candidate DMTS

I. Petrikovics, D. W. Herath, B. C. Nelson, K. D. Kelley, C. T. Rios, B. N. Nwankwo, W.
G. Lao, R. Quilantan, F. L’Roy, C. Salazar, and D. E. Thompson. Sam Houston State
University, Huntsville, TX.
Cyanide (CN) inhibits the cytochrome c oxidase, the terminal oxidase of the
mitochondrial electron transport chain, thereby suppressing the cells’ oxygen
utilization. The CN antidote candidate Dimethyl trisulfide (DMTS) is in the center of a
nationwide investigation to develop an intramuscular antidotal self-kit. Protein and
membrane binding are important parts of Drug Development, since they influence
the drug’s bioavailability. Equilibrium Dynamic Dialysis (PED) method was used
for Protein Binding characterization, and Parallel Artificial Membrane Permeability
Assay (PAMPA) for the membrane binding and penetration studies. The DMTS
concentrations in the donor cells and the acceptor cells were determined using
an HPLC Method calibrated for the specific PED setup in PION PAMPA Buffers
with and without Albumin. The percentage of DMTS transferred to the acceptor
cell was lowered by a factor of three when Albumin was present in the donor cells,
suggesting that Albumin has a significant binding affinity for DMTS. This is directly
relevant to the bioavailability and the transport of DMTS in blood, where Albumin is
a primary component of blood plasma. Drugs are often unable to cross membranes
mainly due to the high molar mass of the drug-protein complex, resulting in the
accumulation of the active compounds and a reduction of their pharmacological
activity. The PAMPA results indicated that the DMTS was strongly retained (up
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to 81 %) in the membrane, suggesting that the membrane serves as a significant
reservoir of DMTS. After entering the red blood cells, DMTS also interacts with the
Hemoglobin (Hem and Protein part).

4099

Magnetic Resonance Imaging (MRI) Evidence of Blood-Brain
Barrier (BBB) Disruption in a Rat Model of Organophosphate
Intoxication

P. N. Bernardino, B. Hobson, S. Baker, P. Andrew, J. Macmahon, D. Bruun, A. Chaudhari,
and P. Lein. University of California Davis, Davis, CA.
Acute intoxication with organophosphate cholinesterase inhibitors (OPs) leads to
higher amounts of acetylcholine in synapses, inducing a cholinergic toxidrome that
can progress to status epilepticus, respiratory failure and death. Individuals who
survive OP-induced cholinergic crisis often experience significant chronic morbidity, including spontaneous recurrent seizures and cognitive impairment. The current
standard of care increases survival, but does not effectively prevent the chronic
neurologic sequelae. BBB dysfunction has been proposed as a mechanism contributing to the chronic neurotoxicity of acute OP intoxication, and may represent a
therapeutic target for mitigating long-term neurologic consequences. However,
there is a paucity of data regarding BBB dysfunction after acute OP intoxication.
Therefore, we used contrast-enhanced MRI and correlative immunohistochemistry
to evaluate BBB disruption in a rat model of acute intoxication with the OP diisopropylfluorophosphate (DFP). Adult male Sprague-Dawley rats (200 - 300g) were
dosed with 3.75 mg/kg, sc, of DFP or vehicle control (PBS), followed immediately
by im injections of atropine sulfate (2 mg/kg) and 2-pralidoxime (25 mg/kg), and,
subsequently, midazolam (0.65 mg/kg) at 40 and 50 minutes after DFP to increase
survival. Animals were evaluated by T1-weighted MRI before and after application
of gadolinium at 6 h, or longitudinally at 24, 72, and 158 h post-exposure. After
contrast infusion, DFP intoxicated rats displayed hyperintense lesions indicative
of BBB breakdown within the hippocampus, thalamus, piriform cortex, amygdala,
caudate putamen, and cerebral cortex. Regional analysis of the percent change from
pre-contrast image intensity revealed significant increase in BBB permeability in
DFP animals that varied by brain area and time of exposure. Immunohistochemistry
confirmed the presence of diffuse albumin in the brain parenchyma of DFP rats, but
not vehicle controls. These observations provide strong evidence of BBB disruption after acute OP intoxication, providing a novel therapeutic target to mitigate
neurologic consequences following acute OP intoxication. Supported by the NIH
CounterACT program (NS079202).

4100

Modulation of Cannabinoid Receptors to Mitigate Acute
Neurological Effects of Soman Exposure in Rats (Rattus
norvegicus)

M. Adelman, A. Altvater, D. Spriggs, and J. Skovira. US Army Medical Research Institute
of Chemical Defense, Aberdeen Proving Ground, MD.
Exposure to an organophosphate (OP) nerve agent (NA) can induce seizures, which
quickly advance to status epilepticus (SE), a medical crisis defined as a prolonged
seizure lasting more than five minutes. SE elicits severe neuroinflammation and
secondary neurotoxicity. This ultimately results in irreversible neurological damage
to casualties of OP NA exposure that presents as spontaneous recurrent seizures
and memory deficits. This study aimed to evaluate the endocannabinoid receptor
cannabinoid receptor type 1 (CB1R) as a novel therapeutic target to decrease
neuropathology, severity, and duration of epileptiform activity from exposure to
the NA soman. Male Sprague-Dawley rats, instrumented to record cortical electroencephalographic activity, were intraperitoneally administered Kolliphor (1 mg/kg),
CP55,940 (0.86 mg/kg), CP47,497 (1 mg/kg), AB-FUBINACA (1 mg/kg), or cannabidiol (50, 158, or 500 mg/kg) 30 minutes prior to soman exposure. All rats were
administered soman subcutaneously (s.c.) at a dose of 132 µg/kg, followed by the
oxime HI-6 (93.6 mg/kg, intramuscularly [i.m.]) and atropine sulfate (2 mg/kg, i.m.) 1
minute later to protect against peripheral toxicity. All rats also received midazolam
(1 mg/kg, s.c.) 40 minutes post-exposure. All animals developed continuous epileptiform seizures following exposure. Rats were weighed and given symptom-based
scores daily. Brain tissue was collected at 3 days following exposure for analysis
of microgliosis and neuronal degeneration. CP55,940, CP47,497, and AB-FUBINACA
were found to be ineffective across all measured outcomes. All pretreatment
doses of cannabidiol (50, 158, and 500 mg/kg) reduced the number of microglia
counted in the thalamus by 45.5%, 57.0%, and 52.6%, respectively. Additionally, the
cannabidiol 500 mg/kg dose reduced neuronal damage by 54.9%, as signified by
histopathology scores, with the largest reduction of neuronal damage occurring in
the amygdala and thalamus regions. Thus, the drugs that were specific in targeting CB1R (CP55,940, CP47,497, and AB-FUBINACA) were inefficacious, whereas
cannabidiol, which indirectly modulates CB1Rs, was effective in reducing neuroinflammation and providing neuroprotection. These results suggest that CB1R activation is not involved in NA seizure induction or mitigation, and that cannabidiol
was likely effective through another mechanism of action that should be further
investigated.

4101

Novel Neuroactive Steroids in Treatment of the
Tetramethylenedisulfotetramine Syndrome

M. P. Shakarjian1,2, M. Laukova1,3, H. Chodounska4, A. Schonwald1, E. Kudova4, J.
Veliskova1, and L. Velisek1. 1New York Medical College, Valhalla, NY; 2Rutgers Robert
Wood Johnson Medical School, New Brunswick, NJ; 3Slovak Academy of Science,
Bratislava, Slovakia; and 4Czech Academy of Sciences, Prague, Czech Republic.
Tetramethylenedisulfotetramine (TMDT) is a highly neurotoxic rodenticide which
produces seizures and death via GABA A chloride channel blockade. Its lack of
odor, taste, and color has made it an ideal tool in poisonings, of which thousands
have been documented. Ease of access and lack of an established effective
mode of treatment identifies TMDT poisoning as a continued public health threat.
We have been synthesizing and screening a series of novel neuroactive steroid
compounds for antiseizure activity. Initial screening yielded two agents, pregnanolone glutamate (PAG) and pregnanolone pyroglutamate (PPG), that were found
to be effective at inhibiting pentylenetetrazole-induced seizures in rat and zebrafish models. These agents were tested for their activity against the TMDT-induced
seizure syndrome in adult Sprague-Dawley male rats. TMDT administered subcutaneously produced twitches, clonic seizures, tonic-clonic seizures and death. PAG
and PPG were injected intraperitoneally (i.p.) immediately after the first clonic
seizure. While PAG was without effect in the model, PPG, in a range of 1 to 10 mg/kg,
concentration-dependently reduced overall syndrome severity and 24 hour lethality.
We and others have previously shown drug combinations to provide advantages
relative to individual agents as TMDT syndrome countermeasures, in terms of
greater effectiveness and reduced adverse events. Accordingly, we compared the
effectiveness of PPG alone or in combination with the GABA A positive allosteric
modulator, diazepam, in treating the TMDT syndrome. When administered at 1 mg/
kg i.p., we found that diazepam and PPG enhanced each other’s actions, reducing
TMDT syndrome severity and increasing survival. We conclude that PPG, a novel
neuroactive steroid, shows promise as an effective treatment of TMDT poisoning,
when administered alone or in combination with diazepam. Purposeful modification of PPG and screening of resulting compounds is currently underway.

4102

Progression of Acute Lung Injury following a Single Cutaneous
Exposure to Lewisite in Mice

S. Manzoor, N. Mariappan, I. Zafar, S. Ahmad, J. B. Foote, A. Agarwal, M. Athar, V.
Antony, and A. Ahmad. University of Alabama at Birmingham, Birmingham, AL.
Lewisite is the most potent and lethal vesicating warfare agent and due to
presence of stockpiles, the threat of its accidental or intentional exposure still
exist. Previously we demonstrated that a single topical application of lewisite was
sufficient to induce acute lung injury (ALI) in mice. However, the kinetics of progression or resolution of injury is not clear. Lung injury was assessed up to 21 days
following cutaneous application of a single dose of lewisite at 5 mg/kg to Ptch+/-/
SKH-1 mice. Arterial blood gases, complete blood cell counts, and cytokine levels,
protein leak, and HMGB1 content was measured in bronchoalveolar lavage fluid
(BALF) supernatant. A significant decrease in pH at early (6 h and 12 h) and late
time points (168 h and 336 h) was observed. PaCO2 increased progressively till 14
days and then decreased at the 21-day time point. This correlated with progressive
hypoxemia. BALF protein levels were significantly elevated at later time points.
HMGB1, a DAMP (Damage associated molecule pattern) molecule was elevated
in the BALF supernatant as early as 6h. In complete blood cell counts, neutrophil numbers were increased at 6 h and remained mostly elevated till 21 days.
Interestingly, lymphocyte numbers were higher at later time points compared to
early time points. In the BALF supernatant a sharp increase in the inflammatory
cytokines CXCL-1, IL-6, and CXCL-5 were consistently observed at earlier time
points (6-12 h) and then again post 7 days. Collectively these data suggest that the
ALI induced by topical exposure to lewisite is a biphasic process. The first phase of
inflammation seems to be followed with a resolution state and then by the second
phase of persistent unresolved inflammation.

4103

Mouse Model of Phosgene Inhalation Injuries: Biomarkers and
Drug Targets

S. Achanta, A. Marcus, A. Caceres, I. Merutka, and S. Jordt. Duke University School of
Medicine, Durham, NC.
Phosgene gas (CG, military designation) has been used as a terrorist weapon, in
warfare, and has injured many in transportation or industrial accidents. CG targets
the lungs, causing severe edema and lung injury after inhalation, with high lethality in exposed victims. Despite these devastating effects, no mechanism-based
treatment of phosgene injury or biomarkers has been developed. Additionally,
reproducible animal models that recapitulate human acute respiratory distress
syndrome (ARDS) after CG exposure are scarce. Here, we developed a highly
reproducible mouse model of CG inhalation injuries and identified biomarkers and
potential drug targets. Briefly, 8-9 week old male BALB/c mice were exposed to 20
ppm CG in a nose-only exposure manifold for 15 minutes. In cohorts of mice, at 8
or 24 hours post-CG exposure, we collected bronchoalveolar lavage fluid (BALF)
for total and differential leukocyte counts, vascular injury markers, and pro-inflam-
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matory cytokines; conducted methacholine airway challenge pulmonary functional
tests; or collected lung tissues for qPCR analysis of pro-inflammatory cytokine
transcripts and histopathology. The protein levels of highly expressed pro-inflammatory cytokine transcripts identified in the qPCR analysis were determined using
a custom-designed multiplexed solid-phase electrochemiluminescence assay
panel. Exposure to CG resulted in a median survival rate of 18.6 hours in 24-hour
observation studies. CG exposure caused a significant increase in BALF protein and
albumin, suggesting vascular protein leakage, as well as BALF leucocytes. Protein
levels of pro-inflammatory cytokines such as IL-1β, IL-6, KC, MIP-2, MMP9, and
TNFα were significantly increased in CG-exposed mice. Exposure to CG resulted in
the elevation of vascular injury markers such as serum amyloid protein, adiponectin, soluble vascular cell adhesion molecule-1, and fibrinogen, and coagulation
disorder markers such as thrombin-antithrombin complex in BALF. CG exposure
resulted in airway hyperresponsiveness with increasing methacholine concentrations. Lungs of CG-exposed mice revealed histopathological characteristics
consistent with key human ARDS features, such as increased numbers of alveolar
macrophages, thickening of alveolar septal walls, and intra-alveolar accumulation
of neutrophils and proteinaceous debris. Taqman array analysis of newly identified
alveolar endothelial types (alveolar capillary and general capillary cells) in cDNA
transcripts in CG-exposed lungs revealed possible damage to key alveolar endothelial cell types. We also identified potential drug targets in calcium signaling and
angiotensin signaling pathways.

4104

Dendritic and Synaptic Alterations in the Hippocampus following
Acute Diisopropylfluorophosphate (DFP) Intoxication in the Rat

B. A. Hobson, J. Loxterkamp, D. A. Bruun, A. J. Chaudhari, and P. J. Lein. University of
California Davis, Davis, CA.
Acute poisoning with organophosphorus cholinesterase inhibitors (OPs) triggers
a life-threatening cholinergic crisis if left untreated, and survivors face significant
morbidity in the form of acquired epilepsy and cognitive dysfunction for which there
are no approved mitigating therapies. Altered synaptic density and/or dendritic
arborization following acute OP intoxication have been proposed as a mechanism
in the pathogenesis of these long-term consequences, however there is little data
regarding neuronal morphology beyond 7 days post intoxication. The present study
assessed the effects of acute DFP intoxication on the cytoarchitecture of dendrites
and synapses in the hippocampus of adult male Sprague-Dawley rats at 10 and
28 days post exposure (DPE). Synaptic density was longitudinally assessed by in
vivo positron emission tomography (PET) using a radiotracer targeted towards
synaptic vesicle protein 2A (SV2A). Golgi staining and immunohistochemistry for
SV2A, postsynaptic density protein 95 (PSD95), and microtubule associated protein
2 (MAP2) to quantify dendritic morphology and synapses. Animals were administered a single dose of DFP (4 mg/kg, sc) or vehicle (saline), and atropine sulfate (2
mg/kg, im) and 2-pralidoxime (25 mg/kg, im) 1-min later. Following DFP exposure,
we observed significantly increased dendritic complexity at the level of individual
neurons but significantly decreased regional MAP2 immunoreactivity that varied
with time. We observed a trend towards reduced synaptic density by SV2A PET,
however neither PET nor IHC demonstrated altered synaptic density. Our findings
support the hypothesis that altered dendritic morphology may be a mechanism
linking acute effects of OP intoxication to chronic morbidity. Finally, correlations between in vivo and ex vivo methods of quantifying synaptic density were
mixed suggesting large-scale regional trends assessed by PET may not capture
changes in microenvironments. Supported by the NIH CounterACT Program (grant #
NS079202) and the Center for Molecular and Genomic Imaging.

4105

Lung Injury following Dermal Phosgene Oxime Exposure in
SKH-1 Hairless Mice

M. G. Godziela1, D. G. Goswami1, S. K. Singh1, C. R. Croutch2, J. Brown3, J. Wagner1,
J. Harkema1, and N. Tewari-Singh1. 1Michigan State University, East Lansing, MI;
2MRIGlobal, Kansas City, MO; and 3University of Colorado Denver, Aurora, CO.
Phosgene oxime (dichloroform oxime; CX) is a potential chemical threat agent. It
is categorized with vesicating agents; however, its effects are more like a nettle
agent or an urticant. Upon exposure CX has faster penetration compared to other
vesicants, leading to rapid onset of severe and prolonged symptoms. CX exposure
affects the eyes, skin, and lungs, causing immediate irritation, injury and systemic
toxic effects. Inhalation of CX or its systemic absorption through the skin could
lead to pulmonary edema, accompanied by necrotizing bronchiolitis and thrombosis of pulmonary venules. We have shown that dermal CX exposure in SKH-1 mice
causes pooling or RBCs in alveolar capillaries of the lungs. In this study, we further
analyzed the effect of dermal CX exposure (CX exposure for 0.5 or 1.0 min using
two 12 mm vapor caps on the dorsal skin at MRIGlobal) on toxic effects in lungs
of SKH-1 hairless mice. Following CX exposure, the mice experienced acute skin
lesions and reduction in physiological parameters such as breath rate and heart
rate, and mortality at higher exposure duration. Histopathological analyses of the
lung tissue showed acute hemorrhage and tissue loss that appeared to progress
over time after CX exposure. Extensive coagulation and loss of parenchyma was
observed in lung tissues from mice at 8h post 1.0 min CX exposure. CX induced
inflammation in lungs was shown by qPCR analysis using the mRNA from the

lungs that exhibited increased expression of proinflammatory cytokines TNF-α and
IL-6. Studies are being carried out to further analyze the lung injury and inflammation from dermal CX exposure and to understand the mechanism of its toxicity.
Together, these studies will assist in designing countermeasures to reduce the lung
injury and possible mortality from CX exposure.

4106

Wastewater Surveillance of Coast Guard Installations and
Seagoing Military Vessels for SARS-CoV-2

E. L. Langenbacher, C. Hay, A. Ruth, A. Krause, G. Hall, E. Page, and J. P. Gray. US Coast
Guard Academy, New London, CT.
Military bases, especially training centers, are high risk environments for the spread
of disease such as COVID-19. Individuals arrive after traveling from many parts
of the country, live in communal settings, undergo high-interaction training, and
are in high-stress situations. A pilot study of wastewater testing was initiated
in late February, 2021 at Coast Guard training bases to determine its feasibility
as a sentinel surveillance tool in the US Coast Guard for SARS-CoV-2. Levels of
SARS-CoV-2 N and E genes in wastewater were determined using validated
real-time PCR primers approved by the CDC and EUA, respectively, relative to
human fecal biomarker virus, Pepper Mild Mottle Virus (PPMoV), to control for
variations in wastewater sources (black water versus gray water or other sources
of wastewater). A stability control, Bovine Syncytial Respiratory Virus vaccine,
was added to samples to assess sample stability and control for degradation for
samples stored more than 24 hours prior to analysis. Viral genes N and E were
quantified relative to PPMoV using the delta-delta Ct method. Wastewater was
assessed from 1-3 times weekly and compared with medically diagnosed cases
over a period of 8 months. The ratio of viral gene to PPMoV ranged over six orders
of magnitude, from approximately 0.0001 to 11.6. Elevated levels of SARS-CoV-2
in wastewater were frequently associated with diagnosed cases, with as few as
one infected individual causing sufficient fecal shedding for detection in barracks
serving up to 200 individuals. Subsequent expansion of the methodology as a
health surveillance tool at four Coast Guard training centers led to identification of
multiple outbreaks, some of which were associated with breakthrough cases of the
delta variant in vaccinated individuals. A modified technique was also developed
allowing assessment of black water from Coast Guard vessels which successfully
detected virus onboard two Coast Guard Cutters; virus was detected on one Cutter
four weeks after diagnosis of a case upon return of the vessel to port indicating the
sensitivity of the method. These data show that wastewater testing is an effective
tool for measuring the prevalence of SARS-CoV-2 in a population so that cost- and
time-effective deployment of healthcare resources can occur and suggest other
diseases may be assessed similarly. As a result, the Coast Guard has established
three laboratories with wastewater testing capability at strategic locations throughout the US and is expanding its wastewater surveillance program to include other
viruses.

4107

Normalization of Organ-on-a-Chip Samples for Mass
Spectrometry-Based Proteomics and Metabolomics via
Dansylation-Based Assay

E. Gallagher1, G. Rizzo1, R. Dorsey1, E. Dhummakupt1, T. Moran1, P. Mach2, and C.
Jenkins1. 1US Army Chemical Biological Center, Gunpowder, MD; and 2Los Alamos
National Laboratory, Los Alamos, NM. Sponsor: M. Feasel
Mass spectrometry based ‘omics pairs well with organ-on-a-chip-based investigations, which often have limited cellular material for sampling. However, a common
issue with these chip-based platforms is well-to-well or chip-to-chip variability in
the proteome and metabolome due to factors such as plate edge effects, cellular
asynchronization, effluent flow, and overall limited cell count. This causes high
variability in label free quantitative workflows, thus masking true biological changes
that occur within the system. Solutions to this problem have been approached
via data processing tools and post-acquisition normalization strategies such as
constant median, constant sum, and overall signal normalization. Unfortunately,
these methods do not adequately correct for the large variations, resulting in a need
for increased biological replicates. The methods in this work utilize a dansylation
based assay with a subset of labeled metabolites that allow for pre-acquisition
normalization to better correlate the biological perturbations that truly occur in
chip-based platforms. This was performed in tandem with a proteomics pipeline
employing a BCA protein assay to similarly achieve pre-acquisition normalization. The CN Bio PhysioMimix system was seeded with primary hepatocytes and
challenged with VX after 6 days of culture, and the metabolome and proteome were
analyzed using the described normalization methods. A decreased coefficient of
variation percentage is achieved, more significant changes are observed through
the proteome and metabolome, and better classification of biological replicates is
acquired as a result of these strategies.
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4108

Multiomic Analysis of EpiAirway Tissue following Sulfur
Mustard Exposure

E. Dhummakupt1, C. Jenkins1, P. Mach1, G. Rizzo1, D. Carmany2, A. Prugh1, J.
Renner1, and D. Angelini1. 1US Army, Aberdeen Proving Ground, MD; and 2Excet Inc.,
Springfield, VA.
Sulfur mustard (HD) is a chemical warfare agent that was first introduced during
World War I. It is considered a vesicant or blistering agent which targets the skin,
eyes, and respiratory tract. Exposure to sulfur mustard is not typically lethal;
however, there currently is no antidote or specialized treatment for exposure
beyond standard supportive care. Despite most exposures not being fatal, there
are significant long-term health consequences to even minor exposures. To
further elucidate the mechanism of sulfur mustard induced pulmonary toxicity,
we employed the EpiAirway 3D pulmonary tissue model. In initial experiments,
EpiAirway tissues were exposure to sulfur mustard and then evaluated for cellular
viability. These experiments demonstrated that pulmonary tissues exposed to
sulfur mustard produced both dose- and time-dependent losses in cellular viability.
In addition, these initial results were used to determine the most effective dose and
time points for examining proteomic, lipidomic and metabolomic changes following sulfur mustard exposure in EpiAirway tissues. Discovering unique multiomic
pathways associated with sulfur mustard exposure has the potential to initiate
novel treatments and long term care strategies.

4109

Cholesterol Esterification as a Pharmacological Target in Acute
Lung Injury

E. R. Stevenson, M. L. Wilkinson, E. Abramova, C. Guo, and A. J. Gow. Rutgers, The
State University of New Jersey, Piscataway, NJ.
Acute lung injury (ALI) is characterized by epithelial damage, barrier dysfunction,
and pulmonary edema. Macrophage (MΦ) activation and failure to resolve play a
role in in ALI, thus MΦ phenotype modulation is a rational target for therapeutic
intervention. Large, lipid-laden MΦs have been observed in various injury models,
including intratracheal bleomycin (ITB), suggesting that lipid storage may play a
role in ALI severity. The mitochondrial enzyme Acat-1 is highly expressed in MΦs
where it catalyzes the esterification of cholesterol, leading to intracellular lipid
accumulation. We hypothesize that inhibition of Acat-1 will reduce MΦ activation
and reduce lung injury via ITB. K-604, a selective inhibitor of Acat-1, was used
to reduce lipid accumulation in ITB. Male and female C57BL6/J mice (n=16-21/
group) were administered PBS, K-604, ITB, or ITB + K-604 on d0, PBS or K-604
on d3, and were sacrificed on d7. ITB caused significant (*p<0.05 v PBS) body
weight loss (-13.92±2.05%* v 2.66±0.78%) and an increase in cholesterol accumulation (71.63±11.7 μM* v 15.51±9.1 μM) and size (29.67±10.6 μm* v 11±4.3 μm) in
pulmonary MΦs. These changes were mitigated by Acat-1 inhibition, as ITB+K-604
mice had significantly (#p<0.05 v ITB) reduced body weight loss (4.04±1.03%#),
cholesterol accumulation (13.79±5.4#), and MΦ diameter (14.0±3.7 μm#), confirming successful inhibition of Acat-1 in the lung. K-604 also significantly reduced
ITB-induced alveolar wall thickening (2.3±0.05 μm# v 4.35±0.04 μm). Surface
active function was normalized as indicated by a significant decrease in phospholipid:SP-B ratio in ITB+K-604 compared to ITB (7.95±1.22# v 13.28±2.17). K-604
administration rescued ITB-mediated loss of resident alveolar MΦs (CD45+/Siglec
F+/F/480+, CD11c+, CD11b-) (72.00±5.67%# v 49.58±8.52%) and was found to
decrease the % of pro-inflammatory alveolar MΦs (CD45+/Siglec F+/F/480+, Ly6c+,
CD206-) (3.86±0.88%# v 8.22±1.76%). In our ITB model, K-604 also decreased the %
of interstitial MΦs (IMs) (tissue-derived CD45+, Siglec F -, F4/80+, CD11b+) expressing markers of maturity and fibrotic potential (CD11c+/CD206+) (5.89±2.15%# v
19.72±1.93%). K-604 also increased the capacity for lipid uptake in IMs, supporting the concept that lipid handling is altered by Acat-1 inhibition. These findings
prompt further investigation into MΦ lipid homeostasis and metabolism as targets
for intervention in ALI. Supported by NIH HL086621 and 4T32ES007148-30.

4110

Impact of Acceptable Concentrations (0.1ppm) of Ozone
Gas Exposure on Percutaneous Oxygen Saturation and ProInflammatory Responses in a Mouse Model of Asthma

C. Ohira1, K. Tomita2, C. Hayakawa1, T. Kurihara2, and T. Hukuyama1. 1Azabu University,
Kanagawa, Japan; and 2Shimizu Corporation, Tokyo, Japan.
Several disinfectants are currently used for infection control of COVID-19, and
ozone gas is widely distributed from hospitals to homes because of its low cost.
The safety standard of ozone gas is valued at 0.1 ppm throughout many countries.
However, the current acceptable concentration was principally determined for
healthy people. Thus the risk of ozone gas inhalation to persons with pulmonary
diseases is still unknown. Recently, we demonstrated that 0.1 ppm ozone gas
exposure significantly exacerbates the symptoms of acute lung injury in a mouse
model. In this study, we further examined the effects of ozone gas exposure at less
than or equal to 0.1 ppm on oxygen saturation measured by pulse oximetry (SpO2)
and pro-inflammatory responses in a mouse model of asthma. A mouse model
of asthma was generated in female BALB/c mice with intranasal sensitization of
25 μg of dermatophagoides farina (Df) once a week for the first 3 weeks, followed

by intranasal administration of 5 μg for 3 consecutive days. Inhalation exposure
(6 hours/day) of ozone gas (0.1, 0.05, 0.01 ppm) generated from ultraviolet light
was performed for 5 consecutive days immediately before the final sacrifice.
The concentration of ozone gas inside the chamber was continuously monitored
throughout the exposure period. After monitoring the SpO2 using a pulse oximeter,
lung, bronchoalveolar lavage fluid (BALF), and hilar lymph nodes (LN) were
dissected under isoflurane anesthesia for histological, immunological, and molecular biological analysis. In conclusion, there were no abnormal findings in normal
mice with 0.1 ppm ozone exposure, whereas 0.1 ppm ozone exposure significantly
reduced the SpO2 level in asthma mice. Furthermore, histological evaluation and
gene expression of pro-inflammatory cytokines were significantly increased by
0.1ppm ozone exposure, indicating 0.1 ppm ozone exposure affects the development of asthma symptoms. On the other hand, 0.05 and 0.01 ppm ozone exposure
did not impact asthma mice. Our findings imply that the standard concentration of
ozone can influence the lung and immune function in the asthma model mouse.

4111

Early-Life Exposure to Wildfire Smoke Results in Dysregulated
Pulmonary Immune Responses in Rhesus Macaques

D. You, J. Bassein, A. Rindy, and L. Miller. University of California Davis, Davis, CA.
Wildfires are a public health concern due to the increased frequency of events and
generation of particulate matter < 2.5 microns in diameter (PM2.5). The long-term
health consequences of wildfire smoke exposure on susceptible human populations are unknown. We have previously reported that rhesus macaque monkeys
exposed to ambient wildfire smoke during infancy exhibited decreased lung
function and dysregulated innate immune responses in adulthood. The objective
of this current study is to investigate whether perturbations of the pulmonary
mucosal immune system are detectable in juvenile monkeys following exposure
to ambient wildfire smoke during infancy. We hypothesize that early life exposure
to wildfire smoke results in dysregulation of pulmonary immunity that persists with
maturity. Lung tissues were collected from two different cohorts of male monkeys
that were infants and housed outdoors during the 2018 Camp Fire and 2020
wildfire season in Northern California (6-8 months old, n=4 for 2018 cohort and 3-5
months old, n=3 for 2020 cohort). Lung tissues collected from age-matched male
monkeys from Oregon National Primate Research Center served as controls (n=4
for 2018 controls and n=3 for 2020 controls). Gene expression between control
and wildfire-exposed animals were assessed by qRT-PCR. Protein expression of
proSP-C (immature intracellular version of the SP-C, a protein known to enhance
lipid uptake and change surface tension in the lungs) was assessed by western blot
and immunofluorescence staining. 2018 Camp Fire resulted in 315% increase in
average PM2.5 compared to the historical average PM2.5 in 2010-2017. The peak of
2020 wildfire season resulted in 358% increase of PM2.5 compared to the previous
year. A significant decrease in TGF-β, IL-10, and IL-1β mRNA levels was detected
in cohorts of wildfire-exposed monkeys compared to the controls. Densitometry
analysis of western showed that proSP-C was significantly downregulated in
wildfire-exposed lungs compared to the controls, which correlated with reduced
immunofluorescence staining of alveolar type II cells with exposure. Our results
demonstrate that wildfire smoke exposure results in suppression of pulmonary
immunity and altered lung development in young rhesus monkeys. Importantly,
findings were consistent between two different exposure cohorts of infant rhesus
monkeys exposed to ambient smoke from wildfire events. This study suggests
wildfire smoke exposure in pediatric populations may impair lung development and
immune responses, resulting in long-term deleterious effects on the respiratory
system. Funding: California Air Resources Board Agreements 15-303, 10-303, and
NHLBI T32 ES007013.

4112

Polytetrafluoroethylene Microplastics-Mediated Oxidative or
Inflammatory Stress in Human-Derived Cell Lines

P. K C Bahadur1, J. Jo1, R. Gautam1, M. Acharya1, A. Maharjan1, D. Lee1, H. Kim2, Y.
Heo1, and C. Kim1. 1Daegu Catholic University, Daegu, Korea, Republic of; and 2Catholic
University of Korea, Seoul, Korea, Republic of.
Microplastic is one of the major problems as it is intruding the ecosystem and
altering the food chain in an unexpected way. Humans are being exposed to
microplastic through contaminated foods, inhalation or dermal penetration. These
exposures may cause oxidative stress or immunologic toxicities including inflammation in target organs. Heterogenous effect of microplastics (MPs) exist, depending upon the route of exposure and size range. There have been few studies that
addresses this heterogenous nature of MPs. Polytetrafluoroethylene microplastics
(PTFE-MPs) has wide range of application and has been merely studied for its
toxicity. Two different size of PTFE-MPs (5 and 50 μm diameter) were used to
evaluate its toxic potency on production of reactive oxygen species (ROS), nitric
oxide (NO), and proinflammatory cytokines from six different human derived cell
lines (A549 alveolar basal epithelial cell, Caco2 intestinal epithelial cell, HaCaT
keratinocyte, U937 macrophage, THP-1 dendritic cell, and Jurkat T lymphocyte).
Four different concentrations (1000, 500, 100, and 10 μg/ml) of PTFE-MPs with
vehicle control were tested following CCK-8 assay. All cell lines except U937
demonstrated enhancement of ROS production irrespective of size at the two lower
concentrations compared with vehicle control. Level of NO was dose-dependently
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increased in five cell lines except U937, which pattern was more apparent with 5 μm
PTFE-MPs. Upregulatory production of interleukin-6, a representative proinflammatory cytokine, was resulted in A549, U937, and THP-1 irrespective of PTFE-MPs size
and concentration. Meanwhile IL-6 level was dose-dependently lowered in HaCaT.
Concerning on TNFα production, the level was upregulated in U937 but downregulated in THP-1 at all concentrations and sizes of PTFE-MPs. Considering these
results, most cells in PTFE-MPs entry route could be affected leading to oxidative
stress and inflammatory responses. Further study may be needed to elucidate the
molecular mechanism. Supported by grant # 2020003120002, Korea Ministry of
Environment (MOE) and by MOE-Educational training program for the management
of information on the hazards and risk of chemical substances.

4113

Effects of Graphene and Molybdenum Disulfide on Macrophage
Toxicity

H. Lin, D. Ji, M. Lucherelli, and A. Bianco. Université de Strasbourg, Strasbourg, France.
Graphene and other 2D materials, such as molybdenum disulfide (MoS2), have
been gaining popularity in various biochemical and industrial uses as demand for
such versatile materials increases. In particular, MoS2 and graphene hybrids have
attracted great interest in biomedical research, therefore requiring investigation
on their safety in immune cells like macrophages, which commonly engulf these
materials. In this study, we focused on human peripheral blood monocyte-derived macrophages cultivated using both GM-CSF (M1) and M-CSF (M2). M1 and
M2 macrophage viability and activation were mainly found to be unaffected by
few-layer graphene (FLG) and MoS2 at doses up to 50 μg/mL. The uptake of both
materials was confirmed by transmission electron microscopy (TEM), inductively
coupled plasma mass spectrometry (ICP-MS), and inductively coupled plasma
atomic emission spectroscopy (ICP-AES). Notably, both 2D materials increased
the secretion of inflammatory cytokines in M1 macrophages. At the highest dose,
FLG decreased CD206 expression while MoS2 decreased CD80 expression. CathB
and CathL gene expressions were dose-dependently increased by both materials.
Despite a minimal impact on the autophagic pathway, FLG was found to increase
the expression of Atg5 and autophagic flux, as observed by Western blotting of
LC3-II, in M1 macrophages. Overall, FLG and MoS2 were of little toxicity in human
macrophages even though they were found to trigger cell stress and inflammatory
responses. With the results of our research, we hope to better shape the design of
future graphene- and 2D-based nanomaterials for improved immune compatibility.

4115

F. C. Sille1, S. S. Sanchez1, E. J. Illingworth1, G. A. Lopez-Cecetaite1, S. E. Attreed1,2, and
K. A. Rychlik1,3. 1Johns Hopkins University Bloomberg School of Public Health, Baltimore,
MD; 2US Department of Agriculture ARS, Greenport, NY; and 3Sam Houston State
University, College Station, TX.
The consumption of arsenic contaminated drinking water and food poses a
significant risk of cancer and other immune-related diseases to over 200 million
people worldwide. However, the causal mechanisms for this risk remain elusive.
Here we focused on the effects of iAs on macrophages, known for their antimicrobial functions (M1) as well as tumor-promoting capabilities (M2); and dendritic
cells, antigen presenting cells crucial for triggering the adaptive immune response
against infections and tumors. When using mouse-adapted H1N1 influenza A/
California/4/2009 (ma2009) infection and vaccine models, we observed that
chronic iAs exposure reduces CD103+ dendritic cell numbers and migration
to lung draining lymph nodes upon infection. These findings were associated
with increased mortality in the primary infection model; and reduced T follicular
helper cell and B cell numbers and activation; as well as subsequent reduction
in ma2009-specific neutralizing antibody titers (particularly fewer IgG2a/c) in the
vaccine model. Preliminary flow cytometric and transcriptomic analyses of cultured
and primary dendritic cells suggest that iAs targets pathways that are relevant for
cell migration antigen presentation. We also studied the effect of iAs (0.1 μM) on the
differentiation of C57BL/6 bone marrow derived macrophages (BMDMs), that were
stimulated with either M0 (M-CSF alone), M1 (LPS and IFN-γ) or M2 (IL-4 and IL-13)
polarizing ligands. We observed sex-specific suppression of the M1 phenotype:
lower nitric oxide (NO), iNOS and proinflammatory cytokine production. Whereas,
lipidomic and metabolomic analysis revealed a skewing towards an M2 tumor-promoting phenotype. Flow cytometric and RNA-seq analysis revealed changes in
genes and markers related to macrophage polarization in a sex- and stimulation-dependent manner. Lung cancer cells displayed increased proliferation when cultured
with iAs-exposed macrophages. iAs-exposed macrophages displayed increased
migration toward lung cancer cell conditioned media. Importantly, we observed
similar skewing in lung macrophages from mice either in utero or chronically
exposed to 100-1000 ppb iAs. Overall, our data elucidate the different ways how iAs
alters antigen presenting cells and can influence disease risk in exposed populations. NIEHS R00ES024808 (FS), T32ES07141 (KR, EI) and 5T32HL007534-37 (SS).

4116
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Effects of Acute Alcohol Treatment on Macrophage Polarization

S. B. Pruett, W. Tan, J. Stokes, and L. Liu. Mississippi State University, Mississippi
State, MS.
Alcohol is an underestimated toxicant, and binge drinking is remarkably prevalent
in the US. Acute alcohol intoxication can cause impaired brain function, dilation
of blood vessels, increased risk of certain cancers, stroke, and liver diseases like
cirrhosis, and suppression of inflammatory responses. Macrophages are scavenger cells that play an important role in body homeostasis and immunity. There is
clear evidence that consuming excessive amounts of alcohol impairs macrophage
function. However, the mechanism is not fully understood. We hypothesize that
acute alcohol treatment will interfere with the macrophage polarization process. To
assess the effects of the toxicity of alcohol on macrophage polarization, a polarizing stimulus was added first then alcohol treatment was performed 2 hours before
flow cytometric assessment of polarization, and in a second set of experiments,
alcohol treatment was done first and then a polarization stimulus was added. For
the polarization, 3×105 of the mouse macrophage cell line RAW 264.7 was treated
with 10 ng/mL IFN-γ ± 100 ng/mL LPS, 20 ng/mL IL-4, or 20 ng/mL IL-10 for 24
hours to get M1, M2a, or M2c type macrophages, respectively. Alcohol treatment
was done by adding pure ethanol to 86.8 mM in complete cell culture medium and
incubated for 2 hours. After treatment and harvest macrophages were labeled with
the following antibodies and analyzed by flow cytometry to identify each marker’s
expression: F4/80, Arginase 1, TLR4, CD86, VEGF, CD14, CD206, MHC Class II, and
TNF-α (surface and internal). The TNF-α level of cell supernatants was tested by
ELISA. We have identified clear distinctions between macrophage subtypes using
these markers and the results indicate that acute alcohol treatment alters the
polarization process by suppressing some M1 and some M2 markers. It remains to
be determined if a generalized suppression of M1 or M2 polarization occurs. This
lab is supported in part by NIH P20GM103646-09.

The Role of Antigen Presenting Cells in Arsenic-Induced
Disease Risk

Effects of In Vitro Inorganic Arsenic Exposure on Murine
Macrophages

E. J. Illingworth, G. Lopez-Cecetaite, S. S. Sanchez, K. A. Rychlik, P. Sadhukan, M.
Hoque, and F. C. Sillé. Johns Hopkins University Bloomberg School of Public Health,
Baltimore, MD.
In many parts of the world, including the United States, inorganic arsenic (iAs)
contaminates groundwater used for drinking, food production, and irrigation. The
World Health Organization set a 10 µg/L safety limit for arsenic in drinking water,
yet still as many as 200 million people worldwide are exposed to drinking water
with arsenic contamination at levels above this threshold. Eliciting a broad range
of adverse health effects, arsenic is a confirmed carcinogen by the IARC and also
causes increased susceptibility to infectious diseases, indicating that arsenic
affects the immune system. The purpose of this study is to elucidate the effects
of arsenic on the innate immune system with in vitro exposure models. Bone
marrow-derived macrophages (BMDMs) were cultured from adult C57/BL6 mice.
These “M0”-BMDMs were dosed in vitro with 0.1 µM iAs during macrophage differentiation and stimulated with LPS and IFN-γ (for “M1” macrophage activation) or
IL-4 and IL-13 (for “M2” macrophage activation). Alternatively, RAW macrophages
were used for a chronic in vitro exposure model. Culture supernatant was analyzed
for nitric oxide and cytokine secretion, which revealed sex-dependent differences
between iAs-exposed and nonexposed macrophages, with and without stimulation. Additionally, iAs-exposed macrophages displayed enhanced lipid droplet
formation and changes in lipidomic and metabolomic profiles as determined by
LC/MS. Flow cytometric and RNA-seq analysis revealed changes in genes and
markers related to macrophage polarization in a sex- and stimulation-dependent
manner. Dysregulated macrophage polarization could impact susceptibility to
infectious disease and cancer; here, we also show that iAs-exposed macrophages
migrate more readily toward tumor cell conditioned media and that lung cancer
cells that are cocultured with iAs-exposed macrophages display enhanced proliferation compared to those cultured with nonexposed controls. Research such as
this contributes to our understanding of the full spectrum of adverse health effects
of iAs exposure and may aid in the development of therapeutics for iAs-induced
diseases like cancer. Supported by NIEHS R00ES024808 (FS), NIEHS T32ES07141
(EI) and NIHLBL T32HL007534 (SS).
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Food Grade Titanium Dioxide Impairs the Phagocytic Capacity of
Subcronically Exposed Macrophages

A. A. Zagal Salinas, J. E. Olguín Hernández, M. Rodríguez Sosa, and Y. I. Chirino López.
Universidad Nacional Autónoma de México, Mexico City, Mexico.
In the last decades, food-grade titanium dioxide (TiO2) labeled as E171 in Europe,
has been used in food products such as chocolate, sweets, chewing gum, pastry,
doughs, flours among others. In Mexico, there is no regulation that limits the use
of this additive in candies, and it is also allowed in the preparation of tortillas.
After oral exposure E171 can reach the bloodstream and accumulate in different organs, including blood cells such as macrophages. One of the main roles of
the macrophages in the immune system is the phagocytosis of stranger bodies
or particles in order to present particles to the T cells for further recognition and
immunological memory among other physiological functions. The aim of this
work was to evaluate the effect of E171 exposure on the phagocytic capacity
of macrophages (RAW 264.7 cells) exposed to 1, 10 and 50 µg/cm2 for 15 days.
Cellular viability was also measured at days 3, 6, 9, 12 and 15 of E171 exposure.
The results indicated a notable decrease in a concentration-dependent way from
day 9 of exposure in a 21%, 44% and 54%, in day 12 in a 29%, 61% and 74%, and
a decrease of 50%, 69% and 86%, for 1, 10 and 50 µg/cm2 E171 after 15 days of
exposure. Also, the E171 exposure decreased dramatically the cell’s phagocytic
capacity where the total count of living cells was considered for the event percentage measured by flow cytometry. With this mentioned the phagocytic capacity
was reduced in a 50%, 66% and 79%, for 1, 10 and 50 µg/cm2 E171 after 15 days of
exposure. In conclusion E171 had toxic effects in RAW 264.7 cell line viability and
in their phagocytic capacity.

4118

Direct Functional Comparison of Inflammatory Responses in
Bone Marrow-Derived Macrophages versus the RAW 264.7
Murine Macrophage Cell Line

Q. Harker1, D. LoSapio2, J. E. Bader3, and D. O. Freier1. 1University of Lynchburg,
Lynchburg, VA; 2University of North Carolina at Chapel Hill, Chapel Hill, NC; and
3Vanderbilt University, Nashville, TN.
Parallel examination of the functional responses of bone marrow derived
macrophages (BMDM) to the viral transformed murine RAW 264.7 cell line provides
a basis for comparison of in vitro and ex vivo experiments using the cells as models
for inflammation. Equivalent responses would allow the substitution of the RAW
264.7 cells for BMDM and reduce the use of animals in experimentation. RAW
264.7 cells are maintained in DMEM complete with passage by scraping every 96
hours. BMDM are generated by culturing bone marrow cells from female Swiss
mice femurs with murine macrophage colony stimulating factor for 5 - 7 days.
RAW 264.7 cells and BMDM are simultaneously seeded at 4x10^5 cells per well in
triplicate in 500 uL of complete DMEM in a 24-well plate and incubated 14 hours.
Attached cells are then washed 2X with complete DMEM before stimulation with
lipopolysaccharide (LPS) from E. coli (O55:B5) to induce an inflammatory response.
A dose response exposure to 0, 1, 10 and 100 ng/mL of LPS for 24 hours is followed
by removal of supernatant for quantification of nitrites in solution by the Greiss
assay. Both cell types show a dose response to LPS. RAW 264.7 produced 2, 58, 82
and 94 uM nitrite in solution following the LPS treatments compared to 0, 4, 7, and
11 uM nitrite produced by BMDM. These data represents one of four independent
trials each trial for both BMDM and RAW cells in triplicate at each dose. Statistical
analysis by one-way ANOVA (SPSS 25) determined all LPS treatment values to be
significantly different from untreated controls using the Dunnett post-hoc test. To
correct for a slower growth rate of BMDM compared to RAW, cells will be dislodged
from wells using 0.5 mM EDTA in phosphate buffered saline following LPS
treatment and counted by hemacytometer. Nitrite response levels will be normalized between the RAW 264.7 cells and the BMDM by establishing a response level
per 10,000 cells for comparison purposes. Prior to counting additional supernatant
will be sampled for TNF alpha cytokine production by ELISA assay. Initial results
suggest a direct comparison may not be possible. Correcting for cell growth
rates over the LPS exposure time will allow for better interpretation of results and
comparison of experimental outcomes.

4119

Detection of Plasma Cells and Their Precursors in Bone Marrow
and Peripheral Blood

A. S. Wong, M. Patel, F. Wagner, and M. Poirier. Altasciences, Everett, WA.
Plasma cells are antibody-producing B cells that play a major role in conferring
immune protection, but can also contribute to the pathogenesis of autoimmune
diseases like multiple sclerosis, and hematologic cancers like multiple myeloma.
These cells are terminally differentiated, long-lived, quiescent cells with the capacity
to secrete large numbers of antibodies. In contrast, their precursors, plasmablasts,
are dividing short-lived cells with migratory capabilities. While plasma cells typically
reside in the bone marrow (BM), circulating plasma cells have been detected in
the peripheral blood (PB) of multiple myeloma patients. An increased number of
circulating plasma cells is often correlated with poor prognosis. As both plasmablasts and plasma cells are present at low frequencies in BM and PB, flow cytometry

is the method of choice to detect and study them. Here, we present a method for
the detection of both cell types in the BM and PB of cynomolgus monkeys using a
test article in the antibody class developed for the treatment of multiple myeloma.
PB, as well as BM aspirates from the humerus or femur head of sedated, dosed, and
control animals, was collected into CPT tubes. Mononuclear cells isolated from the
centrifugation of CPT tubes were stained with antibody cocktails: BM (CD19, CD20,
CD27, CD20, and CD138) and PB (CD3, CD20, CD14, CD38, and CD138). In the BM,
plasmablasts were defined as CD19+CD20-CD27+, with plasma cells defined as a
subset of plasmablasts that expressed CD138. In the PB, circulating plasma cells
and plasmablasts were gated on CD3-CD20-CD14- cells, followed by CD38+CD138+
of the residual cells. Analysis of BM aspirates collected from eight control animals
indicated a frequency of plasmablasts out of CD20+CD19+/- from 0.4%−6.1%.
Plasma cells out of plasmablasts from the same animals ranged from 1.5%−13.5%.
In the PB, the frequency of plasma cells and plasmablasts in 52 control animals was
lower than noted in BM, ranging from 0.0%−0.2% of its parent population (CD14gated on CD3-CD20-). An increase in the percentage of plasma B cells was noted in
several TA-dosed animals ranging from 0.1%−0.9%, providing further confirmation
that our method can detect not only these rare cells, but also TA-induced changes.
In conclusion, our method provides a valuable tool for the detection of plasma cells
and plasmablasts in the BM and PB of cynomolgus monkeys, and further expands
the versatility of flow cytometry as a technique to interrogate TA-related effects on
the immune system.

4120

Assessing T Cell-Dependent Antibody Responses in a Human
Lymph-Node-on-a-Chip Model Suitable for Drug Development
Research

M. A. Brouwer1, G. Florez-Grau2, J. Arnold3, G. Rabussier1, J. Cuenca Escalona2, L. Van
den Broek1, C. Ackaert3, H. Lanz1, J. Joore1, S. Pattijn3, J. M. De Vries2, and K. Queiroz1.
1MIMETAS, Oegstgeest, Netherlands; 2Radboudumc, Nijmegen, Netherlands; and
3ImmunXperts, Gosselies, Belgium. Sponsor: K. Bircsak
Microfluidic techniques are a crucial toolbox for adding physiologically relevant
cues to traditional cell culture. These cues include long-term gradient stability and
continuous perfusion. Microfluidic technology allows patterning of cell layers as
stratified co-cultures devoid of artificial membranes to capture the complex tissue
structures observed in vivo. Currently, there are no translatable in vitro models to
assess human T cell-Dependent Antibody Responses (TDAR). Previous models
have failed to recapitulate in vivo B cell responses and do not provide a proper
assay window to study inhibition or activation of immune responses upon primary
antigen exposure. Therefore, the MIMETAS OrganoPlate® platform was used to
culture primary human immune cells and supporting cells, in order to recapitulate
in vivo TDAR responses in an in vitro human lymph node model. We established a
human lymph node model showing rapid organization, network activity, immune
cell development, proper expression of lymph node markers, and humoral immune
responses upon exposure to an antigen. B cell and T cell compartments could be
observed, including reorganization upon antigen exposure. The immune responses
and model were robust and the culture was viable for up to 21 days. Development
of follicular immune cell subsets, germinal center formation, plasma cell differentiation and memory responses were observed. OrganoPlate-grown human lymph
nodes are suitable for developing complex models to mimic in vivo immunological
responses to antigens or immunomodulatory therapeutics. This model is suitable
for screening of compounds using real-time imaging, flow cytometry, ELISA, and
other quantification methods. Our human TDAR microfluidic technology serves as
a powerful platform for studying physiology and disease mechanisms in the human
lymph node and supporting therapy development.

4121

Development of In Vitro Assays to Predict Potential
Immunotoxicological Liabilities of Candidate Drugs Using
Human Peripheral Blood Mononuclear Cells

M. Ogese1, E. Shardlow1, R. Barton1, S. Roe1, A. Lazaridi1, J. Eakins1, S. Ryder1, S.
Madden1, and C. Strock2. 1Cyprotex Discovery Limited, Macclesfield, United Kingdom;
and 2Cyprotex US LLC, Watertown, MA.
Drug hypersensitivity is an unintended adverse drug reaction (ADR) with an
immunological aetiology to an otherwise safe and effective therapeutic agent.
These reactions target the skin, liver, blood and kidneys. It is currently impossible to accurately predict which individuals will be hypersensitive to new drugs in
early development. This is in part because most of the susceptibility factors are
genetic and idiosyncratic, which are difficult to recapitulate in vivo and in existing in
vitro assays. In addition, the immunoregulatory system that preserves tolerance to
neoantigens varies between individuals and can be influenced by factors like disease
and environment. This research aimed to explore the cytotoxicity profiles of 27
reference compounds known to target the liver, skin or blood via immune-mediated
mechanisms involving drug-specific lymphocytes. Peripheral blood mononuclear
cells (PBMC) isolated from multiple consenting healthy donors were exposed to
graded concentrations of test compounds for 24 hours and cytotoxicity determined
using cellular ATP and LDH release assays. The minimum effective concentration (MEC) and AC50 values were obtained for each compound. Abacavir, allopurinol, amoxicillin, ciprofloxacin, clavulanic acid, isoniazid, oxypurinol, piperacillin,
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sulfamethoxazole and ximelagatran showed no cytotoxicity at relevant exposure
concentrations in cells from all donors at the top concentrations tested. PBMC
from all donors exposed to lapatinib, nevirapine, minocycline, clozapine, diclofenac,
terbinafine, ticlopidine, acetaminophen, erythromycin, lumiracoxib and carbamazepine displayed varying degrees of drug-specific cytotoxicity. Interestingly, allopurinol, dapsone, flucloxacillin, 4-nitrososulfamethoxazole, naproxen, olanzapine and
tolvaptan revealed donor-dependent cytotoxicity. Furthermore, purified CD3 Ab
and Phytohaemagglutinin (PHA) induced proliferation in all PBMC donors tested.
The absence of in vitro cytotoxicity in ten test compounds and the donor-dependent cytotoxicity of others suggest that factors other than chemistry and exposure
levels regulate immune-mediated hypersensitivity. Hence, in vitro immunotoxicity
assays developed using primary immune cells isolated from multiple donors have
the potential to improve the safety of drugs, chemicals, cosmetics and biologics.

4122

Immune Checkpoint Inhibition Leads to Premature Expansion
of Age-Associated B Cells Stratifies Patients at Risk of Failed
Humoral Immune Responses to COVID19 Vaccination

J. E. Thaventhiran. University of Cambridge, Cambridge, United Kingdom.
Sponsor: A. Willis
Individuals with compromised immunity are at risk of inadequate response to
COVID-19 vaccination, prolonged SARS-CoV-2 infection, and the selection and
onward transmission of viral escape mutations. Patients with immune checkpoint
blockade-treated (ICP) cancer have premature expansion of age-associated B cells
(ABC), which may negatively impact humoral immune responses. We completed a
detailed, longitudinal evaluation of the B cell responses to the BNT162b2 vaccine.
Around 50% of patients were capable of mounting comparable humoral responses
to healthy controls, including the expansion of antigen-specific B cells and neutralising antibody activity. In patients who failed to the vaccine response, pre-vaccination ABC frequency correlates with a lack of neutralising antibody activity. Patients
were unable to maintain the same levels of neutralising antibodies and memory B
cells as seen in healthy controls 15 weeks after the second dose of the vaccine.
This report demonstrates the heterogeneity in the humoral response to vaccination
and identifies expanded ABCs as stratifying vaccine recipient responses. Screening
ABCs as a biomarker for vaccine failure may help to improve vaccination strategies
through targeting this population.

4123

Modeling Reactogenicity of Vaccines with the In Vitro MIMIC
Peripheral Tissue Equivalent Module

R. Pullen III1, E. Sassano2, D. Drake2, and R. J. Brennan1. 1Sanofi, Waltham, MA; and
2Sanofi, Orlando, FL.
Vaccines are paramount in the fight against infectious diseases by priming the
adaptive immune system to elicit prompt, specific, and cell- and humoral-mediated responses to eliminate pathogens. Vaccine development requires comprehensive assessment of both efficacy and safety, particularly with respect to the
likelihood and severity of immediate immune activation effects after administration, or reactogenicity. Highly reactogenic vaccines can induce powerful inflammatory responses which in extreme cases have led to critical illness and multi-organ
failure. A combinatorial approach that aids in the identification of safety biomarkers predictive of severe adverse events in the clinic is highly desirable and would
facilitate screening of novel drug candidates. An important, open question in the
field of vaccine safety is how to precisely translate in vitro assay measurements
to vaccine reactogenicity observed in human clinical trials. Using the MIMIC PTE
module, peripheral blood mononuclear cells from healthy donors were treated
with vaccines and the supernatants were analyzed using flow cytometry and a
multi-cytokine detection system to gain insight into the multi-parametric dynamics
of inflammatory responses. An extensive adverse event dataset for 10 vaccines
of varying reactogenicity from publicly available clinical trial data was assembled.
A novel generalizable reactogenicity scoring framework that accounts for the
frequency and severity of local and systemic adverse everts was applied to the
clinical dataset. We expanded previous in vitro analysis and developed a composite
translational reactogenicity regression model after evaluating multiple regression
algorithms and how the inclusion of flow cytometry parameters impacted predicted
reactogenicity scores. Results suggest that vaccines with considerable deviations
in either (i) the frequency of adverse events from clinical trial data or (ii) cytokine
readouts from the MIMIC PTE module should be incorporated in the model training
subset to build a robust translational model. Interestingly, the data suggest only a
few biomarkers from the PTE module in tandem with a small subset of commonly
recorded adverse events at the clinical stage are required to assess relative vaccine
reactogenicity. Additional results demonstrate the translatability of our computational model for accurately predicting reactogenicity.

4124

Examining the Combined Effects of Smoking and Latent
Cytomegalovirus (CMV) Infection on the CD8 T Cell Receptor
Repertoire

A. K. Merder, M. R. Campbell, K. V. Embury, O. A. Lozoya, D. A. Bell, and S. N. Martos.
NIEHS, Research Triangle Park, NC.
Tobacco smoke negatively impacts the human immune system, leading to
increased risk of inflammatory diseases and decreased immunity. We recently
reported that smoking is associated with premature aging and a senescent-like
phenotype among CD8 T cells, with increases in central memory CD8 T cells and
terminally differentiated effector memory CD8 T cells (TEMRA cells). In addition,
latent cytomegalovirus (CMV) infection has been linked to the exacerbation of T cell
aging. With these composition shifts within the CD8 T cell compartment, we hypothesized that the combined effects of tobacco smoke and latent CMV infection would
lead to a reduction in CD8 T cell receptor (TCR) repertoire diversity, a hallmark of
immune aging. The ability of the immune system to effectively respond to novel
infectious agents depends on adequate TCR diversity for recognition of foreign
substances, signifying that any loss in diversity may lead to deleterious effects. To
analyze the effects of smoking in the context of latent CMV infection, we compared
TCR repertoires between CMV+ smokers and nonsmokers, utilizing single-cell
TCR sequencing. We used two methods to quantify diversity, the Inverse Simpson
metric and the degree of clonal expansion, to analyze the CD8 T cell fraction as
a whole and the distinct CD8 T cell subtypes. Smoking decreased TCR diversity
(Inverse Simpson; p<0.05) and was associated with exaggerated clonal expansion
(p<0.05) within single-cell RNA-seq defined CD8 TEMRA cells. Among all CD8 T
cells, changes in TCR diversity were not definitive, but trended towards a reduction
in diversity. To expand on these results and examine the effects of both smoking
and CMV, we developed a bulk TCR sequencing pipeline that allows for greater
coverage of a larger cohort (N=122) of donors’ TCR repertoires. Preliminary results
show that bulk TCR repertoires reflect the single-cell data. Our findings provide
a potential mechanistic explanation for the attenuated immunity observed in
smokers. Furthermore, this work illustrates the significance of analyzing the effects
of both viral and environmental exposures on TCR diversity, as multiple factors are
likely to contribute to disease risk.

4125

Characterization of T Cell Antigenicity in Patients with Liver
Injury and Healthy Donors following Treatment with the BACE
Inhibitor Atabecestat

P. J. Thomson1, L. Kafu1, M. Ford1, X. Meng1, J. Snoeys2, L. Leclercq2, R. De Vries2,
P. Vinken2, and D. Naisbitt1. 1University of Liverpool, Liverpool, United Kingdom; and
2Janssen Research & Development, Beerse, Belgium.
Atabecestat is a BACE inhibitor previously in development for the treatment of
Alzheimer’s disease. Patients in clinical studies with atabecestat exhibited
elevations in hepatic ALT and AST, which in most cases, reduced upon cessation
of atabecestat treatment. However in a limited number of patients ALT/AST levels
continued to increase following cessation of atabecestat treatment prior to eventual
reduction. The delayed onset of liver enzyme elevation suggests an immune
pathogenesis; thus, the aim of this study was to characterize atabecestat and
atabecestat metabolite-specific T-cells from patients with liver injury. PBMC were
isolated from the blood of 14 patients selected from atabecestat clinical studies,
12 of which exhibited elevations liver enzymes. These cells were subjected to the
lymphocyte proliferation and ELIspot assays in the presence of atabecestat and
metabolites (DIAT, N-acetyl-DIAT and epoxide). Furthermore, T-cell lines generated
against atabecestat and metabolites from DILI patients and healthy donors were
subjected to serial dilution to generate T-cell clones. Phenotypic analyses were
conducted using flow cytometry, while functional studies characterized cross-reactivity, cytokine release and pathways of T-cell activation. Despite negative PBMC
proliferation and ELIspot results, 17 drug-responsive, primarily CD4+, T-cell clones
were generated from five atabecestat DILI patients and two healthy donors. Patient
clones displayed reactivity against atabecestat (n=4), DIAT (n=10) and N-acetylDIAT (n=3), while clones from the healthy donors reacted against DIAT (n=2). The
drug-responsive CD4+ clones from DILI patients were activated in an HLA class II
restricted manner and displayed a Th1/2 cytokine secretion profile while healthy
donor clones were class I-restricted. All clones were activated through a direct
interaction with HLA, with no requirement for antigen processing. Finally, a subset
of patient atabecestat- and DIAT-responsive clones cross-reacted with the N-acetylDIAT metabolite. In conclusion, the detection of atabecestat(metabolite)-responsive T-cell clones from patients with DILI and healthy donors is indicative of an
immune-mechanism for the observed hepatic enzyme elevations.
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Characterization of T Cell Antigenicity to Difuorophenoglyoxal
(DFPG)-Modified Peptides in Healthy Donors

P. J. Thomson1, A. Gibson1, X. Meng1, M. Oropallo2, J. Monroe2, and D. Naisbitt1.
1University of Liverpool, Liverpool, United Kingdom; and 2Merck & Co. Inc.,
Philadelphia, PA.
Telecagepant, along with its structurally related compound MK-3207, function as
small molecule CGRP antagonists utilised to treat migraines, which importantly,
lack the detrimental vasoconstrictive effects attributable to first line triptan
therapies. However, both these agents were withdrawn following the development
of clinical liver injury, characterised by increases in serum transaminases. For
MK-3207, the onset was delayed, and there was one confirmed case of hepatitis. Metabolism studies identified a protein reactive difuorophenoglyoxal (DFPG)
metabolite of MK-3207 which exhibited strong protein reactivity, suggesting
immune mediated T-cell antigenicity towards drug-(metabolite)-modified peptides.
The aim of this study was to assess the antigenicity of the DFPG metabolite. To
do this, we characterized (1) the drug-protein adducts modified by three structural
variants of DFPG (2,4 / 3,4 / 3,5 DFPG), and (2) the T-cell stimulatory capacity
of DFPG-modified proteins and peptides using PBMC from healthy donors. T-cell
cloning was conducted in the presence of 3,5 DFPG. Human serum albumins were
incubated in the presence of the DFPG analogues, with modified peptides characterised using LC-MS. The antigenicity of these drug-modified proteins was assessed
using a T-cell priming assay, which involved co-culture of the proteins with autologous monocyte-derived dendritic cells and naïve T-cells. Finally, a selection of
HLA-B*57:01 native peptides with P5 residues of interest (R, K, C) were selected
to explore DFPG adduct formation. T-cell clones were successfully generated
from donors to 3,5 DFPG (n=3), which proliferated and secreted Th1/2 cytokines
in an MHC class II dependent manner. Clones were predominantly isolated from
CD8+ enriched T-cells and showed no cross-reactivity with MK-3207. A plethora
of DFPG-modified HSA adducts were identified using LC-MS which, when incorporated into our T-cell priming assay, induced strong T-cell antigenicity compared with
unmodified peptides (n=3). Furthermore, three 9-mer HLA-B*57:01 native peptides
were successfully modified by DFPG at both R, K and C P5 residues but also at the
C-terminal of the peptide. In conclusion, the generation of DFPG-specific T-cells,
in conjunction with the antigenicity detected towards DFPG-modified peptides,
suggest that the immune system may play an active role in the DILI injury observed
in patients exposed to MK-3207.

4127

Alterations in Liver Size and Immune Function: Insights into
Toxicity of Short-Chain PFAS

T. Woodlief, K. Taylor, Q. Hu, and J. DeWitt. East Carolina University, Greenville, NC.
Perfluoropentanonic Acid (PFPeA) and 1H, 1H, 2H, 2H-perfluorooctanesulfonic acid
(FTS) are short chain per- and polyfluoroalkyl substances (PFAS) that have been
identified in surface waters used as drinking water sources for several communities
within North Carolina. Some shorter chain PFAS have been used as replacement
compounds for the longer carbon chain compounds perfluorooctanoic acid (PFOA)
and perfluorooctane sulfonate (PFOS). While the toxicity of PFOA and PFOS have
been well characterized in animal models and epidemiological studies of humans,
to our knowledge, no toxicological data exist in the publicly available literature for
PFPeA or FTS. Therefore, the present studies sought to describe signs of toxicity
following 30 days of exposure to various doses of these compounds. Adult male
and female C57BL/6 mice (6-8 weeks old) were exposed by gavage once/day for
30-days to PFPeA or FTS at 0 mg/kg, 0.5 mg/kg, 5 mg/kg, or 50 mg/kg. Endpoints
collected included in-life observations, organ weights, liver peroxisome proliferation
and T-cell dependent antibody responses (TDAR). Exposure to PFPeA did not affect
any of the measurements at the doses administered except for an increase (~23%
on average) in the absolute thymus weights (p=0.05) of treated male animals
compared to males from the control group. While exposure to FTS did not affect
terminal body weights or lymphoid organ weights at the doses administered, it did
increase (p<0.001) both absolute and relative liver weights in male mice. Compared
to the control group, absolute liver weights increased by 25%, 44%, and 81% and
relative liver weights increased by 18%, 38%, and 86% in the 0.5, 5, and 50 mg/kg
groups, respectively. Exposure to FTS decreased (~13% on average) relative heart
weights (p=0.04) of treated female animals compared to females from the control
group. Compared to the control group, FTS exposure decreased the TDAR by 5%,
49%, and 32% (p=0.02) in males and by 15%, 44%, and 36% (p=0.02) in females,
independent of changes in lymphoid organ weights or cellularity. These results
indicate that exposure to FTS has toxicologic potential within the liver and immune
system.

4128

PFOS Exposure Upregulates CD36 in Spleen-Derived T Cells

J. Durham, B. Hennig, P. Deng, and S. Santa-Cruz Calvo. University of Kentucky,
Lexington, KY.
Perfluorooctane sulfonate (PFOS, an 8-carbon PFAS) is one of the environmental
pollutants detected with high frequency and concentration in human and environmental samples. Research suggests that PFOS can induce immunotoxicity in the

spleen and alter responses of both the adaptive and innate immune systems. While
PFOS are considered immune hazards to humans, the mechanism(s) by which these
PFOS induce immunotoxicity remain elusive. Our previous study demonstrated
that exposure to PFOS upregulated hepatic CD36 gene expression and induced
disturbances in hepatic lipid metabolism in mice. The scavenger receptor CD36 is
a central metabolic modulator of T cell metabolism in immune responses. In the
present study, the role of a CD36-lipid metabolism axis during PFOS exposure in
inducing immunotoxicity was investigated in in vitro and in vivo settings. Splenic T
cells separated from C57BL/6 mice were treated with PFOS, and lipidomic analysis
will be performed to define CD36-lipid peroxidation pathways perturbed by PFOS
exposure. C57/BL6 mice were exposed to PFOS for 7 weeks, and transcription level
of CD36 was determined by RT-qPCR. It was found that PFOS exposure upregulated
the CD36 gene in mice spleen and CD4+ T cells. The contribution of CD36 to altered
lipid metabolism resulting from PFOS exposure is under investigation. Supported in
part by NIEHS/NIH grant P42ES007380.

4129

In Vitro Evaluation of the Effects of Endocrine Disruptors on
Human Immune Cells

M. Iulini, A. Maddalon, V. Galbiati, M. Marinovich, and E. Corsini. Università degli Studi di
Milano, Milan, Italy.
Endocrine disruptors (ED) are synthetic or natural substances able to disturb the
endocrine system leading to a broad spectrum of adverse effects from regulation of
reproduction and development to modulation of brain and immune functions. The
main objective of this study was to develop new in vitro approaches to identify and
characterize the effects of ED on the immune system. Two experimental models
were used: the human promyelocytic cell line THP-1 cells, and peripheral blood
mononuclear cells isolated from buffy coats of healthy donors. Investigations
focused on the effects of selected ED on the expression of receptor of activated
C kinase 1 (RACK1), an adaptor protein mainly located in cytosol and cytoplasmic
membrane, providing a scaffold for multiple protein-protein interactions, involved
diverse signaling pathways. RACK1 has been shown to regulate many cellular
actions including cell growth, differentiation, adhesion, migration and immunity.
As immune parameters cytokines (e.g., IL-8 and TNF-alpha) and surface markers
(e.g., CD54 and CD86) were investigated following stimulation with E. coli lipopolysaccharide (LPS). As selected ED, atrazine (herbicide), cypermethrin (insecticide),
diethyl phthalate (plasticizer), ethinylestradiol (contraceptive drug), perfluorooctanesulfonic acid (persistent organic pollutant), and vinclozolin (fungicide) were
tested. Cells were exposed to increasing concentrations of ED for 24 h and then
stimulated with LPS (10 or 100 ng/ml). The main results observed on THP-1 cells
were an enhancement of RACK1 expression by ethinylestradiol, with subsequent
increase of CD86, IL-8 and TNF-alpha, and a reduction of RACK1 and of the other
analyzed immune markers following exposure to the other ED, in particular atrazine,
perfluorooctanesulfonic acid and diethyl phthalate. Similar results were obtained
also on PBMC obtained from male and female donors, with some gender-related
differences in the modulation of the immune response by ED. Overall, data show the
ability of the selected ED to modulate in vitro the immune response, and confirmed
RACK1 as a target in their immune deregulation action. Funding: this study was
supported by a grant from Ministero dell’Istruzione, dell’Università e della Ricerca
(PRIN2017, Project number 2017MLC3NF).

4130

Immunologic Assessment of Selected Cannabis-Derived
Terpenes and Cannabinoids in Human Peripheral Blood
Mononuclear Cells (PBMC)

R. Crawford, T. Bach, M. D. Rizzo, S. Sermet, L. K. Blevens, J. Zhou, D. Khan, and N. E.
Kaminski. Michigan State University, East Lansing, MI.
Cannabis is well established as possessing immune modulating activity. The
objective of this study was to evaluate the immunomodulatory activity of
cannabis-derived terpenes and cannabinoids. α-pinene (aP), trans nerolidol (tN),
D-limonene (Lim), linalool and phytol were the selected terpenes evaluated. The
cannabinoid compounds evaluated were cannabidivarin (CBDV), cannabidiol (CBD),
cannabinol (CBN), cannabichromene (CBC), cannabigerol (CBG) and delta-9-tetrahydrocannabinol (THC). Human PBMC were pretreated with each compound,
individually, at concentrations extending from 0.001 to 10 uM and then stimulated
with either CpG (plasmacytoid dendritic cell (pDC)), LPS (monocytes), or anti-CD3/
CD28 (CD4 and CD8 cells). Proliferation, activation marker expression, cytokine
production and phagocytosis, were quantified. Out of the 21 unique responses
assayed for each compound, cannabinoids showed the greatest immune modulating activity compared to their vehicle control. THC showed the greatest immune
modulating activity affecting 11 responses followed by CBDV (9), CBG (6), CBC (5),
CBN (4) and CBD (3). aP showed the greatest immune modulating activity from
the selected group of terpenes at 2, followed by Lin, Phy, tN with 1 and Lim had
no effect on any of the parameters tested. Overall, these studies suggest that the
selected cannabis-derived terpenes displayed minimal immunological activity. By
contrast, cannabinoids displayed a broader range of immune modulating activity.
Compounds that exhibited anti-inflammatory effects may be useful in decreas-
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ing chronic inflammation associated with neurodegenerative disorders such
as HIV-associated neurodegenerative disorders (HAND), Parkinson’s Disease,
Alzheimer’s and multiple sclerosis. Supported in part by GBS Global Biopharma Inc.

4131

Cannabidiol (CBD) Modulates Monocyte-Derived
Proinflammatory Cytokine IL-6 Secretion in Human Monocytes
Activated through Toll-Like Receptors (TLRs) 1-9

S. Sermet, J. Li, A. Bach, R. B. Crawford, and N. E. Kaminski. Michigan State University,
East Lansing, MI.
Cannabidiol (CBD) is a major immune modulating cannabinoid present in Cannabis
sativa that has recently become popular in its over-the-counter utilization. This
compound is non-euphoric and possesses low affinity for both CB1 and CB2
receptors. The primary molecular target(s) by which CBD mediates its biological
activity has yet to be identified. Many individuals often self-medicate using CBD
products with little knowledge of its specific immunotoxicological effects. Although
previous research in the literature has established that CBD possesses immunomodulating properties, these results have been established primarily in rodent
models with a focus on the adaptive immune system. The objective of this study
was to determine CBD’s immune modulating profile on the innate immune response
in the context of human monocytes activated through various bacterial and viral
mechanisms via toll-like receptors (TLR) 1-9. Monocytes were activated through
each TLR with a known function in humans and simultaneously treated with increasing concentrations of CBD (0.5-10µM) for 22 hours. Monocyte secretion profiles
for 13 immune mediators were quantified including: IL-4, IL-2, IP-10, IL-1β, TNFα,
MCP-1, IL-17a, IL-6, IL-10, IFNγ, IL-12p70, IL-8, and TGF-β1. Interestingly, CBD was
able to significantly suppress the monocyte secretion profiles for proinflammatory
cytokine IL-6 in a concentration-dependent manner in monocytes activated through
most TLRs, apart from TLRs 1 and 3. Most other monocyte-derived cytokines
assayed were not significantly altered by CBD, with a few exceptions. Specifically,
the secretion of monocytes-derived IP-10, TNFα, IL-10 and TGF-β1 were modestly
affected by CBD in response to a select few TLRs. CBD also impaired monocyte-derived IL-1β when activated through all TLRs, with the exception of TLRs 3 and 8.
This study is of particular importance, as it provides a comprehensive immunomodulatory profile for CBD in the context of the human innate immune system, providing
evidence for its potential as a beneficial or detrimental supplement depending on
the health context of users. Supported in part by NIH R01 DA047180 and the Center
for Research on Ingredient Safety.

4132

Cannabidiol (CBD) Suppresses the Secretion of Proinflammatory
Cytokine Interleukin-1β (IL-1β) in Human Monocytes through
a Mechanism Independent of Vanilloid Transient Receptor
Potential Channels 1 (TRPV1) and 4 (TRPV4)

B. Finn, R. Crawford, and N. Kaminski. Michigan State University, East Lansing, MI.
Cannabidiol (CBD) is one of the most studied cannabinoids and has been observed
to have many therapeutic properties including anti-inflammatory effects in humans.
With the low affinity of CBD to the traditional cannabinoid receptors, CB1 and CB2,
there has been increasing interest to investigate other potential targets in the
immune system where CBD may mediate its anti-inflammatory effects. Transient
receptor potential (TRP) channels are trans-membrane cation permeable channels
that respond to a variety of chemical stimuli. Some of these channels in the
vanilloid (TRPV), ankyrin (TRPA), and melastatin (TRPM) subfamilies have been
reported to be activated by different synthetic or phytogenic cannabinoids including TRPV1, TRPV2, TRPV4, TRPA1, and TRPM8. Experiments began with profiling the mRNA expression of these channels in human monocytes in comparison
to their expression on other immune cell types (pDCs, NK cells, CD4+ and CD8+
T-cells) which revealed that monocytes express TRPV1, TRPV2, and they uniquely
express TRPV4 unlike the other immune cells investigated. When activated with
lipopolysaccharide (LPS), a toll-like receptor 4 (TLR4) agonist, human monocytes
will induce an inflammatory response including the production and secretion of
pro-inflammatory cytokine interleukin-1β (IL-1β). To determine if CBD’s ability to
suppress the secretion of IL-1β is mediated through TRPV1 or TRPV4, monocytes
were pre-treated with either known TRPV1 antagonist (SB366791) or known TRPV4
antagonist (HC067047) before a 24-hour treatment with various concentrations of
CBD (1, 5, 10 µM) and stimulation with LPS. After the 24-hour incubation, supernatants were quantified via ELISA for IL-1β. CBD significantly suppressed the secretion
of IL-1β at 5 and 10 µM concentrations (26.1% and 69.7%, respectively), and the use
of potent and selective antagonists for TRPV1 and TRPV4 individually were not
able to reverse the suppression. These results suggest that CBD does not mediate
its anti-inflammatory suppression of IL-1β secretion in human monocytes through
interaction with the TRPV1 or TRPV4 channels. Supported by NIH R01 DA047180.

4133

Novel Role of DAMPs in Regulating Autophagy Process by
Engaging Cannabinoid Receptor-Mediated Signaling

S. Thota, and R. Begum. Southern University and A&M College, Baton Rouge, LA.
Pentachlorophenol (PCP) was a widely used organochlorine pesticide and wood
preservative in the US. Due to its carcinogenic activity, the use of PCP was restricted
by EPA. PCP is easily absorbed through the skin and lungs. Since it is an environmental toxicant, chronic exposure leads to severe lung and liver toxicity in humans.
There are few reports which demonstrate PCP-mediated increase in inflammatory responses using murine and cellular study models, However, the molecular
mechanisms associated with PCP-mediated inflammation are yet to be explored
in detail. The endocannabinoid system (ECS)-containing distinct G protein-coupled
cannabinoid type 1 (CB1) and type 2 (CB2) receptors (CBR) has been implicated in
regulating a wide range of cellular physiological processes including homeostasis. Emerging evidence from recent studies has shown that cannabinoids are
associated with the induction autophagy flux in cellular models. There is a growing
interest in studying the involvement of Danger Associated Molecular patterns
(DAMPs) in regulating the autophagy process in various pathological conditions.
In our preliminary experiments, we observed an increase in the immune/inflammatory responses, the release of DAMPs-HSP70 and HMGB1, increased expression
of CBRs, and the key autophagy proteins in PCP-challenged human lung epithelial
(A549) cells. Based on earlier reports and our findings, we hypothesized the important role of DAMPs in inducing CBR-mediated autophagy in PCP-induced inflammation. Our results demonstrate that pretreatment of A549 cells with CB-antagonist
(AM630) abrogated PCP-induced inflammation, expression of autophagy proteins,
and release of DAMPs. Interestingly, antibody-mediated neutralization of HMGB1 or
HSP70 also reversed the inflammation in PCP-exposed cells. Further studies are in
progress to understand the specific role of DAMPs in regulating cannabinoid-receptor mediated signaling in our study models.

4134

Δ9-tetrahydrocannabinol (THC) Suppresses Naïve CD8+ T Cell
Differentiation and Interferon Gamma (IFN-γ) Production in
Interferon Alpha (IFN-α) Primed Activation

J. Marty, R. B. Crawford, L. Blevins, and N. E. Kaminski. Michigan State University, East
Lansing, MI.
Combined antiretroviral therapy (cART) has improved the prognosis for those
infected with human immunodeficiency virus (HIV). However, the aging HIV+
population has an increased incidence of chronic systemic inflammation, which
can progress to HIV associated neurocognitive disorders (HAND), regardless of
compliance with cART. HAND is characterized by persistent neuroinflammation
with an associated decline in cognitive function. While the mechanism of HAND
pathogenesis has yet to be determined, a greater number of IFN-γ producing CD8+
T cells are associated with more severe neurocognitive impairment. THC, isolated
from Cannabis sativa, has been proposed as a potential therapeutic for HAND, due
to its immunomodulatory properties and ability to interact with immune cells via
expression of cannabinoid receptors. Experiments here began by characterizing the
naïve CD8+ T cell responses to activation via anti-CD3/anti-CD28 stimulation. Naïve
CD8+ T cells, characterized by CD45RA expression, were activated and differentiation was observed over a 4-day period. As early as day 3, the naïve CD8+/CD45RA+
T cells differentiated into CD8+/CD45RA-/CD45RO+ cells. Further characterization
of these two populations indicated that only the CD45RO+ cells were capable of
producing IFN-γ, suggesting CD45RO as a marker of stimulated CD8+ T cells. In
order to mimic the pro-inflammatory conditions the naïve CD8+ T cells experience
during HAND, IFN-α was added to culture in addition to the activation stimulus.
IFN-α enhanced the pro-inflammatory response, specifically IFN-γ production by
the CD45RO+ cells that peaked 4 days post activation. The addition of THC to the
culture (1, 5, or 10 μM) reduced differentiation of CD45RA+ T cells into CD45RO+
T cells in a concentration-dependent manner (94%, 83%, 81% of day 4 vehicle
control). Additionally, THC suppressed both the production and secretion of IFN-γ
by the CD45RO+ cells in a concentration-dependent manner (90%, 54%, 49% of day
4 vehicle control). These results show that THC can decrease production of and
the number of cells producing IFN-γ, suggesting that THC can decrease the CD8+
T cell contributions to HAND associated neuroinflammation. Supported by NIH R01
DA047180.

4135

Functional Characterization of the Immunoglobulin Polymorphic
hs1.2 Enhancer Using CRISPR/Cas9 Gene Editing

C. E. Sulentic, C. P. Allex-Buckner, and A. Snyder. Wright State University, Dayton, OH.
The human immunoglobulin heavy chain (IGH) gene encodes the heavy chain
protein, which is the major component of antibodies. The IGH gene has two 3’
transcriptional regulatory regions (3’IGHRR), each containing three enhancers
(hs3, hs1.2, hs4). In animal models, the 3’IghRR regulates Igh expression and
class switch recombination (CSR) to different antibody isotypes. The 3’IGHRR
hs1.2 enhancer in humans is polymorphic in that an invariant sequence (IS) can
be repeated one to four times in tandem. The hs1.2 polymorphism is of interest
due to its association with several human autoimmune disorders and its sensitiv-
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ity to exogenous substances such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD or
dioxin). In mouse models, TCDD inhibits the hs1.2 enhancer and 3’IghRR activation, which correlates with Ig inhibition. However, in humans TCDD activates the
hs1.2 enhancer, decreases IgG secretion and increases IgE secretion, suggesting differences in hs1.2 activity and overall 3’IGHRR function in humans. Using a
human B-cell line that can be induced to secrete antibodies and undergo CSR, we
utilized CRISPR/Cas9 gene editing to target the hs1.2 enhancer. Several clones
exhibited a functional effect on IGH expression with a reduction in the number
of hs1.2 IS repeats within one or both of the 3’IGHRRs. The exact gene editing
has not been fully characterized and may likely involve insertions and deletions,
which complicates interpretation of the functional effects on IGH expression. To
further characterize the gene edits within our clones, we used nanopore-sequencing technology to read long intact DNA sequences. This is impossible to achieve
with standard sequencing due to redundant sequences within and outside of the
hs1.2 enhancer. Efforts are underway to analyze the sequencing results and link the
functional effects to a specific genetic profile within the hs1.2 enhancer. This study
is the first direct analysis of the role of the polymorphic hs1.2 enhancer in human
IGH expression and antibody production.

4136

Tungsten Impairs DNA Damage Repair Mechanisms and Class
Switch Recombination

R. Bakadlag, H. Chou, M. Luo, S. Findlay, J. Heath, A. Orthwein, and K. Mann. Lady Davis
Institute, Montréal, QC, Canada.
Tungsten increases steady-state DNA damage and interferes with immature B cell
differentiation in vitro and in vivo. Similar DNA damage and repair mechanisms in
mature B cells facilitate immunoglobulin heavy chain recombination in response
to antigen. Thus, we hypothesized that tungsten impedes DNA damage repair
pathways resulting in alteration to the maturation of humoral immune response by
impairing class switching recombination. We first tested whether increased DNA
damage, as assessed by γH2AX, was a result of increased generation of damage
and/or decreased repair by monitoring the cellular response to the radiomimetic
neocarzinostatin or phleomycin in presence or absence of tungsten. While tungsten
alone did not increase γH2AX, DNA repair was impaired. Using in vitro DNA repair
reporter assays, we found that tungsten inhibited both homologous recombination
and non-homologous end joining with an observed delay in G2/M and G1 phases,
respectively. Tungsten inhibited the recruitment of both 53BP1 and BRCA1 repair
proteins to a unique FOK1-mediated site of damage, suggesting that tungsten
may modulate an upstream modulator of DNA damage repair processes. We next
asked whether inhibition of repair had functional consequences in mature B cells by
utilizing the CH12F3 B lymphoblast cell line that can be induced to undergo class
switch recombination to IgA by cytokine induction. When cells were co-exposed to
tungsten, cytokine-induced class switch recombination was reduced. We further
validated this by demonstrating that tungsten inhibited primary murine B cell class
switching to IgG1 in response to cytokine stimulation. Together our data suggest
tungsten inhibits DNA damage repair mechanisms, which results in increasing DNA
damage and altering B cell maturation.

4137

Disparate Effects of the Food Additive tert-butylhydroquinone
(tBHQ) on Antibody Secretion and Expression of Cell Surface
Proteins by Activated B Cells

L. M. Kaiser, and C. E. Rockwell. Michigan State University, East Lansing, MI.
B cells provide humoral immunity via the production of antibodies. The activation of
B cells and generation of high-specificity antibody clones is tightly regulated via an
intricate interaction with T lymphocytes in vivo, both in mice and men. This process
is crucial for immunity against intra- and extracellular pathogens, long-lasting
immunological memory and vaccination strategies. Aberrations in this process can
be equally impactful and lead to autoimmunity and allergy. Our group has previously
shown that the synthetic food additive, tert-butylhydroquinone (tBHQ) alters the
response of T cells to both allergic and infectious challenges and increases the
production of IgE-subtype antibodies in vivo. tBHQ is an activator of nuclear factor
erythroid 2-related factor 2 (NRF2), which is a master regulator of antioxidant and
detoxification pathways. To measure a potential NRF2 dependent effect of tBHQ
on B cell activation, we designed an in vitro polyclonal activation assay that mimics
T cell signaling via the B cell receptor, CD40 and cytokine signaling. We isolated
splenocytes from wild-type and Nrf2-deficient mice, which were then treated with
increasing concentrations of tBHQ and then activated using our system. After 48
hours, the cells were harvested and analyzed using high dimensional intracellular
spectral flow cytometry. We saw a concentration-dependent increase in the expression of the costimulatory molecule CD80 by tBHQ in activated B cells. Likewise,
CD23, an IgE autoreceptor, was also increased in a dose-dependent fashion by
tBHQ. Conversely, tBHQ caused a decrease in the expression of the early activation
marker CD69 in activated B cells. Interestingly, IgG1 secretion was reduced in both
wildtype and NRF2-deficient cells, suggesting a NRF2- independent effect of tBHQ.
Collectively, the data suggest disparate effects of the food additive tBHQ on expression of cell surface proteins and antibody production by activated splenic B cells,
which may play a role in the effects of tBHQ in allergy and host immunity. This study
was supported by NIH Grant R01 ES024966.

4138

Single Cell RNA-Sequencing Elucidates Potential Gene
Expression Programs That Are Dysregulated by Persistent
Aryl Hydrocarbon Receptor (AHR) Signaling during Human
Hematopoietic Differentiation

D. M. Isha Olive Khan1, P. W. Karmaus2, R. Crawford1, and N. E. Kaminski1. 1Michigan
State University, East Lansing, MI; and 2NIEHS, Washington, DC.
The role of persistent AHR signaling in development of different branches of human
hematopoiesis is poorly understood. An in vitro culture system was used to study
the effect of persistent AHR activation by 1 nM 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) on hematopoiesis from human cord blood CD34+ hematopoietic stem and
progenitor cells (HSPCs) over a period of 28 days. Single cell RNA-Sequencing
(scRNA-Seq) and flow cytometry were employed to monitor changes in gene
expression and cellular development respectively. scRNA-Seq analysis suggested
a decrease in development of cells specified along B-lymphocyte, dendritic cell
and megakaryocyte-erythroid lineages and an increase in pro-myelocytes and
monocytes in TCDD-treated group compared to vehicle (0.02% DMSO) treated
cells. Flow cytometric analysis confirmed reduction in CD79a+ (Early B-cell marker)
cells, CD1c+ (Type 2 classical dendritic marker) cells and an increase in CD14+
(monocyte) and CD66b+ (granulocyte) progenitors with TCDD treatment. Using
differential gene expression analysis of scRNA-Seq derived data, we identified
that genes critical for development of B-cells (EBF1, LEF1), erythroid precursors
(GATA1), dendritic cells (SPIB, BCL11A) were downregulated (log fold change difference > 0.25, p value < 0.01) by TCDD treatment. Additionally, transcription factor
(TF) activity inference using machine learning algorithms revealed suppression
of activity of TFs involved in lymphoid priming (MYB, PAX5, etc.) and increased
activity of TFs associated with myeloid/monocyte differentiation such as MAFB.
Gene set enrichment analysis of progenitor cells showed TCDD treatment induced
differential enrichment for signaling pathways known to modulate hematopoiesis such as TGF-beta and NF-kB signaling, and for metabolic processes such as
oxidative phosphorylation. In conclusion, this study identifies distinct gene expression and cell signaling programs in differentiating HSPCs that are modulated by
persistent AHR signaling with TCDD treatment, thus leading to dysregulation of
human hematopoiesis. Supported by NIH P42 ES004911.

4139

Thyroid-Disrupting Pollutants Perturb Thymocyte Development
in Xenopus laevis

C. C. McGuire, and J. Robert. University of Rochester School of Medicine and Dentistry,
Rochester, NY.
Thyroid disrupting chemicals are ubiquitous water contaminants that cause
concerning health effects on humans and wildlife. Dysregulation of thyroid hormone
signaling during perinatal development can weaken T cell function in maturity,
raising the question of whether thyroid disrupting chemicals can perturb thymocyte
development. Using Xenopus laevis tadpoles as an exploratory model organism, we
determined thyroid disrupting effects and T cell development alterations following
exposure to a mixture of thyroid disrupting chemicals used in unconventional oil
and gas extraction (UOG) at concentrations well below those found in contaminated water. Our UOG mixture included the chemicals naphthalene, ethylene glycol,
octylphenol and nonylphenol ethoxylates. Notably, acute exposure to the chemical
mixture reduced the number of CD8+ mature thymocytes as well as more immature
thymocytes. Importantly, co-exposure to mixture and exogenous synthetic thyroid
hormones counteracted the effect. These results suggest that thyroid disrupting chemicals can perturb thymocyte development through the thyroid hormone
pathway. Pre-metamorphic exposure to the mixture chemicals delayed the timing
of metamorphosis, suggesting that there may be long term impacts of thyroid
disruption on development. Exposure to mixture during the developmental window
of metamorphosis revealed long term reductions in the number of immature double
positive thymocytes as well as mature splenic CD8+ T cells. Future experiments
will determine if developmental thyroid disruption impairs long term CD8+ T cell
response to viral infection.

4140

AhR Activation Differentially Alters the Expression Profile of IGH
Isotypes

M. Bhakta, K. Burra, C. Allex-Buckner, S. White, M. W. Burnett, and C. Sulentic. Wright
State University, Cincinnati, OH.
2,3,7,8‐tetrachlorodibenzo‐p‐dioxin (TCDD) is a persistent environmental contaminant known to inhibit immunoglobulin (Ig) gene expression and antibody secretion
in various animal models. This inhibition is mediated through the aryl hydrocarbon receptor (AhR) for which TCDD is a high affinity ligand. Most studies evaluating Ig expression have been limited to assessing IgM using animal models. The
current study focuses on determining the effects of TCDD and AhR activation on
the expression profile of human Ig isotypes (i.e. IgM, IgG1-4, IgA1-2, IgE) utilizing
a human Burkitt lymphoma cell line (CL-01) model that can be activated to secrete
Ig and undergo class switch recombination from IgM to IgG, IgA or IgE. Our results
suggest that TCDD has little to no effect on IgM secretion, but significantly inhibits
total IgG secretion, an effect reversed by the AhR antagonist CH223191. The effect

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 322

of TCDD on the expression of the Ig heavy chain (IGH) constant regions (i.e. μ, γ1-4,
α1-2, and ε, which encode for the heavy chain proteins in IgM, IgG1-4, IgA1-2, and
IgE, respectively) was also evaluated. At the transcript level, TCDD has little to no
effect on μ transcripts but significantly inhibits γ1-4 and ε transcripts. However,
α1-2 transcripts increased in response to TCDD. Notably, the AhR antagonist
reversed these TCDD-induced effects on IGH expression. Interestingly, the effects
of TCDD and AhR antagonist on μ, γ1-4, and ε expression were independent of
the AhR having a functional transactivation domain. However, the effect of the
AhR antagonist on the expression of α transcripts was greatly altered when the
transactivation domain of the AhR was dysfunctional. These results suggest that
AhR activation differentially alters the expression profile of IGH isotypes in both a
transactivation dependent and independent manner.

4141

Activation of the Aryl Hydrocarbon Receptor Inhibits
Neuropilin-1 Upregulation on IL-2 Responding Effector CD4+T
Cells

S. N. Sandoval1, K. Thongphanh1, J. Pennington2, N. Kerkvilet2, and A. Ehrlich1.
1University of California Davis, Davis, CA; and 2Oregon State University, Corvallis, OR.
Neuropilin-1 (Nrp1), a transmembrane protein involved in establishing the immunological synapse, is required for the initiation of a primary immune response.
Although largely studied as a regulatory T cell (Treg) marker, Nrp1 is expressed on
activated/memory T cells. Nrp1 expression on conventional CD4+ T cells (Foxp3-)
has a positive correlation with islet infiltration in non-obese diabetic (NOD) mice
and with cytotoxic T cell development in an alloresponse mouse model. In these
models, Nrp1 expression is reduced on CD4+Foxp3- T cells following aryl hydrocarbon receptor (AhR) activation. AhR, a ligand-activated transcription factor, leads
to regulation of CD4+ T cell responses through mechanisms not fully understood.
To better understand the link between AhR and Nrp1 expression on CD4+ T cells,
Nrp1 expression on CD4+ T cells following AhR activation was assessed in vivo
and in vitro. The actively dividing Nrp1+Foxp3- cells expressing the effector
phenotype of CD44hiCD45RBlo increase over the course of the alloresponse which
is prevented by AhR activation. AhR activation prevents Nrp1 upregulation on only
activated CD4+ T cells as the expression of Nrp1 in non-responding CD4+ T cells is
unchanged by AhR ligands. This prevention could be recapitulated in vitro in CD4+
T cells isolated from C57BL/6 or NOD mice. AhR activation did not reduce CD69 or
CD25 expression in vitro. CD25 cells were particularly sensitive to AhR-mediated
inhibition of Nrp1 upregulation. Anti-CD3/C28 activated CD4+ T cells stimulated
with IL-2, or differentiated into Th1, Th17, or Treg subsets significantly lowered
Nrp1 expression in the presence of an AhR ligand compared to vehicle-treated cells;
the largest differential expression at the protein and gene level was observed in Th1
cells while expression is unchanged in Th2 differentiated cells. In AhR knockouts,
the reduction in Nrp1 expression was not observed with CD4+ T cells. As the regulation of Nrp1 expression was pronounced in CD25+ cells in vitro, the role of IL-2 in
mediating Nrp1 downregulation was assessed. In vivo, TCDD no longer prevents the
upregulation of Nrp1 when excess IL-2 is neutralized during the alloresponse. The
data demonstrates that Nrp1 is a CD4+ T cell activation marker, and that regulation
of Nrp1 could be a mechanism by which AhR ligands lead to immune suppression
of CD4+ T cell responses.
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Inhibition of Dendritic Cell Activation by the Nrf2 Activator, tBHQ

S. Awali, Y. Jin, L. M. Kaiser, and C. E. Rockwell. Michigan State University, East
Lansing, MI.
Dendritic cells (DCs) are professional antigen presenting cells that initiate both the
innate and adaptive immune responses upon detecting antigen. Through antigen
processing, DCs can activate naïve T cells by presenting antigenic peptides on MHC
class II molecules. Previous research from our lab demonstrated that tert-butylhydroquinone (tBHQ), a potent Nrf2 activator and a widely used food additive, blunts
the expression of CD107a, fas ligand and CD44, which are markers of activation
and effector function, on CD8+ T cells. This suggests that tBHQ impedes CD8 T cell
activation and effector function, but the mechanism for this is unclear. Since DCs
bridge the innate and adaptive immune systems, we hypothesized that exposure
to tBHQ in dendritic cells would inhibit expression of MHC class II and other
molecules involved in T cell activation and effector functions. In the current in vitro
study, we investigated the effect of tBHQ on the function of splenic DCs activated
with LPS for 24 hours. The expression of proteins involved in DC maturation, activation, and T cell priming was measured. tBHQ treatment led to a significant decrease
in MHC class II expression, suggesting a reduction in DC maturation. Likewise,
tBHQ caused a decrease in CD80 and CD86 expression, suggesting tBHQ may also
negatively impact DC activation. In addition, tBHQ inhibited secretion of IL-6, and to
a lesser extent, TNFa, by LPS-activated DCs. Overall, our data suggests that tBHQ
inhibits the expression of proteins important for T cell priming by DCs, which could
ultimately have a negative impact on T cell response to pathogen. This study was
supported by NIH R01 ES024966.
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Human Dendritic Cells Maturation Induced by Synthetic
Amorphous Silica Nanoparticles Is Syk-Dependent

E. Guillet1, N. Szely1, E. Brun2, F. Legrand3, M. Pallardy1, and A. Biola-Vidamment1.
1Inserm, Châtenay-Malabry, France; 2Institut de Chimie Physique, Orsay, France; and
3Institut Galien, Châtenay-Malabry, France.
Dendritic cells (DCs) capture and present sampled antigens in an immunogenic or
tolerogenic way. In the presence of “danger signals”, DCs undergo a maturation
process resulting in their migration to regional lymph nodes where they activate
naive T-lymphocytes. Synthetic amorphous silica nanoparticles (SAS-NPs) are
widely employed in pharmaceutics, cosmetics, food, or concretes. Thus, workers
and the general population are daily exposed via diverse exposure routes. SAS-NPs
are generally recognized as safe (GRAS) by the FDA. However, their nanoscale
size and extensive uses require a better assessment of their toxicity. Previous
work has shown that SAS-NPs promote the two first steps of adaptative immune
response by increasing DCs maturation and T-lymphocytes response, suggesting that SAS-NPs could behave as immune “danger signals.” This work aimed to
identify the signaling pathways involved in the DCs’ response to SAS-NPs. Spleen
tyrosine kinase (Syk) is a pivotal intracellular signaling molecule activated following receptors ligation, such as Fc receptor, Dectin-1, Mincle, or direct membrane
binding of particles. Syk phosphorylation plays a role in DCs maturation by activating multiple downstream signaling pathways such as phospholipase C γ (PCγ)/
Nuclear Factor of activated T-cells (NFAT) or IκB kinase (IKK)/Nuclear Factor-κB
(NF- κB). We hypothesize that Syk may play a central role in SAS-NPs-induced DCs
response.Human DCs were exposed for 16 hours to 12.5 and 25 µg.mL-1 fumed
silica NPs. Syk phosphorylation could be observed after 30 minutes in a concentration-dependent manner. Our results also highlight the late phosphorylation of JNK
and P38 at 90 minutes in response to SAS-NPs. Then, human DCs were exposed to
SAS-NPs with or without Syk inhibitor IV. In the presence of Syk inhibitor, a lower
expression of CD83 (co-stimulation) and CD86 (activation) markers was measured
compared to DCs stimulated with SAS-NPs alone whereas CD80 expression was
not modulated. Taken together, these results suggested that Syk may play a critical
role in SAS-NPs-induced DCs signaling and maturation.

4144

Effects of Arsenic Exposure on the Role of Dendritic Cells in
Influenza Vaccine Immunogenicity

S. S. Sanchez, S. E. Attreed, E. J. Illingworth, G. Lopez-Cecetaite, M. C. Rodriguez
Steube, A. Mathur, S. L. Klein, and F. C. Sille. Johns Hopkins University Bloomberg
School of Public Health, Baltimore, MD.
Environmental immunotoxicants, such as inorganic arsenic (iAs), increase
susceptibility to respiratory infections, including the H1N1 influenza A virus (IAV).
Furthermore, over 200 million people worldwide are exposed to arsenic contaminated drinking water that exceeds the World Health Organization guideline
of 10μg/L. To date, limited studies have evaluated the effect of iAs on vaccine
immunogenicity. We previously reported that iAs exposure decreased neutralizing antibody titers against mouse-adapted influenza A/California/4/2009 (H1N1)
strain [ma2009] or a drift variant [ma2009dv] following ma2009dv challenge in a
mouse model. Serum cytokine analysis revealed differential expression of many
pro-inflammatory cytokines in iAs exposed mice. Our novel findings indicate that
IgG1:IgG2a/c antibody ratios are higher in iAs exposed mice compared to controls,
which is known to correlate with reduced efficacy against infection. Flow cytometric analysis revealed significant reductions in the numbers of homing and tissue
resident dendritic cells, which correlated with fewer T follicular helper cells and
decreased B cell populations in the mediastinal lymph node 3 days post challenge.
Interestingly, we observed a more severe phenotype induced by iAs in females
compared to male mice. We hypothesize that iAs dampens host vaccine immunogenicity by particularly altering CD103+ dendritic cell number, migration, and
function in iAs exposed animals. To explore our hypothesis, 6-8-week-old C57BL/6
female mice are chronically exposed to iAs in the form of sodium (meta)arsenite
at 0ppb or 100ppb via drinking water. Mice receive an intramuscular vaccination
regimen of 20μg of whole killed ma2009 at 2 and 5 weeks of iAs exposure. At 8
weeks of iAs exposure, mice are intranasally inoculated with 103 50% tissue culture
infective dose (TCID50) of ma2009dv. Flow cytometric analysis of CD103+ dendritic
cells sorted from the lung and lymph nodes indicates that iAs alters their function.
These findings continue to support the potential immunomodulatory effects of iAs
in drinking water and the critical role of CD103+ dendritic cells on vaccine immunogenicity. Future adoptive transfer studies will utilize Batf3 knockout mice, that
specifically lack CD103+ dendritic cells, to further investigate the effect of arsenic
on dendritic cell migration and antigen presentation in response to vaccination and
viral infection.
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Effects of In Vitro Inorganic Arsenic Exposure on Murine
Dendritic Cells

G. A. Lopez-Cecetaite1, E. J. Illingworth1, S. S. Sanchez1, S. Martos2, and F. C. Sillé1.
1Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD; and
2NIEHS, Research Triangle Park, NC.
Arsenic is one of the most prevalent contaminants in drinking water with over 200
million people worldwide exposed above the provisional guideline of 10ug/L set
by the World Health Organization. There is substantial evidence demonstrating
the detrimental and toxic effects of arsenic exposure on various organ systems,
specifically the immune system. Previous experiments conducted in our lab
show reduced homing dendritic cell migration to the lymph nodes and increased
morbidity and mortality in arsenic exposed mouse models following influenza A
virus (IAV) infection. However, the implicated pathways and the effect of arsenic
on dendritic cell activation has yet to be explored. We hypothesize that arsenic
exposure dampens the immune response by specifically targeting dendritic cell
activation and migration in response to IAV infection. To test this hypothesis,
GM-CSF differentiated bone-marrow derived dendritic cells (BMDCs) cultured
from female mice exposed to 0 or 100ppb inorganic arsenic in vivo were analyzed
using Gene Set Enrichment Analysis (GSEA) of RNA sequencing (RNA-seq) data to
determine whether there are any significant changes in the enrichment of genes
between control and arsenic-exposed mice. Furthermore, the migratory capacity of
CD103+ DCs, which were cultured in vitro with GM-CSF and FLT3L in the presence
of inorganic arsenic or control for 15 days and then harvested, was assessed using
transwell migration assays containing various chemoattractants ADP, CCL19,
CCL21, or CHI3L1. Our preliminary results reveal a two to three-fold difference in
positive expression enrichment for a number of protein coding genes implicated
in lung cancer, asthma, and poor cardiovascular disease outcomes when comparing the arsenic exposed and control groups. Potential gene targets of significance
include LRRC71, RAVER2, TMEM229A, and DNAH11. These targets are currently
being validated using RT-qPCR. Negatively enriched gene sets are still being
analyzed. Preliminary transwell migration assays suggest that arsenic causes
changes in the migration of CD103+ BMDCs in the presence of the chemoattractants CCL19, CCL21, or CHI3L1 compared to the control. Cytokine and flow
cytometric analyses are further being employed to identify the effect of arsenic
on CD103+ dendritic cell activation. Future studies will focus on causal pathway
validation using knockout and inhibitor assays. Collectively, these findings will help
elucidate the important role dendritic cells play in the deleterious effect of arsenic
on IAV infection outcome.

4147

S. Edaye, M. Haida, R. Graveline, and R. Samadfam. Charles River Laboratories Montréal
ULC, Senneville, QC, Canada.
Delayed-type hypersensitivity (DTH) reaction, also known as type IV hypersensitivity, is an inflammatory reaction characterized by local skin swelling, erythema,
induration, and cellular infiltration. It is a unique type of cell-mediated immunity
of which the principal effectors are T lymphocytes. This model is frequently run
in BALB/cN mice with limited information in C57BL/6N mice. The objectives of
this study were to characterize the model and the magnitude of inflammation in
C57BL/6N and to investigate the efficacy of Cyclosporin A (CsA) in modulating
the response. Two doses of CsA (60 and 100 mg/kg) were used. The effect on
inflammation (by measuring ear thickness) and immune cells (by Sysmex and flow
cytometry) were investigated. The DTH model was induced in mice by subcutaneous injection of KLH on Day 1 (sensitization) followed by an intradermal injection in
the ear on Day 7 (challenge). Ear inflammation (thickness) was measured on Day 7
before challenge and on Days 8, 9, 10 and/or 13 following the challenge. Magnitude
of KLH-induced inflammation in C57BL/6N was comparable to BALB/cN. CsA at
100 mg/kg significantly reduced the ear thickness with lower efficacy observed
at 60 mg/kg in C57BL/6N. CsA at low dose had no significant effect on T cells,
monocytes, and basophils but a decrease was noted in neutrophils. In contrast, at
the higher dose, an increase was noted in neutrophils with significant changes on
T cell population. The effect on T-cells (total T cells, T-helper and cytotoxic cells)
was biphasic with a slight increase at days 3 and/or 5 followed by a significant
decrease on Day 10/13). Moreover, the regulatory T cells (T regs) were suppressed
at all timepoints. In conclusion, KLH elicited a similar inflammatory response in
C57BL/6N compared to BALB/cN. CsA at high dose resulted in a marked reduction
in inflammation. A slight reduction was also noted at lower dose level. The effect of
CsA at low and high dose is seemingly mediated through different mechanisms. At
the lower dose, the decrease in neutrophils is likely contributing to the mild efficacy
of CsA whereas at the higher dose, suppressing T effectors is the major factor in
reducing inflammation. The effect of CsA on T regs was also consistent with its
wide immunosuppressive spectrum characteristic. Profiling of T-helper subtypes
(Th1, Th2, Th17) at different timepoint would have added perspective on these data
and conclusion.
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Awada1,

Effects of In Vivo Exposure to Hydraulic Fracturing Wastewater
on Immune System Toxicity in a Mouse Model

Attreed1,2,

Lawrence3,

Goedken4,

Doherty-Lyons1,

Kaur1,

C.
S.
D.
M.
S. P.
K.
J.
L. Blum1,5, M. McCawley6, W. Orem7, and J. T. Zelikoff1. 1New York University Grossman
School of Medicine, New York, NY; 2US Department of Agriculture/ARS, Greenport, NY;
3Wadsworth Center, New York State Department of Health, Albany, NY; 4Rutgers, The
State University of New Jersey, Piscataway, NJ; 5Product Safety Labs, Dayton, NJ; 6West
Virginia University School of Public Health, Morgantown, WV; and 7US Geological Survey,
Reston, VA.
Hydraulic fracturing is a novel method of natural gas extraction with many unidentified human health risks. While spills or breaches of fracturing chemicals could
contaminate local water sources, another human exposure risk comes from
chemically-treated water pumped into wells that return to the surface—initially
called flowback water (FW) and subsequently (after 3-wk) produced water (PW).
Flowback-produced water (hereafter, known as FPW) often contains organic
compounds, heavy metals, and radionuclides, of which many are toxic and/
or carcinogenic. Despite this, health effects associated with exposure to these
mixtures are only poorly understood. The goal of this in vivo study was to examine
the toxicity, with specific emphasis on immune injury of collected FPW in a mouse
model. Adult 7-week-old B6C3F1 male mice were exposed daily (5d/wk for 3wk) by
oral gavage (10mL/kg) to FPW or to uncontaminated stream water. Twenty-four
hours following the final oral gavage, subsets of mice were either sacrificed for
recovery of selected organs or injected (sc) in the hind limb with 5x104 cultured
EL4 lymphoma cells in PBS, or just PBS alone. Male mice exposed to FPW and
subsequently challenged with cultured tumor cells demonstrated a 1.8-fold
increase in tumor incidence compared to stream water-exposed mice, as well
as a significantly (p<0.05) reduced average time-to-tumor formation and significantly reduces liver, kidney, and heart weights among tumor-injected mice. Oral
exposure of B6C3F1 mice to FPW altered immune parameters associated with both
adaptive and innate immunity as demonstrated by alterations in the spleen and
other lymphoid organ weights. The results of these studies are important for setting
policy to protect the public health of hydraulic fracturing workers, as well as for
local communities should containment of wastewater fail. NYU NIEHS Center Pilot
Grant & Center Supplement #5P30ES000260.

Time Course of Cyclosporine A Effect in the Key-Hole Limpet
Hemocyanin (KLH)-Induced Delayed-Type Hypersensitivity
(DTH) Model in C57BL/6N Mice

Kinetics of Inflammatory Cytokine Production in LPS-Dosed
Mini Pigs

A. McDermott, E. Bruder, Z. Matthews, D. Jacobs, and A. Lucchini. Labcorp Drug
Development, Madison, WI.
Mini-pigs represent an important and attractive preclinical model for the assessment of immunotoxicology of potential therapeutics. However, compared to other
more commonly used preclinical safety models, cytokine production in response
to common inflammatory stimuli in mini pigs has been less thoroughly characterized than some preclinical species. In the current study, we sought to characterize
the kinetics of circulating inflammatory cytokine levels following administration of
lipopolysaccharide (LPS). Mini pigs were dosed with 80ug of LPS intravenously, and
serum and plasma was collected immediately prior to dosing and at 1, 4, and 24
hours post-administration. The levels of IL-1α, IL-1β, IL-1ra, IL-2, IL-4, IL-6, IL-8, IL-10,
IL-12, IL-18, TNFα, GM-CSF, and IFNγ in serum and plasma samples were assessed
using the Milliplex® porcine cytokine and chemokine magnetic bead panel 13-Plex
kit on the Luminex® platform. While most cytokines were present at low levels
prior to LPS administration, by 1-hour post administration, IL-8, IL-10, and most
notably TNFα levels had markedly increased in both serum and plasma. By 4 hours
after LPS administration, a majority of cytokines were detectable in circulation at
a minimum of 2x higher than baseline including IL-1α, IL-1β, IL-1ra, IL-2, IL-4, IL-6,
IL-8, IL-10, IL-12, and IL-18. Additionally, by 4 hours post dose TNFα levels in both
serum and plasma had decreased roughly ten-fold compared to 1 hour levels. At
the 24-hour time point, the levels of all cytokines in circulation had returned to,
or were approximately returned to, baseline values. Furthermore, cytokine levels
from serum and plasma samples were similar at all time-points assessed, in both
magnitude and pattern of cytokine presence. Collectively, these data represent a
demonstration of physiological/normal porcine in vivo cytokine production kinetics
following treatment with a common inflammatory stimulus.
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Plasma Extracellular Vesicles Containing Specific Molecular
Cargo Are Released after Burn Injury and Are Associated with
Length of Hospital Stay

M. L. Willis, R. Maile, L. E. Herring, A. Prevatte, C. Mahung, B. Cairns, S. Wallet, and L. G.
Coleman. University of North Carolina at Chapel Hill, Chapel Hill, NC.
Extracellular microvesicles (MVs) have emerged as key regulators of immune
function across multiple diseases and potential biomarkers. Severe burn injury is
a devastating trauma with significant immune dysfunction that results in an ~12%
mortality rate due to sepsis-induced organ failure, pneumonia, and other infections.
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Severe burn causes a biphasic immune response: an early (0-72 hrs) hyper-inflammatory state, with release of pro-inflammatory damage-associated molecular
pattern molecules (DAMPs), such as HMGB1, and cytokines (e.g. IL-1β), followed
by an immunosuppressive state (1-2 weeks post injury), associated with increased
susceptibility to life-threatening infections. We have reported that early after severe
burn injury HMGB1 and IL-1β are enriched in plasma microvesicles (MVs), suggesting a role for MVs in post-burn immune activation. Here we assessed if the cargo of
MVs following burn injury in humans could predict length of hospital stay. To test
this hypothesis, we used our in vivo model of burn injury and our biorepository of
blood samples from human burn patients, admitted to the North Carolina Jaycee
Burn Center and recruited into an IRB-approved repository protocol were collected
and stored. EVs were isolated from plasma of human burn patients collected 0-72
h post injury and isolated from mice that underwent a 20% TBSA 72 h post injury.
Unbiased LC-MS / MS proteomic analysis of early EVS (<72 h post-injury) showed
differential expression of various proteins including similarities in human and mice.
For example, we saw differential expression in Serum amyloid A-1 protein (Saa1)
and various coagulation proteins shared within the first 72 hours after injury in
both human and mice. In our sample of burn injured patients, EV concentration and
concentrations of SAA1 and CRP within the EVs correlated with TBSA injury in both
sexes. EV concentrations of SAA1 and CRP were correlated with length of hospital
stay in women. These findings suggest that EVs are drivers of immune response
following burn injury and their contents may be used as predictive biomarkers.

4150

Utilizing Homeostasis-Inducing Microvesicles (HiMVs) to
Ameliorate Immune Dysfunction after Radiation Injury and
Radiation Combined with Burn Injury (RCBI)

R. F. Seim, M. Willis, H. Hall, S. M. Wallet, R. Maile, and B. Cairns. University of North
Carolina at Chapel Hill, Chapel Hill, NC.
As many nations become more dependent on nuclear power and continue to
develop thermonuclear weapons, there is an increased risk of a nuclear-related
incident occurring within the general population. If there is a thermonuclear detonation or a reactor meltdown occurs, then a large amount of people will be exposed
to high levels of radiation as well as potentially a severe burn injury. Currently, there
are very limited medical countermeasures for dealing with the immune dysfunction that occurs after radiation or radiation combined with burn injury (RCBI).
Most medical treatments for radiation injury or RCBI involve supportive therapy
as well as countermeasures to deal with the consequences of immunosuppression. Microvesicles (MVs) are a class of extracellular lipoprotein vesicles (EVs)
that encapsulate various cargos including damage associated molecular patterns,
cytokines, and miRNAs which are all capable of regulating numerous immune
functions. Previous work has shown that MVs released after severe burn injury
and other forms of trauma can influence macrophage function and contribute to
subsequent immune complications. In addition, MVs isolated from healthy subjects
or stem cells are being evaluated as a potential therapeutic agent due to their ability
to restore immune homeostasis after severe injuries. In this study, we isolated
homeostasis inducing microvesicles (HiMVs) from wildtype C57BL/6 mesenchymal stem cells and transferred 1x1010 MVs to wildtype C57BL/6 2hrs and 72hrs
after exposure to 9 grays of radiation or 9 grays of radiation exposure combined
with a 20% total body surface area burn. We observed significant reductions in
cytokine levels upon HiMVs transfer 72hrs after radiation injury and RCBI. Also,
Nanostring unbiased gene expression analysis revealed HiMV transfer 72hrs after
radiation and RCBI resulted in metabolic and immune gene expression changes
in splenocytes indicative of inhibition of an inflammatory response. Most notably,
suppressors of cytokine signaling such as Cish1, Socs1, and NF-Kb inhibitor were
significantly upregulated. These results suggest that the administration of HiMVs
after radiation and RCBI could be an effective treatment for reducing severe inflammation after injury and restore immune homeostasis.
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Cytochrome P450 (CYP) 2C8-Derived Linoleic Acid Metabolites
Modulate the Inflammatory Response of Human Lung Epithelial
Cells

M. Almestica-Roberts, E. Rapp, N. D. Nguyen, L. Sun, K. L. Burrell-Gerbers, C. E. DeeringRice, and C. A. Reilly. University of Utah, Salt Lake City, UT.
Asthma causes chronic airway inflammation and airway hyperresponsiveness.
Despite treatment, many patients experience suboptimal symptom control. A total
of 170 SNPs in genes associated with asthma, and variants of unknown significance, were assayed for effects on asthma control in a pediatric asthma cohort. The
presence of one or more allelic copies of cytochrome P450 (CYP) 2C8*3 (R139K/
K399R) gene correlated with improved asthma control: Mean asthma control
scores were 3.5 [n=184] vs. 4.4 [n=909] for the CYP2C8*1/*1 genotype (p=0.0006).
CYP2C8 metabolizes endogenous long-chain polyunsaturated fatty acids. Oxylipin
profiling revealed comparatively lower concentrations of the linoleic acid-derived
metabolite 9(10)-EpOME and its DiHOME metabolite in media collected from
bronchial epithelial cells engineered to over-express CYP2C8*3 at levels equivalent
to CYP2C8*1. Additionally, expression of CYP2C8*3 reduced TNFa-stimulated IL-6,
IL-8, IL-1A, and IL-1B mRNA expression by these cells, and these are pro-inflammatory cytokines involved in severe asthma and acute exacerbations. Conversely,

treatment of normal human airway epithelial cells from both the proximal and distal
airways with 9(10)-EpOME induced the expression of IL-6, IL-8, IL-1A, and IL-1B
mRNA. In this study, roles for the human transient receptor potential ankyrin-1
(TRPA1) and vanilloid-1 (TRPV1) channels were tested as mediators of cytokine
responses. 9(10)-EpOME activated TRPA1 and pharmacological inhibition of the
TRPA1 channel modulated the aforementioned cellular responses to 9(10)-EpOME.
Additionally, 9(10)-EpOME reduced cellular calcium flux elicited by the electrophilic
TRPA1 agonist, allyl-isothiocyanate (AITC) suggesting activity-dependent TRPA1
desensitization of TRPA1 by 9(10)-EpOME. These data suggest a critical role for
CYP2C8-derived bioactive lipids in regulating TRPA1 and associated inflammatory
responses in the short- and longer-term, which may be relevant to asthma symptom
control. Future studies should further our long-term goal of improving treatment of
asthma through better understanding of the mechanisms associated with sub-optimal responses to current therapies. Support: GM121648, DoD W81XWH-17-1-0413,
ES017431, and ES027015.
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Proinflammatory and Pro-angiogenic Properties of NiTi
Nanoparticles

S. Wood1, A. Srivastava1, D. Snapper2, B. Yildrim3, S. Srivastava4, J. Zhang1, M. Sajib5,
E. Cohen1, and E. Karunasena1. 1US FDA/CDRH, Silver Spring, MD; 2Uniformed Services
University of the Health Sciences, Bethesda, MD; 3Natera Inc., Austin, TX; 4Children’s
National Hospital, Washington, DC; and 5US FDA/CDER, Silver Spring, MD.
Nickel titanium (NiTi, or Nitinol) alloy is used in several biomedical applications,
including prosthetic cardiac heart valves, peripheral vascular stents, and fallopian
tube stents. There are significant biocompatibility issues of metallic implants that
may be missed by rodent testing because humans respond to nickel ions and
nano-/micro-sized alloy particles much differently than rodents. Our laboratory
has recently shown that microscale CoCr wear particles from metal-on-metal hips
crosslink with the innate immune signaling Toll-like receptor 4 (TLR4), prompting
downstream signaling that results in interleukin (IL-1β and IL-8 gene expression.
Under mechanical strain and corrosion, NiTi alloy can also generate nanoparticle
(NP) in vivo which have thus far not been studied for their potential to induce inflammation and angiogenesis, that can in turn contribute to implant (e.g., stent) failure.
In the present work employing the human endothelial cell line EA.Hy926, NiTi NP
exposure induce expression of the pro-inflammatory cytokine IL-6, and a monocyte
chemokine, CCL-2. In addition, the expression of the anti-apoptotic molecule the
anti-apoptotic molecule, BCL-2, is induced. Critically, genes that are angiogenesis related are also expressed: TLR-4, angiopoetin-4, aspartate synthetase, IL-8,
hypoxia-inducible factor-1 (HIF-1) and tumor necrosis factor-related apoptosis-inducing ligand (TRAIL). Clearly, this spectrum of genes is associated with inflammation and angiogenesis. In addition, NiTi NP are taken up by EA.Hy926 cells with
the concomitant generation of reactive oxygen species, which were detected by
flow cytometry. To determine a role for NiTi particles in inducing angiogenesis in
vivo, silicone angioreactors were implanted subcutaneously into athymic, T-celldeficient, nude mice. The angioreactors contained Matrigel and NiCl2, or NiTi NP.
Positive controls included VEGF and FGF-2, to promote angiogenesis. By this
approach, NiTi NP were found to be markedly angiogenic, while Nickel was less so.
The implantation of angioreactors represents a powerful tool for quantification of
angiogenic potentials of medical device-derived particles and ions in vivo.
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Cylindrospermopsin Exposure Triggers Liver Pathology via GutLiver Axis

P. Saha1, D. Bose1, M. Upright1, R. Seth1, B. W. Brooks2, J. L. Ferry1, G. I. Scott1, D. E.
Porter1, and S. Chatterjee1. 1University of South Carolina, Columbia, SC; and 2Baylor
University, Waco, TX.
Climate-change related stressors and eutrophication often cause cyanobacterial bloom formation leading to cyanotoxin release in the freshwaters, which
are often used for public drinking water systems or recreational purposes.
Cylindrospermopsin (CYN), a highly water-soluble cyanotoxin is well-known for its
potent toxicity in humans and animals. While various studies have been conducted
to elucidate its toxic role, the effect of CYN on modulating gut microbiome still
remains unknown. In this study, we wanted to observe whether oral CYN administration for 15 days (60µg/kg body weight) in wild-type, adult, male C57BL/6J
mice altered the gut microbiome profile with an association between the altered
microbiome and liver pathology. Next-gen sequencing results showed an increased
abundance of the phyla Firmicutes and Actinobacteria with parallel decreased
abundance of phyla Bacteroidetes and Verrucomicrobia in CYN-exposed mice with
a significantly decreased α-diversity. At the species level, we observed a decreased
abundance of various gut commensals notably Akkermansia muciniphilia,
Bacteroides thetaiotaomicron, Blautia coccoides, Schaedlerella arabinosiphila,
Duncaniella muris, Enterococcus faecium, Muribaculaceae_u_s, Oscillibacter_u_s,
Parabacteroides_u_s, and the butyrogenic bacterium Roseburia_u_s which primarily indicates a plausible scenario of gut dysbiosis and decreased gut immune
health. A CYN-mediated increased presence of serum endotoxin and High Mobility
Group Box 1 (HMGB1) was also detected. Importantly, various liver pathological
symptoms were noted in CYN mice including liver injury, increased Kupffer cell
and stellate cell activation, inflammasome activation leading to elevated hepatic
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inflammation, and early signs of liver fibrosis with increased expression of intrinsic apoptotic markers. The pathological data strongly correlated with decreased
gut bacteriome α-diversity in the CYN group suggesting CYN-exposure is not only
restricted to hepatotoxicity but also causes a shift of microbiome signature, further
aiding in overall toxicity via Gut-Liver axis mediated HMGB1 release. This study was
supported by NIH/NIEHS Grant 1P01ES028942-01 awarded to S. Chatterjee.
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Characterization of Liver and Lung Injury and Inflammation in a
High-Fat Diet Mouse Model of Nonalcoholic Steatohepatitis

T. Banota, A. Murray, L. E. Armstrong, B. Kong, G. L. Guo, A. J. Gow, and D. L. Laskin.
Rutgers, The State University of New Jersey, Piscataway, NJ.
Non-alcoholic fatty liver disease (NAFLD) is a chronic liver condition that affects
millions of individuals in the United States, of which ~20% of cases progress to
non-alcoholic steatohepatitis (NASH). NASH is characterized by macrovascular steatosis and persistent inflammation, which can lead to fibrosis. Emerging
evidence suggests potential effects of NAFLD and NASH on the development of
pulmonary pathologies, but the interplay between the liver and the lung remains
largely unexplored. In the current study, we assessed the impact of NASH on
lung inflammation and fibrosis using a genetically modified mouse model lacking
hepatic farnesoid X-receptor (FXR), a nuclear receptor involved in bile acid and
lipid homeostasis, and lipocalin-2 (Lcn2), an acute phase protein upregulated in
response to stress. Both FXR and Lcn2 are also involved in regulating innate immune
responses. Wild type (WT) and Lcn2 hep-/-/Fxrhep-/- (DKO) mice were fed control (10%
kCal) or high-fat (HFD) (60% kCal) diets. Liver, lung, serum, and bronchoalveolar lavage (BAL) fluid were collected after 6 months of feeding. Histopathologic
evaluation of livers and elevated liver enzymes (ALT, AST, ALP) from HFD-fed mice
confirmed the development of NASH. In the lung, we observed histopathologic
alterations including inflammatory cell infiltration, lipid-laden macrophages, septal
damage, and epithelial thickening; these alterations were most notable in HFD-fed
DKO mice. Flow cytometric analysis also revealed increases in BAL inflammatory macrophage populations in HFD-fed WT mice. These results characterize an
association of pulmonary complications during simple steatosis to NASH transition, suggesting lung-liver crosstalk. Supported by NIH R25ES020721, ES029258,
ES005022, and ES004738.

4155

Regulatory Role of the Glyoxalase Cycle in Obesity-Induced
Inflammation

E. Q. Jennings1, E. A. Hoffman1, R. L. McCullough2, and J. J. Galligan1. 1University of
Arizona, Tucson, AZ; and 2University of Colorado Denver, Aurora, CO.
Obesity, one of the most prevalent non-communicable diseases, impacts a large
number of the world’s population with a host of co-morbidities. Chronic, systemic
inflammation is a major pathophysiological manifestation of obesity and contributes to the development of metabolic disorders, including insulin resistance.
Inflammatory signaling leads to elevated glycolytic flux and a metabolic shift
towards aerobic glycolysis. This increase in glycolytic flux, in turn, leads to an
increase in glycolytic byproducts. One such product, methylglyoxal, is detoxified by
the glyoxalase cycle, which is comprised of two enzymes, glyoxalase 1 (GLO1) and
2 (GLO2). Using CRISPR-Cas9 we knocked out either GLO1 or GLO2 from RAW264.7
mouse macrophages. We found the glyoxalase intermediate lactoylglutathione
(LGSH) plays a critical role in the inflammatory response during pathophysiologically relevant scenarios where glycolytic flux is elevated. RAW264.7 macrophages
were exposed to high glucose paired with LPS to replicate the compounding effect
on glycolytic flux as commonly observed in obese patients. When GLO1 is knocked
out, LGSH is reduced, along with the inflammatory response. In contrast, when
GLO2 is knocked out, LGSH and RAW264.7 macrophage inflammatory response
is elevated. Collectively, this data contributes to the elucidation of regulatory
mechanisms involved in the response to obesity induced inflammation.

4156

CD163 Signaling Protects against O3-Induced Pulmonary Injury

K. Dunigan Russell1, M. Yaeger1, H. Lovins1, L. Uttawar1, E. Schott1, A. Birukova2, A.
Vose2, M. Guttenberg2, H. Zhu2, T. McMahon2, R. Tighe2, and K. Gowdy1. 1Ohio State
University, Columbus, OH; and 2Duke University, Durham, NC.
Epidemiological studies have reported that exposure to elevated ambient concentrations of ozone (O3) is associated with adverse pulmonary outcomes. The
underlying biological mechanisms mediating O3 associated adverse health effects
are unknown. O3 induces oxidative stress in the lung as well as pulmonary inflammation and injury. Pulmonary inflammation and injury take place in part via damage
associated molecular patterns (DAMPs). We have found that O3 exposure is associated with increased levels of the DAMP, cell free hemoglobin (CFH). CFH is cleared
by CD163, a scavenger receptor expressed exclusively on macrophages; the uptake
results in the up-regulation of heme oxygenase 1 (HO-1). HO-1 expression facilitates
the metabolism of CFH into anti-inflammatory mediators: iron, bilirubin, and carbon
monoxide. Iron containing hemoglobin, if not cleared, leads to excess iron resulting

in tissue damage. Hepcidin, a known iron releaser, can alter the iron levels in tissue
types under inflammatory conditions. We hypothesize that CD163 clearance of
CFH is critical for protecting the lung from O3-induced inflammation and injury. We
exposed C57BL/6 (WT) and CD163-/- female mice to either filtered air (FA) or 1ppm
O3 for 3h. Lung tissue and bronchoalveolar lavage (BAL) were collected 24h post
exposure. BAL cell counts, total protein/albumin and pro-inflammatory cytokines
and chemokines were measured. Real time PCR was used to measure pulmonary
gene expression of antioxidant genes and proteins involved in iron metabolism. O3
exposed CD163-/- mice had greater pulmonary inflammation and injury compared to
the FA mice as evidenced by increased BAL neutrophils, total protein, and albumin.
O3 exposed CD163-/- mice had increased M-CSF (Macrophage Colony-Stimulating
Factor) and KC (CXCL1) concentration in the BAL compared to WT animals. O3
exposed CD163-/- mice had lower pulmonary expression of HO-1 as well Nrf2
compared to WT animals. O3 exposed CD163-/- mice had increased Hepcidin gene
expression compared to their FA mice. Our findings suggest that the mitigation of
O3-induced inflammation/injury in the lung is dependent on CD163 expression with
altered downstream signaling of HO-1 and iron metabolism. Future studies will
examine the underlying mechanisms behind the protective effects of CD163 and
iron metabolism on O3-induced lung injury/inflammation.

4157

Immunological Characterization of Acute Inflammatory
Exacerbations of Lung Fibrosis Induced by Expression of Mutant
Surfactant Protein-C: A Novel Function for Eosinophils

J. Nguyen, B. S. Armstrong, S. Cowman, and A. Venosa. University of Utah, Salt
Lake City, UT.
Inflammatory exacerbations (IEs) represent precipitous deteriorations of a number
of chronic lung conditions, including pulmonary fibrosis (PF), COPD, and asthma.
IEs are marked by diffuse and persistent polycellular alveolitis that severely
accelerate lung function decline and mortality. While cellular composition of IEs
varies, epidemiological evidence suggests mononuclear and polymorphonucleated infiltrating cells participate to these responses. The etiology of IEs remains
quite uncertain, but environmental exposure and genetic predisposition/mutations
have been identified as two contributing factors. Guided by clinical evidence, we
developed a mutant model of pulmonary fibrosis leveraging inducible levels of the
PF-linked missense isoleucine to threonine substitution at position 73 [I73T] in the
alveolar type-2 cell-restricted Surfactant Protein-C gene [SP-C]. This mouse line
was therefore used to model inflammatory dynamics following alveolar epithelial initiated stress. Flow cytometric analysis of tissue digests isolated 7, 14, and
42 d after SP-CI73T induced injury revealed sequential influx of monocytes, neutrophils and eosinophils, respectively. To complement this biased examination, we
then performed single cell sequencing 14 d post injury. This analysis revealed
extensive changes in the inflammatory compartment, with the appearance of
monocyte-derived populations and inflammatory eosinophils, and activation of B
cells and T lymphocytes. To further examine the role of inflammatory eosinophils
in the pathogenesis and progression of acute exacerbations of pulmonary fibrosis,
we crossed the SP-CI73T line with GATA1Δdbl, who are depleted of the eosinophil
lineage (SP-CI73TGATA1Δdbl). Time course analysis showed improved lung histology,
mouse survival, and reduced inflammation in SP-CI73TGATA1Δdbl cohorts. Further,
flow cytometry revealed aberrant inflammatory cell influx in eosinophil depleted
mice, including monocyte-derived macrophages and B cells. Immunohistochemical
analysis also showed impaired immune cell activation, as denoted by reduced
Arg-1, iNOS and C1q expression in the SP-CI73TGATA1Δdbl mice. These results
provide a comprehensive immunological analysis of acute exacerbations of lung
disease and shed light on potential deleterious effects of eosinophils. Future work
will be aimed at examining pharmacological inhibition of eosinophils in inflammatory exacerbations, that could supplement broad-spectrum immunomodulators
(corticosteroids) currently utilized in the clinic. Support NIEHS R01ES032553 (AV).

4158

Inhibition of Acid Sphingomyelinase Activity Reduces SilicaInduced Inflammation

R. L. Kendall, M. J. Sydor, and A. Holian. University of Montana, Missoula, MT.
Lysosomal membrane permeabilization (LMP) is the proposed rate-limiting step
in the development of silicosis. We propose that LMP is caused as the silica
particle interacts with lysosomal membrane phospholipids and results in permeabilization that releases cathepsin B into the cytosol of alveolar macrophages. LMP
promotes sustained inflammation and cell death through NLRP3 inflammasome
activity (secreted IL-1β) which drives the fibrotic response resulting in onset of
silicosis. Increased lysosomal cholesterol has been shown to reduce LMP in a
variety of non-cancer cell models. Functional inhibitors of acid sphingomyelinase
(FIASMAs) are weakly basic drugs that accumulate in the lysosome and inhibit
acid sphingomyelinase (ASM) activity. Reduced ASM activity leads to an increase
in lysosomal cholesterol as cholesterol trafficking from the lysosome is reduced.
Although detrimental to cancer cells, here we show that accumulation of cholesterol in silica-exposed bone marrow derived macrophages (BMdM) is protective.
Hydroxychloroquine (HCQ), imipramine (IMP), fluvoxamine (FLV), and fluoxetine
(FLX) were each examined for ASM activity, cholesterol efflux, and overall reduction
of IL-1β. Pre-treatment with IMP, HCQ, FLV, and FLX 30 min before exposure to
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silica (50 µg/mL; 24 hrs) significantly reduced IL-1β levels from ~1000 pg/mL to
580, 628, 289, and 380 pg/mL respectively. HCQ, IMP, FLV, and FLX each decreased
ASM activity significantly below untreated BMdM cells within 2 hours of treatment.
IMP treatment reduced ASM activity to 52% of control, HCQ 70%, FLV 84%, and FLX
29%. Only a modest additional decrease in ASM inhibition was observed after 24 hr
treatment, indicating the inhibition of ASM occurs quickly as the drugs are sequestered in the lysosome. Cholesterol efflux from BMdM loaded with TopFlour cholesterol prior to 24 hr drug treatment was significantly reduced. IMP was reduced
to 73.8% compared to untreated cells, HCQ to 75%, FLV to 85%, and FLX to 76%.
BMdM treated with U18666A, a cholesterol trafficking inhibitor that reduces the
activity of the NPC intracellular cholesterol transporter 2, reduced cholesterol efflux
to 79% of control. The effect of ASM inhibition on LMP in silica-caused inflammation suggests a potential therapeutic role of previously FDA approved cationic
amphiphilic drugs in silicosis and illustrates the importance of understanding the
mechanistic role of lysosome dynamics in unresolved inflammation. This work is
supported by NIEHS award F31ES033562.

4159

Repurposing Anti-Depressant Drugs for the Treatment of SilicaInduced Inflammation in Macrophages

Y. M. Gonzalez1, R. Kendall2, and A. Holian2. 1Recinto Universitario de Mayagüez,
Mayagüez, PR; and 2University of Montana, Missoula, MT.
Silicosis is a chronic inflammatory disease and no cure is currently available.
Silicosis occurs after prolonged exposure to silica (cSiO2) particles, most often in
occupational settings. We propose that cSiO2 causes phagolysosome membrane
permeabilization (LMP) in macrophages resulting in the leakage of cathepsins and
other proteases that activate the NLRP3 inflammasome complex leading to the
secretion of proinflammatory cytokines. This study was designed to repurpose
two US Food and Drug Administration (US FDA)-approved antidepressant drugs
in murine macrophage cells as a treatment for silicosis. Our hypothesis is that
antidepressant drugs will decrease the silica-induced inflammation response in
murine bone marrow derived macrophages (BMdM) and alveolar macrophages
(AM) without causing significant cytotoxicity. BMDM and AM were pre-treated with
either fluvoxamine or fluoxetine for 30 minutes prior to cSiO2 exposure (50 ug/
mL). cSiO2-exposed cells were seeded at 1x105 cells per well in a 96-well plate
and incubated 24 hr (37ºC, 5% CO2). After 24 hr, cells and supernatants were used
for lactate dehydrogenase (LDH, Promega) and MTS (MTS, Promega) assays to
determine cytotoxicity. Supernatants were also analyzed by ELISA (R&D) for IL-1β
levels as a proxy for NLRP3 inflammasome activity. Using dose response results
in BMdM we selected a specific dose for AMs. As a result, fluvoxamine (1µM) and
fluoxetine (5µM) were shown to reduce IL-1β release without significant cytotoxicity on both immune cells. In conclusion, both treatments reduced crystalline
silica-induced inflammation in murine immune cells without causing cytotoxicity.
These FDA approved drugs could be repurposed as a treatment for chronic inflammatory diseases. Additional studies will be needed to make sure that the proposed
mechanism of the drugs is directly reducing the LMP and tested in human immune
cells. Supported by NIEHS grant R25ES022866.

4160

Screening Endocrine Disruptors for Their Impact on
Glucocorticoid Signaling and Inflammatory Disease

M. T. Morris, J. P. Pascoe, S. R. Druffner, and J. T. Busada. West Virginia University,
Morgantown, WV.
Glucocorticoids are steroid hormones that potently suppress inflammation and
promote resolution. Disruption of glucocorticoid signaling is associated with a
host of chronic inflammatory and autoimmune diseases. Endocrine-disrupting
compounds (EDCs) are chemical substances pervasive in the environment.
While the effects of EDCs on sex steroid hormones such as estrogens are well
established, their impact on glucocorticoid signaling and inflammation is largely
unknown. In this study, we investigated the effect of EDCs on glucocorticoid
signaling. Glucocorticoids primarily signal through the glucocorticoid receptor
(GR), a ligand-dependent transcription factor. We utilized a glucocorticoid-responsive luciferase assay to screen chemicals for their ability to alter glucocorticoid transcriptional activity in the A549 human lung carcinoma cell line, which
expresses abundant endogenous GR. The GR antagonist RU486 was used as a
positive control. In addition, we assessed if candidate EDCs disrupted induction
of the GR-regulated genes FKBP5 and PER1. Through this screening process, we
found that the pesticide Metolachlor partially blocked GR signaling. Metolachlor is
a pre-emergent herbicide that is widely used in corn agriculture. Next, we assessed
the effects of Metolachlor on GR ex vivo suppression of LPS-induced inflammation using thioglycolate-induced peritoneal macrophages. Metolachlor significantly
blocked glucocorticoid suppression of the proinflammatory genes Il1b and Tnf.
Finally, mice treated with Metolachlor via drinking water for up to 1 month exhibited
a mild reduction in glucocorticoid-regulated gene expression and glucocorticoid-induced splenocyte apoptosis. These studies suggest that exposure to Metolachlor
elicits glucocorticoid resistance and may increase susceptibility to inflammatory
diseases.

4161

Nitrated Fatty Acids Inhibit NF-kB Pathway in LPS-Stimulated
RAW 264.7 Macrophage Cells

T. Moore1, M. Wilkinson2, E. Stevenson2, C. Guo2, E. Abramova2, and A. J. Gow2.
1Tuskegee University, Tuskegee, AL; and 2Rutgers Ernest Mario School of Pharmacy,
Piscataway, NJ.
Nitro-oleic fatty acids (OA-NO2) are endogenous signaling molecules shown to
be effective in reducing inflammation in several organ systems but are not well
studied in the lung. The electrophilic nature of OA-NO2 allows it to target specific
cysteine residues within DNA binding regions of transcription factors, including
nuclear factor kappa-light chain-enhancer of activated B cells (NF-kB). Lung tissue
damage in acute lung injury (ALI) occurs due to activation of the pro-inflammatory
macrophage phenotype. One prominent activation pathway is through TLR-4 and
downstream NF-kB activity. We hypothesize that OA-NO2 modifies NF-kB, inhibiting its function and thus reducing pro-inflammatory macrophage signaling. RAW
264.7 cells induced with lipopolysaccharide (LPS), as a model of pro-inflammatory macrophage activation, and treated with 10mM OA-NO2 or media control.
Western blotting revealed a direct inhibition of iNOS expression when compared
to LPS alone (443±52.9*% vs 88±15.5†% density). Because iNOS is downstream
of OA-NO2, we utilized a reported macrophage cell line, RAW Blue Cells, to assess
the effects of OA-NO2 on NF-kB activity. We found that LPS significantly increases
NF-kB activity when compared to controls (5±0.19 vs 10±0.67* rate), which does
not occur with OA-NO2 (4±0.05† rate). To assess the mechanism of this inhibition, Ik-B stabilization, an NF-kB inhibitory protein, was assessed via western blot.
Interestingly, OA-NO2 decreased Ik-B expression regardless of LPS stimulation
(100±0 v 28±3.0% in control; 136±30.9* v 13±2.7%† in LPS). This indicates a direct
modification of NF-kB by OA-NO2, causing the degradation of Ik-B. To test this
hypothesis, an alkyne-containing OA-NO2 was used to identify proteins that OA-NO2
adducts. After reaction with biotinylated azide, streptavidin was used to capture
alkynyl-OA-NO2 adducted proteins. This revealed that OA-NO2 adducts both the
p50 and p65 subunits of NF-kB, a reaction that does not prevent nuclear translocation, as determined by NF-kB subunit detection following nuclear and cytoplasmic fractioning but does prevent the transcription of downstream targets. This
data indicates OA-NO2 inhibits NF-kB pro-inflammatory gene expression through
direct-post translational modification. These findings can then be used to illuminate
pharmaceutical targets essential in reducing ALI via OA-NO2 administration.

4162

The Lipid Peroxidation Product 4-Hydroxynonenal Inhibits
NLRP3 Inflammasome Activation and Macrophage Pyroptosis

C. Hsu. University of Rochester, Rochester, NY.
Oxidative stress results from environmental pollutants, often leading to
programmed cell death. Pyroptosis is a form of regulated cell death triggered
by inflammasome activation that has been implicated in several inflammatory
diseases. Ferroptosis is a programmed cell death dependent on iron and reactive
oxygen species. It is characterized by increased lipid peroxidation, but does not
lead to the release of pro-inflammatory cytokines. Although both pyroptosis and
ferroptosis are associated with disease and infection, the interplay between the two
distinct cell death signaling pathways is not clear. In this study, we show the novel
finding that 4-hydroxynonenal (HNE), the most abundant and stable end-product
of lipid peroxidation, inhibited macrophage pyroptosis at physiological concentrations. Specifically, it blocked NLRP3 inflammasome-mediated pyroptosis and IL-1β
release in mouse macrophages and human peripheral blood mononuclear cells.
Treatment with HNE or increased endogenous HNE reduced inflammasome activation in mouse models of acute lung injury and sepsis. The mechanism was independent of the Nrf2 and NF-κB signaling pathways. Instead, we found that HNE directly
inhibited the NEK7-NLRP3 interaction (necessary for NLRP3 activation) through a
cysteine redox dependent mechanism. Our present data suggest that HNE, one of
the most cited biomarkers for ferroptosis in the literature, also plays an important
role in pyroptosis by inhibiting NLRP3 inflammasome activation. In summary, we
demonstrate a new role for HNE in regulating inflammasome. Endogenous HNE
mediated inhibition of NEK7-NLRP3 association may represent a new therapeutic
opportunity to reduce inflammation.

4163

Ablation of lncRNA MALAT1 Reverses Polymicrobial Sepsis
in Mouse: Epitranscriptomic Mechanisms and Therapeutic
Applications

S. Tang1, J. Chen2, S. Ke1, J. Cai1, and Y. Tian1. 1Texas A&M University, College Station,
TX; and 2Harvard Medical School, Boston, MA.
The metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is a long
noncoding RNA which is overexpressed in various cancers. Recent studies have
shown that MALAT1 has pleiotropic functions in regulating oxidative stress and
inflammatory responses in animal models. We have found that MALAT1 expression
is positively correlated with the severity of acute inflammatory diseases in blood
samples from sepsis patients and bronchoalveolar lavage fluid from COVID-19
patient. Consistently, we have found LPS treatment significantly increased
MALAT1 expression in mouse peritoneal macrophage (PM), peripheral blood
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mononuclear cell (PBMC), bone marrow derived macrophage (BMDM), and THP-1
derived macrophage. Furthermore, using LPS/endotoxemia and cecal ligation
and puncture (CLP) mouse sepsis models, we showed that genetic ablation of
MALAT1 conferred resistance to CLP-induced sepsis and LPS-induced endotoxemia with significantly increased survival rate and subsided “cytokine storm”
with greatly suppressed inflammasome and NF-kB-signaling pathways. We found
MALAT1 ablated mice showed significantly increased GSH/GSSG ratio with significantly reduced LPS-induced ROS in both PM and BMDM, suggesting that MALAT1
ablation activated antioxidant pathway in part by enhancing the methionine cycle
leading to increased glutathione (GSH). Methionine adenosyltransferase 2A
(MAT2A) has been recognized as the key enzyme converting methionine to SAM,
thus plays a crucial role in regulating antioxidant capacity and metabolism. We
found significant up-regulation of MAT2A gene expression in MALAT1 deficient
mice with increased SAM levels in serum. In the mouse peritoneal macrophages,
methionine and SAM treatments reduced cytokine production and inhibition of
MAT2A by cLEU increased the IL-6 and TNF-a expression and MALAT1 ablation
alleviated the increased cytokine secretion by cLEU treatment. Mechanistically,
MAT2A mRNA stabilization is regulated by the N6-methyladenosine (m6A) site
in the 3’UTR of MAT2A. Treatment of LPS in BMDM significantly increased m6A
methylation at 3’UTR of MAT2A, and MALAT1 ablation alleviated this increased of
m6A methylation in the 3’UTR of MAT2A, in turn increased the MAT2A mRNA and
protein level. In summary, our results showed that lncRNA MALAT1 plays an important role in regulation of LPS-induced endotoxemia and multi-microbial sepsis by
activating the antioxidant pathway.

4164

3H-1,2-Dithiole-3-Thione Reduces Lipopolysaccharide-Induced
Liver and Kidney Inflammation in C57BL/6 Mice

G. Gaje1, J. Legins1, J. Rispress1, Y. Li2, H. Zhu2, and Z. Jia1. 1University of North Carolina
at Greensboro, Greensboro, NC; and 2Campbell University, Buies Creek, NC.
Lipopolysaccharide (LPS) is a bacterial endotoxin known for being critical in triggering septic shock. 3H-1,2-dithiole-3-thione (D3T) is a common dithiolethione, which
is considered to be an effective inducer of a variety of anti-oxidative and anti-inflammatory enzymes in various cells. However, whether D3T can reduce the LPS-induced
expression of inflammatory and oxidative stress responses in liver and kidney
tissues is unknown. This study aimed to examine the effect of D3T on LPS-induced
expressions of inflammatory genes in vivo. C57BL/6 mice trials demonstrated that
the administration of LPS showed a significant increase in expression of two key
pro-inflammatory genes interleukin-6 (IL-6) and monocyte chemoattractant protein
(MCP-1) in liver and kidney tissues. D3T significantly reduced the LPS-induced gene
expression of MCP-1 and IL-6 in mouse kidney tissue. Similarly, D3T mitigated the
LPS-induced gene expression of MCP-1 in mouse liver tissue. Mouse liver tissue
treated with D3T showed significant increases in the antioxidant gene expression of
glutamate-cysteine ligase modifier subunit (GCLM) and heme oxygenase-1 (HO-1).
The results indicate that D3T has an anti-inflammatory effect in vivo. In conclusion,
the current study results could contribute to D3T as a potential therapeutic agent to
reduce the inflammatory responses caused by the LPS endotoxin in vivo.

4165

Altered Histone and DNA Methylation in the Peripheral
Blood Mononuclear Cells in Sepsis Patients Results in a
Proinflammatory Response

X. Yang, M. Bam, P. S. Nagarkatti, and M. Nagarkatti. University of South Carolina
School of Medicine, Columbia, SC.
Sepsis is a life-threatening condition caused by dysregulated immune response. In
the acute phase of sepsis, massive overexpression of proinflammatory cytokines
and chemokines can lead to multiple organ failure. Although the mechanisms
underlying the pathology of sepsis are not clear, it is known that epigenetic changes
such as DNA methylation, histone modification, miRNA and lncRNA play critical
roles in inflammatory response. In this study, we used ChIPSeq and MeDIPSeq to
compare the histone and DNA methylation profiles in peripheral blood mononuclear cells (PBMCs) from sepsis patients and healthy controls. The overall levels of
histone marks did not differ significantly. However, the intensity and/or coverage
of these histone marks in certain genomic regions was significantly altered.
Specifically, NFAT is a powerful transcriptional activator of cytokines and we have
found NFAT5 had higher suppressive marks, H3K27me3 and H3K9me3 in controls,
suggesting its enhanced expression in sepsis. We also found DNA methylation
in the promoter of FOXP3, the transcription factor for Tregs, was much higher in
PBMCs from sepsis patients indicating a suppressed expression. Because many
transcription factors are involved in immune cell regulation, we further determined
whether these histone marks were differentially enriched in certain transcription
factor binding motifs. By performing signal enrichment assay, we identified top
transcription factor binding motifs with enrichment in activation marks, H3K4me3
and H3K36me3 as well as repressive marks, H3K27me3H3K9me3 signals in sepsis
samples. Overall, this study has provided novel insights into the epigenetic regulation of inflammatory response in sepsis. Supported by NIH grants P01AT003961,
P20GM103641, R01ES030144, R01AI129788, R01AI123947 and R01AI160896.

4166

Prolonged Broad Spectrum Antibiotic Use Exacerbates Gut
Dysbiosis and Gastrointestinal Inflammation in Symptom
Persistence Gulf War Illness Murine Model

D. Bose1, P. Saha1, R. Seth1, M. Nagarkatti2, P. Nagarkatti2, and S. Chatterjee1.
1University of South Carolina, Columbia, SC; and 2University of South Carolina School of
Medicine, Columbia, SC.
Broad spectrum antibiotic usage has significantly increased in the United States in
recent years. Studies report that prolonged use of antibiotics increases the risk of
inflammatory disease development due to adverse effect on the host gut microbiome. Drugs like fluoroquinolone has been continued to be prescribed at Veterans
Affairs although reports suggest a decrease in use. Gastrointestinal inflammation
along with gut dysbiosis have been reported in Gulf War Illness (GWI) pathology
due to exposure to GW chemicals in the war theater. In this study we aimed to
see if prolonged broad spectrum antibiotics Enrofloxacin and Neomycin treatment
(5 months) exacerbated gastrointestinal inflammation due to Gulf War chemical
exposure in established symptom persistence Gulf War Illness mouse model.
Bacteriome analysis showed a significant decrease in alpha diversity and relative
abundance of beneficial gut bacteria in mice groups coexposed with antibiotics and
GW chemical (GW-AB group) compared to mice group exposed to GW chemicals
only (GW group). Decreased expression of intestinal mucin MUC2, tight junction
disruption, decreased expression of antimicrobial peptide Reg3γ, increased expression 3-nitrotyrosine and proinflammatory cytokines IL-6 and IL-1β was also observed
in GW-AB group compared to GW group using in vivo analysis. Increased expression
of IL-6 led us to assume it to be the mediator in gastrointestinal inflammation as
IL-6 is reported to decrease expression of tight junction protein and MUC2. In vitro
study by priming mouse primary intestinal cells (IEC) with IL-6 showed an increase
in expression of gp130, p-STAT3 and ADAM17 which confirmed the proinflammatory role IL6 via trans-signaling. Expression of Claudin2 in IEC cells was increased
by IL-6 treatment via PI3K and ERK pathways. Hence, prolonged antibiotic use in
GWI condition increased gut dysbiosis and worsened gastrointestinal inflammation via IL-6. Study supported by DoD grant W81XWH1810374 and VA Merit Award
I01CX001923-01 awarded to S. Chatterjee.

4167

Trichloroethylene Exposure Triggers Adipose Tissue
Inflammation in Mice

M. V. Malovichko, B. S. Taylor, S. A. McFall, S. D. Sithu, N. Wickramasinghe, D. J.
Conklin, B. G. Hill, J. L. Hellman, and S. Srivastava. University of Louisville, Louisville, KY.
Trichloroethylene (TCE) is a ubiquitous environmental chemical. High levels of TCE
are found near >800 Superfund sites in the United States. Excessive rates of type
2 diabetes and stroke are associated with TCE exposure in the drinking water in
individuals living close to Superfund sites. TCE is also known to affect immune
responses in various organs. Adipose tissue stores energy in the form of lipids
and produces hormones and cytokine. Due to its lipophilicity, TCE can accumulate in the adipose depots, however, TCE-induced potential immune responses
in adipose tissue remain unknown. We examined TCE-induced adipose tissue
inflammation in C57BL/6 female and male mice. Our data show that one-year
TCE exposure (0.5 mg/kg in drinking water) increased the abundance of F4/80+
CD11c+ CD301-inflammatory M1 macrophages and CD3+ CD8+ T-lymphocytes in
perigonadal white adipose tissue in female, but not male, mice. RNA-Seq analysis
of female mice adipose tissue showed upregulation of 1139 genes whereas 1020
genes were downregulated (false discovery rate cut off <0.05). Gene ontology
enrichment analysis suggested that TCE exposure affects mitochondrial integrity
and functions. KEGG enrichment analysis indicated that oxidative phosphorylation; carbon metabolism; hematopoietic cell lineage; valine, leucine, and isoleucine degradation; cell adhesion molecules; fatty acid metabolism; and primary
immunodeficiency are among the pathways significantly affected by TCE exposure.
Metabolomic analysis of adipose tissue showed that TCE exposure enhances
the accumulation of its metabolite trichloroethanol glucuronide and derivatives
of glycine, valine, glutamate, a-tocopherol, g-tocotrienol etc. (1.5-5.0 log2FC).
Joint pathway analysis of transcriptomics and metabolomics data, using the
Metaboanalyst platform, showed that in addition to affecting immune functions,
TCE exposure also significantly affected pantothenate and CoA biosynthesis
and branched amino acids biosynthesis (valine, leucine, and isoleucine), that are
associated with biomarkers of inflammation (hsCRP, sICAM and GlycA) in humans.
Collectively, our data show that chronic TCE exposure elicits immune response
selectively in female mice.

4168

In Silico Analysis Identifies miRNA-Regulated Pathways of
Disease in Anti-CD40-Induced Colitis

P. J. Wisniewski II, A. Rutkovsky, K. Wilson, N. Dopkins, M. Sultan, P. S. Nagarkatti, and
M. Nagarkatti. University of South Carolina School of Medicine, Columbia, SC.
MicroRNAs (miRNAs or miRs) are small noncoding RNAs that regulate protein-coding genes via posttranslational repression and thus have a profound effect on
regulatory pathways involved in the pathogenesis of disease. The present study
aimed to explore the extent to which induction of innate immune cell-mediated
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ulcerative colitis modulates miR expression and associated biological pathways.
6-8wk/old female B6.Cg-Prkdcscid mice were injected (IP) with antiCD40 IgG
monoclonal antibodies (n=5) or an IgG control (n=5) on day 0 and maintained
until necropsy on day 7. From each animal, a small section of proximal colon
was fixed in 4% paraformaldehyde for immunostaining for Vimentin, E-cadherin
and N-cadherin, while the remaining colon was digested for isolation of intestinal
epithelial cells (IECs). IECs were stored in Qiazol and processed for total RNA. miRs
from total RNA were sequenced using GeneChip miRNA 4.0 arrays (Affymetrix,
Inc.). Differentially expressed miRs (DEMs) were determined and subsequent KEGG
analyses were performed using Partek Flow. These DEMs were then used to predict
target genes and their associated biological pathways using Ingenuity Pathway
Analysis (IPA, Qiagen). 1769 miRs were detected and 196 were found to be significantly altered in antiCD40 colitis using Partek Flow. Of these, 80 miRs were upregulated and 82 were downregulated based on a ≥ 2.0 fold change. KEGG analysis of
the 196 genes showed a significant enrichment of only the miR in cancer pathway;
miRs (and their targets) LET-7 (KRAS) and miR-200 (ZEB1) were suppressed while
the miR-17-92 cluster (APC) was increased. Using IPA, top canonical pathways
found to be altered were cell cycle (G1/S checkpoint) regulation, HOTAIR lncRNA
regulatory pathway, regulation of the epithelial mesenchymal transition (EMT) by
growth factors and tetrapyrrole biosynthesis II. The top upregulated miRs included
miR-155 (RHOA), 194 and 370 whereas the downregulated were miR-7093, 465 and
6345. Further examination of the top analysis-ready molecules (both upregulated
and downregulated) showed significant overlap in association with regulation of
EMT. AntiCD40 induced colitis significantly alters the differential expression of
miRs in IECs. These alterations may regulate EMT and predispose the development of colorectal cancer. Supported by NIH grants P01AT003961, P20GM103641,
R01ES030144, R01AI129788, R01AI123947 and R01AI160896.

4169

Red Cabbage Extracts Attenuate Tumor Necrosis Factor-α and
Myeloperoxidase Levels in Water Soluble Fractions of Spent
Crankcase Oil-Induced Toxicity in Male Wister Albino Rats

G. E. Bekibele, F. C. Anacletus, and K. C. Patrick-Iwuanyanwu. University of Port
Harcourt, Port Harcourt, Nigeria.
Studies have indicated the increasing prevalence of toxic substances (such as
polycyclic aromatic hydrocarbons and heavy metals) in spent crankcase oil (SCO)
and its water soluble fractions (WSF), with the propensity to effectuate some
oxidative stress and immunotoxic events. This study aimed at determining the
effects of the WSF of SCO on the levels of some serum inflammatory markers,
Tumour Necrosis Factor-α (TNF-α) and Myeloperoxidase (MPO) levels. 64 male
Wister albino rats divided into 8 groups comprising of 8 animals each were orally
administered 1ml of deionized water, 500mg/kg red cabbage aqueous extracts
alone, 1ml of 25%, 50%, and 100% WSF of SCO daily for 60 and 90 days, while
alternate groups were given 500mg/kg red cabbage aqueous extracts and the
stated percentages of WSF of SCO. The parameters were analysed using enzymelinked immunosorbent assay (ELISA). Results after the 60 days analysis presented
a significantly elevated TNF-α (46.02±3.20, 44.54± 2.77, 46.03± 2.01) and a non-significantly elevated MPO (51.78± 3.06, 55.24± 3.11, 55.39±3.81) levels in the 25%,
50% and 100% groups, which were significantly different from the TNF-α and
MPO values of the controls (35.11± 2.46, 47.01± 6.36) and the 25% (35.00±3.33,
44.52±4.27), and 50% (33.86±2.70, 45.79±4.09) alternate groups. Also, taking the
study further for 90 days, showed a 50% significant increase of the TNF-α levels
and a 25% increase of the MPO concentrations in the exposed groups, significantly
different from the controls and the alternate groups. In conclusion, this study is a
possible pointer to the protective effects of red cabbage aqueous extracts in the
WSF of SCO pro-inflammation induction.

4170

Myeloid-Derived Suppressor Cells Induced by TCDD
Demonstrate Involvement of Key Immunosuppressive Genes

A. C. Rutkovsky, W. Neamah, N. Singh, C. Weyer, A. Hall, O. Abdulla, P. Nagarkatti, and
M. Nagarkatti. University of South Carolina, Columbia, SC.
We have recently reported that 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), an
AhR ligand and a potent and persistent toxicant, induces high levels of immunosuppressive myeloid-derived suppressor cells (MDSCs) when injected into mice
(J. Immunology 2019, 203:1830-1844). In the current study, we investigated the
molecular pathways through which MDSCs and other immune cells are induced
by TCDD. Also, we tested the effect of Resveratrol (3,4,5-trihydroxy-trans-stilbene;
RSV), an AhR antagonist on TCDD-mediated induction of MDSCs and other immune
cells. The results showed that TCDD induced significantly higher proportions of
granulocytic MDSCs (CD11b+ Ly-6G+ Ly-6Clo) than monocytic MDSCs (CD11b+
Ly6G2 Ly-6Chi). Interestingly, RSV treatment reversed the effects of TCDD on
MDSC induction. The TCDD-induced MDSCs were highly immunosuppressive while
treatment with RSV, reversed these effects. F480+ macrophages were significantly
decreased while dendritic cells increased in the peritoneal cavity of mice treated
with TCDD while RSV treatment had opposite effects. Transcriptome analysis of
purified Gr1+ selected MDSCs demonstrated that TCDD caused significant induction
of CXCR2, Cx3CR1, MyD88, Cxcl1, Cxcl3, Xbp1, Arg-1 and Arg-2 gene expression.
Treatment with RSV caused significant reversal of the expression of these genes

induced by TCDD. TCDD treatment also significantly altered the expression of a
large cluster of genes involved in endocytosis, glycolytic processes, and metabolic
processes. RSV treatment showed differential effects on these genes. The bio-energetic profile of MDSCs demonstrated that RSV treatment decreased the energetic
demands induced by TCDD when profiled by Seahorse. Overall, the current study
demonstrates that TCDD mobilizes MDSCs and enhances the MDSC suppressor
activity by inducing Arginase while RSV treatment reverses these effects. Thus, RSV
may help neutralize the immunomodulation caused by TCDD. Supported by NIH
grants P01AT003961, P20GM103641, R01AI123947, R01AI129788, R01AI 160896
and R01ES19313.

4171

Differential Bioassay Module of Canonical and Non-canonical
Inflammatory Insults in Human Intestinal Epithelial Cells

Y. Moon. Pusan National University, Yangsan, Korea, Republic of.
Mucosa-associated inflammation is an early frontline response during human and
animal exposure to microbial and dietary inflammatory insults. Despite various tools
for chemical identification, optimized differential bioassay of sentinel response-associated biomarkers is required to assess the specific proinflammatory actions of
the canonical proinflammatory pathogen-associated molecular pattern (PAMP) and
other noncanonical inflammatory insults in the mucosal barrier. Bacterial ligands
such as lipopolysaccharide and peptidoglycan trigger proinflammatory nuclear
factor NF-kappa-B p65 protein, a pivotal transcription factor during general inflammatory responses in the gut. In contrast, 8-keto-trichothecene-exposed intestinal
epithelial cells displayed non-canonical proinflammatory signaling modulation
since they produced proinflammatory chemokines despite the downregulation of
NF-kB transcription factor signaling. Instead, early response gene 1 product (EGR-1)
played crucial roles in cytokine induction by mucoactive trichothecene mycotoxins
in human intestinal epithelial cells. Based on these differential patterns, we created
dual reporters (luciferase and alkaline phosphatase) for p65 proteins and EGR-1,
respectively. In response to conventional inflammagens such as endotoxins and
cytokines, both luciferase and SEAP activity were elevated. However, as expected
from the mechanistic evaluation, trichothecene-exposed dual reporters displayed
opposite patterns. Furthermore, EGR-1-responsive luciferase activity was improved
by deficiency of PSMA3, a subunit of the 20S proteasome core complex for ubiquitin-dependent EGR-1 degradation. This molecular event-based dual biomonitoring
would be a promising supplementary tool for detecting typical molecular inflammatory pathways in response to diverse inflammatory insults in the environment
and foods. This research was supported by the Basic Science Research Program
through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education (2018R1D1A3B05041889).

4172

Topical Betamethasone and Neomycin May Cause
Hepatotoxicity and Nephrotoxicity in Rats: Are These Effects
Reversible?

S. O. Olayemi1, O. K. Yemitan2, O. Nwaiwu1, K. Amagon3, A. J. Idowu2, K. V. Arinze2, and
B. N. Nwali1. 1University of Lagos, Lagos, Nigeria; 2Lagos State University, Lagos, Nigeria;
and 3University of Jos, Jos, Nigeria.
Various topical combination cream formulations of neomycin and betamethasone are very popularly and purchased over-the-counter, in Nigeria, where they are
indiscriminately used to treat various skin diseases. Their use has been postulated
to have a possible link to the increasing incidences of liver and kidney failures. Each
of 36 Sprague-Dawley rats, of four groups (n = 9), had a 2 cm diameter circumference shaved at their back and treated by gently rubbing the various preparations,
once daily, for 30 days thus: Group 1: no treatment; Group 2: 0.5 g of Neomycin +
0.5 g of petroleum jelly; Group 3: 0.5 g of Betamethasone + 0.5 g of petroleum jelly;
Group 4 (control): 0.5 g of petroleum jelly. On day 31, blood was collected retro-orbitally from five animals in each group for assessment of the liver and kidney for
biochemical assays and oxidative stress indicators. The remaining four rats in
each group were left untreated for a further 15 days for reversibility tests. Results
showed significant (P<0.05, ANOVA) increases in aspartate aminotransaminase,
alanine aminotransaminase, low-density lipoprotein, total protein, triglycerides,
creatinine and urea, as well as significant (P<0.05) decreases in levels of glutathione, superoxide dismutase and catalase, vs control group. Following reversibility
period, both biochemical and antioxidant parameters were not restored to normal
levels. In conclusion, prolonged topical exposure to neomycin and/or betamethasone-containing creams has potential for irreversible hepatic and kidney injuries,
thereby warranting caution during repeated topical administration.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 329

4173

TGN1412-Induced Cytokine Release Syndrome and Pathological
Evaluation in a Humanized PBMC Mouse Model

H. Yang1, J. Jiao1, D. Cai1, M. Cheng1, M. Brehm2, D. Grainer2, L. Shultz3, and J. Keck1.
1The Jackson Laboratory, Sacramento, CA; 2University of Massachusetts Medical
School, Worcester, MA; and 3The Jackson Laboratory, Bar Harbor, ME. Sponsor: J. Keck,
American Association for Cancer Research
There have been remarkable progresses in the development of immune therapies
for cancer. But there are significant challenges from a variety of adverse effects.
Due to the lack of predictive preclinical models to evaluate antibody mediated
adverse effects, TGN1412, a humanized anti-CD28 monoclonal antibody caused
life-threatening cytokine release syndrome (CRS) during the first-in-man trial.
Therefore there is a critical need for translational protocols that could predict
immune toxicity more accurately. We have developed a sensitive and reproducible PBMC-humanized mouse model that can measure CRS induced by bispecifics,
CAR T or checkpoint inhibitors in vivo. In this study the utility of this platform was
demonstrated with TGN1412. NSG mice or derivative strains were engrafted with
human PBMCs for 6 days before being treated with TGN1412 at various dosages
(0.2, 0.5, 1.0 and 2 mg/kg). Peripheral blood from these humanized mice was
collected at 1, 2, 4, 6, 24 and 48 hours post dose for flow cytometry and cytokine
analysis. Pathological evaluations of colon, liver and kidneys were performed for
some SGM3 mice at 72 hours post dose. We observed dose and time dependent
increase of human IFN-γ, TNFα, IL-2, IL-4, IL-6 and IL-10 levels in the serum following TGN1412 treatment with TNFα peaking at 1 h and the others peaking at 2-4 h
post dose. A significant decrease in hCD45+ cells was observed in the peripheral
blood at 6h post treatment. TGN1412 was tested in the humanized NSG mice with
PBMCs from 7 different donors, and a significant decrease in hCD45+ cell population in the peripheral blood was observed in all donors. Pathological investigation
by H/E and caspase 3 staining of livers treated with Anti-CD28 or TGN1412 revealed
significantly more portal, peripheral, and sporadic mononuclear cell infiltration, as
well as apoptotic/necrotic cells comparing to PBS control. The liver damages were
similar but milder at the dosages of TGN1412 treatment compared to Anti-CD28.
We have demonstrated that the novel mouse model using PBMC-humanized NSG
or derivative strains can successfully detect CRS induced by TGN1412 in a dose
and time dependent manner. The findings suggest that indeed CRS could be an
adverse effect associated with TGN1412 treatment in human. Our data support that
the PBMC humanized mouse model for CRS assessment may be a valuable tool
to assess in vivo safety of experimental human therapeutic antibodies including
immune checkpoint inhibitors, CAR T and bispecifics with better reliability than an
in vitro assay.

4174

A Comparison between Efficacy and Safety of Two Small
Molecules in Experimental Model of Ulcerative Colitis: A Hope
for Future Clinical Translation

T. Mousavi, S. Hassani, M. Gholami, F. Vakhshiteh, M. Baeeri, M. Rahimifard, E.
Ghafour-Broujerdi, and M. Abdollahi. Tehran University of Medical Sciences, Tehran,
Iran, Islamic Republic of.
Due to the inadequate response, side effects, parenteral route of administration,
and immunogenicity, oral targeted small molecules seem to replace monoclonal
antibodies in the future management of ulcerative colitis (UC). In order to pave
the way for clinical translations of small molecules in UC, for the first time, we
compared the efficacy of fingolimod and tofacitinib in preclinical model of colitis,
and uncovered another mechanism of action that these medicines may act through.
We implicated adult zebrafish to find out its pros/cons, investigated aquatic toxicity
of the mentioned compounds, and designed a procedure to evaluate compound’s
efficacy in adult zebrafish colitis model; hence, facilitating screening of further
agents. Tofacitinib and fingolimod were investigated to be in category 1 of Globally
Harmonized System (GHS) aquatic toxicity classification with the LC50 of 0.9014
and 0.36 mg/L in adult zebrafish, respectively, based on the acute toxicity assessment within 96 h. Considering efficacy assessments, colitis was induced through
intrarectal administration of 160 mM TNBS for 48 h. Then, animals were exposed to
different concentrations of tofacitinib (0.25, 0.57, 0.72, 0.90 mg/L) and fingolimod
(0.23, 0.28, 0.36, 0.45 mg/L) for 96 h. Subsequent analyses revealed that TNBS
significantly reduced length of villi, number of goblet cells, level of TNF-α, MyD88,
and NF-κB2, increased thickness of villi and necrosis, and induced histopathological changes, including intestinal edema, submucosal hemorrhage/hyperemia
with the presence of inflammatory cells. All the aforementioned parameters were
considerably enhanced almost dose-dependently with both agents, wherein the
effect of 0.45 mg/L fingolimod was superior to other groups. As well, there were
no signs of hyperemia/hemorrhage in harvested intestinal samples. Resultantly,
we revealed that these medications may suppress canonical and non-canonical
NF-κB pathways through targeting toll-like receptors and MyD88. Given the better
efficacy and multi-targeted action of fingolimod, it worth to focus on sphingosine-1
phosphate receptor modulators in clinical trials of UC and compare them with other
classes of medications; albeit, their ecotoxicity should not be overlooked.

4175

Sheep as an Animal Model for Intra-sinus Drug Administration:
A Toxicological Case Study

W. Brock1, L. K. Webster2, and P. J. Wormald3. 1Brock Scientific Consulting LLC, Hilton
Head, SC; 2Preclinical Solutions, Melbourne, Australia; and 3South Australian Health and
Medical Research Institute, Adelaide, Australia.
Models for intra-sinus administration includes monkeys, dog, rabbit or minipig.
The sheep sinus cavity closely resembles that of humans, offering a possible
alternative animal model. In this study, sheep (n=6 males) were administered
betamethasone dipropionate (BMDP) cream or saline into the sinus and examined
over 10 days for toxicological endpoints. Under anesthesia, the sinus cavity was
surgically accessed for placement of cannulas (trephines) and for BMDP or saline
instillation into contralateral sinuses. A fluorescein flush through the trephines was
employed to check for placement with the use of an endoscope. After administration, the trephines were removed, and the skin sutured closed. No clinical signs of
toxicity were evident, and body weights and food consumption were not affected
post-dose. No BMDP cream was observed in the sinus at necropsy. Serum cortisol
concentrations decreased by Day 2 post-dose and remained below pre-dose levels
through termination. Plasma glucose levels were increased at Day 2 but returned to
pre-dose levels by Day 3. No other changes in clinical pathology parameters were
observed. Systemic levels of betamethasone 17-propionate and betamethasone
were observed at Day 1 but were less than 20 pg/mL after Day 3. Histopathology of
sinus mucosa showed evidence of infection in one sheep in both sinuses, considered incidental and possibly related to a pre-existing infection. No other toxicologically meaningful microscopic changes were observed in other sinuses or in the
heart, lungs, liver, kidneys, or spleen. This study demonstrates that the sheep is an
alternative animal model for toxicological evaluation of intra-sinus administered
drugs.

4176

Designing a High-Throughput Zebrafish Behavioral Depth
Preference Assay

C. Leong, K. Seki, L. Troung, and R. L. Tanguay. Oregon State University, Corvallis, OR.
Behavioral endpoints are useful in toxicological assessments as they are capable of
detecting sublethal toxicity. Zebrafish (Danio rerio) are a popular model for toxicological evaluations and are well-suited to measure behavioral endpoints, because
of their broad sensitivity to toxicants and small size. Juvenile behavior assays can
increase throughput when studying developmental toxicity because they can substitute for adult behavior assays. To efficiently assess behavior effects, we sought to
develop a juvenile behavior assay, which could assess behavior phenotypes associated with stress and anxiety. Depth preference can be associated with variations
in fish stress and anxiety because different stress levels may influence the depth
in the tank they prefer. To develop this assay, behavior boxes (Viewpoint, Canada)
were used to track fish movement patterns in response to light cues. Twelve-well
plates (120x80 mm), made to fit inside the behavior boxes, were designed using
Tinkercad software and printed with a 3D printer (Prusa, Italy). Each well contained
a shallow and a deep area connected by a 45-degree ramp called the transition
area. The assay lasted for a duration of ten minutes with the first 5 minutes dark
and the second 5 minutes light. The assay’s effectiveness in measuring behavioral
responses was validated using a positive control chemical Hypoxanthine 3-n-oxide
(H3NO), which has been shown to induce a stress response in zebrafish. For our
assay validation, 16-day old fish were loaded into the assay (1 fish per well) and
then exposed to 100 nM H3NO throughout the assay by spiking the water with
1.75x of H3NO. Analysis of the assay measured the distance swam in each zone
across three time bins, novel (0-1.5 min), dark (1.5-5 min) and light (5-10 min).
Analysis with an ANOVA between zone, treatment, and time bin showed that there
was significant difference in the area preferred and the distance swam by each
group. Subsequently, a tukey test showed that the fish treated with 100 nM H3NO
were more active the deep zone in comparison to controls, during novel time bin.
This demonstrates that our depth preference assay is able to detect behaviors
associated with stress and anxiety of 16-day old fish. Overall, the short assessment
period and ability to run 12 fish at one time allows this assay to be integrated into
high throughput screening.

4177

A Novel Model for Colitis and Gut Microbiome Dysbiosis in Mice

Zeinieh1,

M.
J. Verhoef1, R. Kumar2, and R. Samadfam1. 1Charles River Laboratories
Montréal ULC, Senneville, QC, Canada; and 2International Flavors & Fragrances Inc.,
Wilmington, DE.
Inflammatory bowel diseases (IBD) comprise a spectrum of multifactorial digestive
tract chronic inflammation, including ulcerative colitis and Crohn’s disease. Mainly
caused by environmental and genetic factors it is accompanied with high risk of
colorectal cancer. Chemicals (DSS, TNBS, oxazolone) or transgenic mice models
(T cell transfer, IL10-/-) enhanced our understanding of IBD, although limitations
exist. Particularly, the widely studied dextran sodium sulfate (DSS) model is
severe and may interact with some compounds masking their efficacy. Hence a
new model is needed to better understand the gut microbiome and allow for early
therapy. Microbiome dysbiosis, including antibiotics treatment interferes with gut
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homeostasis resulting in inflammation and colorectal cancer. C57BL/6J-ApcMin/J
mice with mutated adenomatous polyposis coli gene are more prone to develop
colitis and tumors. Using this model, we subjected 5-6 week old mice to an antibiotics cocktail of vancomycin, ampicillin, and neomycin (1mg/mL) for 7 days in
drinking water. Stool consistency and fecal hemoccult changes were apparent 2
days after treatment, with no decrease in body weight in contrast to DSS. Disease
activity score reached a maximum of 2-3 at day 7 compared to DSS (score 7-8),
denoting the milder effect of this model. Area under the curve was significantly
higher in the treated group (untreated: 4.8; treated:17.83) and persisted after
antibiotic withdrawal up to 16 days (untreated:7.41; treated: 20.5). Although no
differences were seen in colon length and weight, a significant increase in small
intestine weight is observed. There was no immune cell infiltration or ulceration 16
days after treatment in the colon and small intestine, which could have occurred
earlier during the onset of the disease. In conclusion, we propose a novel model
of colitis in C57BL/6J-ApcMin/J mice with antibiotics induced gut dysbiosis. This
would enable the assessment of therapeutic approaches to not only alleviate colitis
symptoms but also prevent tumorigenesis. Studies are underway to characterize the composition of the gut microbiome allowing adequate antibiotic mixture
application for better targeting. Future work aims at studying the effect of longer
antibiotics exposures and histopathological changes directly after antibiotics
treatment. Screening of the cytokines profile will also grant us better insights into
the pathophysiology of IBD.

4178

Characterizing a Large Animal Model of Bromide-Induced
Endocrine Disruption in Neonates

W. K. Rumbeiha1, L. Tell1, J. Flaws2, K. D. Watson1, and D. Kim1. 1University of California
Davis, Davis, CA; and 2University of Illinois at Urbana-Champaign, Urbana, IL.
Bromine is an endocrine disruptor but there is a knowledge gap on its effects in the
developing fetus and neonatal children, the most sensitive age. It occurs naturally
in the environment as bromide salts. Human exposure occurs through ingestion of
contaminated well water, food residues, and pharmaceuticals. Bromine crosses
the placenta and is excreted in milk, making it a health hazard to unborn children
and neonates. Bromine has antithyroid properties and disrupts the adrenal glands.
Bromide-induced antithyroid effects can negatively impact neurodevelopment, yet
no exposure guidelines exist to protect the fetus and neonates. Developmental
effects of bromide are reported in the literature. The goal of this study was to
develop and characterize a large animal model of neonatal bromide exposure. The
cow is suitable because its gestation period is similar to that in humans and like
humans, cows mostly give birth to a single offspring. Twenty cows in the third
trimester of pregnancy were randomly assigned to 5 groups of 4 cows each. They
were fed sodium bromide in feeds until parturition as follows: Group1 (control) 0;
Group2 50; Group3 200; Group4 800, and Group5 3200 ppm bromide. Upon calving,
bromide was withdrawn, but both cows and calves were observed for 30 days
when they were euthanized. Multiple endpoints were assessed in cows and calves.
Clinical signs reflected dose-response effects. Calves in higher dose groups lacked
vigor and had week suckle, similar to hypotonia reported in neonates. Calves from
higher groups were behaviorally impaired, had difficulty locating teats to suckle,
and gained the least amount of weight. There was a dose-dependent reduction in
thyroid gland weight and thyroid hormone concentrations starting at 200 ppm. Calf
tissues had 5-10-fold higher bromide concentrations compared to dam tissues.
This model recapitulates effects of neonatal bromism and should be evaluated
further to study developmental effects of bromide exposure.

4179

Depilatory Double-Disc Mouse Model for Evaluation of Vesicant
Dermal Injury Pharmacotherapy Countermeasures

T. L. Roldan1, S. Li1, M. Goedken1, J. D. Laskin1, D. Gao2, and P. J. Sinko2. 1Rutgers, The
State University of New Jersey, Piscataway, NJ; and 2Rutgers Ernest Mario School of
Pharmacy, Piscataway, NJ.
Sulfur mustard (SM) is a chemical warfare vesicant that severely injures exposed
eyes, lungs, and skin. Mechlorethamine hydrochloride (NM) is commonly used as
an SM surrogate. The purpose of this study was to develop a depilatory doubledisc (DDD) NM skin burn model for evaluating vesicant pharmacotherapy countermeasures in CD-1 mice. Edema, an indicator of burn response, was assessed by
comparing punch biopsy skin weight after NM administration to naïve controls.
Hair removal technique (clipping versus clipping/depilatory), NM administration
vehicle (aqueous versus organic), NM dose:vehicle volume ratio (1:30 - 1:1.3
μmol:μl), and study endpoint (0.5-21 days) were investigated. Ideal partial-thickness burns resulted from the lowest NM dose yielding reproducible epidermal-dermal separation (vesication), were assessed by measuring edema, and confirmed
using histopathology. Burn healing potential was assessed by measured edema
reduction after treatment with NDH-4338, a cyclooxygenase and acetylcholinesterase inhibitor prodrug. Clipping/depilatory improved NM contact with the skin
resulting in greater frequency of successful burns and ~6-fold more consistent
edematous response than clipping alone. All vehicles resulted in reproducible
burns. Time course studies revealed peak edema occurred 24-48 hours after NM
administration and remained significant from naïve controls for 2 weeks. Ideal
partial-thickness burns were achieved at a 1:3 NM dose:vehicle volume ratio and

were highly responsive to NDH-4338 treatment. A highly reproducible and sensitive
partial-thickness skin burn model was developed for assessing vesicant pharmacotherapy countermeasures. The DDD model eliminates the need for organic solvents
that induce changes in skin structure and offers maximal burn response sensitivity.

4180

Qualification of Neutralizing Antibody Titer Assays for Adeno
Associated Virus Seotype-2 and 9 (AAV2 and AAV9)

R. K. Dhawan, C. Balzer, L. Campbell, M. Mendoza, J. Dovan, S. M. Jennings, and D.
Nicholson. Charles River, Wilmington, MA. Sponsor: S. Bulera
Adeno-associated viruses (AAVs) are harmless viruses ubiquitous in nature which
are critical components in the development of gene therapies. After the first FDA
approval in December 2017, AAV vectors have emerged as a leading delivery
method for gene therapies across a range of therapeutic indications and dosing
routes. Most of over 200 gene therapy trials employing viral vectors are based on
AAV vectors. A big challenge in these studies is immunogenicity as pre-existing
immunity may interfere with vector distribution and consequently alter transduction
and transgene expression both in humans and NHPs. Specifically, the presence of
AAV neutralizing antibodies (NAb) in patients and research animals can undermine
the potential efficacy of the drug being tested which biases the outcome of the
study.Out of 13 serotypes, AAV2 and AAV9 are the best studied and most commonly
used in gene therapies. Due to high AAV prevalence, routine ELISA antibody tests,
which detect total antibody levels, may miss other neutralizing factors present in
the subject are not useful. More commonly, cell based AAV NAb screening and
titer assays are utilized for routine prescreening of NHPs prior to selection for gene
therapy studies.Multi-tech multi-day qualification studies were performed to assess
diagnostic sensitivity, diagnostic specificity, reproducibility and ruggedness of the
in vitro AAV2 and AAV9 NAb assays for screening and determining the titer of NAb
in test sera. Cells incubated with eight known positive and eight known negative
samples were infected with AAV2-CAG-Luciferase or AAV9-CAG-Luciferase providing a luminescent readout of infection. In addition, to assess AAV2 and AAV9 titer
assays, four samples with high titer were serially diluted 2-fold from up to 1/5,120
and measured by two techs. Results from the qualification of the AAV2 and AAV9
NAb assays show a high sensitivity, specificity and reproducibility. Overall, diagnostic sensitivity and specificity of the AAV2 and AAV9 NAb assays were found to
be > 95% and >99%, respectively. Analytical specificity (selectivity) of the screening assays was also very high with no or low cross-reactivity observed by other
AAV serotype antibodies including those against AAV1, AAV2, AAV5, AAV6, AAV8
and AAV9 serotypes. In conclusion, we have validated cell based AAV2 and AAV9
NAb assays which are highly sensitive and specific for routine screening for the
presence of neutralizing antibodies in NHPs.

4181

The ANDY Mouse: A Novel Murine Model to Mimic AgeDependent NAD Decline and Metabolic Changes

M. L. Meyer-Ficca, E. Park, S. A. Lopez, M. K. Wandersee, and R. G. Meyer. Utah State
University, Logan, UT.
Vitamin B3 compounds (niacin) are metabolic precursors of NAD+ and NADP+ and
their reduced forms, NADH and NADPH. These molecules are essential as cofactors
for cellular redox reactions for energy metabolism and respiration, as well as for
various detoxifying pathways, including cytochrome P450- and glutathione-dependent reactions. Humans depend on dietary niacin as a precursor molecule for
NAD+ and NADP+ synthesis, and insufficient niacin intake causes low NAD levels
and imbalances in NAD+/NADH and NADP+/NADPH redox ratios. Extreme niacin
deficiency, known as the clinical syndrome pellagra, is rare nowadays. Milder niacin
deficiencies, in contrast, are still common, in particular with increasing age, in
cancer patients, alcoholics, and people lacking access to quality food. Age-related
NAD+ decline occurs despite food fortification and significantly contributes to
aging-associated health problems. To study how metabolic processes, in particular
the efficiency of detoxifying pathways, change with age, our lab has generated
a transgenic mouse model that permits the lowering of levels of NAD synthesis
through limiting niacin content in the feed. Normal mice do not need dietary niacin
for NAD synthesis and thus have not been suitable to study the health effects of low
NAD. This novel mouse model (called acquired niacin dependency or ANDY mouse)
provides a suitable rodent model for investigating the link between low NAD
metabolism and common age-related health problems, including the often poor
pharmacokinetics of drug and toxin metabolism in the elderly. We used ANDY mice
to test the hypothesis that NAD decline causes a change in metabolism and activity
of the glutathione pathway. NAD deficiency was associated with reduced physical
activity and altered glucose metabolism compared to control mice. Lower NAD
was further associated with lower amounts of total glutathione and, importantly, a
shift of the glutathione redox (GSSG/GSH) ratio toward an increase in oxidized, i.e.
inactive glutathione.
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4182

Development of a Preclinical Humanized Mouse Model to
Evaluate Acute Toxicity of Superagonistic CD28 Antibody

G. Yang1, S. Vessillier2, D. Rajagopal2, C. Maier3, S. Mohanan4, M. Cheng1, and
J. G. Keck1. 1The Jackson Laboratory, Sacramento, CA; 2The National Institute for
Biological Standards and Control, South Mimms, United Kingdom; 3GlaxoSmithKline
plc, Collegeville, PA; and 4Gilead Sciences Inc., Foster City, CA. Sponsor: J. G. Keck,
American Association for Cancer Research
Superagonistic CD28 antibody (CD28SA) is capable to directly activate T lymphocytes without engagement of the TCR/CD3-complex. Numerous studies from
animal models and in vitro human immune cell activation assays demonstrated that
these reagents induced preferential regulatory T cell expansion and were safe for
the treatment of autoimmune disease but in a clinical trial the humanized CD28SA,
TGN1412, elicited an uncontrolled T cell activation with severe and life-threatening
cytokine release syndrome (CRS). These studies revealed the difference between
human and preclinical animal response to the antibody while the underlying molecular mechanisms are unclear. Thus, establishing a predictive nonclinical model that
can detect potential CRS of biologics is critical for improving the safety of immune
drug development. In this study, using our well-established PBMC-humanized
toxicity model, we tested the effect of CD28SA and human CD3 antibody (OKT3) in
the induction of acute immune toxicity. Our data demonstrated that OKT3 promptly
stimulated human T cells to produce elevated proinflammatory cytokines. The
levels of T cell-released cytokine IFN-γ, TNF, IL-10, IL-6, IL-4, and IL-2 in serum of
mice peaked at 2 to 6 hours post-dosing. In contrast, CD28SA induced a delayed
but extremely sustained production of such inflammatory cytokines that peaked
at 72 hours. Mice with CD28SA treatment exhibited higher CRS score, body weight
loss, and mortality although the peak levels of certain cytokines were higher in
serum of OKT3 than that of CD28SA-treated mice. Histopathological analysis also
demonstrated that more severe immune cell infiltration in lung and liver and caused
tissue damage in CD28SA treated mice compared with that from the OKT3-treated
mice. These data indicate that the PBMC-humanized mice have greater sensitivity
and specificity than the alternative in vitro or non-human primate models for testing
the toxicity for CD28SA. We emphasize that our humanized toxicity model is a
promising platform for evaluating relative cytokine levels from immune therapies
and for assessing the severity of acute toxicity of immune drug treatments.

4183

Semiautomated Quantification of Toxicity and Lung Pathology
from Micro-CT Imaging in Mouse Models Using ImageJ

J. D. Luisi, I. Patrikeev, M. Motamedi, and B. T. Ameredes. University of Texas Medical
Branch at Galveston, Galveston, TX.
With lung toxicant exposure via aerosols or aspiration, there is a progression of
inflammatory responses that can lead to specific pathological presentations.
While sampling of a histology biopsy or bronchial alveolar lavage fluid (BALF)
sample are the standard for research, clinically, chest CT imaging is used as a less
invasive method to detect pathology. For well-studied clinical pathologies, there
are established clinical grading systems; however, in experimental mouse models
of lung toxicology, unknown image features must be included or accounted for,
usually by manually segmenting and grading images. To reduce the effort of manual
image segmentation and grading, we developed a semi-automated ImageJ macro
for unbiased and reproducible segmentation and quantitative radiodensity analysis
of lung pathology, with minimal supervision necessary in the validation steps. A
user-selected connected components image was utilized as a mask for radiodensity and volume calculation. Within naïve and pre-treatment groups of mice, we
observed a low variance (~10%) in the lung volume measurements (ave. 2487±268
mm3); lung volume was also normalized by body weight for comparison of sex and
strain. For analysis of toxicant induced damage, lung tissue density specificity in the
air-alveolar tissue-associated HU range from -1000 to -500 was split into sub-range
bins of -1000 to -700, -700 to -600, and -600 to -500 HU for increased specificity. The
toxicant acrolein, delivered intratracheally, resulted in significant lung tissue density
decrements in female mice, as compared to male mice, in the -600 to -500 and -500
to -400 HU bins, averaging 10-30%, respectively, which was interpreted as being a
decrement in airspace, while significant tissue density increments were observed
in the -300 to -200 and -200 - 0 bin (10-20%), suggesting a sex-dependent response
difference. These data suggest that the semi-automated segmentation macro in
ImageJ provides a non-biased method for determining pathology changes in the
lung, potentially allowing for more efficient and reproducible workflows in toxicant
exposure models. Funding: NIEHS T32ES007254, NIEHS T32ES0007254-S1 (CCRP),
and the Brown Foundation.

4184

The Protection Mediated by Endocannabinoid Anandamide
against Staphylococcus Enterotoxin B-Induced Acute
Respiratory Distress Syndrome Is Regulated through microRNA
That Trigger Pro-Apoptotic Genes in Immune Cells

M. Sultan, P. Nagarkatti, and M. Nagarkatti. University of South Carolina School of
Medicine, Columbia, SC.
Novel Corona Virus Disease 19/Acute Respiratory Distress Syndrome (COVID19/
ARDS) which causes severe respiratory illness has been spreading globally,
reaching pandemic level and threatening life of the entire world. The number
of COVID19/ARDS cases has been reached out more than 250 million cases
worldwide. While these catastrophic numbers continuing surge, unfortunately,
majority of people still rejecting receiving vaccine as they distrust it without
evidence, while there is no such a specific effective treatment until this moment.
In this study, we investigated the role of cannabinoids as a treatment against ARDS
induced by Staphylococcus Enterotoxin B (SEB). SEB is a category B agent of
bioterrorism as defined by CDC, leads to robust activation of T cells and a cytokine
storm that causes significant damage to the lungs. In this study, we used a single
dose SEB (50µg) intra-nasally which acts as a superantigen to induce ARDS. In the
current study, we induced SEB-mediated ARDS in C57BL/6 mice and investigated
if treatment with anandamide (AEA), an endocannabinoid would attenuate ARDS.
Our data demonstrated that a dose of (40mg/kg) of AEA significantly improved
the clinical parameters including lung function and the cytokine storms which
the last collected from Broncheo Alveolar Lavage Fluid (BALF). Analysis of the
microarray of the mononuclear cells of lungs isolated of SEB+AEA mice showed
downregulation of miR 125b-5p and miR 16-5p where both targeting and upregulating Caspase family related genes specifically caspase 3 gene, these results were
validated by RT-qPCR. Furthermore, our western blot analysis of the lung mononuclear cells isolated from both groups indicating a significant increase in the levels
of protein expression of cleaved caspase 3 in the SEB+AEA compared to SEB+VEH.
Additionally, Annexin/PI double staining kit has been used to detect cell apoptosis, our flow cytometry analysis indicating that the percentage of apoptotic cells
has been increased significantly in SEB+AEA compared to SEB+VEH. Furthermore,
Thymidine assay has been made to detect the ability of AEA to prevent proliferation and we have found that AEA was significantly decreased the proliferation of
activated T cells of SEB+AEA compared to SEB+VEH. Together, our data indicated
that AEA protecting against ARDS through regulation of miRNAs in immune cells
that leads to induction of pro apoptotic genes which at the end improve the clinical
functions, decreased both the cytokine storms as well as the proliferation in the
lung immune cells while increasing the rate of apoptosis.

4185

Spontaneous Bone Metastasis and Antiestrogen Response in a
Novel Estrogen Receptor-Positive Murine Breast Cancer Model

K. Langsten, and B. A. Kerr. Wake Forest University, Winston-Salem, NC.
Breast cancer is the second leading cause of cancer-associated death in the United
States. Approximately 70% of women diagnosed with breast cancer (BC) will have
estrogen receptor (ER) positive disease. Metastases in women with ER+ BC preferentially occur in the bone and are considered incurable. The mechanisms driving
bone-tropism are poorly understood, and treatments for patients with bone metastasis have not significantly advanced in recent decades. The lack of advancement is,
in part, due to the lack of ER+ BC bone metastatic models. We have developed a
novel, orthotopic ER+ BC murine model with spontaneous bone metastasis and
antiestrogen responsiveness. The triple-negative murine mammary tumor cell
lines 4T1.2 and E0771/bone were transduced with either GFP or ER conjugated
with GFP. Orthotopic injections into the fourth mammary fat pad were performed
with the ER+ and TNBC cells and tumor volumes were measured over time. Once
volumes reached 100 mm3, mice were treated with either vehicle control, tamoxifen
or ICI 182,780 for 21 days. At the termination of the study, tumors, long bones,
and major organs were collected for histological examination. Mice injected with
ER+ tumor cells had significantly larger tumors (Student’s t-test, p<0.05, n=4-7)
beginning at 12 days and continuing through the remainder of the study. The
average tumor weights of ER+ tumors were significantly heavier than the TNBC
tumors at termination of the study for 4T1.2 and E0771/bone cell lines (Students
t-test, p<0.05, n=4-7). ER+ cell lines were responsive to antiestrogen treatments. For
the 4T1.2 ER+ cells, TAM and ICI treated groups had tumor volumes and weights
that were significantly decreased when compared with ER+, vehicle treated groups
(one-way ANOVA, p<0.05, n=4-7). RNA sequencing of the ER+ and TNBC 4T1.2
primary tumors demonstrated reduced immune-related gene signatures in ER+
tumors compared with their TNBC counterparts. Furthermore, 30% mice with ER+
4T1.2 tumors developed macrometastases to long bones while none of the mice
with TNBC tumors developed macrometastases in long bones. Immunohistological
examination of the bone metastases was quantified by counting GFP and pan-cytokeratin immunoreactivity within a cross-section of tibiae. This novel model will
allow researchers to explore mechanisms of metastatic bone-tropism and develop
new therapeutics, which may translate into substantial improvements in clinical
outcomes for women diagnosed with metastatic ER+ BC.
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4185a

The Effects of Various Anesthetics on Caenorhabditis elegans
Mitochondria

A. Wahl, K. Morton, and J. Meyer. Duke University, Durham, NC.
Caenorhabditis elegans is a widely used model organism in toxicological research.
It is particularly useful in studying how toxicants interact with mitochondria.
Unfortunately, many paralytics that are used to immobilize C. elegans for imaging
have an impact on mitochondrial mechanisms or reporter transgenes that are used,
and thus may alter the very data that researchers work to obtain. Sodium azide,
for example, is a common and powerful paralytic, but it inhibits ATP synthase,
therefore potentially skewing any data related to ATP levels. To create a comprehensive document for reference when using paralytics, I evaluated the paralytic
and mitochondrial effects of sodium azide, levamisole HCl, 1-phenoxy-2-propanol,
2,3-butadione monoxime, and cold shock on C. elegans. To date, I have found that
500 mM, 100 mM, and 10 mM sodium azide, and 0.5% and 1% 1-phenoxy-2-propanol paralyze 100% of worms within five minutes. A statistically significant
percent of worms could recover from thirty-minute exposure to 1 mM and 3 mM
levamisole HCl, 300 mM 2,3-butadione monoxime, 1% 1-phenoxy-2-propanol, and
500 mM sodium azide when compared to the negative control. I then quantified
the redox tone of the worms using a roGFP reporter strain that reflects the redox
state of the cellular glutathione pool. When compared to control worms exposed
to only K-medium, those exposed to 10 mM and 500 mM sodium azide, 300 mM
2,3-butadione monoxime, and 0.5% and 1% 1-phenoxy-2-propanol showed a significant difference in redox state. Specifically, 300 mM 2,3-butadione monoxime and
0.5% and 1% 1-phenoxy-2-propanol caused a more oxidized environment at the end
of the thirty-minute exposure, while both concentrations of sodium azide showed
a more reduced cellular state at the beginning of the exposure, although this
difference lost statistical significance after fifteen minutes of exposure. Currently,
I am quantifying how each paralytic affected steady-state ATP levels using a
Queen-2m reporter. Preliminary results indicate that 10 mM sodium azide and 30
mM 2,3-butadione monoxime cause decreases in ATP concentrations. This work
confirms that commonly used paralytics likely often interfere with the very parameters being measured microscopically and provides guidance on how to minimize
such interference.

4186

Investigation of Genotoxic Potential of Pharmaceutical Agents
in the Chicken Egg Genotoxicity Assay (CEGA)

T. Kobets1, J. Duan1, E. Vock2, and G. Williams1. 1New York Medical College, Valhalla,
NY; and 2Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der Riss, Germany.
DNA damage is an established initiating event in the mutagenicity and carcinogenicity of genotoxic chemicals. Accordingly, assessment of this endpoint is
critical for chemicals which are being developed for use in humans. Thus, a set of
medicines with different pharmacological effects was tested for the potential to
produce nuclear DNA adducts and strand breaks in the Chicken Egg Genotoxicity
Assay (CEGA) using 32P-nucleotide postlabeling (NPL) and comet assays,
respectively. Previously assessed dataset was extended to include additional 6
compounds, estrogen modulator, diethylstilbestrol, antineoplastic, etoposide, and
antihistamines diphenhydramine and doxylamine, purine antagonist 6-thioguanine
and antilipidemic clofibrate. Potential DNA damage was evaluated in the livers
of chicken embryo-fetuses, which on days 9 through 11 of incubation received 3
daily injections of test substances at various dose levels and were terminated 3
hours after the last dose on day 11. Established genotoxic carcinogen, quinoline
served as a positive comparator. In the CEGA, diethylstilbestrol, etoposide, diphenhydramine and doxylamine yielded clear positive outcomes in at least one of the
assays. In contrast, no DNA damage was detected for 6-thioguanine and clofibrate.
Overall, results in CEGA were largely in concordance with the outcomes in other
systems in vitro and in vivo, indicating that CEGA provides reliable detection of
DNA damage produced by genotoxic compounds. DNA damage produced by
several therapeutic agents requires additional investigation in vivo due to potential
genotoxic properties.

4187

Establishment, Characterization, and Toxicological Application
of Canine Primary Sertoli Cells

Z. H. Hsiao1, L. Yin1, L. Li1, and X. Yu2. 1Reprotox Biotech LLC, Albuquerque, NM; and
2University of New Mexico, Albuquerque, NM.
Sertoli cells play critical roles in regulating spermatogenesis and testis development by providing structural and nutritional supports. The cultured Sertoli cells
have been widely used in the mechanistic study of male reproduction disorders or
infertility. Recent studies also showed that the grafted Sertoli cells in microcapsules
emerge as an effective therapy for multiple diseases. This study was designed to
isolate, characterize, and culture primary canine Sertoli cells. Our objective was to
develop and optimize a procedure to isolate Sertoli cells rapidly from canine and
generate sufficient numbers and purified Sertoli cells. The testicle of the Beagle
dog was received from the neuter clinic, and two steps of enzymatic digestion
were used to isolate the Sertoli cells. We found the purity was generally over
95% as determined by morphologic analyses of cells after immunofluorescence

staining for coexpressed SOX9 and GATA4. The immunofluorescence also showed
that canine Sertoli cells expressed Clusterin, a tight junction component marker
in Sertoli cells. Furthermore, the canine Sertoli cells were treated with a range of
doses of cadmium known as reproductive toxicants to validate this in vitro model
for monitoring toxicant-induced effects. The result showed that cadmium at does
1μM induced cytoskeletal disruption and DNA damage responses. We also found
that multiple epigenetic markers, Histone H3 (tri methyl K36) (H3Me3K36), Histone
H3 (tri methyl K9) (H3Me3K9), and Histone H4 (tri methyl K20) (H4Me3K20), were
altered after cadmium treatment and associated with DNA damage responses.
Thus, this in vitro Sertoli cells culture provides a practical approach to elucidate
the molecular mechanisms underlying toxicant-induced testis injury and offer more
potential to screen environmental toxicants. Supported by NIEHS R44 ES027374
and R43 ES031890.

4188

Utilization of Transcriptomics Data in Use Class-Based Grouping
and Classification of Chemicals in Toxicity Testing

B. Vallanat. US EPA, Research Triangle Park, NC.
US EPA is developing non-animal studies known as New Approach Methodologies
to assess toxicity. One such approach is high-throughput transcriptomics (HTTr)
using the TempO-seq targeted RNA-seq platform. This technology has been used
to measure gene expression responses for ~1500 chemicals at 8 different concentrations in MCF-7 cells. Using the R-based DESeq2 tool as part of a larger data
processing pipeline, we estimated gene-level fold changes across chemicals and
concentrations. We then used a modified implementation of ssGSEA and a customized catalog of pathways chosen primarily from MSigDB, Bioplanet and CMAP to
generate signature-level scores. Signatures are directed or undirected gene sets
that capture the coordinated response of pathway perturbations. Following this
step, concentration-response models for signature scores were performed using a
custom developed R-package (tcplFit2). Aggregation of signatures into meaningful
collections focused primarily on molecular targets was performed by manually
curating across multiple pathway databases. AUC value for these aggregated
“super-targets” were calculated at different BMD ranges across all chemicals and
examined in the context of use class based chemical grouping. In our analysis of
data from MCF-7 cells we identified clusters of signature aggregates with similar
potency within use classes. These analyses can provide supporting evidence
for assessing the safety and potency of chemicals that are in daily use/contact,
as well as pesticides and industrial chemicals, and contrast them against more
targeted chemicals belonging to the pharmaceutical use class. This approach can
be utilized in providing supporting data for identifying toxicity of environmental
chemicals. This abstract does not necessarily reflect US EPA policy.

4189

Validation of the ToxProfiler Reporter Assay for Toxicological
Mode-of-Action Profiling

B. ter Braak1, L. Wolters1, T. Osterlund1, and G. Hendriks2. 1Toxys B.V., Leiden,
Netherlands; and 2Toxys, Leiden, Netherlands.
Classical in vitro chemical safety assessment often relies on simple and general
cytotoxicity endpoint measurements. To improve the in vitro predictions and
understand the underlying mechanisms of toxicity, we previously introduced
ToxProfiler. This human reporter cell assay investigates activation of seven
key toxicological endpoints. ToxProfiler consists of a collection of 7 genetically
engineered human cell lines that contain fluorescent reporter genes to identity
induction of oxidative stress, genetic stress, endoplasmic reticulum stress, ion
stress, protein stress, autophagy, and inflammation. Activation of these fluorescent
reporters is visualized by high content imaging to derive a quantitative toxicological
profile of compounds. Here we validated the ToxProfiler reporter assay using a
selection of 40 reference compounds with well-established mechanisms of toxicity.
The assay was able to identify oxidative stress (CDDO-me), DNA damage (Cisplatin),
ER stress (tunicamycin), ion stress (cadmium chloride), autophagy (Amiodarone) or
inflammation (TNFα) as the primary mechanism of toxicity. Using point-of-departure calculations and hierarchical clustering, compounds with an expected similar
MoA could be clustered together. To explore the relevance of the ToxProfiler toxicity
profiles, we compared the potency of compounds to induce the various cellular
stress response reporters with in vivo pathology, here liver toxicity. For several
of the compounds in vivo liver toxicity was determined to be strongly correlated
to oxidative stress, inflammation, and ER stress. To allow toxicological profiling
of compounds that require metabolism, the ToxProfiler assay was extended by
addition of induced liver extract (S9). AflatoxinB1 that requires bioactivation was
identified as DNA damaging compound. The oxidizing compound CDDO-me was
detoxified by the addition of S9. To summarize, we validated the in vitro reporter
assay, ToxProfiler, to provide relevant mechanistic toxicity information. The assay
can be applied to accurately quantify chemical-induced stress response pathways
at a single cell level to reveal the toxicological MoA of novel medicines, (agro)
chemicals, cosmetics, and food ingredients. ToxProfiler also show clear biological
relevance, here for liver toxicology and metabolism.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 333

4190

Development of Canine Testicular Organoids for Assessing
Male Reproductive Toxicity

Z. H. Hsiao1, L. Yin1, and X. Yu2. 1Reprotox Biotech LLC, Albuquerque, NM; and
2University of New Mexico, Albuquerque, NM.
Due to the complex structure of the male reproductive system and the dynamic
process of spermatogenesis, it is a significant challenge to develop in vitro alternative models for assessing the adverse effects of environmental chemicals on the
male reproductive system. A more human spermatogenesis-relevant in vitro model
is desired to support the concept of 3R and reduce the time and cost associated
with reproductive efficacy/toxicity testing. Building on our previous three-dimensional (3D) rodent testicular model, we developed testicular organoids from the
companion animal, canine. The testicle of the Beagle dog was received from the
neuter clinic, and two steps of enzymatic digestion were used to isolate the testicular cells. Testicular cells were inoculated and cultivated in the gelled agarose
micro-mold and equilibrated with extracellular matrix (ECM) containing optimized
growth factors. The organoids were fixed after culturing 48, 96, 144h for morphological characterization using testicular cell-specific markers. Spermatogonial
cells, Leydig cells, and Sertoli cells were labeled with germ cell nuclear antigen 1(
GCNA1), hydroxysteroid dehydrogenase type 3 (HSD3B), and SOX9, respectively. A
four-channel High-content immunofluorescence assay was applied to quantitatively
characterize these temporal changes of the testicular population in the culture. We
observed the formation of testicular organoids and various types of spermatocytes, spermatids, and spermatogonia by self-organization. Furthermore, testicular toxicant cadmium (5 μM) treatment significantly disrupted organoid structure
and decreased testicular cell-specific marker expression, including depletion of
Leydig and Sertoli cells. Establishing the canine testicular organoids model with
active spermatogenesis will provide a valuable in vitro model examining environmental exposure effects on the male reproductive system. Supported by NIEHS R44
ES027374 and R43 ES031890.

4191

In Vitro Effect of T-2 and Its Metabolites on Glutathione Levels
and Antioxidant Defense in HepG2 Cells

M. Taroncher, Y. Rodríguez Carrasco, and M. Ruiz. Universitat de València,
Burjassot, Spain.
The T-2 is a fusariotoxin classified as the most toxic type A trichothecene and is
frequently found in cereals. The formation of reactive metabolites is a frequent
cause of mycotoxin-induced toxicity. The T-2 and its metabolites HT-2, Neosolaniol
(Neo), T2-triol and T2-tetraol showed high cytotoxicity and high production of
oxidative stress in vitro. The objectives of this study were to determine the enzymatic
and no enzymatic HepG2 cells defense after 24 h exposure to T-2 and its metabolites. The T-2 and its metabolites concentrations selected were IC25, IC12.5 and IC6.25
of each mycotoxin. Cells were pre-treated before mycotoxin exposure with N-acetylcysteine (NAC) a glutathione (GSH) precursor and D-L-buthionine- (S, R)-sulfoximine
(BSO) a glutamate-cysteine ligase inhibitor. The results demonstrated that GSH
decreased until 50.6% after T-2 exposure. Whereas, after NAC pre-treatment, the
GSH increases up to 68.3%, showing a protective effect of NAC in HepG2 cells
after T-2 exposure. However, after BSO pre-treatment, a significant decrease on
GSH levels (from 47.2% to 88.5%) was observed. Regarding to its metabolites,
the GSH levels decreased compared to the control, although after NAC pre-treatment GSH levels increased compared to cells without pre-treatment. Whereas, as
expected, after BSO pre-treatment, GSH levels decreased respect to cells with NAC
pre-treatment. The induction of oxidative stress by the antioxidant defenses system
was evaluated by Glutathione-S-transferase (GST), glutathione peroxidase (GPx),
superoxide dismutase (SOD) and catalase (CAT) activities in HepG2 cells. It was
observed an increase of GPx and GST activity for all mycotoxins. Some differences
between the metabolites in CAT activity were observed. The CAT activity increased
after T-2 and T2-triol exposure, decreased after Neo exposure and no changes were
observed after T2-tetraol exposure. The SOD activity increased at all the concentrations tested in all mycotoxins except after T-2 exposure, in which no changes were
observed. The induction of GSH and antioxidant enzymes produced by T-2 and its
metabolites in HepG2 cells, suggest that both systems provide adequate protection to mammals’ cells exposed to these mycotoxins. Acknowledgments: This work
was supported by the Spanish Ministry of Science and Innovation project (PID2020115871RB-I00) and by the Generalitat Valenciana (Spain; project GV/2020/020).

4192

Increasing the Dimensionality of Rapid Behavioral Screening in
Planarians

D. Ireland, A. Lehner, E. Adams, A. Soni, and E. Collins. Swarthmore College,
Swarthmore, PA.
There is an urgent need to develop high-throughput screening (HTS) non-animal
models to replace, refine, and/or reduce (“3Rs”) vertebrate toxicology testing. The
development of HTS models has been especially challenging for neurotoxicity
and developmental neurotoxicity (DNT) where the functional relevancy of adverse
outcomes needs to be assessed on the whole organism level and with metabolic
capacity. As a partner in the National Toxicology Program (NTP) Neurotoxicology

Screening Strategies Initiative, we screened the NTP 87-compound library (NTP87),
consisting of known and suspected developmental neurotoxicants, in the asexual
freshwater planarian Dugesia japonica. Planarians are invertebrates of intermediate neural and anatomical complexity compared to nematodes and zebrafish and
have tractable, evolutionarily conserved neuronal circuits. Planarians uniquely allow
for direct comparison of xenobiotic effects on the adult and developing nervous
systems. For asexual D. japonica, which reproduce via fission, neuroregeneration
is the sole method of neurodevelopment and shares conserved key events with
vertebrate neurodevelopment. Using the NTP87, we demonstrated that planarian HTS can identify known (developmental-) neurotoxicants and adds complementary value to screens in developing zebrafish (SOT Paper of the Year 2019).
Here, we asked whether using state-of-the-art computational approaches could
increase sensitivity and specificity of planarian HTS to identify neurotoxicity and
DNT using the NTP87. Machine learning was used to automatically score body
morphology, which - with >25,000 planarians used in the NTP87 screen - would
have taken months of painstaking manual analysis. In addition, 4 new automated
behavioral readouts to assess planarian motility and anxiety were added. In total,
we now assess 17 distinct endpoints evaluated at 5 concentrations, which allows
us to identify potential neurotoxicants and to distinguish between neurotoxicity and
DNT in adult and developing planarians. Moreover, the increased dimensionality of
this phenotypic screen, assessing both planarian morphology and behavior, allows
for differentiation of chemical domains and for evaluation of the performance
(sensitivity and specificity) of planarian HTS for specific chemical domains.

4193

Cryopreservation of Human Precision-Cut Lung Slices
Provides an Immune Competent, Pulmonary Test System for
“On-Demand” Use

H. P. Behrsing1, A. F. Wahab1, L. Ukishima1, J. Alvarez1, K. Battle1, A. J. Clippinger2, A. O.
Stucki2, and V. Patel1. 1Institute for In Vitro Sciences Inc., Gaithersburg, MD; and 2PETA
International Science Consortium Ltd., Stuttgart, Germany.
Human precision-cut lung slices (hPCLS) are a highly relevant 3-dimensional
model of the lung. They offer native architecture of the lung, including respiratory
parenchyma, small airways, and immune competent cells involved in inflammatory and sensitization processes. Laboratories report long term hPCLS cultures (≥4
weeks) and results that reflect key events in lung disease progression in relevant
adverse outcome pathways (AOP). However, a primary deficit of this model is
human donor lung availability for research and the limited testing possible with
a single donor’s tissue. Using refined methodology, modified tissue slicers, and a
specialized buffer specifically designed to store hPCLS frozen, these improvements
can provide >1000 hPCLS from a single donor (healthy or diseased tissue) that can
be banked long term. We compared one donor’s fresh and cryopreserved (~1 and
~8 months) hPCLS in four week cultures to evaluate short- and long-term cryopreservation on performance. At 7, 14, 21, and 28 days groups (n=6) were maintained in
medium or challenged with 1% Triton X-100 (Tx-100) or 5 µg/mL lipopolysaccharide
(LPS) for 24 hr before harvest. hPCLS were assayed for WST-8 viability and groups
split (n=3 each) for lysis for protein content analysis or fixation for H&E and IHC
(CD86, Aquaporin and Prosurfactant) histology evaluation. Collected media were
evaluated for LDH leakage measurements and multiplex cytokine analysis. Results
indicate both fresh and cryopreserved hPCLS retain equivalent biomass (209 ± 63
and 191 ± 57 µg protein/slice, respectively), viability (1.1 ± 0.2 and 1.0 ± 0.3 OD450/
slice, respectively), response to the irritant Tx-100 (90 ± 14 and 94 ± 9 % total LDH,
respectively), and retain robust cytokine responses (≤ 30-fold LPS induction) over
the 4 week period. Histology assessment showed retained cytomorphology over
28-days, using both fresh and cryopreserved hPCLS. The scarcity of human lung
tissue available for research and the inability to conduct larger scale testing has
limited the use of hPCLS as a test system for routine, high-throughput testing.
With improvements in slice creation, storage, and culture conditions the hPCLS
can be applied for larger scale testing, tissue banking, and repeat donor experimentation while retaining tissue integrity and functionality. These improvements
position hPCLS as an accessible, human-relevant, pulmonary test system suitable
for testing inhaled materials, evaluating key events in AOP, and the evaluation of
therapeutics “on demand.”

4194

Gene Expression and Biotransformation Activity of HepaRG
Cells Cultured in a Liver-on-a-Chip Device Compared with Static
Culture Conditions

L. P. Duivenvoorde, J. Louisse, N. E. Pinckaers, T. Nguyen, and M. van der Zande.
Wageningen Food Safety Research, Wageningen University and Research, Wageningen,
Netherlands.
Organ-on-chip (OOC) concepts are promising to improve current in vitro models.
Flow conditions have been shown to be important in improving longevity and
functionality of primary hepatocytes, but the impact of flow on liver cell lines is
largely unknown. The aim of this study was to develop a liver-on-a-chip model
based on human liver HepaRG cells with a high relevance for biotransformation
and chronic exposure studies. The morphology, expression of genes encoding CYP
enzymes and transporter proteins, and CYP1 and CYP3A4 activity was studied
during 8 weeks of culture in HepaRG cells. The cells were cultured under flow
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conditions in an OOC-device versus conventional “static” culture conditions. The
performance of the OOC system was also characterized against primary hepatocytes. For both flow and static conditions, cellular morphology was analysed weekly
using confocal microscopy showing the presence of hepatocytes, biliary cells,
and bile canaliculi during the entire period. RNA expression of various metabolic
enzymes and transporters was assessed in HepaRG cells at the start and end of
the full differentiation period (week 4 and 8, respectively) and in primary hepatocytes. Cells cultured under flow conditions in the OOC-device showed more
stable gene expression levels over time compared with cells cultured under static
conditions. Furthermore, the gene expression levels of the HepaRG cells cultured
in the OOC-device were more similar to gene expression levels in human primary
hepatocytes than HepaRG cells cultured under static conditions. Metabolic activity
of CYP1 and CYP3A4, with and without stimulation with TCDD (induction of CYP1)
and rifampicin (induction of CYP3A4), showed a higher baseline CYP1 activity, but
a decrease in baseline CYP3A4 activity under flow conditions compared to HepaRG
cells cultured under static conditions. In summary, HepaRG cells can be successfully grown under dynamic conditions in an OOC-device maintaining their morphology. The HepaRG cells cultured in the OOC-device showed to be more stable than in
static cultures and they maintain metabolic activity up to 4 weeks after full differentiation, being a promising in vitro model to study hepatotoxicity of chemicals upon
chronic exposure.

4195

High Content Imaging Analysis for the Testicular Toxicity
Prediction Using an 87-Compound Library in a ThreeDimensional Testicular Cell Co-culture Model

L. Yin1, R. Wang2, Z. H. Hsiao1, and X. Yu2. 1Reprotox Biotech LLC, Albuquerque, NM; and
2University of New Mexico, Albuquerque, NM.
This study aims to develop a novel in vitro alternative testing platform for male
reproductive toxicity to support the principle of reducing, replacing and refining,
and reducing the time and costs associated with costly reproductive toxicity
testing. In our previous study, we developed an in vitro three-dimensional (3D)
testicular cell co-culture model (3D-Testis) and observed a strong correlation
between the in vitro IC50 and in vivo rLOAEL with 32 tested compounds. This
study integrated the 3D-Testis model with a High-content image-based single-cell
phenotypic analysis and tested an 87-compound library to validate this in vitro
model. This 87-compound library provided by the National Toxicology Program
(NTP) included known and suspected toxicants such as flame retardants, drugs,
industrial chemicals, polycyclic aromatic hydrocarbons (PAHs), pesticides as well
as negative controls. The co-cultured cells were treated with 87 compounds in a
wide range of doses (1-100 µM), and the multi-parametric high-content analysis
(HCA) was conducted. High-content assays included multiple endpoints of adverse
outcome pathways, including nuclear morphology, DNA synthesis, DNA damage,
and cytoskeleton structure. Compounds were ranked by potency on individual
endpoints and selectivity of adverse outcome signaling pathways for hazard prioritization. None of the presumptive negative controls and vehicle controls were
shown toxicity in the model. Dose-dependent changes of these known reproductive toxicants were observed. Furthermore, we found differential toxicity profiles
were potentially associated with their unique mechanisms of toxicity. This study
not only validates the efficiency of this in vitro model but also tests the robustness and relevance of the model system with multiple endpoints associated with
adverse outcome pathways of the male reproductive system. Supported by NIEHS
R44 ES027374 and R43 ES031890.

4196

Incorporating Active Excretion via Liver or Kidney into
Physiologically Based Kinetic Models Based on In Vitro Input

A. Noorlander1, I. Rietjens1, and B. van Ravenzwaay2. 1Wageningen University and
Research, Wageningen, Netherlands; and 2BASF SE, Ludwigshafen, Germany.
New approach methodologies (NAM) for safety assessment include quantitative in vitro / in vivo extrapolation (QIVIVE) using physiologically based kinetic
(PBK) modeling applying reverse based dosimetry. As blood levels of around
70% of compounds can be well-predicted based on in vitro and in silico input for
basic kinetics, still for about 30% of compounds defining PBK-models remains a
challenge. From this 30%, for a number of compounds this challenge relates to the
role of active transporters located in the liver or kidneys in their excretion. The aim
of our studies was to incorporate active excretion in PBK-models based on such in
vitro data focusing especially on the scaling factors required to adequately translate
the data from in vitro cell systems to the in vivo situation. Active excretion can be
implemented in PBK-models using in vitro data from active transporters obtained
from primary hepatocytes or renal proximal tubule epithelial cells (RPTEC). For the
liver, in vitro data were gathered for the model compound estradiol-17β-glucuronide (E217βG) and its active transport via organic anion transporting polypeptides
using data obtained in studies with primary rat hepatocytes. The scaling factor was
defined based on fitting the PBK model-based predictions to reported experimental
data on E217βG blood levels and its cumulative biliary excretion and amounted to
129 mg protein/g liver. Renal excretion data were obtained using a human RPTEC
cell line with maintained expression of functional active transporters (SA7K)
focusing on active transport of the model compound mepiquat (MQ) chloride via

the organic cation transporter (OCT)2. A scaling factor of 21,000 mg protein/g
kidney was defined to correct for potential differences in OCT2 activity in the SA7K
cells and in vivo kidney cortex and species differences. The presence or absence of
renal active transport showed the substantial contribution of the active transport
of MQ on its blood levels. Thus, the work presents proofs-of-principle for incorporating active renal/hepatic excretion into PBK-models based on in vitro quantified
kinetics facilitating in silico predictions of blood levels. The approach provides a
step forward into tackling part of the last 30% of the compounds to be included in a
NAM for non-animal based safety assessment.

4197

Evaluation of the Cytotoxicity of the Mycotoxin Sterigmatocystin
in Human Neuroblastoma Spheroids: A Comparison between 2D
and 3D Systems

V. Zingales1, N. Torriero2, L. Zanella3, M. Fernandez1, M. Esposito2, E. Cimetta4, and
M. Ruiz1. 1Universitat de València, Burjassot, Spain; 2Fondazione Istituto di Ricerca
Pediatrica Città Della Speranza, Padova, Italy; 3University of Padua, Padova, Italy; and
4Centro di Ricerca Interdipartimentale per le Biotecnologie Innovative, Padova, Italy.
Sponsor: Y. Rodríguez Carrasco
Mycotoxins are toxic secondary metabolites of low-molecular weight produced
by filamentous fungi and characterized by the potential to cause adverse health
effects in humans and animals. In recent years, great strides have been made in
the risk assessment of several mycotoxins. However, studies aimed at evaluating mycotoxins’ cytotoxicity mainly relies on in vitro 2D cell models. Although
this approach is well-accepted as well as convenient and essential for testing the
effects of toxic substances, cytotoxic effects observed in conventional monolayer
cultures are affected by several limitations and often do not adequately resemble
the in vivo conditions. For these reasons and considering the increasing importance
of establishing a better risk assessment for mycotoxins, an in vitro 3D spheroid
model from human neuroblastoma SH-SY5Y cells was developed, optimized and
characterized to test the cytotoxic effects caused by the mycotoxin sterigmatocystin (STE). Finally, the results obtained on the 3D model have been compared
with our previous findings on SH-SY5Y monolayer cell cultures. The effect of STE
on 3D spheroids was determined evaluating spheroid morphology by microscope
observation and 3D cell viability by MTT and ATP assays. Increasing concentrations of STE induced morphological changes and a cell viability decrease in
SH-SY5Y spheroids. STE also induced apoptosis as confirmed by immunofluorescence staining, flow cytometry and western blot. Increased ROS generation, as
well as DNA damage were also observed. Comparing the results obtained with our
previous findings, the present study confirmed the cytotoxicity of STE and its ability
to induce apoptosis, oxidative stress and DNA damage in SH-SY5Y cells, both in
2D and 3D cell cultures. However, the SH-SY5Y-derived spheroids demonstrated
considerably greater resistance to the toxicity of STE compared to 2D cells, as
higher concentrations and exposure times were needed to cause toxic effects in
the 3D system compared to the 2D system. Overall, our findings demonstrated
the important influence of the microenvironment in toxicology investigation and
provided a more realistic portrait of STE cytotoxicity using a system resembling in
vivo-like cell behaviour. Acknowledgments: This work was supported by the Spanish
Ministry of Science and Innovation project (PID2020-115871RB-I00).

4198

How Well Do Defined Approaches Predict the Human Skin
Sensitization Potential of Previously Untested Chemicals?

D. A. Kidd1, M. Chilton2, D. MacMillan2, W. Drewe2, K. Coates1, D. Bramham1, and T.
Jones1. 1Labcorp Drug Development, Harrogate, United Kingdom; and 2Lhasa Limited,
Leeds, United Kingdom. Sponsor: A. Oliveira
Driven by advances derived from the Adverse Outcome Pathway, several New
Approach Methodologies (NAMs) for predicting skin sensitisation are included
within the Organisation for Economic Cooperation and Development’s (OECD)
test guidelines. The first OECD test guideline on defined approaches (DAs) was
recently published (OECD TG 497, 2021), which describes how to combine in silico,
in chemico and/or in vitro data to predict skin sensitisation hazard and potency
sub-classification. A key criterion for the acceptance of these DAs was an evaluation of their performance against animal and human reference data, to ensure they
are suitably predictive as replacements to animal testing. The approved DAs (2o3,
ITSv1, ITSv2) showed high balanced accuracies for both hazard identification and
GHS potency subcategorisation, and in all cases they predicted the human sensitisation data more accurately than the animal assay did. The aim of this project was
to generate novel NAM data for a group of chemicals which have a known sensitisation potential in humans but have not been previously tested using the NAMs.
DPRA, KeratinoSens™ and h-CLAT data were generated for 21 chemicals, including
12 human sensitisers (3 were Cat 1A) and 9 non-sensitisers. These data were then
used to assess the approved DAs (OECD TG 497) and Lhasa Limited’s own DA.
The results show 1) When considering hazard prediction i) In almost all cases,
the DAs gave a conclusive prediction of sensitisation (19/21 for 2o3, 19/21 for
ITSv1, 18/21 for ITSv2 and 20/21 for Lhasa’s DA); ii) ITSv1 had a balanced accuracy
which matched the figure published in OECD TG 497 (67%) while the 2o3 and ITSv2
showed a lower performance (51% and 54%), Lhasa Ltd.’s DA balanced accuracy
was 70%; iii) DAs which incorporate in silico had a higher sensitivity compared
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to the 2o3 DA (70 to 90% vs. 58%): 2) When considering GHS potency prediction
(Cat 1A / Cat 1B versus NC) i) ITSv1 and ITSv2 had a high number of conclusive
predictions (18/21 and 19/21), although their accuracy (53% and 44%) was lower
than that reported in OECD TG 497; ii) Lhasa Ltd.’s DA had a higher accuracy (73%),
although based on a smaller number of conclusive predictions (15/21). These NAM
data may be valuable reference data when further exploring the human predictivity
of various DAs based on these NAMs across a wider range of chemicals.

4199

Ozone Responsive Gene Expression as a Model for Describing
Repeat Exposure Response Trajectories and Interindividual
Toxicodynamic Variability In Vitro

E. C. Bowers1, E. M. Martin2, A. M. Jarabek3, D. S. Morgan4, H. J. Smith1, L. A. Dailey4,
E. R. Aungst4, D. Diaz-Sanchez4, and S. D. McCullough4. 1University of North Carolina
at Chapel Hill, Chapel Hill, NC; 2NIEHS, Research Triangle Park, NC; 3US EPA, Research
Triangle Park, NC; and 4US EPA, Chapel Hill, NC.
Inhaled chemical/material exposures are a ubiquitous part of daily life around the
world. There is a need to evaluate potential adverse effects of both single and
repeat exposures for thousands of chemicals and an exponentially larger number
of exposure scenarios (e.g., repeated exposures). Meeting this challenge will
require the development and use of in vitro new approach methodologies (NAMs);
however, two major challenges face the deployment of NAMs in risk assessment
are (1) characterizing what apical outcome(s) acute assays inform regarding the
trajectory to long term events, especially under repeated exposure conditions, and
(2) capturing inter-individual variability as it informs considerations of potentially
susceptible and/or vulnerable populations. To address these questions, we used a
primary human bronchial epithelial cell air-liquid interface model exposed to ozone
(O3), a model oxidant and ubiquitous environmental chemical. Here we report that
the induction of the O3-responsive pro-inflammatory genes IL-8, IL-6, HMOX1, and
COX2 is attenuated in repeated exposures, despite similar effects of single and
repeated exposures on reductions in epithelial barrier integrity. Thus, demonstrating that single acute exposure outcomes do not reliably represent the trajectory of
responses after repeated or chronic exposures and that differences between single
and repeated exposure outcomes in general functional endpoints (i.e., TEER) are
not necessarily reflective of all exposure-responsive and adverse outcome relevant
endpoints. Further, we observed 10.1-, 10.3-, 14.2-, and 7-fold ranges of induction
of IL-8, IL-6, HMOX1, and COX2 transcripts, respectively, within in our population of
25 unique donors. Calculation of sample size estimates that indicated that 27, 24,
299, and 13 donors would be required to significantly power similar in vitro studies
to identify a two-fold change in IL-8, IL-6, HMOX1, and COX2 transcript induction,
respectively, to inform considerations of the uncertainty factors to reflect variability
within the human population (UFH) for in vitro studies. Overall, this study identified
key considerations that need to be addressed to support the successful integration and sustainability of the use of NAMs for chemical decision making. Does not
reflect US EPA policy.

4200

Evaluation of EpiAirway as a New Approach Methodology
(NAM) to Waive Acute Vertebrate Inhalation Toxicity Testing for
Formulated Products

M. M. Hargrove1, A. Charlton1, W. Masinja1, A. Rae2, A. H. Hofstra1, J. Wallace2, D.
C. Wolf1, and E. F. McInnes1. 1Syngenta Crop Protection LLC, Basel, Switzerland; and
2Charles River, Edinburgh, United Kingdom.
Acute inhalation toxicity animal testing is required for pesticide formulated
products. Currently, there is no specific NAM that can be used to replace the
standard acute rat inhalation toxicity study for crop protection product safety
evaluation. In response to USEPA 2035, there is a growing desire to develop NAMs
to inform inhalation risk assessment of agrochemicals which are not reliant upon
rodent tests. In vitro methods such as EpiAirwayTM have been used to detect
airway damage and acute irritation potential for agrochemicals. In this study, three
formulated pesticide products: Bravo®, Quadris® and Callisto® were evaluated using
EpiAirwayTM and the results were compared with previous acute and repeat-dose
rat in vivo inhalation studies. Evaluation of irritation potential and tissue damage
was determined by measuring transepithelial electrical resistance (TEER), lactate
dehydrogenase (LDH) release, resazurin metabolism, and histopathology. Three
replicates of each product for three hours at six concentrations (20, 200, 632,
2000, 6325 and 20000 µg/mL) was applied to the EpiAirwayTM tissues. A vehicle
control, positive control (1 and 14.7 mg/mL formaldehyde) and untreated air liquid
interface (ALI) controls were tested in parallel. Control treatments performed as
expected for each endpoint. Exposure to the three formulated products indicated
a dose-response in TEER corresponding with the existing in vivo data. A marked
response was observed with Bravo®. LDH release was comparable to untreated
or vehicle controls for all products. Reduced resazurin metabolism was observed
with increasing concentrations of Bravo®. No effect on resazurin reduction was
observed following EpiAirwayTM tissue exposure to Quadris® and Callisto®. In the
context of this study, the TEER endpoint was the most sensitive indicator of toxicity.
These results suggest the study design requires optimization to detect effects

based on the other endpoints. Collectively, this pilot study provides data about the
potential of the EpiAirwayTM assay to predict acute inhalation toxicity from known in
vivo respiratory hazards using TEER.

4201

Comparison of In Vivo BrdU Labeling Periods in the LLNA

M. Bobiak, V. Smith, R. Koch, and G. DeGeorge. MB Research Laboratories,
Spinnerstown, PA.
The Local Lymph Node Assay (LLNA) quantifies the potency of dermal sensitizers
through the measurement of DNA synthesis among lymphocytes within the lymph
node draining the exposure site. As codified in OECD TG 429, the LLNA relies on
the incorporation of 3H-labeled thymidine over 5 hours as the measure of DNA
synthesis and thus cellular proliferation. Non-radioactive in vivo labeling techniques
using bromodeoxyuridine (BrdU) have largely supplanted radiometric methods.
OECD TG 442B recognizes both ELISA- based and flow cytometry (FCM)-based
detection of BrdU incorporated over 24 hours as validated methods for the calculation of the stimulation index (SI) of dermal sensitizers, however a direct comparison of 24 hour and 5 hour labeling periods is not available. We compared the
SI values determined elicited by 25% α-hexylcinnamaldehyde (HCA) or 0.15% 2,4
dinitrochlorobenzene (DNCB) using flow cytometry and ELISA- based detection
methods following BrdU labeling periods of 5 hours or 24 hours. We demonstrate
that the moderate sensitizer HCA shows no statistically significant difference in SI
values when BrdU is incorporated over 24 hour or 5 hour periods prior to euthanasia regardless of measurement method (SIFCM24= 5.4 versus SIFCM5= 9.0, (P>0.05);
SIELISA24= 5.7 versus SIELISA5= 5.1, (P>0.05)). We further demonstrate that the SI
value of the strong dermal sensitizer DNCB is better predicted by flow cytometric
analysis (SIFCM24= 8.2 versus SIFCM5= 10.8, (P>0.05)) than the ELISA- based method
(SIELISA24=3.9 versus SIELISA5= 9.7, (P<0.05)). This represents the first direct comparison of the non-radiometric LLNA methods using labeling periods associated with
OECD TG 429 and OECD TG 442B.

4202

Organic Solvents Alter Gene Expression Pattern in Human
Precision-Cut Liver Slices

L. Elenschneider1, M. Wehr1, A. Braun1, J. Fangmann2, and T. Hansen3. 1Fraunhofer
Institute for Toxicology and Experimental Medicine, Hannover, Germany; 2KRH Siloah
Hospital, Hepatobiliary Surgery, Hannover, Germany; and 3Fraunhofer ITEM, Hannover,
Germany. Sponsor: A. Bitsch
The hepatotoxicity of N,N dimethylformamide (DMF) and N,N dimethylacetamide
(DMA) , two organic solvents widely used in industrial processes, is well known,
but the exact mechanisms in humans remain poorly understood. To provide some
insight into the underlying processes, human precision-cut liver slices (hPCLiS) as
a valuable ex vivo model, were treated over 24 hours with these solvents at 100 mM
and the effect on gene expression was examined using a targeted high-throughput
transcriptomic approach. Cytotoxicity were determined by measuring the release
of aspartate transaminase (AST) and glutamate dehydrogenase (GLDH), in this
context neither parameter indicated a profound loss in viability. At these sub-cytotoxic concentrations about 50 differentially expressed genes (DEGs) were detected
upon DMF treatment. The majority were down-regulated, including genes associated with extracellular matrix organization, immune system and signal transduction. Among the up-regulated DEGs, in particular genes involved in pathways like
cell cycle, Transcription, DNA repair or replication and stress responses could be
identified. In contrast, DMA exposure had a significantly bigger impact on gene
expression, resulting in over 600 differentially expressed genes. Similar to DMF,
most genes were down-regulated and fell into the categories immune system,
extracellular matrix organisation, and signal transduction. On the other hand, genes
linked to cellular senescence, cell cycle and DNA repair or replication were upregulated. Overall, the results point to a similar mechanism underlying the hepatotoxicity of the two solvents, in which stress-related DNA damage could play a role.
Acknowledgment: This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No
681002 (EU-ToxRisk).

4203

Characterizing Intra-human Variation in Common Toxicity
Endpoints in Differentiated Primary Bronchial Epithelial Cell
Cultures

A. Simmons1, N. Mallek1, E. Aungst2, and S. D. McCullough2. 1University of North
Carolina at Chapel Hill, Chapel Hill, NC; and 2US EPA, Chapel Hill, NC.
The use of primary human bronchial epithelial cells (pHBECs) has increased in
recent years because they can be differentiated under air-liquid interface (ALI)
culture conditions and offer greater in vivo physiological relevance than their cell
line counterparts. pHBEC ALI models may also provide insight into the intra-human (i.e., within the human population) variation in response to test agents that
cannot be addressed by isogenic cell lines or inbred rodent strains. These models
also provide the opportunity to incorporate complex concepts such as individual
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susceptibility into in vitro testing approaches. Fundamental challenges facing the
interpretation of toxicity data from these models are 1) a lack of consensus on
the normal range of variation in commonly used endpoints and 2) a poor definition of the magnitude of an exposure-induced change required for an effect to
be considered pathologic. We sought to characterize the pre- and post-exposure
ranges of variability for mature culture morphology after single- and repeated-acute
exposures using trans-epithelial electrical resistance (TEER), ciliary beat frequency
(CBF), and oxidative stress-associated gene expression in organotypic in vitro
bronchial tissues constructed from donor-matched, co-cultured pHBECs and human
lung fibroblasts. Preliminary experiments revealed that co-cultures eliminated the
formation of cyst-like structures in the epithelium and promoted functional and
molecular divergence that epithelial mono-culture does not recapitulate. pHBECs
also exhibit similar cell-type diversity, CBF, and viability characteristics; however,
donors exhibit disparate mature TEER values and oxidative stress endpoints, most
notably a significant decrease in HMOX1 gene expression after repeated exposure
to a household concentration of ambient acrolein, which supports an adaptation
response that requires future research. Future work will characterize and identify
applications of this model that advance our ability to recapitulate and detect
inter-individual variability in vitro, determine the implications for environmental
justice research, and assess the potential to replace aspects of current animal
models. Does not reflect US EPA policy.

4204

Identification of a Gastrointestinal (GI) Toxicity Gene Signature
from Common Chemotherapeutic Agents using Organoids and
GI-Tissue

A. Marine-Bonavita, V. Ubertini, G. Tudor, F. Philips, B. Reed, G. Beale, and C. Booth.
Epistem Ltd., Manchester, United Kingdom. Sponsor: B. Reed, American Association for
Cancer Research
Many compounds commonly used as chemotherapeutic agents have dose-limiting complications due to toxicity. GI toxicity is one of the most common adverse
effects. Symptoms include diarrhoea, dehydration and ulceration which increases
the susceptibility to infection partly due to epithelial damage causing impaired
barrier function. The evaluation of GI toxicity in novel therapeutics is crucial for
future development pipelines. Human and mouse organoids were exposed to
chemotherapeutic agents known to cause GI toxicity (CPT11 and Iressa for 8 hours
at a range of concentrations). The organoids were lysed, RNA extracted and an
RNA-Seq library was generated. Samples were sequenced using 2 x 75bp PE reads.
For in vivo assays mice were treated with 50 or 100mg/kg CPT11 for 4 or 8 hours
before small intestine (SI) tissue was removed for RNA-Seq analysis. Mice were
also treated with 100, 200 or 400mg/kg Iressa for 8 or 24 hours and SI collected
for RNA-Seq analysis. Sequences were aligned to the relevant genomes using
BWA and normalised using DESeq2. Normalised gene counts were analysed using
Partek Genomics Suite and Ingenuity Pathway Analysis (IPA) was used for gene
set enrichment (GSEA) and pathway analysis of differentially expressed genes.
For all treatments and time points the mechanism of action (MOA) of each agent
was evident from the GSEA and pathway analysis. CPT11 induced DNA damage
and cell cycle arrest in organoids and mouse tissue, whereas Iressa demonstrated
downregulation of cell cycle and chromosomal replication and mitotic genes.
Analysis of toxicity pathways in IPA identified a number of differentially expressed
genes that were consistent with increased toxicity. A gene signature was identified
and a scoring system used to demonstrate signature engagement. This signature
was activated in all treated samples in both organoid and SI tissue treated with
CPT11 or Iressa, irrespective of the MOA of both agents. Furthermore, this
signature could be engaged in organoids and could be an alternative method for
GI toxicity testing. Further analysis of this signature in gene expression studies
from GI toxicity inducing agents submitted to the NCBI Gene expression omnibus
(GEO) demonstrated that the signature was activated with a variety of agents with
different MOA’s such as NSAIDs, gamma-secretase inhibitors, CDK8/19 inhibitors
and CAR-T-cells.

4205

Metabolic Competency of an Airway Organotypic Culture Model

V. Colvin, K. Bastin, L. Siddens, M. Maier, D. Williams, and S. Tilton. Oregon State
University, Corvallis, OR.
Polycyclic aromatic hydrocarbons (PAHs) are formed during incomplete combustion processes from cigarette smoke, diesel exhaust, and wood burning, and
some have been associated with several forms of cancer, including lung. PAHs
are bioactivated into their reactive metabolites by metabolizing enzymes in the
body to cause mutations and altered gene signaling leading to tumor growth.
The airway epithelium is a primary route of exposure for inhaled toxicants and
3D organotypic culture models represent an important advancement for toxicity
testing compared to traditional in vitro models that lack metabolic capability and
multicellular structure/communication associated with the bronchial epithelium
in vivo. However, limited data exists regarding the metabolic capacity of these
cells, which limits their use in quantitative studies for assessment of dosimetry
or predictive modeling of toxicity compared to in vivo studies. Therefore, primary
human bronchial epithelial cells (HBEC) cultured in 3D at the air-liquid interface
were utilized as a model for PAH inhalation toxicity. A number of comparative

approaches have been utilized to assess the metabolic competency of HBEC after
treatment with benzo[a]pyrene (BaP, 10-50 µg/mL). Benchmark modeling was
used to analyze global gene expression data for identification of dose-response
sensitive genes and pathways. BaP treatment had a significant effect on DNA
damage, xenobiotic response, and oxidative stress pathways, and qPCR confirmed
dose-dependent changes for several Phase I and II enzymes. Preliminary UPLC
and P450-glo activity data show the formation of BaP metabolites present in cells
and media as well as increased CYP1A1 activity after BaP treatment, respectively.
Future studies will apply the CometChip assay to evaluate PAH metabolite-induced
DNA damage and activity-based protein proteomics methods to study metabolic
enzyme activity and evaluate the correlation with gene expression and metabolite
data. Overall, this study will help determine the relevance of in vitro 3D primary
culture models for chemical toxicity evaluation in the lung.

4206

Acute Exposures to Methyl Ethyl Ketone, Health Effects, and
Safety Guidance for Occupational Settings

S. Chittiboyina. NIOSH, Cincinnati, OH.
Methyl ethyl ketone (MEK), also known as 2- butanone, is a colorless industrial
solvent with a sharp odor that is used in surface coating, synthetic resins, artificial leathers, and glues. MEK is often used in mixtures with acetone, toluene, or
alcohols. Acute exposure to MEK in humans has been reported to cause irritation to eyes, nose, and throat in addition to neurological effects such as depression, nausea, and headache. Acute exposures, defined as a single exposure or an
exposure for a short duration of time might sometimes be lethal or pose immediate
danger to health. The National Institute for Occupational Safety and Health (NIOSH)
develops immediately dangerous to life or health (IDLH) values to identify air
concentration levels that are lethal and may cause adverse health effects and at/
above which workers must escape from the contaminated environment. Findings
from a series of NIOSH-sponsored human experimental studies report that at
exposure concentrations of MEK ranging from 200-400 ppm for 2-4 hours duration,
there were no significant neurobehavioral effects based on psychomotor tests for
choice reaction time, visual vigilance, and self-reported mood states. There was no
report of irritation to throat, tearing of eyes, or headache and nausea except for the
report of a strong odor. However, animal studies have shown that MEK exposures
to 10,000-30,000 ppm for 10- 30 minutes are associated with a 50% decrease in
respiration (RD50) and lack of response to stimulus. At higher concentrations of
65,000 ppm for 45 minutes, 50% of the animals are reported dead (LD50). Based
on evaluation of toxicological evidence, including dose-response information from
human and animal studies, we have assessed the toxicological endpoints for
acute exposure to MEK as respiratory irritation, neurobehavioral effects, and lethality at very high doses. After conducting a risk assessment using LD50 data from
animal studies, adjusting exposure time to 30 minutes, and applying appropriate
uncertainty factors, the current IDLH value is set at 2650 ppm. For acute sensory
irritants like MEK, RD50s might be appropriate to rank the potency and establish
exposure limits. Hence, our future goal is to assess the applicability of RD50 and
evaluating appropriate uncertainty factors to assess an IDLH for MEK that is more
protective to workers in occupational settings.

4207

A Novel, Human-Relevant Replacement Screening Alternative to
Animal Testing for Environmental Chemicals

M. K. Vera-Colón, J. V. Madrid, D. Zamora, N. R. Sparks, and N. I. zur Nieden. University
of California Riverside, Riverside, CA.
Reports indicate a whopping 5% of birth defects are affecting the musculoskeletal system. Exposure to chemicals released from everyday sources are largely
overlooked as a cause of birth defects. Ideally, evaluation of new toxicants would
be tested on a multitude of species, however human embryonic exposure is clearly
not ethical. Current assessments extrapolated to human exposure consists of in
vivo rodent model systems, in vitro embryotoxicity assays, and in silico prediction programs. Yet, these methods remain in need of a higher predictivity rate
on humans. In addition, while the above-mentioned methods are considered
standard for screenings, they remain labor- and cost-intensive and require sacrificing pregnant animals to recover embryos. With the advent of human pluripotent
stem cell models and their application to derive bone cells, it has now become
possible to leverage these cells for risk assessment associated with environmental
exposure. Here we present results from screening a bank of 18 training chemicals
with known effects to the skeleton. These chemicals, including 4 reference
chemicals, were selected from the ToxCast I library to establish reliable parameters
that would allow us to statistically group toxicants based on their embryotoxicity.
Cells were concomitantly exposed to the selected chemicals during differentiation to osteoblasts to obtain half-maximal inhibitory concentrations based on two
endpoints: cytotoxicity (MTT assay) and matrix calcification. The latter was used to
indirectly quantify the amount of mature, functional bone-forming osteoblasts from
a calcium assay, normalized to protein content of the cultures. All half-maximal
inhibitory concentrations were then related to a half-maximal inhibitory concentration obtained from exposing fully differentiated fibroblasts. This was done using
three Fisher functions developed for mouse cells. Using this biostatistical model,
we were able to correctly categorize 11 chemicals based on their known in vivo
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embryotoxicity, demonstrating the need for prediction models better suited for a
human cell-based screening assay. Indeed, a canonical plot was able to categorize
all 18 chemicals based on their known in vivo embryotoxicity. Together, therefore,
these endpoints will provide reliable assessment of the formation of bone-forming
osteoblasts, or lack thereof, depending on chemical exposure going forward. When
complete, this project will be able to implement a reformed, reliable method to
replace animal testing.

4208

Modification in Procedure of the Reconstructed Human
EpiDermis (RhE) Phototoxicity Assay

G. Price, K. Arthur, S. Weiger, and A. Hilberer. Institute for In Vitro Sciences Inc.,
Gaithersburg, MD.
The reconstructed human epidermis (RhE) model has been used for decades to
address photosafety testing needs for ingredients and final formulations. The RhE
is prepared using human keratinocytes grown at air liquid interface (ALI) to create
a multi-layer tissue with a functional stratum corneum that models the outer layer
of human skin. To address photoirritation, a test material is topically applied to the
tissue for a sufficient time, the tissues are exposed in the presence and absence of
UVA light (6 J/cm2), followed by an overnight post-exposure incubation after which
viability is assessed. A comparison of the relative viability of tissues exposed in the
presence and in the absence of light is made. A test material is considered to have
phototoxic potential if the viability of the light exposed tissues is reduced by ≥30%.
In 2021, the OECD adopted test guideline 498: In vitro Phototoxicity - Reconstructed
Human Epidermis Phototoxicity test method. Six reference materials identified in
TG 498 (3 known photoirritants and 3 non-photoirritants) were evaluated at three
concentrations and under two conditions: the test material was removed prior to
irradiation (i.e., pre-rinse) or after irradiation (i.e., post-rinse). A post-rinse approach
is described in TG 498 unless the test material characteristics (e.g., cloudy) would
interfere with the light exposure, in which case a pre-rinse approach is prescribed.
The photoirritants (chlorpromazine, anthracene, and bergamot oil) induced >30%
reduction in viability in light exposed tissues in at least one concentration under the
pre- and post-rinse conditions. For example, the reduction in viability for chlorpromazine at 0.02% was 56.6% (pre-) and 45.6% (post-); anthracene at 0.1% was 84.8%
(pre-) and 83.8% (post-); and bergamot oil at 10% was 60.4% (pre-) and 67.7%
(post-). The non-photoirritants (SDS, octyl salicylate, and PABA) did not produce
a >30% reduction in viability at any concentration using the post-rinse approach.
However, at the 3% concentration, PABA resulted in a prediction of phototoxicity (46.3% reduction in viability) using the pre-rinse approach. The post-rinse
approach reduction in viability was -6.0%. While all photoirritants were correctly
predicted using either rinsing approach, the PABA (non-photoirritant) was predicted
as phototoxic at one concentration using the modified rinsing approach. Further
investigation is needed to understand if the modified rinsing approach impacts
assay sensitivity.

4209

Classification of Agrochemicals for Eye Irritancy Potential Using
the IVD EIT (In Vitro Depth of Injury Eye Irritation Test)

S. J. Lebrun1, L. Nguyen1, S. Chavez1, and J. V. Jester2. 1Lebrun Labs, Anaheim, CA; and
2University of California Irvine, Irvine, CA.
The IVD EIT method uses food source animal or human cadaver eyes incubated
under tissue culture conditions for 24 hours. To improve accuracy, the method
has been updated to include a “metabolic” procedure to be used in addition to the
“direct” procedure. Globally Harmonized System of classification and labeling of
chemicals (GHS) and Environmental Protection Agency (EPA) prediction models
were established with 32 non-agrochemicals distributed between all classes.
The purpose of this study was to evaluate the method for detection of 16 coded
agrochemicals provided by the National Toxicology Program (NTP). For the GHS
Not Classified (NC) vs. 2, 1 prediction, the accuracy was 93.8%, the sensitivity
was 100.0%, and the specificity was 87.5%. For the GHS category 1 prediction, the
accuracy was 100.0%, the sensitivity was 100.0%, and the specificity was 100.0%.
For the EPA IV vs. III, II, I prediction, the accuracy was 87.5%, the sensitivity was
88.9%, and the specificity was 85.7%. There was one false negative chemical which
was an EPA Category III. For the EPA IV/III vs. II/I prediction, the accuracy was
93.8%, the sensitivity was 100.0%, and the specificity was 87.5%. For the I vs. IV, III,
II prediction, the accuracy was 93.8%, the sensitivity was 85.7%, and the specificity was 100.0%. There was one false negative that was a borderline Category I
(Depth of Injury = 23.6%); if the result was >25% then it would be predicted as
an EPA Category I. Results suggest that the IVD EIT test method may be a highly
accurate, in vitro test method that can be used to classify agrochemicals for the
least and most irritating classifications. Further studies with more middle classification agrochemicals are needed to determine if the method detects the full range
of agrochemical related ocular irritancies and to establish human relevance by
comparing food source animal eyes with human cadaver eyes. Research reported in
this project was supported by the National Institute of Environmental Health Sciences
of the National Institutes of Health under Small Business Innovative Research Grant
Award Number R43ES031881 and Research to Prevent Blindness (RPB 203478). The
content is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health.

4210

Development of Prostate Tumor Organoids

J. Osborn, and A. Nguyen. Texas Tech School of Veterinary Medicine, Amarillo, TX.
Three-dimensional cellular culture can be used to create in vitro organoid models of
cancerous tumors, providing a model for high-throughput anti-cancer drug screening without the need for live animal experimentation. Peptide-based hydrogel has
been used to form three-dimensional spheroids from patient-derived cancer cells.
However, these spheroids formed were of one cell-type population, and an organoid
model requires multiple cell-types to reflect the heterogeneous nature of an in vivo
cancerous tumor. Thus, peptide cell linkers were designed to facilitate the growth
of heterogenous spheroids. In this study, the goal was to create heterogeneous
spheroids of prostate tumors. Eight peptide cell linkers were designed to target
cell surface signals of the epithelial and endothelial cells. A combination of DU-145
(ATCC HTB-81) human prostate carcinoma and HUVEC (ATCC CRL-1730) normal
human endothelial in a 1mM of hydrogel mixture were treated with cell linkers and
maintained cell culture for 23 days. Microscopic images were captured throughout
the treatment period, providing the growth rate of the heterogeneous spheroids
consisting of cancer cells and normal, non-cancerous cells. Results show that all
peptide linkers formed heterogeneous spheroids. Peptide linker containing RGD
sequence and integrin binding domain increased vimentin expression 17-fold, and
beta-catenin expression 10-fold compared to the control, corresponding to an
increased cancer aggressiveness. Development of heterogenous spheroids from
two cell-types provides insight into creating more complex organoid models using
multiple cell-types that reflect the interaction of cancerous tumors with normal
body tissue.

4211

devTOX quickPredict Accurately Predicts the Developmental
Toxicity Potential of the ICH S5(R3) Guideline Reference
Compounds

J. Palmer, M. R. Colwell, E. L. Donley, and R. E. Burrier. Stemina Biomarker Discovery
Inc., Madison, WI.
There have been increased efforts in the pharmaceutical and chemical industries
to incorporate new approach methods (NAMs) (in vitro, ex vivo, or in silico)
earlier in the product development pipeline prior to in vivo testing. Additionally,
new guidelines have been released by regulatory agencies that permit the use of
NAMs in conjunction with or in place of the traditional in vivo embryo-fetal development (EFD) studies. In particular, the revised S5 (R3) guideline on Detection of
Reproductive and Developmental Toxicity for Human Pharmaceuticals recently
issued by the International Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use (ICH) defines specific scenarios where
qualified NAMs can be used to defer or replace conventional in vivo testing or as
part of a weight of evidence assessment. The devTOX quickPredict (devTOXqP)
assay is an in vitro human pluripotent stem (hPS) cell-based assay that predicts
the developmental toxicity potential of chemicals based on changes in ornithine
and cystine metabolism. In this study, the devTOXqP assay was used to assess the
developmental toxicity potential of the 29 ICH-positive reference compounds and
22 negative compounds. When scored against the human therapeutic Cmax, the
assay predicted the developmental toxicity potential of these compounds with 82%
accuracy (76% sensitivity, 91% specificity). Rat and/or rabbit pharmacokinetic data
was available for 43 of the compounds tested. devTOXqP had an accuracy of 81%
(82% sensitivity, 75% specificity) when scored against the rat or rabbit in vivo NOEL
or LOEL Cmax concentration. This difference in performance is largely due to differences between the positive or negative concentration in humans, rats, and rabbits.
Seven of the ICH-positive compounds were mis-classified when scored against the
human therapeutic Cmax; however, three of these compounds require metabolism
to the suspected proximate developmental toxicant (aspirin, cyclophosphamide,
and trimethadione). Salicylic acid, aspirin’s active metabolite, was correctly classified in the assay, indicating the importance of testing the active metabolite in vitro
in addition to the parent compound when possible. The results from this study
provide further evidence of the accuracy of the devTOXqP assay and support its use
as an alternative method under the revised ICH S5 (R3) guideline.

4212

The Use of In Vitro Studies to Determine the Human Relevance:
An Example for Anti-Spermatogenic Effects in Rats

R. Gentry1, R. A. Clewell2, H. J. Clewell1, M. Linakis1, C. Easley3, J. N. Langmo3, J.
Salley1, and T. Ruecker4. 1Ramboll US Corp, Monroe, LA; 221st Century Tox Consulting,
Chapel Hill, NC; 3University of Georgia, Athens, GA; and 4Ramboll Deutschland GmbH,
Mouenchen, Germany.
We have used an in vitro approach to evaluate the mode of action (MOA) and
directly compare interspecies susceptibility for a chemical using organotypic in
vitro models of rat, non-human primate, and human spermatogenesis. In vivo,
reduced sperm counts were observed in male rats following repeated administration of 50 - 500 mg/kg/day to an industrial solvent in an OECD 422 guideline study.
However, the observed effects were not dose-dependent and the MOA for the
anti-spermatogenic effects is unknown, hindering interpretation of these data for
human risk assessments. In a subsequent OECD 443 study with a longer pre-mat-
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ing exposure, spermatogenic effects were more pronounced, suggesting effects
occurred early in the spermatogenic process. In this study, human and rat in vitro
metabolism studies were also performed, along with in vitro to in vivo extrapolation (IVIVE), to support species comparisons based on external dose (oral equivalent doses; OEDs). Dose-response data were collected in both monoculture germ
cells and a 3D seminiferous tubule co-culture model that recapitulates the interaction between somatic environment and germ cells to evaluate direct vs. indirect
MOA. The rat co-culture demonstrated dose-dependent decreases in secondary spermatocytes (OEDs >= 89 mg/kg/day), and reduced expression of mRNA
markers of spermatogonia, pachytene spermatocytes, and round spermatids (OED
= 267 mg/kg/day), consistent with the in vivo observations. In contrast, the monkey
co-culture did not show dose-dependent decreases in these mRNAs, but rather
demonstrated increasing trends. The human germ cell monoculture model showed
no toxicity at doses <= 300 uM (OED = 86 mg/kg/day). Effects observed in the rat
in vitro co-culture were not observed in the monkey at OEDs <= 1376 mg/kg/day,
which is higher than the maximum tolerated dose in the rat in vivo. These quantitative and qualitative differences in the rat and primate response to the compound
indicate that the in vivo anti-spermatogenic effects observed in the rat are unlikely
to be relevant to humans.

4213

OrbiTox: A Computational Translational Discovery Platform for
Data Mining and Read-Across

A. Ross1, A. Sedykh1, V. Gombar1, N. Kleinstreuer2, A. Merrick2, R. Shah1, and W. Casey2.
1Sciome LLC, Research Triangle Park, NC; and 2NIEHS/NTP, Research Triangle Park, NC.
As the reliance on traditional animal testing is phasing out, new approach methodologies (NAMs), such as in vitro assays and in silico methods, generate massive
amount of detailed data, which is often hard to utilize efficiently. OrbiTox addresses
this challenge by providing an interactive 3D visualization platform for a collective view of data objects from different domains (chemicals, genes, pathways,
organisms). By organizing data domains in concentric 3D globes, OrbiTox facilitates local and global navigation as well as knowledge extraction. OrbiTox houses
curated data from 900,000 substances, 22,000 annotated human targets, 1,500
curated biological pathways, and over 100 test organisms. Experimental toxicity
data are stored as 400,000 connections that represent human and rodent carcinogenicity, bacterial mutagenicity, acute toxicity, and various bioactivities. OrbiTox
also houses a panel of QSAR models for over 40 Tox21 assays and for the bacterial
mutagenicity tests in various strains and conditions. The connectivity among data
in OrbiTox allows querying from any domain. For any given chemical query, OrbiTox
identifies chemistry-aware similar chemicals using our recently published Saagar
substructures (doi:10.1021/acs.chemrestox.0c00464). In one test study, we were
able to query the fructose metabolism pathway, identify member genes of that
pathway and identify inhibitors of a member gene AKR1B1 with their IC50 values
- all in one view. The complete path-mapping functionality of OrbiTox is unique
in helping toxicologists to automatically map several search queries (chemical
substances, gene or protein names) via existing experimental connections or via
predicted relationships (QSAR models, chemical and biological similarities). Such
a suggested path can be viewed as a hypothesis for functional or mechanistic
relationship between searched entities. This feature can expand existing data
imputation methods, such as Swanson’s ABC paradigm or knowledge-graph
edge-prediction techniques. The technology underlying OrbiTox allows real-time
interaction with the data and is readily scalable to over 2 million data points. To the
best of our knowledge, the technology and functionality of OrbiTox is not available
in any other existing data graph-visualizing frameworks.

4214

Evaluation of 96-Well Insert Plates Containing 3-Dimensional
Electrospun Scaffolds as Substrates for In Vitro Tissue Models

J. Chakravarty1, R. Kassab1, K. C. Golden1, L. M. Fitzgerald1, N. F. Long1, G. R. Gaudette2,
M. D. Phaneuf1, and P. J. Hayden1. 1BioSurfaces Inc., Ashland, MA; and 2Boston College,
Chestnut Hill, MA.
In vitro cell cultures are indispensable tools in toxicological and biomedical
research, and are becoming increasingly important as researchers strive to replace
in vivo models for these purposes. However, typical plastic cultureware provides
non-physiologic 2D surfaces that are excessively rigid compared to in vivo extracellular matrix. Substrate stiffness and 3D architecture are known to be key drivers of
cell behavior, differentiation and function. Therefore, there is a growing need for
development of more physiologic 3D culture substrates for in vitro culture models.
Electrospinning technology provides the ability to produce fiber-based scaffolds
with tunable fiber diameters, stiffness, porosities and overall 3D thicknesses that
more faithfully replicate in vivo extracellular matrix and overcome limitations of
traditional substrates. The current work evaluated growth of various types of
cells on electrospun (Bio-Spun™) scaffolds produced from a variety of polymer
chemistries, fiber diameters, scaffold porosities and overall scaffold thicknesses.
The Bio-Spun™ scaffolds were produced from non-degradable polyester (PET),
polyurethane (PU) or biodegradable poly(lactic-co-glycolic acid) (PLGA) by solution
electrospinning. These scaffolds were used instead of typical film-based microporous membranes to produce HTS Transwell® 96-well support plates that confine
cell growth to the scaffold fiber surfaces. Primary human cells including coronary

artery smooth muscle cells (CASMC), coronary artery endothelial cells (HCAEC),
normal human dermal fibroblasts (NHDF) and an immortal cell line (Madin-Darby
Canine Kidney (MDCK)) were evaluated. Cell growth and viability was determined
by Alamar Blue metabolism, DNA quantitation and cell staining combined with
confocal imaging. Results show that the electrospun scaffolds efficiently supported
the growth of all cell types within and/or on the apical surface of the scaffolds. Cells
invariably migrated into and eventually spread throughout the fibrous scaffolds.
NHDF growth was the most robust compared to the other cell types on all materials. Growth of CASMSC, HCAEC and MDCK cells was also robust and comparable among all materials. These results demonstrate that Bio-Spun™ scaffolds
applied to HTS Transwell® 96-well plates offer options for development of novel
3D cell culture models with improved physiologic relevance for toxicological and
biomedical research.

4215

A Novel In Vitro Skin Irritation and Corrosion Test Framework
Designed for Antimicrobial Cleaning Products Using Phenion FT
Human Skin Model

K. E. Page1, K. Sullivan2, J. Ponder2, and W. Westerink3. 1The Clorox Company,
Pleasanton, CA; 2Physicians Committee for Responsible Medicine, Washington, DC; and
3Charles River, Den Bosch, Netherlands.
Efforts to modernize the assessment of dermal irritation and corrosion may require
solutions targeted to the types of chemicals being assessed. There are significant
structural differences between rabbit and human skin which may explain why the
rabbit test can be over-predictive of the human irritation response. Furthermore,
recent analyses indicate the rabbit test shows substantial variability, especially for
EPA class II and III compounds. Therefore evaluation of models used to assess skin
irritation and corrosion must also take the limitations of the rabbit test into account.
Models using human cells are preferable as they mimic the structure and function
of human skin. Here we present the use of human-derived 3D tissue models (including Phenion™ FT) to assess the skin irritation hazard potential of antimicrobial
finished product formulations. For these formulations, we find the EpiDerm™ model
using the OECD test guideline (TG) 439 is over-predictive of the rabbit test results;
therefore, overpredicting of an over-predicter for these formulations. An adjusted
method with EpiDerm™ using a shorter exposure time than prescribed in OECD 439
aligns more closely with expectations for non-irritants, but still classifies irritants
as more irritating than expected, when compared to animal data. Utilizing the
Phenion™ FT model we see better parity to expected irritation potential. Using the
OECD TG 431 for dermal corrosion, the EpiDerm™ model according to the guideline
is still over predictive, whereas the Phenion™ FT model appears to be under predictive of expected human response to the tested formulations. Our results provide
evidence that these models are likely more predictive of human response than
the rabbit test and provide encouraging evidence that both models can be used to
support dermal irritation and corrosion assessment of antimicrobial formulations
in humans, providing confidence of consumer protection and avoidance of animal
testing.

4216

Predictivity of Prenatal Developmental Toxicity In Vivo by Three
In Vitro Embryotoxicity Assays

B. Flick, P. Wilhelmi, I. Fort I Bru, B. Birk, R. Landsiedel, B. van Ravenzwaay, and D. FunkWeyer. Experimental Toxicology and Ecology, Ludwigshafen, Germany.
The predictive power of a single alternative method to animal experiments for
prenatal developmental toxicity is limited. The combination of different assays
offers the opportunities to include different species, combine different developmental stages as well as different complexities of target structures from the
individual assays. This might improve the predictive power for their use in screening
approaches of new chemicals and could enhance the confidence in the outcome to
a level that is accepted by authorities for decision making in the future. We investigated a set of 14 chemicals representing a balanced number of positive (n = 7)
and negative (n = 7) prenatal developmental toxic substances in three alternative
methods: First, a cell culture-based assay on non-differentiating human pluripotent
stem cells using two metabolic biomarkers. Second, a murine embryonic stem cell
test comprises fibroblasts and embryonic stem cells differentiating into cardiomyocytes. Third, a zebrafish embryotoxicity assay representing the most holistic and
complex test system using morphological endpoints. The predictivities (accuracy)
of the individual methods were 57%, 71% and 64%, respectively. The test strategy
was optimized in a stepwise approach. We started by exploiting the test systems in
terms of different evaluation parameters and analytical statistics aiming to simplify
the assays for screening purposes and to improve robustness and reproducibility
of the individual assay. Afterwards, prediction models based on different decisions
rules combining two and three in vitro embryotoxicity assays were assessed. The
first step improved the reproducibility but not the accuracy of the individual assays.
However, the second step using the three assays in a test battery or a tiered test
scheme could improve the accuracy to predict the in vivo prenatal developmental
toxicity of the selected chemicals up to 86%. This was reached by the combination
of two assays, the murine embryonic stem cell test and the zebrafish embryotox-
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icity assay. No in vivo positive substance was overlooked. The zebrafish model
additionally provided hints for potential manifestation sites of teratogenicity in
mammals.

4217

Characterization of Inflammatory Responses of an In Vitro
Human Alveolar Tissue Model Produced on High-Throughput
Transwell Plates with Electrospun Scaffolds

P. J. Hayden1, J. Chakravarty1, R. Kassab1, K. C. Golden1, N. F. Long1, L. M. Fitzgerald1,
C. Travis2, and M. D. Phaneuf1. 1BioSurfaces Inc., Ashland, MA; and 2Immugen Pharma
LLC, Miami, FL.
Excessive and uncontrolled release of cytokines triggered by infection, adverse
drug reactions or autoimmune disorders, termed “cytokine storm,” may lead to
extensive tissue damage and death. In relation to respiratory diseases such as
COVID-19, development of a cytokine storm in lung tissue has been implicated in
alveolar damage leading to acute respiratory distress syndrome (ARDS) and death.
Cytokine storm may be initiated by activation of innate immune responses in epithelial cells, endothelial cells and macrophages, leading to acute release of cytokines
and subsequent overwhelming influx of immune cells that cause tissue damage.
Elevated levels of IL-6, IL-8, TNF-α, IP-10, INF-γ, among numerous other cytokines
have been identified in COVID-19 patients experiencing a cytokine storm. The
current work evaluated the ability of an in vitro human alveolar model to reproduce
aspects of the in vivo cytokine storm. The model consists of human alveolar epithelial cells (HAEpiC) and human pulmonary microvascular endothelial cells (HPMEC)
co-cultured on opposite sides of thin electrospun scaffolds incorporated into HTS
Transwell® 96-well permeable support plates (Corning Life Sciences). The alveolar
model was challenged with poly(I:C) to simulate viral exposure, as well as direct
exposures to cytokines including TNF-α and INF-γ. Endpoints that were evaluated
pre-and post-challenge included effects on epithelial tissue barrier function,
as determined by measuring transepithelial electrical resistance (TEER), and
release of IL-8 and IP-10 into the culture medium, as determined by ELISA assays,
respectively. Exposure to poly(I:C) induced a moderate decrease in TEER with a
concomitant copious release of both IL-8 and IP-10 into the culture medium. Direct
exposures to TNF-α and INF-γ also caused a modest decrease in TEER, but a robust
release of both IL-8 and IP-10. These data indicate that the in vitro human alveolar
models produced on electrospun scaffolds are capable of reproducing key aspects
of an in vivo respiratory cytokine storm in response to simulated viral challenge,
and may be a useful tool for respiratory inflammation research and screening of
potential therapeutic agents.

4218

Bioprinted Pancreatic Tumor: A Novel Model Recapitulating the
Tumor Microenvironment

S. Gaikwad, and S. K. Srivastava. Texas Tech University Health Sciences Center,
Abilene, TX.
Pancreatic ductal adenocarcinoma (PDAC) has a complex tumor microenvironment (TME) with multiple factors governing the tumor progression. Factors
such as the mechanical stiffness of the tumor play an important role, especially
in solid tumors like PDAC. The presence or absence of multiple cell types such
as cancer-associated fibroblasts and immune cells also play a critical role in
tumor growth and response to chemotherapies. Conventional techniques use 2
Dimensional techniques which fail to mimic the complex PDAC TME. In the current
study, we developed the first-ever bioprinted model of PDAC using extrusion
bioprinting. Our model closely mimics some important hallmarks of PDAC. We
developed a specialized bioink that closely mimics the stromal desmoplasia of the
TME. The bioink is completely derived from human tissues and this makes it a true
replica of the actual in vivo environment. We bioprinted various tumor models using
several human PDAC cell lines. We established the effect of bioink on the post-print
viability and monitored the proliferation of PDAC cells. We characterized the tumor
model as a platform for chemotherapeutic drug screening, radiotherapeutic screening and established it as a platform for immune activity studies. In the current
study, through extensive characterization, we have established a first-of-its-kind
bioprinted PDAC model using a novel bioink.

4219

Panel of Bacterial Mutagenicity In Silico Models for
Substructure-Based Analysis

V. Gombar1, A. Sedykh1, R. Shah1, K. Witt2, and W. Casey2. 1Sciome LLC, Research
Triangle Park, NC; and 2NIEHS/NTP, Research Triangle Park, NC.
Critical to transitioning away from animal-based toxicity assessments are in silico
models, especially when they provide possible mechanistic insights in terms of the
substructures responsible for prediction. Here we present QSAR models using our
recently published Saagar features - (DOI: 10.1021/acs.chemrestox.0c00464) for
predicting outcomes in Ames tests conducted with and without metabolic activation in OECD-recommended bacterial strains. Modeling data sets, based entirely
on public data (PubChem BioAssay ID 1259407), were curated with maximum

attention to experimental details (e.g., test doses, exposure methods, metabolic
activation sources and concentrations). We formed distinct modeling sets for
Ames tests conducted with and without metabolic activation. Since a compound
is considered a non-mutagen only after testing negative in all recommended strain
groups, we have developed strain-specific models for imputing data in untested
strains and acquiring insights into structural features associated with mutagenicity in specific strains. Final curated dataset for model without metabolic activation contained 3,681 compounds (~38% mutagens). A randomly selected set of
370 compounds (~37% mutagens) was held out for model evaluation. We applied
five-fold cross-validation using recursive partitioning (RP) and random forest (RF)
for model training. Cross-validation yielded an average negative prediction rate of
over 80%, positive prediction rate of over 75%, specificity of 87%, and sensitivity
of 65%. The consensus predictions for the hold-out set resulted in similar statistics of 81%, 70%, 84%, and 66%, respectively, confirming model robustness. The
average ranking performance (by ROC AUC) was 0.79 (0.74 - 0.84; α = 0.05). Saagar
feature SGR10052 ([OH0]~N, implicating nitro and nitroso groups), was found to
be a primary differentiator between bacterial mutagens and non-mutagens without
metabolic activation. With metabolic activation, Saagar feature SGR10167 ([c](:a))
a:)(:a):a, indicating a C at the fusion center) was found to predict mutagenicity with
over 90% confidence. Saagar-RP models are a robust predictor of mutagenicity
and provide chemistry-backed reasoning of prediction. Installed in our translational
discovery platform, Orbitox (separate poster), these models are available free of
charge for non-commercial applications by academic/government institutions.

4220

Evaluation of the Reconstructed Human Epidermis (RhE) In Vitro
Test System Using Agrochemical Formulations

J. E. Henriquez1, M. Corvaro2, S. Catalano3, R. Settivari4, and S. Gehen1. 1Corteva
Agriscience, Indianapolis, IN; 2Corteva Agriscience, Rome, Italy; 3Corteva Agriscience,
Barueri, Brazil; and 4Corteva Agriscience, Newark, DE.
Several reconstructed human epidermis (RhE) test systems are approved for
regulatory use in evaluating dermal irritation (OECD test guideline 439, 2021) and
corrosion (OECD test guideline 431, 2014). These assays are routinely used in the
evaluation of pesticide active ingredients and while they can be used for mixtures
they were originally validated using mono-constituent molecules. However,
pesticides are not typically sold as neat active ingredients but instead as formulated
plant protection products (PPP). PPP are composed of the primary active ingredient(s) and other chemicals, known as co-formulants. These co-formulants can
have their own skin irritation/corrosion potential which may impact the irritation
potential of the PPP depending on its concentration. The purpose of this project
was to evaluate the skin irritation/corrosion predictivity of RhE in vitro test methods
in agrochemical formulations when compared against results from skin irritation
testing in rabbits. Approximately 30 recently conducted (2018-2021) in vitro studies
were chosen which covered a variety of conditions: 1) physical characteristics
(liquid vs solid; solvent vs aqueous); 2) active ingredients (herbicides, fungicides,
and insecticides); and 3) in vivo irritation potential. The evaluated RhE studies were
mostly performed according to OECD guidelines and under GLP conditions. Studies
that were not considered OECD guideline compliant or GLP were still considered if
the studies were verified as reliable based on positive controls and experimental
protocols. The results from the in vitro testing revealed <60% accuracy, specificity,
and sensitivity when compared to results from rabbit testing and roughly equivalent false positive and false negative ratio (~50%). It should be noted that while
agrochemical formulations are usually noncorrosive/irritating, therefore few true
irritants or corrosives were tested, these results echo previously published data by
Kolle et al (2017). However, evaluation of irritancy via the Draize method is known
for mixed reproducibility. Overall, while these results demonstrate the limitations
of the applicability domain for in vitro systems for skin irritancy for agrochemical
formulations as it compares to rabbit test results, they do not eliminate the use
of RhE in vitro testing for developing human relevant irritancy IATA or evaluating
individual co-formulants irritancy potential in mono-constituent assessments for
weight of evidence building.

4221

A Method of Aerosol Exposure to Relate the Inhibition of Lung
Surfactant and Cellular Biology Endpoints

J. Liu1, S. Pradhan1, S. Hussain2, and C. Sayes1. 1Baylor University, Waco, TX; and 2Air
Force Research Laboratory, Dayton, OH.
Aerosols are suspensions of either solid particles or liquid droplets in air that
can cause adverse effects when inhaled. One possible pathway for toxicological
outcomes is disruption of the lung surfactant, which is a secretion in the alveolar
space known to play critical roles in lung function and defense. Occupational
and environmental exposures to aerosols are common (such as vehicle exhaust,
dust clouds, and smoking or vaping fumes) and have been related to a range of
pulmonary diseases. However, there are few systematic methods available to
emulate and investigate exposures using rapid screening tests. We introduce a
new configuration, named the Aerosol Exposure Surfactometer (AESM), for the
exposure of one or more aerosols to lung surfactant and cultured cells. Using the
device, we measured aerosol size (via optical particle sizer), aerosol mass dose (via
quartz crystal microbalance), surface tension (via image analysis), and cell biology
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endpoints (via cytotoxicity and oxidative stress bioassays). Lactose and albumin
aerosols were implemented as known negative and positive controls for surfactant inhibition, respectively. For comparative analyses across multiple relevant
aerosol exposures, we generated carbon black, silica, and lead aerosol clouds and
correlated the changes in surface tension with cellular health. Further investigations using this method will yield a high-throughput method for screening harmful
and potentially harmful aerosols and provide the foundation for predictive models.

4222

How to Resolve Inconclusive Predictions from Defined
Approaches for Skin Sensitization in OECD Guideline No. 497

D. S. Macmillan1, M. L. Chilton2, Y. Gao3, P. Kern4, and S. Schneider5. 1Humane Society
International, Washington, DC; 2Lhasa Limited, Leeds, United Kingdom; 3Procter &
Gamble, Beijing, China; 4Procter & Gamble, Strombeek-Bever, Belgium; and 5Firmenich
Incorporated, Princeton, NJ. Sponsor: K. Willett
In June 2021 the Organisation for Economic Co-operation and Development (OECD)
published Guideline No. 497 on Defined Approaches for Skin Sensitisation (DASS
GL). This long-awaited guideline was the first of its kind to formalise the combination of several non-animal new approach methodologies (NAM) e.g. in chemico,
in vitro, in silico in a defined approach (DA) - providing skin sensitisation hazard
or and/or potency predictions without the use of animals. There are two DAs
published in the DASS GL, the 2o3 and the ITSv1/v2. The 2o3 uses two concordant results from either the DPRA, KeratinoSens™, or the h-CLAT skin sensitisation assays to predict hazard (sensitiser/non-sensitiser). The ITS applies a score
(between 0-3 for each) to results from the DPRA, the h-CLAT and an in silico model
(v1 uses Derek Nexus, v2 uses OECD QSAR Toolbox) to predict UN GHS sub-categories (1A/1B/NC). As limitations of the individual in chemico/in vitro assays and
in silico predictions are carried through to the DAs, inconclusive predictions are
possible for chemicals with results in the borderline range and chemicals with an
out of domain in silico prediction and/or out of domain in chemico/in vitro assay
results. These inconclusive predictions are considered to be of low confidence
but can be used in a weight-of-evidence approach together with other information sources to conclude on the skin sensitisation hazard or potency. However, no
guidance is given so far on how to apply a weight of evidence. Here, we present four
case studies, each ‘inconclusive’ for skin sensitisation potential according to both
DAs in OECD Guideline No. 497. A weight of evidence approach is applied to each
using a similar robust scientific approach to provide a conclusive result based on
several additional, non-animal, lines of evidence.

4223

Understanding Combined Effects of Chemical and Nonchemical
Stressors Contributing to Toxicity in an In Vitro 3D Respiratory
Model

T. Valdez, B. N. Rivera, Y. Chang, J. M. Pennington, and S. C. Tilton. Oregon State
University, Corvallis, OR.
There is increased emphasis on understanding cumulative risk from the combined
effects of chemical and non-chemical stressors as it relates to public health. Recent
animal studies have identified pulmonary inflammation as a possible modifier and
risk factor for chemical toxicity in the lung after exposure to inhaled pollutants;
however, little is known about specific interactions and potential mechanisms of
action. In this study, primary human bronchial epithelial cells (HBEC) cultured in
3D at the air-liquid interface (ALI) are utilized as a physiologically relevant model
to evaluate the effects of inflammation on toxicity of polycyclic aromatic hydrocarbons (PAHs), a class of contaminants generated from incomplete combustion of
fossil fuels. Normal HBEC were differentiated in the presence of IL-13 for 14 days
to induce a profibrotic phenotype similar to asthma. Fully differentiated normal
and asthmatic HBEC were treated with benzo[a]pyrene (BaP; 0.2 – 40 ug/ml) or
0.1% DMSO/PBS vehicle at the ALI for 48 hrs. Cells were evaluated for cytotoxicity,
barrier integrity, and transcriptional biomarkers of chemical metabolism and inflammation by quantitative PCR. Cells with the asthmatic phenotype treated with BaP
show significantly (p<0.05) increased cytotoxicity and inflammation and significantly (p<0.05) decreased barrier integrity and metabolic capacity compared to
normal cells. Additionally, RNA sequencing data showed that a large number of
genes were uniquely significantly expressed in cells with the induced asthmatic
phenotype exposed to BaP. Future studies will further explore mechanisms of
toxicity from global transcriptomics and investigate the combined effects of inflammation and BaP at various doses. These data are the first to evaluate the role of
combined environmental factors associated with inflammation from pre-existing
disease and PAH exposure on pulmonary toxicity in a physiologically relevant
human in vitro model.

4224

Inter-laboratory Comparison of the Zebrafish Embryotoxicity
Test: Protocols and Outcomes

P. Wilhelmi1, E. Teixidó2, B. Birk1, R. Landsiedel1, B. van Ravenzwaay1, D. Funk-Weyer1,
and B. Flick1. 1Experimental Toxicology and Ecology, Ludwigshafen, Germany; and
2Experimental Toxicology and Ecology, Barcelona, Spain.
The zebrafish embryotoxicity assay is a promising alternative test to assess
developmental toxicity in vivo. Since there is no official guideline yet, the differences in protocols between laboratories restrict the comparability of results. In this
study we determined the impact of deviating morphological scoring systems in
terms of terminology, included features, manual assessment and half-automated
measurements (FishInspector) on effective concentrations, pattern of effects, and
the predictivity for in vivo. For this study five test substances, with and without
a prenatal developmental toxic potential in vivo, were tested in two independent
laboratories using their standard protocols. The photographs of exposed zebrafishes from one laboratory were transferred to another one for an assessment using
the FishInspector. Comparable morphological features were determined under a
stereo microscope after exposure duration of 96 and 120 hours. The advanced
developmental stage of the zebrafish at 120 hours enabled a grading of alterations,
which was used to distinguish between slight treatment-related effects and
adverse outcomes of concern. The scoring system, which comprised 15 instead
of 38 features was limited in identifying all substance-related effects, as more
grouped features, less organ anlagen and less locations of findings were included.
The extended scoring system was limited as it did not contain 20% of the endpoints
of the smaller scoring system. The FishInspector included 10 features of length
and area measurements from which only 8 could be linked to manually assessed
features. The half-automated measurements detected more precisely alterations
in the size of organ anlagen but missed alterations in the shape. Thereby, the
sensitivity of the FishInspector was only higher for single endpoints. In conclusion, a higher number of endpoints lead to the determination of more specific
substance-related patterns of effects. However, the reproducibility of individual
findings was lower even though the overall manifestation pattern was reproducible.
The effective concentrations of four out of five test substances were in the same
order of magnitude. All assessment approaches had in common that the zebrafish
embryotoxicity assay was over predictive resulting in two false positive predictions.

4225

Comparative Biological Assessment of Three Heated Tobacco
Products and Combustible Cigarette Smoke in Human Bronchial
Epithelial Cells

S. Muratani, K. Erami, S. Ichikawa, and S. Ito. Japan Tobacco Inc., Yokohama, Japan.
As FDA has approved to place some heated tobacco products (HTPs) on the
United States market with reduced exposure claim, HTPs are expected to emit less
harmful and potentially harmful constituents. Other in-market HTPs have also been
reported to be similar emission levels. Nonetheless, further evidence that augments
our understanding that emissions from HTPs show reduced biological responses
when compared with those of cigarette smoke is required. Biological assessment
of our proprietary Direct heating Tobacco System Platform 3 Generation 3 version
a (DT3.0a) with other in-market HTPs and combustible cigarettes are presented
herein. The biological assessment was based on the adverse outcome pathway
(AOP) framework. The endpoints selected from the AOP for decreased lung
function were reactive oxygen species and glutathione as the molecular initiating
events (MIE), epidermal growth factor ligands as a key event relationship (KER),
phosphorylation of epidermal growth factor as key event (KE) 1 and specificity
protein 1 as KE5, which is a direct downstream event of KE1. Primary human
bronchial epithelial cells from three donors were exposed to aerosol collected
mass (ACM) of each HTPs or total particulate matter (TPM) from cigarette smoke.
Cells were exposed to different doses of ACM and TPM, with exposure to ACM
being up to 2.5-fold higher concentration than that of TPM. As expected, DT3.0a
and the other HTPs elicited most biological events, suggesting the mechanism
of action of tobacco vapor is similar to that of cigarette smoke. However, the
ACM concentration required to elicit responses was much higher than cigarette
smoke, indicating that the vapor of HTPs stimulates a weaker biological response
for the selected endpoints examined. Interestingly, the biological effect among
the different HTPs tested was similar and no statistically significant differences
were observed. In summary, we demonstrated that vapor from DT3.0a and other
HTPs are less biologically active than cigarette smoke and the extent of reduction
was similar among HTPs tested. However, only a few acute biological endpoints
were examined and a more comprehensive risk evaluation of HTPs is required to
understand better the reduced risk potential of HTPs.
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4226

Increased Expression of LASI LncRNA Regulates the Cigarette
Smoke and COPD-Associated Airway Inflammation and Mucus
Dysregulation

4228

Smoking-Associated Exposure to Aldehydes Disrupts the
Molecular Regulation of Mitochondrial Metabolism in Primary
Human Bronchial Epithelial Cells

M. Manevski1, D. Devadoss1, C. Long1, S. Singh2, M. Nasser3, G. Borchert4, M. Nair1, M.
Nair1, I. Rahman5, M. Sopori2, and H. Chand1. 1Florida International University, Miami,
FL; 2Lovelace Respiratory Research Institute, Albuquerque, NM; 3University of Nebraska
Medical Center, Omaha, NE; 4University of South Alabama, Mobile, AL; and 5University of
Rochester Medical Center, Rochester, NY.

C. B. Tulen1, H. W. Cremers2, E. Duistermaat2, P. H. Fokkens2, W. N. Klerx2, N. Weibolt2,
P. J. Jessen1, E. J. Koene1, L. Maas1, M. A. Dentener1, Y. C. Staal2, F. J. van Schooten1,
A. Opperhuizen1,3, and A. H. Remels1. 1Maastricht University, Maastricht, Netherlands;
2Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Bilthoven, Netherlands; and
3Netherlands Food and Consumer Product Safety Authority, Utrecht, Netherlands.

Cigarette smoke (CS) exposure is the most common risk factor for Chronic
obstructive pulmonary disease (COPD) and associated comorbidities. CS exposure
disrupts the airway barrier functions and mucociliary clearance that are primarily
orchestrated by human bronchial epithelial cells (HBECs). We recently identified
that a specific immunomodulatory long noncoding RNA (lncRNA) antisense to
ICAM-1, termed LASI, modulates airway responses. Therefore, we hypothesized
that LASI lncRNA modulates the CS-induced airway inflammation and dysregulated
mucus expression in COPD. We investigated the role of LASI in CS-induced airway
responses by analyzing its expression in archived tissue samples from COPD
and non-COPD donors and primary HBECs from COPD (CHBEs) and non-COPD
(NHBEs) donors. We looked at baseline expression of LASI, and its response to
treatment with CS extract (CSE). We utilized small interfering RNA (siRNA) modality
to block LASI lncRNA expression in vitro and investigated its role. LASI lncRNA was
significantly upregulated in severe COPD tissue samples and showed epithelial
cell-specific upregulation. Without added treatment, LASI lncRNA was upregulated
in CHBEs as compared to NHBEs. LASI levels correlated with increased expression of mucin MUC5AC, and inflammatory factors ICAM-1 and IL-6, both at mRNA
and protein levels in tissue samples and primary cell cultures. CSE treated CHBEs
showed an augmented mucoinflammatory responses as compared to NHBEs. We
further found that siRNA-mediated knockdown of LASI expression suppressed the
CSE-induced dysregulated responses in CHBEs. Thus, this study elucidates LASI
lncRNA as a novel regulator of CSE-induced airway dysregulation and suggests that
targeting LASI could present a novel therapeutic intervention for COPD patients.
Experiments are underway to investigate the mechanism by which LASI lncRNA
and/or its binding partners regulate airway mucoinflammatory responses.

Inhalation of cigarette smoke (CS) is the primary risk factor for developing lung
diseases such as COPD. During the pyrolysis and combustion of tobacco, several
aldehydes are generated which include acetaldehyde, acrolein and formaldehyde.
These short-chain aldehydes are known to induce cellular mechanisms underlying respiratory toxicity. Mitochondrial dysfunction has been implicated in the
pathogenesis of COPD. Although impaired mitochondrial morphology and function
have been described in CS- and acrolein-exposed human airway epithelial cells, the
impact of CS and aldehydes on the molecular pathways regulating mitochondrial
content and mitochondrial quality control are incompletely understood. Therefore,
air-liquid interface-differentiated human primary bronchial epithelial cells (PBEC;
obtained from PLUC facility MUMC+3) of non-COPD subjects (n=4) were acutely
exposed to CS (1 Marlboro Red cigarette), a mixture of aldehydes (acetaldehyde,
acrolein, formaldehyde; at concentrations as present in 1 Marlboro Red cigarette)
or air (control) according to the Health Canadian Intense Regime (8 puffs) using
Vitrocell exposure modules. Dosimetry of the mixture of aldehydes was assessed
by trapping on a Cambridge filter and Carboxen adsorbent cartridge followed by
extraction and analyses in accordance with WHO SOP08. Post-exposure (6 or 24
h), we assessed cell viability and expression of key constituents of mitochondrial
metabolic pathways. PBEC exposure to CS or the aldehydes mixture did not result
in reduced cell viability. Moreover, CS exposure resulted in lower protein levels
of regulators involved in mitophagy, as well as elevated transcript and protein
abundance of molecules associated with autophagy. Furthermore, abundance of
constituents controlling mitochondrial biogenesis was altered and mRNA levels
of anti-oxidant and glycolytic markers were increased following CS exposure. Only
part of these responses mediated by CS were recapitulated in aldehyde-exposed
PBEC. Further research will focus on the impact of smoking-associated aldehydes
on functional read-out parameters in PBEC.

4227

Cross-Study Comparisons of Gene Expression Changes in the
Lung, Nasal Epithelium, and Liver Tissues from C57BL/6 Mice
Exposed to Cigarette Smoke via Nose-Only and Whole-Body
Exposure Systems

4229

Emissions from Conventional Cigarettes and iQOS: A
Comparative Study to Assess Toxicant Delivery

Z. Wei1, S. Pramod1, A. Kumar1, A. Kumari2, J. Frederick1, M. Lusso1, U. Kogel3, J.
Hoeng3, and K. M. Lee1. 1Altria Client Services LLC, Richmond, VA; 2North Carolina
Agricultural and Technical State University, Greensboro, NC; and 3Philip Morris
International, Neuchâtel, Switzerland.

M. Davigo1,2, W. N. Klerx2, A. Opperhuizen1,3, F. van Schooten1, A. H. Remels1, and
R. Talhout2. 1Maastricht University, Maastricht, Netherlands; 2Rijksinstituut voor
Volksgezondheid en Milieu (RIVM), Bilthoven, Netherlands; and 3Netherlands Food and
Consumer Product Safety Authority, Utrecht, Netherlands.

Animal inhalation studies performed under different exposure systems may impact
the biological responses to exposures. In this study we utilized the data from two
chronic cigarette smoke mouse studies with different inhalation exposure systems
(nose-only and whole-body exposure systems, NOES and WBES, respectively), and
performed cross-study comparisons of transcriptomes from lung, respiratory nasal
epithelium (RNE), and liver tissues in cigarette smoke (CS) or Sham groups (filtered
air-exposed mice). Differentially expressed genes (DEGs; fold change >2 or <-2,
at false discovery rate corrected p value < 0.05) identified using Transcriptome
Analysis Console, were evaluated for pathway enrichment analysis using Ingenuity
Pathway Analysis (IPA). When lung DEGs from Sham groups were compared
between NOES and WBES across 3, 4, and 7 months, the NOES Sham group showed
fewer predicted proinflammatory mediators in upstream regulators, as well as
suppressed inflammation-related pathways compared to the WBES Sham group. In
CS groups, about one half of the DEGs were common in the lung tissues from both
exposure systems, resulting in similar top-enriched pathways. In the RNE of Sham
groups, NOES group showed activated pathways such as cytoskeleton remodeling
and disrupted epithelial adherence junctions at all time points. In contrast, the RNE
tissue of the WBES CS and Sham groups showed different DEG profiles only at 7
months. The liver transcriptome showed more DEGs at 3 and 4 months in the NOES
groups compared to the WBES groups, while at 7 months the WBES CS groups
had more DEGs. Despite these differences in the number of DEGs, both CS groups
showed similar changes in predicted liver toxicity parameters (such as liver steatosis and fibrosis). In summary, the most pronounced exposure system-related differences were observed in the route of entry RNE tissues. Both exposure systems
induced significant changes in gene expression associated with CS-induced
pulmonary diseases.

The heated tobacco product I quit ordinary smoking (iQOS) is gaining more and
more popularity worldwide, due to the industry claims of reduced toxicity. However,
a detailed chemical characterization of the emissions from the commercially
available iQOS sticks (HEETS) is lacking. Moreover, the impact that different
smoking topography parameters have on iQOS emissions magnitude is unknown.
In this study, smoking machine-generated emissions from two conventional
cigarettes (CCs) and nine iQOS HEETS differing in flavor were compared applying
Health Canada Intense (HCI) and a more intense smoking regime. Emissions were
generated through a linear smoking machine (for CCs) and a linear vaping machine
(for iQOS HEETS). HCI puff volume and puff duration were increased in the more
intense smoking regime (puff volume from 55mL to 90mL and puff duration from
2s to 4s). All extraction and determination procedures were in accordance with
WHO Tobacco Laboratory Network (TobLabNet) Standard Operating Procedures.
Nicotine was measured by GC-FID, and tobacco-specific nitrosamines (TSNAs)
were quantified with LC-MS. iQOS HEETS delivered 38% less nicotine and 95%-98%
less TSNAs compared with CCs. A clear topography effect was observed for all
products: higher puff volume and puff duration caused a mean 22% increase
in nicotine and a mean 21% increase in TSNAs delivery compared with HCI. Of
note, emissions from the assessed iQOS HEETS showed significant differences in
TSNAs levels: iQOS Amber, Sienna and Teak released the highest TSNAs levels, on
average 26% higher than the other iQOS HEETS. Due to the similar nicotine levels in
CCs and iQOS emissions, the addictive potential of this newly developed tobacco
product must be carefully investigated. iQOS delivered significantly lower TSNAs
levels than CCs, suggesting milder health impacts. However, short and long-term
iQOS health effects are still largely unknown, and must be addressed with exposure
studies employing relevant in vitro and/or in vivo models. The observed differences
in TSNAs delivery from the assessed iQOS HEETS might resemble their specific
product composition, thus distinct tobacco blends and flavoring additives.
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Third-Hand Smoke Exacerbates H2O2-Induced Oxidative
Response in Human Airway Epithelial Cells

R. Reis1, K. Kolci2, Y. Ozhan2, and H. Sipahi2. 1Acibadem Mehmet Ali Aydinlar University,
Istanbul, Turkey; and 2Yeditepe University, Istanbul, Turkey.
Thirdhand smoke (THS) is a residual smoke that remains after the cigarette is
extinguished and might be generated from aged secondhand smoke that adheres
to dust and surfaces. In addition to its cumulative hazard potential, its re-emission into the air makes the THS a public health concern, particularly for individuals who are suffering from respiratory diseases. In the present study, cytotoxicity of THS and its potential to induce reactive oxygen species (ROS), as well as
the alteration of oxidative stress and lipid peroxidation markers (GSH, MDA level,
and CAT activity) were evaluated in the H2O2-induced COPD model in A549 human
airway epithelial cells. For this purpose, THS was extracted from terrycloth exposed
to 3R4F cigarettes and an MTT assay was performed to identify the cytotoxicity
profile of THS extract, H2O2 (100 µM), and their co-treatment for 24 h. The results
revealed that THS 50% (v/v) showed significant cytotoxicity by declining the cell
viability by 50% compared to the control. In addition, exposure to THS up-regulated
intracellular ROS level by increasing DCFDA fluorescence intensity with a right shift
in flow cytometry. Co-treatment of A549 cells with H2O2 and THS for 24h exacerbated intracellular ROS level and increased MDA level remarkably compared to the
H2O2 group alone. Both THS and its co-treatment with H2O2 led to a notable GSH
depletion and decrease in CAT activity, where these effects were attenuated with
2 h NAC (1 mM) pre-treatment in A549 cells. According to the present results, the
induction of oxidative stress might be defined as an important toxicological key
event in THS-induced airway toxicity; thus, the presence of THS in the environment
may contribute to the progression of respiratory diseases.

4231

Cigarette Smoke-Induced Alterations in the Molecular
Mechanism Controlling Mitochondrial Metabolism Were Not
Recapitulated in Response to Inhalation of Individual Aldehydes
in Mice

C. B. Tulen1, J. Lynch2, P. J. Jessen1, E. J. Koene1, L. Maas1, F. J. van Schooten1, A.
Opperhuizen1,3, D. J. Conklin2, and A. H. Remels1. 1Maastricht University, Maastricht,
Netherlands; 2University of Louisville, Louisville, KY; and 3Netherlands Food and
Consumer Product Safety Authority, Utrecht, Netherlands.
Cigarette smoke (CS) consists of a mixture of over 6000 chemicals. The chemical
class of aldehydes are generated during the pyrolysis and combustion of tobacco.
Reactive aldehydes, including acetaldehyde, crotonaldehyde and formaldehyde, are known to be involved in cellular processes associated with respiratory
toxicity. Nowadays, literature indicates a central role for mitochondrial dysfunction in lung disease as well as CS-induced mitochondrial dysfunction has been
demonstrated in airway epithelial cells. However, the impact of inhalation of CS
and individual aldehydes in vivo on the molecular regulation of mitochondrial
content or the pathways controlling mitochondrial biogenesis and mitophagy in
cells of the airways is unknown. Therefore, in this study, male mice were exposed to
mainstream CS (whole-body; 50% of smoke of 12 3R4F cigarettes/6 h) or air (n=10/
group) for 4 days as well as male mice were exposed to acetaldehyde (5 ppm),
crotonaldehyde (1 ppm), formaldehyde (5 ppm), or air (n=5/group), for 6 h/day for 4
days. Subsequently, we assessed transcript (qPCR) and protein (Western Blotting)
abundance of key constituents involved in mitochondrial metabolic pathways in
mice lung homogenates. Mainstream CS inhalation resulted in increased protein
abundance of key regulators involved in mitophagy. Moreover, lower mRNA levels
of constituents associated with autophagy, fission and fusion were observed in
response to CS exposure. In general, the abundance of constituents regulating
mitochondrial metabolic pathways were unaltered following exposure to acetaldehyde, crotonaldehyde or formaldehyde in mice lung. In conclusion, these data
demonstrate that CS-mediated alterations in the abundance of constituents
involved in mitochondrial metabolism were not recapitulated by exposure to individual aldehydes present in smoke in mice lung. Possible explanations for this could
be that compounds other than these three aldehydes likely contribute to mito-toxicity of CS and these need to be identified and regulated to non-toxic levels as well
as reactive gases alone may be efficiently scrubbed in the upper airways of obligate
nasal breathing rodents, and thus, do not penetrate deeply into the lungs.

4232

Evaluating Allostatic Load and Immune Profiles in Smokers and
Non-smokers

A. M. Bailey, J. E. Rager, and I. Jaspers. University of North Carolina at Chapel Hill,
Chapel Hill, NC.
The neurohormonal stress response has been implicated in mediating systemic
immune and metabolic effects of air pollutants. Stressful stimuli activate the
autonomic nervous system (ANS) and hypothalamic-pituitary-adrenal (HPA)-axis,
which releases primary stress mediators such as cortisol, epinephrine, and norepinephrine. Chronic activation of the ANS and HPA can lead to an allostatic state, in
which stability is achieved by altering homeostatic set points. Over time, allostatic
load (AL) can occur due to the cumulative ‘wear and tear’ on the brain and body,

pre-disposing individuals to disease and adverse health effects caused by toxicant
exposure. Cigarette smoke contains a variety of toxic chemicals and is implicated
in altering systemic immune function in smokers. Studies have found that smoking
activates the HPA, which not only increases circulating stress hormones, but also
modulates immune function. Therefore, we propose that smokers have greater
levels of allostatic load and altered inflammatory profiles compared to nonsmokers. To test our hypothesis, we collected serum samples from healthy young adults
(18-43 years of age) who were either nonsmokers not exposed to second-hand
smoke (n=30) or active cigarette smokers (n=33). Participants self-reported their
smoking status, which was verified by tobacco use diaries and urine cotinine/
creatinine ratios. Serum samples were analyzed for AL biomarkers (Noradrenaline,
cortisol, hemoglobin A1C, fibrinogen, C-reactive protein, high-density lipoprotein) and inflammatory cytokine (IP-10, IFN-y, IL-10, IL12p70, IL-13, IL-1b, IL-2,
IL-4, IL-6, IL-8, and TNF-a) protein expression using specific commercial enzymelinked immunosorbent assays (ELISA) according to manufacturer instructions.
AL biomarkers were reduced to a score using R Studio Software. Our findings
include near significant differences in AL scores between smokers and nonsmokers (p=0.07). Male smokers had near significantly higher AL scores than female
smokers (p=0.06). When stratified by race, African-American nonsmokers had
greater AL scores than White nonsmokers. Additionally, cytokine analysis revealed
differential protein expression between smokers and nonsmokers. These results
indicate that smoking may contribute to AL, which indicates reduced physiological function and greater disease risk. Additionally, we corroborate that race is an
important confounder in AL studies.

4233

Clearance of Senesced Lung Cell Attenuates CS-Induced
Emphysema in Mouse Model

G. Kaur, and I. Rahman. University of Rochester Medical Center, Rochester, NY.
Chronic Obstructive Pulmonary Disease (COPD) is a common respiratory disease
caused mainly by cigarette smoking, but non-smoking COPD is also emerging.
Cigarette smoke (CS) leads to increased airway inflammation, exaggerated
senescence and rapid cell death in lung tissues. One of the hindrances in studying
CS-induced cellular senescence is the lack of a suitable model. We overcame
this shortcoming by successfully using the novel mouse model p16-3MR to
study CS-induced senescence in vivo. We extended our investigation and study
the clearance of senescent cells using Ganciclovir in modulating the CS-mediated
inflammation and senescence in p16-3MR mice. Ganciclovir was chosen for this
work as p16-3MR mice has a transgene that encodes for herpes simplex virus
thymidine kinase (HSV-TK) and allows selective elimination of senescent cells
using ganciclovir. p16-3MR mice (4-12 months old) were exposed to sub-chronic
mainstream CS (2hr/day for 5days/week) for 3 months with air exposed mice
serving as controls. The air/CS exposed mice received intraperitoneal doses of
GCV (25 mg/kg body-wt.) or PBS, 5-days prior to animal sac. Thereafter the lung
tissues from treatment and control mice were harvested and tissue luminescence and fluorescence was measured using IVIS imaging. H&E staining of OCT
inflated lung tissue sections was used for histopathologic diagnosis and SA-β-Gal
staining was employed to determine the cellular senescence in the lung tissue.Our
investigations revealed significant enlargement in the airspaces of CS-exposed
p16-3MR mice. Importantly, GCV mediated clearance of senescent cells reversed
the CS-mediated airspace enlargement in CS-exposed mice. Furthermore, we found
reversal in CS-induced lung cellular senescence on GCV treatment, as measured by
SA-β-Gal staining in the lung tissues. Though not significant, we found a decrease
in the lung tissue fluorescence in GCV-treated CS-exposed (90days) p16-3MR mice.
However, no change was observed in the lung tissue luminescence of p16-3MR
mice on sub-chronic CS exposure. mRNA expression analysis using NanoString
technology identified altered expression of various immune (CD14, Fcer1g and
C3ar1) and senescence (PAI-1, CCND1, and p16) related genes in lung tissues of
CS-exposed p16-3MR mice as compared to air controls. Overall, our results provide
evidence for reversal of CS-induced senescence on GCV treatment in p16-3MR
mice. Our data have implications on studying the senolytic/senomorphic drugs in
the treatment of COPD. Supported by the NIH ES029177, HL137738 and HL133404.

4234

Transcriptomic Response of Primary Human Bronchial Cells to
Repeated Exposures of Cigarette and ENDS Preparations

R. Rayner1, P. Makena2, J. Wellmerling1, J. Zhao1, G. Prasad3, and E. Cormet-Boyaka1.
1Ohio State University, Columbus, OH; 2RAI Services Company, Winston-Salem, NC; and
3Prasad Scientific Consulting LLC, Winston-Salem, NC.
Cigarette smoke deregulates several biological pathways by modulating gene
expression in airway epithelial cells and altering the physiology of the airway epithelium. The effects of repeated exposures to the aerosol of electronic nicotine delivery
systems (ENDS) on gene expression in airway epithelium is relatively unknown. In
order to assess the effect of repeated exposures of ENDS, primary normal human
bronchial epithelial (NHBE) cells grown at air-liquid interface (ALI) were exposed to
cigarette and ENDS preparations daily for 10 days. Whole-smoke conditioned-media from 3R4F reference cigarettes and aerosol conditioned media from commercially available e-liquid (1.8% nicotine; weight/volume) were prepared by bubbling
mainstream smoke or aerosol through RPMI 1640 cell culture medium, respec-
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tively. Transcriptomic analysis was performed using next generation sequencing.
Exposure to cigarette smoke preparations significantly altered gene expression in
a dose-dependent manner compared to vehicle control, including genes linked to
oxidative stress, xenobiotic metabolism, cancer pathways, epithelial-mesenchymal
transition, fatty acid metabolism, degradation of collagen and extracellular matrix,
O-glycosylation, and chemokines/cytokines, all of which are known pathways
found to be altered in smokers. Conversely, ENDS preparations had minimal effect
on transcriptional pathways. This study revealed that a sub-chronic exposure of
primary NHBE cultures to cigarette and ENDS preparations differentially regulated
genes and canonical pathways, with minimal effect observed with ENDS preparations compared to cigarette preparations. This study also demonstrates the
versatility of primary NHBE cultures at ALI to evaluate repeat-dose exposures of
tobacco products.

4235

Comparative Inhalation Toxicology Study of the Lung Injury
between Heated Tobacco Product and Cigarette Smoke

Y. Fu1,2,3, H. Chen1,2,3, Y. Tian1,2,3, H. Wang1,2,3, S. Han1,2,3, X. Li1,2,3, F. Lu1,2,3, S. Ma1,2,3, W.
Wang1,2,3, X. Xu1,2,3, T. Liu1,2,3, H. Hou1,2,3, and Q. Hu1,2,3. 1China National Tobacco Quality
Supervision and Test Center, Zhengzhou, China; 2Key Laboratory of Tobacco Biological
Effects, Zhengzhou, China; and 3Joint Laboratory of Heated Tobacco Product Safety
Evaluation, Zhengzhou, China. Sponsor: Q. Meng
Cigarette smoke is a risk factor of respiratory diseases, especially lung. Heated
tobacco product (HTP) is a novel tobacco product. Subchronic system toxicity
derived from Philip Morris International has been studied, but the lung damage
of HTP is still not unclear. Therefore, our study aims to explore the comparative
inhalation toxicology study between HTP and smoke against lung. The rats were
randomly divided into different groups including control, HTP and cigarette groups.
The HTP and cigarette groups were exposed with HTP aerosol and cigarette smoke
for 6 h/day, respectively, while control group was exposed to the air. The whole
study was continuously performed for 90 days. After exposure, the bronchoalveolar
lavage fluid and lung samples were prepared for oxidative stress, inflammatory
and histopathological analysis were measurement. After smoke exposure, alveolar
macrophages and neutrophils and inflammation increased, and slight edema and
lung lesions were observed. The clinical blood analysis showed that HTP group
induce no changes compared with the control and cigarette groups. The morphological analysis indicated that HTP induced infiltration of inflammatory cells around
blood vessels, without hyperemia of alveolar wall, edema fluid, exudate, and no
obvious degeneration and necrosis of bronchial epithelial cells in the lung. These
above results indicated that HTP was obviously reduced oxidative stress and
inflammation, and had less damage to lung than traditional cigarette at the same
concentration of aerosol exposure, which suggested that inhalation toxicology on
lung injury of cigarette is significantly higher than HTP.

4237

Evaluating the Relative Inflammatory Risk of Passive Tobacco
Product Emissions in Adults and Children

E. Karey1, J. Hess1, K. Farrell1, M. Rebuli2, L. Lee1, J. Shearston1, T. Reed1, J. Eazor1, I.
Jaspers2, M. Weitzman1, and T. Gordon1. 1NYU School of Medicine, New York, NY; and
2University of North Carolina at Chapel Hill, Chapel Hill, NC.
Emerging evidence suggests that the electronic cigarettes (e-cigarettes) can
cause adverse health effects, including respiratory irritation and inflammation.
We recently found that in upper airways, nasal inflammation was elevated among
e-cigarette vapers but not cigarette smokers. Thus, we sought to evaluate the
upper-respiratory risks posed to non-smoking individuals residing in households
where tobacco products (TPs) are used. We recruited exclusive TP users (cigarette
smokers and e-cigarette vapers) living with a nonsmoking adult or child (21-50 or
5-18 years old, respectively). Nasal and salivary samples were collected from all
household residents and assayed for ten cytokines and cotinine. Children exposed
to passive e-cigarette emissions had more inflammation (both nasal and salivary)
than did those exposed to secondhand cigarette smoke. Nasal inflammation was
also increased among adults in vaping homes, although fewer total cytokines
were elevated compared to children (n=5 and n=9, respectively). Additionally,
children appear to have a more pronounced inflammatory response (greater fold
change) to passive tobacco emissions than do adults. It is unclear if the heightened respiratory inflammation observed in children exposed to passive tobacco
emissions is a consequence of increased sensitivity, increased exposure, or both.
A prevailing public perception is that e-cigarettes are less harmful than combustible TPs. Consequently, e-cigarette users may feel more inclined to use these
products indoors and around nonsmoking family members, which could explain the
higher salivary cotinine and increased inflammatory response observed in children
living in these homes. These data highlight the potential risk of passive e-cigarette
emissions to nonsmoking household members.

4238

Cytokine Level Determination of a Tobacco Heating Product
THP COO and 3R4F Reference Cigarette on Human Lung Cancer
Cells

H. Wang1,2,3, S. Han1,2,3, H. Chen1,2,3, Y. Tian1,2,3, Y. Fu1,2,3, T. Liu1,2,3, H. Hou1,2,3, and Q.
Hu1,2,3. 1China National Tobacco Quality Supervision and Test Center, Zhengzhou, China;
2Key Laboratory of Tobacco Biological Effects, Zhengzhou, China; and 3Joint Laboratory
of Heated Tobacco Product Safety Evaluation, Zhengzhou, China. Sponsor: Q. Meng
Cardiovascular and respiratory diseases resulting from tobacco smoking all have
cytokine generation as an initial manifestation. Cytokine imbalances can result in
disease, so it is important to understand mechanisms behind cytokine production
induced by total particle material (TPM) extracted from tobacco products. In this
study, we used a high-speed centrifugal method for extracting the TPMs from 3
Tobacco heating products (THPs), which were coded as THP COO GOLDEN (blended
type), THP COO ORIENTAL (Virginia type) and THP COO BLUE (menthol-flavored
type) respectively, to quantitatively compare the cytokine level induced by different
THPs and conventional cigarettes. Lysates were prepared from NCI-H292 cells
treated with TPMs extracts from THP COO (40-400 μg/mL of nicotine equivalent)
and 3R4F reference cigarette (4-9 μg/mL of nicotine equivalent), then the supernatant was used to analyze 18 cytokines (Bio-Plex Pro™ Human Th17 Cytokine Panel
15-Plex and Bio-Plex Pro™ TGF-β 3-Plex) by Bio-Plex suspension chip technology.
We found that THP COO ORIENTAL is similar to 3R4F, which had obvious effects
on the levels of 18 cytokines, but could not show any regular; THP COO GOLDEN
could cause the up-regulation of 11 inflammatory related factors in a dose-dependent manner, including proinflammatory factors IFN-γ, IL-1β, IL-6, IL-17A, IL-17F,
IL-23 and TNF-α, and anti-inflammatory factor IL-4, IL-10, and chemokines IL-31 and
IL-33, in addition, the changes of 3 TGF-β were irregular; THP COO BLUE resulted
in dose-dependent up-regulation of 13 Th17 Cytokine (except IL-10 and IL-17), but
the up-regulation range was significantly lower than THP COO GOLDEN, which may
be related to the anti-inflammatory activity of phenolic compounds in peppermint.
In conclusion, although the effects are significantly lower than 3R4F, THPs can
affect the expression level of different cytokines, and the effects of different THPs
are quite different, which appears to be due to the difference of their components.

4239

Cigarette Smoke and Heated Tobacco Vapor Exposures Impair
Macrophage Oxidative Burst

T. Órtiz, P. Scharf, S. O. Duro, S. Sandri, and S. H. Farsky. Universidade de São Paulo,
São Paulo, Brazil.
Combustible products released by cigarette smoke (CS) disrupt host homeostasis and defenses. Non-combustible tobacco devices, such as heat-not-burn
tobacco (HNBT) devices, release lower concentrations of combustible products,
delivering mainly nicotine, propylene glycol and glycerin. Although non-combustible tobacco device are proposed as potential harm reduction tools, their toxicity
requires further investigations. Once reactive oxygen species (ROS) are vital for
macrophages’ functions in response to aggression, disrupted redox signaling can
lead to macrophage hyporesponsiveness and threaten host defenses. Hence,
we here investigated the impact of CS, HNBT vapor, or nicotine exposures on
macrophage viability and oxidative burst response. U937 cells were differentiated
into macrophages with phorbol myristate acetate treatment (100nM for 48h) and
cultured on transwell inserts. An air-liquid interface (ALI) exposure method was
employed to assess the direct effects of CS and HNBT vapor on macrophages.
Cells were exposed for 30 minutes (2 s of smoke/vapor followed by 18 s of airflow)
or treated with nicotine (0,01, 0,1, or 1 μg/mL). At the end of exposures or nicotine
treatments, cells were challenged or not with lipopolysaccharide (LPS; 1 μg/mL)
for 1 hour. ROS production was assessed immediately after LPS treatment, and
cell viability were evaluated 24 hours later. CS or HNBT exposure decreased cell
viability, by causing apoptosis and necrosis; however CS was more cytotoxic than
HNBT. HNBT or CS exposures triggered ROS production; nevertheless after LPS
treatment, both tobacco products reduced ROS production in comparison to airflow
group. Different nicotine concentrations reduced cell viability, mainly by apoptosis,
and ROS production with or without LPS challenge in a dose-dependent manner.
Associated, data presented show the toxicity of CS and HNBT on macrophage
ROS production, which are different dependent on cell activation condition. Once
the same pattern was observed in nicotine treated cells in a concentration-depended manner, nicotine-content products can impair macrophage responsiveness
and capacity to respond to bacterial insults. Although further investigations are
necessary, novel tobacco products containing nicotine can impair macrophage
responses during host defense.
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Systems Tox Assessment to Investigate Gene Expression
Changes and Disease Correlation following 7-Month Cigarette
Smoke or E-vapor Exposure in C57BL/6 Mice

A. Kumari1,2, A. Kumar2, S. Pramod2, Z. Wei2, J. Frederick2, U. Kogel3, J. Hoeng3, M.
Lusso2, and K. M. Lee2. 1North Carolina Agricultural and Technical State University,
Greensboro, NC; 2Altria Client Services LLC, Richmond, VA; and 3Philip Morris
International, Neuchatel, Switzerland.
Chronic exposure to cigarette smoke (CS) can cause inflammation and oxidative
stress which leads to various diseases, including chronic obstructive pulmonary
disease (COPD) and cancer. As a potential reduced-risk (RR) alternative, e-vapor
products deliver nicotine with significantly reduced amounts of harmful and
potentially harmful constituents compared to CS. Molecular endpoints, such as
transcriptomics, can aid in the mechanistic understanding of the RR potential of
e-vapor aerosols in comparison to CS. Here, we analyzed transcriptomic data from
lung tissue of C57BL/6 mice exposed to CS (3R4F) or e-vapor (Test Red) for up to
3, 4, or 7 months to evaluate the mechanistic correlation between changes in gene
expression pathways and adverse outcome pathways. Data were first processed
with Transcriptome Analysis Console (TAC) to determine the differentially expressed
genes (DEGs) which were subjected to Qiagen’s Ingenuity Pathway Analysis (IPA).
The IPA database provided the biological relevance of molecules, genes, networks,
and disease pathways changed by either exposure. We first compared 3R4F vs
Sham, Test Red vs Sham, and 3R4F vs Test Red groups, followed by time-dependent changes over 3, 4, and 7-months. The 3R4F exposures induced COPD-related
pathways including IL-6 Signaling, IL-17 Signaling, Inflammasome Pathway, and
Production of Nitric Oxide and Reactive Oxygen species in Macrophages indicating oxidative stress and inflammation. Tumor Microenvironment Pathway and Cell
Cycle Regulation highlight additional pathways relating to cancer. These pathways
also correlated with Disease and Function pathways such as Production of Reactive
Oxygen Species, Proliferation of Immune Cells, Inflammatory Response, and Cancer
indicating mechanistic changes typically seen in COPD. The Test Red exposure
yielded no significant results using IPA. Comparison using IPA implicated similar
networks and disease pathways across 3, 4, and 7 months between 3R4F vs sham
and 3R4F vs Test Red groups. Overall, the results suggest that compared to 3R4F
exposures, Test Red aerosol exposures induced substantially fewer changes in
gene expression pathways associated with chronic lung diseases.
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2
Supervision and Test Center, Zhengzhou, China; Key Laboratory of Tobacco Biological
Effects, Zhengzhou, China; and 3Joint Laboratory of Heated Tobacco Product Safety
Evaluation, Zhengzhou, China. Sponsor: Q. Meng
Cigarette smoke contains a variety of toxic components such as nicotine, which
was reported to induce the dopamine production that could have a relationship
with intestinal through gut brain axis. Heated tobacco product (HTP), the novel
tobacco products, is reported its nicotine content is lower than the cigarette smoke
and the toxicology of intestinal is unknown. In our study, the toxic effect of HTP
was explored. The rats were exposed with different concentrations of HTP aerosol
and cigarette smoke, respectively. The control group was treated with clean air.
Each group contains male and female rats. The experimental rats were exposed for
90 days, 6 h per day. After the exposure, the colon of each rat was collected. The
antioxidant and inflammatory levels were measured. The results showed that the
levels of MDA in colon were obvious increased in cigarette group, whereas the SOD
was decreased, which showed that the oxidative stress induced by cigarette smoke
was improved than that in HTP group. Moreover, the inflammation results showed
that the proinflammatory factors of colon in HTP group was significantly lower than
that exposed with cigarette smoke. In conclusion, the oxidative stress and inflammatory induced by HTP were preferred to cigarette smoke, which indicated that the
toxic effect of HTP on intestinal were obviously inferior to cigarette smoke.

4243

In Vitro Toxicological Evaluation of Heated Cigarette THP COO
and Reference Cigarette 3R4F

3R4F, THP COO Oriental and THP COO blue caused positive DNA protein cross-linking, however, the dose of positive reaction caused by THP COO was much higher
than that of 3R4F, and THP COO GOLDEN did not cause positive reaction. Above
all, from the three toxicological tests, it is concluded that the toxicity of THP COO
is much lower than 3R4F. Tobacco heating product might be a potential modified
tobacco product.

4244

Effect of Variable Electronic Cigarette Voltage on a Respiratory
Cell Barrier Model

J. Adragna. New York University Langone Medical Center, New York, NY.
The popularity of the electronic cigarette has grown over time, whereas their health
effects remain poorly explored. Traditional animal models are costly, ethically
problematic, and do not suffice for the exploration of human toxic exposures. The
Calu-3 human derived adenocarcinoma cell line is a good compromise in vitro
model. Calu-3 cell models are inexpensive, easily grown, and express important drug
transporter proteins. When cultured at an air liquid interface (ALI), the monolayer
polarizes and forms tight junctions and a functional respiratory epithelial barrier.
Using a Calu-3 ALI model, we investigated the effects of varying e-cigarette aerosol
generation voltage on the respiratory barrier as measured by Trans-Epithelial
Electrical Resistance (TER). Calu-3 grown at ALI in trans-well units were exposed
to an e-cigarette aerosol generated at 3.5V, 3.8V and 4.3V at a concentration of
10g/m3 for 30 minutes after which their TER was recorded at 4, 24, and 48 hours
post-exposure. We found an initial decrease in TER for all groups 4 hours post-exposure with increases over baseline values at 24 and 48 hours, particularly at the
highest voltage. These findings may indicate instability in the cell model, barrier
immaturity, or barrier stimulation following exposure to e-cigarette aerosols.

4245

Induced Sputum Biomarkers of Respiratory Immune
Homeostasis: A Comparative Analysis in 3rd- vs. 4th-Generation
E-cigarette Users

E. Hickman1, A. Payton1, P. Duffney1, H. Wells1, S. Brocke1, A. Bailey1, M. E. Rebuli1,
C. Robinette1, B. Ring2, J. E. Rager1, N. E. Alexis1, and I. Jaspers1. 1University of North
Carolina at Chapel Hill, Chapel Hill, NC; and 2University of North Carolina at Charlotte,
Charlotte, NC.
E-cigarettes (e-cigs) continue to be of public health concern, particularly given their
popularity with young adults and recent FDA marketing authorization. Over the past
decade, numerous studies have demonstrated that e-cigs can impact respiratory
immune homeostasis; however, the extent of these effects remains an active area
of investigation, and most previous studies were conducted with model systems or
subjects exposed to 3rd generation e-cigs, such as vape pens and box mods. Given
the rise in popularity of lower-power, sleek, nicotine-salt-containing pod and disposable e-cigs (4th generation), there is a critical need to better understand the respiratory effects of these newer e-cigs and to compare their effects to early generation
devices. We collected induced sputum samples from a cohort of non-smokers,
smokers, 3rd generation e-cig users, and 4th generation e-cig users (n = 20-30 per
group) and evaluated the cellular and fluid phase composition for markers of inflammation, host defense, and lung injury. We then leveraged both a standard (variableby-variable) analysis and multivariate predictive modeling to optimally understand
the differences in outcome profiles between cohort groups. We found that expression levels of sICAM1 and sVCAM1 were significantly lower in 4th generation e-cig
users in comparison with all other groups, and many other soluble mediators were
significantly lower in 4th generation e-cig users in comparison with 3rd generation
e-cig users, suggestive of dysregulated immune homeostasis in the form of overall
immune suppression in these subjects. Predictive modeling enhanced separation
between exposure groups compared to standard analysis methods, particularly for
pairwise comparisons between e-cig groups and non-smokers. Taken together, our
results indicate disrupted immune homeostasis in 4th generation e-cigarette users
and demonstrate that the effects associated with 4th generation e-cigarette use are
unique from those associated with previous generation e-cigarettes.

4246

Relationship between Electronic Cigarette Use and SARs-CoV-2
Infection

S. Han, H. Wang, H. Chen, S. Li, Y. Tian, Y. Fu, T. Liu, H. Hou, and Q. Hu. China National
Tobacco Quality Supervision and Test Center, Zhengzhou, China. Sponsor: Q. Meng

R. Phandthong, A. Song, M. Wong, T. Martinez, and P. Talbot. University of California
Riverside, Riverside, CA.

Modified Risk Tobacco Products (MRTPs) may reduce the health risks associated with cigarette smoking. In this study, Clone formation, LDH release and DNA
protein crosslinking were tested for NCI-H292 cells treated with tobacco heating
product THP COO GOLDEN, THP COO ORIENTAL,THP COO BLUE and reference
cigarette 3R4F under the Health Canada Intense regime. The result showed that
when the concentration was 10 puff/L, 3R4F reduced the clone formation rate to
less than 10% of the control group, but there was no significant change in the clone
formation rate of THP COO. 3R4F caused LDH to rise to 1.5 times of the control
group and caused positive reaction, THP COO caused the increase of LDH, but it did
not exceed 1.5 times that of the control group, and did not cause positive reaction.

Observational studies have shown an inverse relationship between cigarette
smoking/nicotine and protection against infection by the SARs-CoV-2 virus, while
meta-analyses found that smoking increases susceptibility to SAR-CoV-2 due to
elevation of ACE-2, the viral receptor. Relatively little is known about the relationship between electronic cigarette (EC) use and SAR-CoV-2 infection, despite their
popularity among adolescents, who have limited eligibility for SAR-CoV-2 vaccines.
We tested the hypothesis that EC aerosols, which have high levels of nicotine,
increase ACE-2 leading to increased likelihood of infection by SAR-CoV-2. In
submerged culture, ACE-2 and TMPRSS-2 expression increased in human bronchial
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epithelial cells (BEAS-2B) after 24 hours of treatment with either 0.3 mg/ml nicotine
(a concentration found in EC aerosols) or 0.5% EC refill fluids containing nicotine.
In a cloud chamber which generates aerosols without heat, air-liquid interface (ALI)
exposure of BEAS-2B cells to aerosols containing only nicotine caused ACE-2 levels
to increase. A Cultex system was then used to expose Mat-Tek 3D EpiAirway tissues
to EC aerosols generated with heat. Exposure of Mat-Tek EpiAirway to 50 puffs
of EC aerosols with nicotine for 3-days increased ACE-2 levels, while TMPRSS-2
decreased. Cleavable fluorogenic peptides were used to demonstrate that the
viral entry proteases (furin, TMPRSS-2, cathepsin-L) were active in BEAS-2B cells
and Mat-Tek tissues. ALI exposure of Mat-Tek tissues to EC aerosols increased
furin activity, decreased TMPRSS-2, but did not affect cathepsin-L. Infection of
both models was quantified using viral pseudoparticles with spike proteins. Cultex
ALI exposure of BEAS-2B cells or EpiAirway to lab-made or Blu EC aerosols had
higher levels of pseudoparticle infection than controls. However, EpiAirway tissues
exposed to JUUL aerosols were similar to controls, indicating infection varied with
EC products. Our data show that EC aerosols produced from refill fluids affect
SAR-CoV-2 infection in different ways, which may explain some of the controversy
surrounding the effect of EC aerosols on COVID-19. Our data clearly showed that
nicotine by itself can increased ACE-2 levels and infection, however other chemicals
in EC refill fluid can modulate this effect. Because SAR-CoV-2 infections are highly
variable with EC products, EC users will not necessarily know if their EC products
will increase the likelihood of infection.

4247

Chemical and In Vitro Toxicological Characterization of the
JUUL2 Product Aerosol and Comparison with 3R4F and 1R6F
Reference Cigarette Smoke

K. Demir, J. Yao, D. Cook, A. Ozvald, G. Gillman, and G. Lalonde. JLI, San Francisco, CA.
Sponsor: C. Barton
JUUL2 is a new temperature-regulated Electronic Nicotine Delivery System that was
introduced in the United Kingdom in the fall of 2021. In this study, levels of aerosol
constituents from the JUUL2 Device using JUUL2 pods pre-filled with Virginia
Tobacco and Crisp Menthol (18 mg/mL nicotine), were measured and aerosol
condensates evaluated for cytotoxicity, mutagenicity and genotoxicity using in vitro
assays utilizing non-intense and intense puffing regimes. Results were compared
to 1R6F and 3R4F reference cigarette smoke. Aerosol levels of the primary constituents (nicotine, glycerin, propylene glycol, benzoic acid, and menthol) and of
selected carbonyls, metals, volatile organic compounds, tobacco specific nitrosamines, organic acids and glycidol, as well as pH were measured. Measurements
were performed on the entire pod with five replicate measurements made for
each aerosol constituent. Aerosol condensate from Virginia Tobacco and Crisp
Menthol using both puffing regimes was assessed for cytotoxicity using the Neutral
Red Uptake assay (OECD 129 guideline) with both BALB/c 3T3 mouse and A549
human cell lines. Mutagenicity was evaluated using the AMES assay (OECD 471)
with five strains of Salmonella typhimurium and genotoxicity was evaluated using
the mammalian micronucleus assay (OECD 487) in TK6 cells, both assays were
conducted with and without metabolic activation. In summary, for both Virginia
Tobacco and Crisp Menthol excluding nicotine, menthol, propylene glycol and
glycerin, on average aerosol constituents were ≥96% lower than those reported in
3R4F reference cigarette smoke. The Virginia Tobacco and Crisp Menthol aerosol
condensates were not cytotoxic, mutagenic, or genotoxic under the conditions of
the in vitro assays.

4248

Evaluation of Chronic Inhalation Toxicity of E-vapor Aerosols in
18-Month Study in AJ Mice

E. Wong1, K. Luettich2, K. Woon1, Y. Yeo1, G. F. Kratzer2, A. Kondylis2, A. Kumar3, C.
Smith3, M. C. Peitsch2, J. Hoeng2, K. Lee3, and P. Vanscheeuwijck2. 1Philips Morris
International, Singapore, Singapore; 2Philip Morris International, Neuchatel, Switzerland;
and 3Altria Client Services LLC, Richmond, VA.
Many flavor ingredients in e-liquid formulations are ‘generally recognized as
safe’ for oral consumption, however there is limited information on their inhalation toxicity especially after repeated exposures. Based on structural grouping,
we selected 38 flavor group representatives from a total of 245 flavor chemicals,
which were combined as prototype e-liquid formulations and tested in an 18-month
inhalation study in AJ mice. The objectives were to characterize and compare the
potential impact of flavor containing e-vapor aerosols to the chronic inhalation
toxicity of cigarette smoke. Mice were whole-body exposed to air, aerosol from
carriers propylene glycol (PG) and vegetable glycerol (VG), PG/VG with nicotine (N,
2% [w/w]), PG/VG/N with flavors (F) at low, medium and high concentrations (4.6 to
18.6% [w/w]), PG/VG/F-High or to mainstream smoke (MS) from the 3R4F reference
cigarette for 6 h/day, 5 days/week for up to 18 months. The target aerosol nicotine
concentration was set to 15 µg/L. The main endpoints consisted of systemic
toxicity (body weight, survival), pulmonary inflammation (bronchioalveolar lavage
fluid [BALF] analyses), clinical chemistry, and whole blood analyses. No signs of
severe toxicity were noted following exposure to e-vapor aerosols and MS. There
were no exposure-related differences in survival rates amongst the female groups,
but the survival rate was lower in the male PG/VG/F-High group. Body weights at
month 18 were lower in the male PG/VG/F-High and male and female PG/VG/N/F-

High groups, however, all the e-vapor aerosol groups showed consistently higher
body weights compared to the MS group. In contrast to MS exposure, exposure to
the e-vapor aerosols did not cause notable changes in the BALF parameter indicative of lung inflammation. Typical MS-induced changes in serum liver function and
erythrocyte parameters were not observed in the e-vapor aerosol groups. While
reduced blood lymphocyte counts were observed in the male PG/VG/F-High and
PG/VG/N groups, the effect was comparable or significantly lower than those in
the MS group. In summary, chronic exposure to flavor e-vapor aerosols under the
tested condition did not result in notable chronic toxicity or lung inflammation.

4249

Rapid Impairment of Cellular Metabolism and Ciliary Function in
Precision-Cut Lung Slices by E-cigarette Condensates

J. Kelty, J. Herbert, J. D. Laskin, D. L. Laskin, and A. Gow. Rutgers, The State University
of New Jersey, Piscataway, NJ.
Common models for e-cigarette (e-cig) toxicity often lack standardization of
delivered dose for product comparisons and evaluation of initial responses of intact
lung. Precision-cut lung slices (PCLS) provide an opportunity to monitor acute
responses of structurally preserved airways throughout an exposure. Herein, we
evaluated cellular metabolism and ciliary beating frequency responses of PCLS to
e-cig condensates consisting of vehicle, nicotine (6 mg/mL), menthol (6 mg/mL) or
nicotine + menthol. Condensates batches from unique exposure days were characterized for nicotine, menthol, glycerin, and toxic metal content for quality control
purposes. PCLS (300 µm) were prepared from adult male C57BL/6 mice and
incubated for 24 h prior to exposures in a 5% CO2 humidified incubator. Condensate
exposures were in cell media at doses normalized to glycerin, a major component
of e-cig fluid. Using a WST-1 assay, we previously showed that cellular metabolism
was suppressed after exposure of PCLS to 100 mM menthol condensate for 4 h or
to 300 mM for 1 h. To further dissect this response, we used an Agilent Seahorse
XF. Responses were monitored at 3- or 6-min intervals over a total of 1 h exposure
to e-cig condensates. Treatment of PCLS with 300 mM of vehicle, nicotine, menthol,
or nicotine + menthol condensates reduced basal respiratory rate within 6 min and
glycolytic reserve after 1 h. Glycolysis, measured as extracellular acidification rate,
was significantly reduced within 30 min of exposure to 300 mM nicotine, nicotine
+ menthol, or menthol condensates with no effects at 100 mM concentrations.
Maximal oxygen consumption rate dropped by 90% relative to media controls after
1 h exposure to 300 mM for menthol or nicotine + menthol condensates, but not
for nicotine condensate. A nontoxic dose of menthol-containing condensates (300
mM) caused a reduction in ciliary beating frequency by 75% compared to baseline
within 21 min, while ciliary responses to nicotine condensate were more variable
and less severe at the same dose. Together, these data demonstrate that the
presence of nicotine or menthol in e-cig condensates are principal drivers of acute
metabolic abnormalities. NIH P30ES005022 and T32ES007148.

4250

Transcriptomic Profiling to Explore the Mechanism of
E-cigarette Ingredients-Induced Lung Injury

S. Yoon, M. Song, D. Kim, and K. Lee. Korea Institute of Toxicology, Jeongeup, Korea,
Republic of.
Our previous studies have shown that several cytological and histological changes
observed in E-cigarette or vaping product-associated lung injury (EVALI) patients
were confirmed in the propylene glycol (PG) and vitamin E acetate (VEA) instilled
mice, and they exhibit different pathophysiological patterns. Fibrotic injury was
observed only in PG group, and bronchus/bronchiole mucous cell hyperplasia was
markedly observed in VEA group. In current study, we identified the genes related
to PG and VEA-induced lung injuries and associated molecular pathway using
transcriptome analysis tools. PCA analysis of gene expression data showed different gene alteration patterns in the PG and VEA exposure groups, and higher sensitivity to gene expression changes in the VEA exposure group than in the PG exposure
group. Gene ontology analysis revealed that the various genes and pathways which
support PG and VEA-induced EVALI-like lung injury were altered. DEGs altered by
PG exposure were associated with AKT signaling pathway, extracellular matrix-receptor interaction, and focal adhesion. Inflammatory response, positive regulation of MAPK cascade, toll-like receptor signaling pathway, and asthma were
highly associated with VEA-induced lung injury. Additionally, we confirmed some
candidate molecules related to AKT and M2 macrophage polarization-mediated
fibrotic lung injury for PG and MAPK-mediated asthmatic airway inflammation for
VEA by western blot and quantitative RT-PCR. Thus, our results revealed that PG
exposure was associated with fibrotic lung injury via the AKT signaling pathway
and M2 macrophage polarization. VEA exposure was associated with asthmatic
inflammation via the mitogen-activated protein kinase signaling pathway. These
transcriptomic results suggest a potential mechanism for PG- or VEA-induced
lung injuries. Our present study provides novel insight into the pathophysiological
effects of major E-cigarette ingredients, PG and VEA.
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Metabolic Dysregulation-Mediated Pulmonary Innate Immune
Response in Acute Exposure to Menthol and Tobacco-Flavored
E-cigarettes

T. Muthumalage, and I. Rahman. University of Rochester Medical Center, Rochester, NY.
Menthol and tobacco-flavored e-cigarettes (e-cig) are widely available in many
states with and without nicotine as a safer alternative to combustible cigarettes.
The mechanisms of toxicity of menthol and tobacco flavored e-cigs are currently
unknown. We hypothesized that acute exposure to menthol and tobacco-flavored e-cigarettes elicit an allergic inflammatory response. Methods: C57BL/6J
and BALB/cJ strains were exposed to e-cig aerosols containing PG/VG (50:50),
menthol (0 and 6 mg/mL nicotine), and tobacco (0 and 6 mg/mL nicotine) for 2
hours/day for 3 days using the Scireq inExpose whole-body exposure system.
Differential cell counts and inflammatory mediators were measured in bronchoalveolar lavage (BAL) fluid by flow cytometry and Luminex, respectively. Acute lung
injury biomarkers (SP-A, PAI-1) and respiratory irritant sensing ion channel (TRPA1)
protein abundance were measured, along with gene expressions associated with
lung metabolism and inflammation by NanoString in the lung homogenates. Acute
exposure to PG/VG and menthol increased total leukocytes and neutrophils while Tlymphocytes were differentially altered in BAL. Menthol flavor significantly elevated
MCP-1 and RANTES; other pro-inflammatory mediators such as IFNγ, KC, and TNFα
were attenuated. Tobacco flavor elevated RANTES, EOTAXIN, and G-CSF while other
pro-inflammatory mediators such as IL-1β and TNF-α were attenuated. The surfactant protein-A (SP-A) level was reduced by tobacco flavor, but PAI-1 and TRPA1
levels were increased. Significant alterations in genes associated with inflammation
including Ager, Tgfb2, Csf2, Jun, Nod2, Il10rb, Cfd, Ccl5, Irfa, Cxcr1, Cxcl2, Alox12,
Alox15, and Alox5 were altered by e-cig exposures. Metabolism-associated genes
including Ada, Ms4a1, Ltb, Pck1, Arg1, Vegfa, Inmt, Cyp1a1, Col4a2, Ctss, Acaca,
Cd68, Cd19, and Cd84 were significantly altered by e-cig exposures. Menthol flavor
downregulated most inflammatory genes. The observed cytokine and gene expression was significantly altered with the presence of nicotine. Most gene modulations
were identified in neutrophils, mast cells, dendritic cells, and exhausted T-cells.
Primary signaling pathways affected by e-cig exposures included PI3K-Akt, T cell
receptor, and cytokine-cytokine receptor signaling pathways. Our data suggest that
exposure to PG/VG, menthol, and tobacco flavored e-cigs elicited allergic inflammation-mediated acute lung injury driven by metabolic reprogramming in lung
cells, including immune cell dysregulation contributing to impaired innate immune
function. Supported by NIH R01HL135613, U54CA228110, and K99ES033835-01.
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Acute Aerosol Exposure to Fruity- and Tobacco-Flavored ENDS
Alters Lung Inflammation in Mice

T. Lamb, T. Muthumalage, and I. Rahman. University of Rochester Medical Center,
Rochester, NY.
Electronic nicotine delivery systems (ENDS) are typically composed of propylene
glycol (PG), vegetable glycerin (VG), nicotine and flavoring chemicals. The flavoring chemicals utilized in ENDS are general recognized as safe for ingestion, but
current evidence has indicated that the inhalation of these chemicals may result
in adverse health effects. Both adolescence and adult e-cigarette users have the
highest preference for fruit flavored ENDS, with adult users also having a high
preference for tobacco and menthol flavored ENDS. We hypothesis that the use
of flavored ENDS product will result in an increase in inflammation in the lungs of
exposed mice. C57BL/6J mice, 8 weeks old, were exposed for 1 hour utilizing a
nose-only exposure system to air, PG/VG (50/50), fruity and tobacco flavors, such
as apple, cherry, strawberry, wintergreen, and smooth and mild tobacco for 3 days
and were sacrificed 24 hours after the final exposure. Total cell counts and differential cell counts for macrophages, neutrophils, CD4 and CD8 T-cells were collected,
and inflammatory cytokines were measured in BALF. Mice exposed to flavored
and unflavored ENDS did not alter total cell counts compared to air exposed mice
but cherry flavored ENDS exposed mice resulted in a significant decrease in total
cell counts compared to mice exposed to PG/VG. Mice exposed to flavored and
unflavored ENDS did not alter macrophage cell counts compared to air exposed
mice. Mice exposed to unflavored, apple, cherry, smooth and mild tobacco, and
strawberry flavored ENDS resulted in a significant increase in Ly6B.2 positive cells
and mice exposed to unflavored, apple, smooth and mild tobacco, and strawberry
flavored ENDS resulted in a significant increase in neutrophil cell counts compared
to air exposed mice. Mice exposed to PG/VG resulted in a significant increase in
CD4 positive cells and cell counts compared to flavored ENDS and air exposed
mice. Mice exposed to strawberry flavored e-cigarettes resulted in a significant
decrease in CD8 percent positive cells and cell counts compared to PG/VG exposed
mice. Mice exposed to strawberry flavored ENDS resulted in a significant increase
in keratinocytes-derived chemokine (KC) compared to air exposed mice. Mice
exposed to strawberry flavored ENDS products result in a significant increase in
KC levels and neutrophil cell counts indicating the potential for significant inflammation in lungs of long-term e-cigarette users and the need for studies looking at
chronic exposures to flavored ENDS product.

4253

Menthol-Flavored JUUL Aerosol Exposures Induce Pulmonary
Oxidative Stress Responses without Inflammation, In Vitro and
In Vivo

R. Pinkston1,2, A. L. Penn2, and A. Noël2. 1Southern University and A&M College, Baton
Rouge, LA; and 2Louisiana State University, Baton Rouge, LA.
Currently, more than 13 million Americans use electronic nicotine delivery systems
(ENDS). Menthol is a popular flavor commonly used in tobacco products for its
cooling properties; however, the cellular, molecular and physiological effects by
which menthol-flavored ENDS aerosols affect immune function and pulmonary
homeostasis are limited. Our aim here was to investigate the pulmonary effects
induced by JUUL menthol (JM)-flavored aerosols using in vitro and in vivo models.
Murine macrophages (RAW 264.7) were exposed to JM-flavored aerosol (~15.4
µg/cm2) or filtered air at the air-liquid interface for 1 hr, followed by collection 24
hrs post exposure. Female C57BL/6 mice (4-5-week-old) were exposed to the JM
aerosol (~0.34 mg/puff) 1 hr/day for 8 weeks. Cytotoxicity (LDH), reactive oxygen
species (ROS) and reactive nitrogen species (RNS) production in cell media or
bronchioalveolar lavage fluid (BALF) were assessed, as were serum cotinine levels
and gene expression. JM upregulated the expression of the nicotinic receptor,
α7nAChR, both in vitro (3.2-fold) and in vivo (1.6-fold). Additionally, in vivo exposure
significantly increased serum cotinine levels (> 125 ng/mL) plus expression of
Cyp2a5 in the lung (2.0-fold) and liver (1.5-fold) of JM-exposed mice, confirming
nicotine exposure and metabolism. In macrophages, JM decreased cell viability (≥
30%), increased LDH levels (≥ 50%), increased RNS and ROS production (≥ 50%),
suggesting macrophage activation. This was supported by the upregulation of
iNos, a key gene involved in macrophage redox regulation. Responses in BALF
resulted in ≥ 20% decreased RNS and ≥ 20% increased ROS levels, confirmed by
the downregulation of iNos. Both in vitro and in vivo exposures upregulated Hmox1
and Nqo1 genes, which are central to oxidative stress (OS). No change in inflammatory markers, including Ifn-γ, Il-4 and Il-13, was observed in both models. These
results suggest that JM aerosol induces OS responses without significant changes
in inflammation. Our results are in line with menthol plus nicotine having suppressive effects on lung inflammatory responses, and additionally show that this occurs
while OS pathways are stimulated. Overall, JM-flavored aerosols negatively affect
lung responses.

4254

Menthol- and Tobacco-Flavored Electronic Cigarettes Induced
Dysregulated Repair Using Engineered Microtissue-Based Array
in Lung Fibroblast and Epithelium

Q. Wang1, J. Lucas1, R. Zhao2, and I. Rahman1. 1University of Rochester Medical Center,
Rochester, NY; and 2University at Buffalo, Buffalo, NY.
Electronic cigarette (e-cig) vaping has increased dramatically in recent decades
in the US, since they are considered safer alternatives to combustible cigarettes.
The vehicles for e-cig liquids (e-liquids) are often mixtures of propylene glycol
(PG) and vegetable glycerine (VG) which are generally recognized as safe (GRAS)
for consumption. Different flavor additives are also used in e-liquids to reduce
throat irritation while unexpectedly attracting young generations. However, the
toxic effects of flavored e-cigs on lung/respiratory health is lacking. Therefore,
we hypothesized that menthol and tobacco flavored e-cigs induce inflammatory
responses, inhibit wound healing, and dysregulate barrier function in lung fibroblast
and epithelium. We exposed lung fibroblast (HFL-1) and epithelium (BEAS-2B) to
flavorless (PG/VG, 50:50), menthol flavor, and tobacco flavored e-cig aerosols for
two days. We have found decreased cell number in HFL-1 and increased IL-8 levels
in the conditioned medium when exposed to tobacco flavored e-cig. Both menthol
and tobacco flavored e-cig exposure showed decreased protein abundance of
type 1 collagen (COL1A1), α-smooth-muscle actin (αSMA), and fibronectin as
well as gene expression level of αSMA (Acta2). We also employed our engineered
microtissue array, which can monitor tissue contractility in this study. We observed
decreased tissue contraction force in HFL-1 formed microtissue when exposed
to menthol and tobacco flavor e-cig. Furthermore, BEAS-2B exposed to flavorless
or flavored e-cigs showed no difference in cell numbers, while menthol exposure
showed significantly decreased gene expression of Cdh1, Ocln, and Tjp1. Overall,
menthol and tobacco flavored e-cigs induced cytotoxicity, inflammatory responses,
inhibited wound healing, and perturbed barrier function in lung fibroblast and epithelial cells. Our findings implicate the lung cellular dysfunction by currently otherwise
unregulated flavored e-cigarettes. This study was supported by TCORS Grant: CRoFT
1U54 CA228110-01.

4255

Toxicity of E-cigarette Menthol Flavoring in a Precision-Cut
Lung Slice Model of Chronic Pulmonary Disease

J. Herbert, J. S. Kelty, J. D. Laskin, D. L. Laskin, and A. J. Gow. Rutgers, The State
University of New Jersey, Piscataway, NJ.
The safety of electronic cigarette (e-cig) consumption is unclear without comprehensive toxicological data on e-cig aerosol and flavor effects on the respiratory
system, particularly when lung damage or chronic diseases are present. Surfactant
protein-D (SP-D) is a pulmonary collectin known to regulate macrophage inflamma-
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tory activity; loss of SP-D results in persistent lung inflammation, which progresses
to chronic pulmonary disease. Previously, we demonstrated that e-cig condensate
with menthol flavoring induces cytotoxicity, oxidative stress and impaired airway
responsiveness (AWR) in a precision cut lung slice (PCLS) model using healthy
young mice. In the present studies, e-cig and menthol toxicity was investigated
in PCLS from young (8-10 wk) and old (6 mo) mice with chronic inflammation
caused by loss of SP-D (SP-D-/-). PCLS were exposed for 4 h to 50-500 mM e-cig
condensate generated from aerosols of commercially available e-liquids containing
vehicle or nicotine+menthol. In PCLS from both young and old mice, nicotine+menthol caused cytotoxicity as measured by increased lactate dehydrogenase (LDH)
release, reduced mitochondrial WST-1 metabolism, and blunted AWR and ciliary
beating frequency (CBF). Severe bronchial epithelial cytotoxicity and depletion of
glutathione (GSH) were also noted. In PCLS from old SP-D-/- mice, LDH release
was 4-fold higher than from young SP-D-/- mice after exposure to nicotine+menthol
condensate at concentrations > 300 mM, suggesting a greater susceptibility to
toxicity in later stages of chronic disease. Older SP-D-/- mice were more susceptible to GSH depletion than younger SP-D-/- mice, indicating a reduced antioxidative
response in the older animals. AWR was completely blunted after exposure of PCLS
from young SP-D-/- mice to 300 mM nicotine+menthol. In PCLS from older SP-D-/mice, AWR was observed, but reduced by comparison to control. Taken together,
these data indicate that toxicity responses to e-cig condensate containing menthol
flavoring increase with advancing age in chronic inflammatory lung disease. NIH
P30ES005022 and T32ES007148.

4256

Device Type, Nicotine, and E-liquid Flavors Determine the Extent
of E-cigarette-Induced Pulmonary Oxidative Stress in Mice

A. R. Ramalingam1, C. Kucera1,2, A. L. Hodges3,2, G. A. Shirk1, A. Bhatnagar2, and A.
P. Carll1,2. 1University of Louisville School of Medicine, Louisville, KY; 2American Heart
Association Tobacco Regulation and Addiction Center, Louisville, KY; and 3Diabetes &
Obesity Center, University of Louisville School of Medicine, Louisville, KY.
Although vaping is linked to short-term cardiopulmonary effects, the long-term
impacts of e-cigarettes (e-cigs) remain obscured by a constantly evolving field of
new e-cig devices and e-liquids. Oxidative stress can predict chronic disease in
smokers and may differentiate the risks of various emerging tobacco products. In
this study, we investigated the role of e-cig device type and e-liquid constituents (i.e.
nicotine and flavors) in vaping-induced pulmonary oxidative stress. Male C57BL/6J
mice (n=5-8/group) were exposed to either filtered air or aerosols generated by a
Mod or JUUL device (6 hours/day * 4 days) from propylene glycol and vegetable
glycerin (PG:VG, 50:50) ± nicotine. We also included flavored JUUL pods (JUUL
Virginia Tobacco & JUUL Menthol) to investigate the role of flavors in e-cig toxicity.
Lung tissues were harvested and analyzed for glutathione ratio (GSH:GSSG), which
served as a primary indicator of oxidative stress, using 1-way ANOVA and p<0.05
for significance. Among nicotine-free aerosols, Mod aerosol significantly reduced
lung GSH:GSSG in mice compared to JUUL (1.58±0.28 vs. 3.75±0.92), suggesting
Mod aerosols cause more robust oxidative stress than JUUL, even in the absence
of nicotine. We also noted no significant difference in lung GSH:GSSG between
nicotine-free and nicotine-containing aerosol generated by Mod (1.58±0.28 vs.
1.29±0.43), suggesting nicotine may not underlie Mod-induced oxidative stress.
All nicotine-containing JUUL aerosols significantly depleted total lung glutathione
after 4-day exposure vs. Air, but only Menthol significantly reduced lung GSH:GSSG
vs. Air (0.61±0.10 vs. 2.65±0.49) suggesting specific flavorants may potentiate
nicotine-mediated oxidative stress. Overall, our data suggest that device type,
nicotine, and e-liquid flavors can underlie e-cig-induced pulmonary oxidative stress.
Further studies are needed to determine whether differences in acute pulmonary
oxidative stress predict long term cardiopulmonary toxicity and translate to human
outcomes.

4257

Comprehensive Determination of 569 Flavors in Cigarette
Aromatic Raw Materials by GC-MS/MS Using Analyte
Protectants and Column Backflushing

L. Pan1, Y. Luo2, X. Wang1, G. Guo2, Y. Yu2, and Y. Qin1. 1Zhengzhou Tobacco Research
Institute of CNTC, Zhengzhou, China; and 2HongyunHonghe Tobacco (Group) Co. Ltd.,
Kunming, China. Sponsor: R. Meng
Various aromatic natural raw materials are used in cigarette flavoring. Studying the
composition and content of flavors is very important for quality controlling of raw
materials and identifying the source of flavors in tobacco. A high-throughput and
sensitive method by gas chromatography-tandem mass spectrometry (GC-MS/MS)
combined with analyte protectants and column backflushing was developed for
the determination of flavors in cigarette aromatic raw materials. 569 flavors were
ascertained, which are licensed additives for tobacco in China, America, Britain
and British American Tobacco, or key ingredients of aromatic natural raw materials in literature research, or adverse sensory ingredients. In order to effectively
extract flavor compounds, aromatic natural raw materials were divided into two
categories. One category was essential oil, absolute oil, resin and lipoid, which
were directly diluted with dichloromethane before injection into GC-MS/MS.
Tincture, extractum, fruit juice and plant extract, as the other category, were firstly
dispersed with saturated salt water and then extracted with dichloromethane.

Considering 569 flavors with wide distributions in structure, polarity and volatility, two GC-MS/MS instruments were used and connected with chromatographic
columns of different properties. DB-5 MS (60m×0.25mm×0.25μm) column and
DB-624 (60m×0.25mm×1.4μm) column were presented for separation of 323
compounds with weak polarity/high boiling point and 246 compounds with strong
polarity/low boiling point, respectively. A column backflushing device was built up
to prevent excessive contamination of column and ion source by nonvolatile matrix
components, which was composed of pre-column, auxiliary electronic pressure
control, three-way fitting and chromatographic column. Surfactants containing
adjacent binary hydroxyl groups at one end and alkyl chain with different carbon
numbers at the other end were selected as analyte protectants. The analyte
protectant mixture consisting of 1,2-pentanediol, 1,2-Octanediol, 1,2-Decanediol,
and 1,2-tetradecanediol covered the entire volatility range of GC-amenable analytes,
and significantly improved the peak shapes and response intensities of susceptible
compounds. The developed method was successfully applied for determination of
569 flavors in 429 cigarette aromatic raw materials, verifying this method of well
performance in accuracy and robustness.

4258

Linking Chemical Exposures and Respiratory Immune Effects in
E-cigarette Users

C. Cobos-Uribe, Y. Hsiao, C. Liu, C. Robinette, N. Knight, K. Lu, and M. E. Rebuli.
University of North Carolina at Chapel Hill, Chapel Hill, NC.
E-cigarettes (e-cigs) are electronic devices that deliver nicotine to the user
by aerosolizing a complex mixture of chemicals in the form of an e-liquid. Our
understanding of the chemical components of e-cigarettes have come from
studying e-liquids or the aerosol emissions from e-cig devices, but we know
little about which constituents land on and directly interact with the respiratory
mucosa. Additionally, most prior studies have focused on the health effects of
nicotine and humectants, the main components of e-liquids. However, there are
other components, such as pesticides and metals, that could also negatively affect
human health. To address these key knowledge gaps, we characterized the nasal
mucosal immune and chemical exposure profiles of e-cig users to identify the
chemicals present in the nasal mucosa after e-cig use and associate them with
alterations in the production of immune mediators. We obtained nasal epithelial
lining fluid (NELF) samples using Leukosorb strips from healthy e-cig users (n =
32) and non-smokers (n = 29). Two samples were obtained from each participant,
one per nare; one sample was used for immune mediator profiling and the other
to characterize chemical exposure. Immune mediators were analyzed using a
30-Plex MSD ELISA. Chemical exposures were analyzed via untargeted high-resolution LC-MS. All statistical analyses were carried out using RStudio. In our results,
granulocyte-macrophage colony-stimulating factor (GM-CSF) levels were higher
in e-cig users compared to non-smokers in aggregate analyses. When stratified
by sex, interleukin-15 was higher in male e-cig users than male non-smokers. As
for chemical exposures, the untargeted analysis indicated that 381 features were
differentially present in e-cig users and non-smokers. Of these, 101 features were
successfully annotated, including nicotine and glycerin. Together, these results
indicate that the NELF is a valuable collection method that can be used to assess
chemical exposures and respiratory cytokine levels. Current work is ongoing to
evaluate associations between annotated chemical exposure features and
alterations in immune mediator production.

4259

Electronic Cigarette Liquid Vehicle, and Vehicle + Phytol, Illicit
Differential Lipid Responses in the Lung and Brain

D. Scieszka1, P. Nikeghbal1, K. Major1, P. Mrass1, J. Begay1, S. Lucas1, H. Gu2, J.
Cannon1, and M. Campen1. 1University of New Mexico, Albuquerque, NM; and 2Florida
International University, Miami, FL.
Electronic cigarettes (e-cigs/pens) have been gaining popularity within youth
culture for a decade, with marijuana pens (THC pens) gaining additional popularity
as federal regulations are overturned. As such, the long-term effects of e-cigs and
THC pens are not fully known. Using murine lung wash (BALF) proteomics, we
previously showed that subchronic exposures to e-cig vehicle (propylene glycol/
vegetable glycerin; PGVG) and PGVG + nicotine illicit differential responses from
each other, and both exposure conditions were measurably different from filtered
air controls. Building on this, we analyzed metabolomic and lipidomic changes
associated with PGVG and PGVG + Phytol, which is found in THC pens as a purification byproduct. Mice were exposed for 2 hours per day, 5 days per week, for 8
weeks. Averaged e-cig vapor concentrations per condition were quantified at ~130
mg/m3 per day. After 8 weeks, mice were euthanized, brains were dissected, and
lungs were extracted for metabolomic and lipidomic triple quadrupole spectrometry. Metabolites were significantly altered in cerebellum, hippocampus, and lung
tissues between all combinations of FA vs PGVG vs Phytol. However, analysis of
the lipids within cerebellum and lung tissues revealed an enormous response from
e-liquid vehicle, while the toxic effects from Phytol were reduced to nearly baseline
levels of filtered air. These unusual responses warrant further investigation, as
toxic effects could manifest in alterations to other molecules or processes, such as
DNA, RNA, protein, microRNA, and epigenetic alterations, among others. Within the
lung, we utilized a web-based signature pathway analysis (Lipea), and confirmed
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that autophagy and sphingolipid signaling pathways were decreased from e-cig
vehicle, PGVG. These were internal authentications based on published reports, and
served to validate our exposure paradigm. Lipea also revealed a novel downregulation of retrograde endocannabinoid signaling, which warrants further investigation.
Overall, the majority of our statistically significant upregulated lipids comprised of
Lyso PE and Lyso PC species. Categorical grouping of downregulated lipids was
less trivial due to their sheer number. However, consistent downregulation of PE,
PC, and ceramides was observed. From these, we believe that e-cig vehicle PGVG
is contributing to surfactant remodeling within the lung. As many of these lipid
species have been associated with disease modalities, their thorough examination
will be necessary to inform vaping communities of potential hazards.

involucrin, were increased in the EC vs NS comparison. Our transcriptomic analysis
showed that gene expression profiles associated with EC use are not equivalent to
those from non-smokers. EC use may interfere with airway epithelium recovery by
promoting increased oxidative stress, inhibition of ciliogenesis, and maintaining
inflammatory response. These transcriptomic alterations may contribute to the
progression of diseases with chronic EC use.

4262

Biological Effects of Low- and High-Temperature Vapor from a
3rd-Generation E-cigarette Device

M. E. Poindexter, A. Fox, and K. Pinkerton. University of California Davis, Davis, CA.
4260

Effects of E-cigarette Use on Respiratory Immune Defense

E. T. Scott, T. Smyth, E. Hickman, and I. Jaspers. University of North Carolina at Chapel
Hill, Durham, NC.
E-cigarettes have emerged as alternatives for smokers and shaped a new culture
of non-smoking e-cigarette users. The long-term impacts on immune and respiratory health are not fully understood, but numerous studies have suggested that
e-cigarette aerosols can be detrimental to the health of users. Macrophages, which
are an essential component of the respiratory immune defense, could be vulnerable after repeated exposure to e-cigarette aerosols. Research has shown that
repeated exposure to e-cigarette aerosol condensates results in overall phagocytic
dysfunction, increased cytokine secretion, and a disruption of metabolic activity,
which hamper antimicrobial and antiviral functions. We hypothesize that e-cigarette use will greatly diminish phagocytic capacity across all phenotypes and
enhance susceptibility to cell death following stress-induced from particulate
matter exposure. We also expect to see increased production of pro-inflammatory cytokines, such as IL-6, IL-8, and IL-1B across all phenotypes derived from the
peripheral blood monocytes of e-cigarette users compared to those derived from
healthy human controls. To determine whether e-cigarette use causes systemic
modifications resulting in modified maturation and differentiation of monocytes/
macrophages, we collected peripheral blood monocytes from e-cigarette users.
Next, we measured macrophage phagocytosis, using a pH-sensitive fluorescently
tagged bioparticle, as well as cytotoxicity and inflammatory cytokines at baseline.
We found that there was no significant difference between peripheral blood MDMs
from vape subjects and control subjects at baseline. Macrophages polarized from
both control and vape subjects showed increased cytotoxicity following a 24-hour
polarization period. Out of the three cell types derived from healthy control subjects,
M1 cells experienced the highest cell death, which was unexpected considering
its microbicidal and pro-inflammatory roles. These preliminary results show the
consequential effect the polarization process itself may have on susceptibility to
subsequent toxicant exposures. The next step will be to explore the mechanisms
mediating phenotypic plasticity in the peripheral blood monocyte-derived
macrophages of e-cigarette users and non-users to see if there are differences in
macrophage dysfunction after a period of particulate matter exposure. Data derived
from this research will enhance our understanding of how repeated e-cigarette
usage affects systemic immune cell maturation and their inflammatory response.

4261

Transcriptomic Evidence That Switching from Tobacco
to Electronic Cigarettes Does Not Reverse Damage to the
Respiratory Epithelium

G. Pozuelos1, M. Kagda1, M. Rubin1, M. Goniewicz2, T. Girke1, and P. Talbot1. 1University
of California Riverside, Riverside, CA; and 2Roswell Park Comprehensive Cancer Center,
Buffalo, NY.
The health benefits of switching from tobacco to electronic cigarettes (ECs) are not
well characterized. To address this problem, we used RNA-seq analysis to compare
the nasal epithelium transcriptome from the following groups (n=3 for each group):
(1) former smokers who switched to second generation ECs for at least 6 months,
(2) tobacco cigarette smokers (CS), and (3) non-smokers (NS). Group three included
one former cigarette smoker. The nasal epithelial biopsies from the EC users had a
higher number of differentially expressed genes (DEGs) than the other two groups
(1,817 DEGs total for the EC vs NS, 407 DEGs for the CS vs NS, and 116 DEGs for
the CS vs EC comparison). In the EC vs NS comparison, enriched gene ontology
terms for the downregulated DEGs were consistent with ciliogenesis and ciliary
movement, while gene ontologies for upregulated DEGs included immune response,
keratinization, and NADPH oxidase. Similar ontologies for cilia were enriched by
the downregulated DEGs of the CS vs NS group. Reactome pathways identified
for the downregulated DEGs in the EC vs NS comparison included ciliogenesis
and ciliary motility; pathways for upregulated DEGs were related to an inflammatory response, such as neutrophil degranulation and interleukin-4 and 13 signaling.
In the CS vs NS comparison, the enriched Reactome pathways for upregulated
DEGs included biological oxidations and several metabolic processes. Regulator
effects identified using Ingenuity Pathway Analysis for the EC vs NS comparison
were inflammatory response, cell movement of phagocytes and degranulation
of phagocytes. Disease Ontology Sematic Enrichment analysis identified lung
disease, mouth disease, periodontal disease and pulmonary fibrosis in the EC vs NS
comparison. Squamous metaplasia associated markers, keratin 10, keratin 13 and

In recent years, there has been a rise in popularity and availability of 3rd generation e-cigarettes that allow users to precisely control both power and temperature
settings during vaping. The health implications of vaping at higher temperatures
are largely unknown though chemical compositions studies suggest that vaping
at higher temperatures increases aerosol generation and can increase concentrations of potentially harmful carbonyl compounds in the aerosol. To investigate the
pulmonary effects of coil temperature during vaping, mice were exposed to e-cigarette aerosols generated at either low (375°F) or high temperature (475°F) while
maintaining a constant aerosol concentration. A total of 72 C57BL/6 mice were
placed in whole body e-cigarette exposure chambers for 3 hours per day for 3 days.
3-second aerosol puffs were generated twice per minute. Serum, bronchoalveolar lavage fluid (BALF), and whole lung tissue were collected immediately following exposure on day 3. In both low and high temperature conditions respectively,
chamber aerosol concentrations (1,859 ± 83 and 1,843 ± 97 mg/m3) and aerosolized nicotine concentrations (6.47 ± 0.57 and 6.01 ± 0.34 mg/m3) were consistent,
resulting in consistent serum nicotine (21.4 ± 4.2 and 19.8 ± 4.6 ng/mL) and serum
cotinine concentrations (65.8 ± 10.5 and 72.9 ± 22.3 ng/mL). Exposure to e-cigarette aerosols generated at 375°F significantly decreased neutrophil numbers in
BALF compared to controls (P=0.029). This trend was more pronounced (P=0.0013)
in the high temperature (475°F) group indicating that vaping at higher temperatures
may impact innate immune cells in the lung more than vaping at lower temperatures. Total cells, macrophages, and lymphocytes in BALF were not significantly
altered by either e-cigarette exposure. Compared to controls, gene expression of
IFNβ, IFNγ, TNFα, IL-6 and IL-10 in mouse lung tissue samples were significantly
decreased following both low and high temperature e-cigarette exposures. IFNβ was
the most significantly downregulated gene with a nearly 4-fold decrease after low
temperature exposures and an 8-fold decrease after high temperature exposures.
In all cases, except for IL-6, gene expression after high temperature exposure was
downregulated further than after low temperature exposure. Collectively, these
data suggest the potential for higher temperature vaping to have stronger adverse
effects on the pulmonary immune system. Understanding the implications of high
temperature vaping could be critical in e-cigarette users who may unknowingly be
increasing their health risks by turning up the heat on their devices.

4263

Metals Generated from Electronic Cigarettes: Mechanism and
Quantification

K. K. Fabrice, W. Hao, Y. Huang, and Y. Wang. Missouri University of Science and
Technology, Rolla, MO.
Electronic cigarette (EC) usage has surged since its invention two decades ago.
However, to date, the health effects of EC aerosol exposure are still not well
understood because of insufficient data on the physiochemical properties of EC
aerosols and the corresponding evidence of health risks upon exposure. Herein,
we quantified the metals in the primary and secondhand aerosols generated by
the three brands of ECs. By combining aerosol filter sampling and inductively
coupled plasma mass spectrometry (ICP-MS), we assessed the mass of metals as
a function of EC flavoring, nicotine concentration, device power, puff duration, and
aging of the devices. The masses of Cr, Cu, Mn, Ni, Cu, and Zn were consistently
high across all brands in the primary and secondhand aerosols, some of which
were above the regulated maximum daily intake amount, especially for carcinogenic Cr and Ni with mass (ng per 10 puffs) emitted at 117 ± 54 (JUUL), 125 ±
77 (VOOPOO), 33 ± 10 (Vapor4Life), and 50 ± 24, 219 ± 203, and 27 ± 2, respectively. Our analysis indicates that the metals are released from the EC liquid and
the heating coil surface because of the intense heating of the device. High metal
content was also observed in simulated secondhand aerosols, generally 80%-90%
of that in primary aerosols. Our findings provide a more detailed understanding
of the metal emission characteristics of EC for assessing its health effects and
policymaking.
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Compartmentalization of Constitutive and Inducible Proteasome
Subunits in Lipid Rafts during E-cigs Vapor Condensate
Exposure

R. Begum1, S. Thota1, S. Batra1, and D. Kambiranda2. 1Southern University and A&M
College, Baton Rouge, LA; and 2Southern University Agriculture Research and Extension
Center, Baton Rouge, LA.
Cigarettes and other tobacco-based products are addictive. However, due to their
projection as less harmful alternatives, electronic smoking devices or e-cigarettes
gained popularity in the US markets rapidly. Recent reports demonstrate-oxidant/
antioxidant and protease/anti-protease disbalance in the lung leading to oxidation
of proteins, DNA damage and ultimately resulting in cell death in e-cigs users. .
Earlier studies demonstrate that lipid raft proteome contained a marked representation of the ubiquitin-proteasome system in murine macrophages. Interestingly,
lipopolysaccharide exposure selectively activated the proteasome system in
membrane rafts in murine macrophages, while its inactivation was observed
outside the raft entities. Further, proteasome activation in rafts was shown to play
a critical role in regulating NF-κB(p105)-MEK-ERK pathway. Interestingly, exosomes
or microvesicles originating from budding and fission at lipid raft domains have
also been shown to contain high levels of 20S proteasomes in human mesenchymal stem cells. Based on these facts, we hypothesized the important role of lipid
rafts in compartmentalization/activation of proteasomes during exposure to
e-cigarette vapors. Using human alveolar epithelial cells (A549) exposed to tobacco
flavored e-cigs vapor condensate (TF-ECVC) we observed: a) increase in the
transcription and translation of lipid raft-associated proteins (caveolin-1, flotillin-1,
and flotillin-2) and inducible proteasome subunits (LMP7/PSMB8, LMP2/PSMB9,
MECL-1/PSMB10); b) reduced expression of constitutive proteasome subunits
(β1/PSMB6 and β2/PSMB7); c) increased expression of NF-κB and MAPK genes;
and d) elevated production of pro-inflammatory cytokines/chemokines in A549
cells. Additionally, we observed localization of β2 and LMP7 subunits in lipid raft
fractions of TF-ECVC challenged alveolar epithelial cells. Furthermore, our findings
revealed a significant accumulation of lipid rafts associated protein flotillin-1
and proteasome subunit β1 in the exosomes released from TF-ECVC challenged
cells. Based on our results, identifying the role of lipid rafts in the activation of
proteasome/immunoproteasome and the downstream signaling during TF-ECVC
exposure is an interesting and novel objective of the current study. Further studies
are in progress to determine the localization of other immuno- and constitutive-proteasome subunits in lipid rafts entities and exosomes from ECVC challenged cells.

4265

Temperature Dependence of Emission Product Distribution from
Vaping of Vitamin E Acetate

R. M. Meletz, A. Canchola, R. A. Khandakar, M. Woods, and Y. Lin. University of
California Riverside, Riverside, CA.
The national outbreak of vaping-associated lung injuries (EVALI) in 2019 was
indicative of the dangers presented by vaping. Since then, there has been
evidence to suggest that vitamin E acetate (VEA) found in tetrahydrocannabinol
(THC)-containing cartridges may be the root cause of these cases. Recent studies
have found that during the vaping process, VEA can be degraded into emission
products such as duroquinone, ketene, or 1-pristene, which are more toxic than
the parent liquid. However, the role of heating coil temperature and the e-cigarette
device itself on the thermal decomposition of VEA and the distribution of resulting
products has not been fully established. In this study, we investigated the formation
of decomposition products at varying vaping temperatures. VEA vaping emissions
were generated at temperatures ranging between 176 and 356 °C and analyzed
using gas chromatography /mass spectrometry with electron ionization (GC-EIMS).
Pure pyrolysis of VEA without the influence of the cartridge coil was also investigated by generating degradation products at varying temperatures using a tube
furnace. We observed that as temperature increases, the production of certain
compounds such as duroquinone increases exponentially, while others appear to
break down further into lower molecular weight products. Furthermore, the product
distribution of vape-produced and pure pyrolysis-induced VEA emissions show
clear differences. Whereas we observe significant degradation of vaped VEA at
176 °C, pure pyrolysis does not result in a substantial breakdown of the oil until 322
°C, suggesting that the coil surface may act to catalyze VEA degradation during
vaping. The results from this study highlight the risk of vaping at the foreground by
exposing the potential toxicity of vaping emissions and the shift in product distribution at common user temperatures. Additionally, these results can potentially
support implications in vaping devices, user behavior, and vaping safety.
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Exposure to Vitamin E Acetate Aerosol in C57BL/6

J. W. Yu1, T. B. Nguyen1, E. Spindel2, and K. E. Pinkerton1. 1University of California Davis,
Davis, CA; and 2Oregon Health and Science University, Portland, OR.
In 2019 there was a rise in hospitalizations and deaths in what is now classified
as E-cigarette associated lung injury (EVALI). Vitamin E acetate (VEA) became a
chemical of interest as it was found in the bronchioalveolar fluid of patients and
in illicit vaping devices for tetrahydrocannabinol (THC) as a cutting agent. The

purpose of this study was to examine if inhalation exposure to VEA for differing
lengths of time would induce lung inflammation and/or injury in male and female
mice. Male and female C57 BL6/J mice were exposed to filtered air or VEA (100%)
for 3 h/day for 3 or 10 days. Exposure of mice for 3 and 10 days was carried out in
four separate experiments (male vs. female) with of total of 48 mice/sex with 12
mice exposed to filtered air and 12 mice exposed to VEA for 3 and 10 days. In each
of the 10-day studies, a pulse oximeter (STARR Life Sciences) was used to measure
blood oxygen levels, heart and respiratory rate. Necropsy was performed on the
last day of the exposure. Bronchoalveolar lavage (BAL) was used to determine
total cell number, viability, differentials and lung protein levels. Male mice exposed
to VEA for 10 days, showed significant increases in total cell numbers compared
to control mice. A significant increase was noted with 10-day VEA exposure in
males compared to 3-day VEA male and 10-day VEA female mice. After 10 days of
VEA exposure, males had significantly increased macrophage number compared
to 3-day VEA males, 10-day VEA females, and respective controls. All treatment
groups demonstrated a significant increase in neutrophil count, compared to
control. Neutrophils in 3-day VEA males were significantly decreased compared
to 3-day VEA females and 10-day VEA males. 10-day VEA males had significantly
increased lymphocyte number compared to control. There was also a significant
lymphocyte increase in 10-day VEA males compared to 3-day VEA males as well
as 10-day VEA females. 10-day VEA males and 10-day VEA females had a significant increase in the percentage of non-viable cells compared to control. 3-day VEA
males, 10-day VEA males, and 3-day VEA females had a significant increase in BAL
protein level compared to respective controls. BAL protein in 3-day and 10-day VEA
males was significantly higher compared to female mice at these same time points.
The pulse oximeter measurements were not significantly different between control
and VEA mice. In summary, progressive exposure of VEA resulted in a significant
increase in inflammatory and cellular changes compared to control mice with the
most significant changes occurring in 10-day VEA male mice.
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Inhalation Risk of Terpenes in Cannabis Vape Products

O’Neill1,

H. C.
D. R. Cheatham2, N. K. Mandava1, E. J. de Gandiaga3, A. M. Powell1, M.
A. Maddaloni4, and A. K. Madl3. 1Cardno ChemRisk, Boulder, CO; 2Cardno ChemRisk,
Chicago, IL; 3Cardno ChemRisk, Aliso Viejo, CA; and 4Cardno ChemRisk, Brooklyn, NY.
Terpenes are naturally occurring hydrocarbons present in the cannabis flower at
1-3.5% and are responsible for the distinctive aroma of Cannabis sativa L. Little
is known about safety or risk of inhaling terpenes. Utilizing publicly available
manufacturer’s certificates of analysis (COAs) listing % terpene composition in
vape products, six representative formulations with 16 key terpenes were identified for hazard and risk evaluation. Hypothetical mixtures of vape liquid with an
estimated daily exposure of 300 mg of THC containing 1, 5, 10, and 15% of each
terpene mixture were used to estimate daily terpene exposure for comparison to
health-based guidance values (HGVs) for chronic non-cancer health endpoints.
Terpenes were screened for carcinogenicity, mutagenicity/genotoxicity, reproductive/developmental and skin/respiratory sensitization (CMRS) potential utilizing Quantitative Structure-Activity Relationship (QSAR) computational modeling
analysis and were also evaluated using established toxicological databases. Daily
terpene exposures exceeded HGVs (HQ>1) at 5-15% for δ-3-carene (also at 15% only
in one mixture), terpinolene (two mixtures), and camphene. α-Humulene, β-caryophyllene, and β-myrcene exceeded HGVs in three, four, and four mixtures (at 1-15%),
and in three, two, and one mixture at 5-15%, respectively. Caryophyllene oxide and
α-bisabolol exceeded HGVs in all mixtures (at 1-15%) in which they were present;
ocimene was in exceedance at 5-15% in two mixtures. α-Pinene and α-phellandrene exceeded HGVs at 10 and 15% (in one mixture only). Inhalation of lipophilic
compounds, such as vitamin E acetate (Log Kow=10.6), was recently implicated
in vape-related lipoid pneumonia. As THC (Log Kow=7.42) and terpenes (Log Kow
ranges from roughly 3-6) are also lipophilic, consideration of inhalation safety of
the mixture will also be important. This risk assessment approach, combined with
hazard/concentration profile of terpenes and consideration of lipophilicity, provides
tools and benchmark guidance to evaluate health risks of the physicochemical
characteristics of terpene-containing vape products.
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Subacute Inhalation Toxicology Study of Glyceryl Diacetate in
Rats

Y. Tian1,2, Y. Fu1,2, H. Chen1,2, H. Wang1,2, S. Han1,2, S. Ma1,2, W. Wang1,2, F. Lu1,2, X. Li1,2,
X. Xu1,2, T. Liu1,2, H. Hou1,2, and Q. Hu1,2. 1China National Tobacco Quality Supervision
and Test Center, Zhengzhou, China; and 2Key Laboratory of Tobacco Biological Effects,
Zhengzhou, China. Sponsor: Q. Meng
Glycerol diacetate, a transparent oily liquid, is used in many industries. It was also
used as e-cigarette additive. As a substitute for traditional cigarettes, e-cigarettes
have a large number of users around the world. Up to now, the inhalation toxicity
of glycerol diacetate is not clear. For the safety of the public, it is necessary to
explore the inhalation toxic effect of glycerol diacetate. Trying to evaluate the
toxicity of e-cigarette additive glycerol diacetate, we conducted subacute inhalation
toxicity experiment of glycerol diacetate. SD rats were randomly divided into clean
air control group, and three different exposure groups. The exposure groups were
exposed to glycerol diacetate aerosol through oral and nose inhalation exposure
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system for 6 h a day. During 28 d exposure, body weight and food intake were
observed and after exposure, the organs and blood samples were collected. The
blood, bronchoalveolar lavage fluid and organ coefficient were detected, and
histopathological observation was performed. The results showed that there was
no clinical anomaly in each group during exposure period. Compared with control
group, only body weight of male rats in high dose group was significantly different
after one week. With the extension of exposure, there was no significant difference. Organ coefficients and food intake in each group did not show a dose-effect
relationship. In the blood analysis, only the WBC level of rats in the high-dose group
increased significantly, which may due to reduced intake of water resulted from
fasting after exposure. Moreover, there were no differences in bronchoalveolar
lavage fluid and hematochemical analysis among different groups. In the histopathology of the organ, no morphological changes were observed. In conclusion, no
obvious toxicology characteristics of rats were found under the maximum exposure
dose of glycerol diacetate, which indicated that subacute inhalation toxic effect of
glycerol diacetate was safety.
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Toxicity of Flavors in E-cigarette Liquids

E. Pieper, S. Rinaldi, P. Laux, and A. Luch. Bundesinstitut für Risikobewertung (BfR),
Berlin, Germany. Sponsor: A. Haase
Consumers can choose from a very wide range of different flavors for e-liquids. Over
7,000 different e-liquid flavors are currently available, which makes risk assessment a major challenge. There is the familiar tobacco flavor as well as flavors that
taste like fruits, sweets or beverages, for example. Flavoring agents include a wide
variety of compounds, most of which are considered GRAS (Generally Recognized
as Safe), allowing them to be used in foods. However, GRAS status is not sufficient
evidence of safety as a tobacco additive because the ingredient is inhaled and not
orally ingested. Combustion products formed may be toxic or toxic substances may
be formed by heating and vaporizing the flavors. To date, flavoring substances have
not been adequately tested for inhalation toxicology. Some are also classified as
skin irritants and/or eye irritants under the European Regulation on Classification,
Labeling and Packaging of Substances and Mixtures (CLP). Not only the influence
of individual flavoring substances must be considered, but also the influence of
mixtures and possible chemical reaction products formed by heating and aerosol
generation. In collaboration with tobacco laboratory in the Chemical and Veterinary
Investigation office, CVUA, Sigmaringen/Germany, we quantified 17 selected flavoring substances in a sample of 60 e-liquids from the German market. The most
frequent were limonene, linaool, benzyl alcohol and geraniol, with all flavoring
substances detected at concentrations below the labeling requirement. Cytotoxicity
test were performed with in-house e-liquids containing one flavoring each (eugenol,
linalool, cinnamaldehyde, vanillin and limonene). These were vaped in 100 puffs
each with a Borgwaldt vaping machine and the resulting aerosol was simultaneously passed through cell culture medium. This so-called conditioned medium was
then added to A549 cells. The cells were incubated for 24 h. Metabolic activity and
release of lactate dehydrogenase (LDH) were then examined as markers of cell
viability after exposure to a flavoring agent in conditioned medium. No decreased
viability was observed using our in-house e-liquids but with commercial available
e-liquids containing a mixture of flavoring substances differences in viability were
detected. The measurements must be further optimized with regard to transfer rate
and concentration of the flavoring substance in the medium. In future experiments,
the analytical determination of the content of aroma substance in the medium as
well as the proof of the stability of the aroma substance in the medium is planned.
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JUUL E-liquids Impact on Human Osteoblast-Like Cells:
Unmineralized and Mineralized Bone Markers

in mineralized cells. We detected no change in deposition of calcium or phosphate
in the extracellular matrix with any of the e-liquid exposures. Current experiments
include expanding our study to include Collagen type I in mineralized cells and
testing aerosolized e-liquids as we continue investigating possible ramifications of
vaping on bone health. This research is supported by an Institutional Development
Award (IDeA) from the National Institute of General Medical Sciences of the National
Institutes of Health under Grant #P20GM103408.
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A Connected ePod: Product Use Behavior Device to Measure
Consumer Puffing Profile and Mouth Level Exposure

K. Prasad, and A. Gray. British American Tobacco, Southampton, United Kingdom.
Sponsor: M. Gaca
Previous tools for measuring puffing behaviour were generally restricted to use
in a central location environment and provided only a snapshot of consumer
use behavior at a particular moment in time. New tools such as the Product Use
Behaviour (PUB) device, a battery-powered instrument with a sleeve-like design
which connects between the battery and e-liquid cartridge of the Vype ePod, has
enabled the collection of puffing behavior data in consumers’ everyday environment. The PUB device measures and records the puff duration, number of puffs,
inter-puff interval, angle held and date/time of each puff. Consumers’ Mouth Level
Exposure (MLE) to aerosol is estimated using puff duration. The puffing behavior
and MLE whilst using ePod (a closed pod system) by a cohort of regular e-cigarette
users was recorded over a period of one-week in their everyday environment. On
average, participants took 79.9 puffs per day, of 1.96s puff duration and Inter-Puff
Interval (IPI) of 54.9s. Across an average day, they used the ePod for 5.9 sessions
of 11.9 min duration each and took 12.8 puffs per session. The device was held 30°
angled down from the mouth during puffing. Participants generated an estimated
3.3mg/puff of aerosol and consumed approximately 1/8th (265mg) of an e-liquid
cartridge per day. Although variability was observed across participants, most
participants were consistent in their puffing behavior. The data collected by the
PUB device indicates that participants’ self-reported number of vaping sessions
and Average Daily Consumption (ADC) is generally an over-estimate. The current
study shows that the PUB device is an effective tool to collect longitudinal use
behavior data, in the consumers’ everyday environment.
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A Robust, High-Throughput Analysis of Volatiles and SemiVolatiles Acid, Alcohols, and Phenolic Constituents in Cigarette
Smoke by Gas Chromatography-Tandem Mass Spectrometry

Y. Qin1, B. Wang1, L. Ding1, Y. He1, Y. Fan2, Y. Wang2, L. Pan1, L. Chen1, and J. Peng2.
1Zhengzhou Tobacco Research Institute, Zhengzhou, China; and 2China Tobacco,
Baoji, China.
The volatiles and semi volatiles acid, alcohols, phenolic constituents with OH
or COOH compounds, are important polar constitutes in plants or foods, have
a high impact on quality. However, the simultaneous analysis of acid, alcohols,
phenolic constituents is still challenging, as the different polarity. In this study, a
sensitive, accurate and precise method was developed for the quantification of a
large number of acid, alcohols, phenolic in complicated cigarette smoke through
silylation, prior to GC-MS/MS. The most efficient derivatization protocol, N,O-Bis
(trimethylsilyl)trifluoroacetamide (BSTFA) with 1-(Trimethylsilyl)imidazole(TMSI)
and 1%trimethylchlorosilane (TMCS) was selected. The analysis was performed
by GC-MS/MS with an improved backflushing set-up. The backflushing was easy
to operate. The method showed very good long-term performance, which was
evaluated by a month uninterrupted sequence.

K. M. Lee, M. M. Villarreal, F. D. Wavreil, and S. Heggland. College of Idaho, Caldwell, ID.
According to the 2020 National Youth Tobacco Survey, approximately 1 in 5 high
school students were current e-cigarette users, and the most common delivery
devices were prefilled pods or cartridges. JUUL pods are one such prefilled pod
system. As adverse effects of vaping on human health continue to surface, the
potential impacts of vaping on teenage vapers in a critical period of bone development are particularly concerning. Our study investigates the impacts of JUUL
e-liquid exposure on bone forming osteoblast-like Saos-2 cells by examining
important organic and inorganic bone markers in both unmineralized cells and
during mineral deposition in the extracellular matrix (mineralization). We tested
all current JUUL e-liquid flavors (Virginia Tobacco and Menthol) at both available
nicotine concentrations (3% and 5%) at 24-hour exposure time. We measured
cell viability from 0.01% to 5% concentrations of JUUL e-liquids diluted in culture
media and used non-cytotoxic concentrations for Collagen Type I, calcium, and
phosphate testing. We measured cell viability with an MTT kit and Collagen Type I
using immunofluorescence in unmineralized cells. We looked at calcium deposition
and phosphate deposition in mineralized cells using Alizarin Red Stain and Von
Kossa staining, respectively. Our calculated EC50 values were 2.85% for Virginia
Tobacco (VT) and 0.97% for Menthol using 3% nicotine liquids and 2.83% (VT) and
0.56% (Menthol) for the 5% nicotine liquids. These results indicate flavor dependent
cytotoxicity independent of nicotine concentration where Menthol is more cytotoxic
than Virginia Tobacco. We also found that cytotoxic effects were less pronounced
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Application of the Generalized Concentration Addition
Model to Predict In Vitro Responses of Tertiary Mixtures of
Glucocorticoid Ligands

E. Green1,2,3, E. Medlock Kakaley1, N. Evans1, and M. Cardon1. 1US EPA, Research
Triangle Park, NC; 2Duke University, Durham, NC; and 3Oak Ridge Institute for Science
and Education, Oak Ridge, TN.
Glucocorticoid receptor (GR) ligands are frequently detected in surface water and
wastewater effluent in complex mixtures. While individual glucocorticoid environmental concentrations may be low, the combined total of potential mixtures may
cause adverse effects, emphasizing the need to study complex mixture interactions. We previously demonstrated the generalized concentration addition (GCA)
model most accurately predicts in vitro responses of binary GR ligand mixtures
with a single partial agonist. Herein, we applied the GCA model to non-equipotent
tertiary mixtures containing full and partial GR agonists. CV1-hGR cells were treated
with individual compounds or non-equipotent tertiary mixtures and assessed for
potency and relative efficacy. In mixtures containing greater relative concentrations of partial agonists, the maximal response observed decreased at the highest
mixture concentrations tested and increased at lower concentrations tested. GCA,
but not concentration addition (CA), model predictions fell within 95% confidence
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intervals of in vitro responses for tertiary mixtures containing at least one full
agonist and one partial agonist. Furthermore, GCA model predictions fell within the
same statistical distribution as the observed results, supporting the GCA model as
an effective predictor of GR activation. However, neither the GCA model, CA model,
nor a derived homodimer composite function provided predictions within the 95%
confidence interval of observed results for tertiary mixtures containing only partial
agonists. Environmental mixtures are complex, potentially containing multiple
partial agonists. Therefore, the expanded application of the GCA model may offer
additional insight into GR chemical mixture interactions, supporting future water
quality screening and establishing effects-based limits for routine monitoring.
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Characterizing Environmental Mixtures and Their Contribution
to Breast Cancer Risk: State of the Evidence

J. Oladosu1,2, G. Jackson2, S. Mantooth2, and S. Fenton2. 1North Carolina Central
University, Durham, NC; and 2NIEHS, Research Triangle Park, NC.
The goal of this review was to characterize published evidence concerning the
specific influence of environmental chemical mixtures on breast cancer risk.
Numerous studies associate a lifetime risk of breast cancer with exposures to
chemicals, including endocrine-disrupting compounds (EDCs). This review aims
to contextualize the exposome (the totality of exposures) of the individual by
highlighting studies that examine the relationship between mixtures featuring
EDCs and breast cancer risk. A thorough literature search was conducted using
terms related to breast cancer, chemical mixtures, and environmental exposures
in PubMed, Scopus, and Web of Science. Included studies focused on women,
animal models, and advanced in vitro culture systems. In total, 73 papers met the
inclusion criteria. There were limited environmental mixture types associated with
breast cancer risk, outside of tobacco smoke and urban air pollution. Of the 73
papers found, only 39 specifically studied the association between breast cancer
risk and mixtures of environmental chemicals featuring three or more EDCs. Animal
studies are invaluable when studying environmental exposures and breast cancer
causality: only four papers using rodent models studied the relationship between
environmental chemical mixtures and breast cancer risk. Thirty-five epidemiological papers reported evidence for breast cancer risk associated with these exposure
types: air pollution, modifiable personal exposures (such as water and consumer
products), occupational (firefighters, manufacturing), pesticides. Only two papers
reported testing mixtures in the pre/perinatal development period for associations
with breast disease in animal models. The data from this review provides consistent evidence that mixtures in animal studies produce a more pronounced effect
than single chemicals alone. Persistent Organic Pollutants have the most consistent effects in the epidemiological papers. In conclusion, data from this review
suggests that the associations of mixtures with breast cancer risk is more consistent than associations made with individual chemicals from mixtures. Further
studies are needed to 1) develop qualified in vitro/ex vivo model systems for testing
complex mixtures, 2) define the exposome in women whose exposures are partially
understood where breast cancer risk is known, and 3) characterize complex
mixtures that women are likely to be exposed to (either through use, occupation,
or preferences).
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Developmental Effects of Zebrafish Danio rerio Embryos after
Exposure to Glyphosate and Lead Acetate Mixtures

M. Stevens, A. Kramer, M. A. Coogan, and C. M. Sayes. Baylor University, Waco, TX.
Health effects after exposure to most environmental contaminants in drinking water
have the potential to induce toxicity in humans. Exposure to more than one contaminant at a time is common and, in some cases, more detrimental to overall health
than exposure to a single substance. We are interested in studying the combinatorial
effects of two classes of compounds found ubiquitously in drinking water across
the US, namely pesticides and metals. Glyphosate, N-phosphonomethylglycine, is
the active ingredient in several herbicides. Lead is ubiquitous in natural aquatic
systems due to anthropogenic pollution. In this study, zebrafish embryos, Danio
rerio, were used as a model for predicting developmental toxic effects in humans
after controlled exposures. Embryos were exposed to six concentrations of glyphosate and lead acetate as single inoculation exposures followed by co-exposures
of both glyphosate and lead acetate simultaneously at similar dosing regimens.
Sublethal endpoints such as rate of emergence, bent spine, somite formation,
coagulation, and evidence of nondetached tail were quantified to determine
potencies. It was observed that exposure to lead acetate resulted in significantly (p
less than 0.05) higher rates of early emergence, while glyphosate and glyphosate
plus lead co-exposures resulted in significantly lower rates of early emergence.
A trend of increased bent spine abundance was observed following lead acetate
exposures when compared to co-exposures, suggesting potential antagonistic
effects. Similar antagonistic effects were observed in coagulation rates among
zebrafish embryos following the same single and co-exposure protocols. These
results support the urgent need to test the effects of glyphosate in drinking water
systems that also contain lead (and potentially other metal) species.
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A Strategy for Developing a Framework of Genotoxicity Assays
for Safety Assessment of Botanicals

S. Pfuhler1, T. Cheairs2, G. Chen3, G. Eisenbrand4, M. Embry5, J. T. MacGregor6, N.
Mei7, C. A. Mitchell5, I. M. Rietjens8, S. L. Smith-Roe9, H. Stopper10, Y. Thakkar11, J.
van Benthem12, D. Xi13, E. Zeiger14, and K. Witt9. 1Procter & Gamble, Mason, OH; 2New
York Medical College, New York, NY; 3Health Canada, Ottawa, ON, Canada; 4Technische
Universität Kaiserslautern, Kaiserslautern, Germany; 5HESI, Washington, DC; 6Toxicology
Consulting Services, Bonita Springs, FL; 7US FDA/NCTR, Jefferson, AR; 8Wageningen
University, Wageningen, Germany; 9NIEHS, Research Triangle Park, NC; 10Universität
Würzburg, Wuerzburg, Germany; 11Research Institute for Fragrance Materials, Woodcliff
Lake, NJ; 12Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Catharijnesingel,
Netherlands; 13National Cancer Institute, Rockville, MD; and 14Errol Zeiger Consulting,
Chapel Hill, NC.
Botanicals have been widely used for centuries in efforts to preserve and enhance
human health and well-being, but safety evaluations of botanicals are often
inadequate. Due to widespread use, an urgent need exists to define appropriate
toxicity evaluations to support safe use of botanicals. A cross-sector collaboration is addressing this need through an international group of scientific experts
to develop a comprehensive toolkit for generating reliable toxicological profiles
of these complex mixtures. These toxicological profiles include an evaluation of
genotoxicity potential, as genotoxicity is associated with numerous adverse human
health effects not reliably predicted by adverse event reporting procedures. Relying
on available in vitro and in silico test methods for evaluating the genotoxicity of
chemicals, the experts have developed a tiered, fit-for-purpose testing strategy for
botanicals that starts with in silico predictive modeling followed by standard in
vitro guideline studies and novel follow-up tests designed to further characterize
genotoxicity and mode-of-action. To evaluate the effectiveness of the proposed
testing approach, 13 data-rich botanicals were selected as case studies. Results of
our in silico predictive modeling using 5 Leadscope genotoxicity endpoint models
indicated that >70% of literature-identified constituents of these 13 botanicals show
alerts in at least one of the models. Next, results from in vitro tests will be compared
to the in silico predictions. In an iterative process, the final toolkit and framework
for safety testing will be based on the data collected. The goal of this effort is to
develop predictive toxicity testing strategies suitable for botanicals that integrate
published data with results from in silico and in vitro testing, along with human
exposure data, into a robust, comprehensive program providing actionable safety
data while minimizing animal testing.
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In Silico Prediction of Botanical Constituents’ Metabolites

Embry1,

M.
S. Ferguson2, M. Lawless3, Y. Liu4, A. Lumen5, C. A. Mitchell1, A. Roe6, S.
Waidyanatha2, and G. Yan6. 1HESI, Washington, DC; 2NIEHS, Research Triangle Park,
NC; 3Simulations Plus, Lancaster, CA; 4US FDA, Laurel, MD; 5US FDA, Boston, MA; and
6Procter & Gamble, Mason, OH.
Natural products, such as botanical dietary supplements, are used globally and are
growing in popularity. Ensuring the safety of these products is an important public
health priority. These products are naturally complex, with varying phytochemical compositions due to factors such as differences in growing conditions,
extraction processes, and/or changes to the finished product. Because of this
variability, traditional animal toxicity testing is not practical due to high cost and
labor, in addition to lack of human relevance and increasing ethical concerns. New
approach methodologies need to be adapted for botanicals to screen for toxicity
to ensure consumer safety. A cross-sector collaboration between scientists in
industry, government, and academia was formed with the goal of providing a sound
scientific basis for integrating existing data with new approach methodologies to
evaluate botanical safety. This effort is evaluating the suitability of in silico models
to predict toxicity of botanical constituents as a screening step in an overall safety
assessment. Since in some instances metabolism of constituents may be responsible for the toxicities, the metabolites of key constituents should be addressed in
silico. Three commercially available xenobiotic metabolism prediction software
(ADMET PredictorTM, Simulations Plus; Meteor Nexus, Lhasa Limited; META Ultra,
MultiCase) were utilized to predict phase I and phase II metabolites of 20 constituents covering thirteen botanicals with well documented existing safety, toxicity, or
phytochemical composition. Constituents were selected based on known activity
(efficacy or toxicity) and to represent multiple chemical classes. From the 20
constituents 836, 261, 506 metabolites were predicted by ADMET Predictor, Meteor
Nexus, and META Ultra respectively. Eighty-six metabolites were predicted by at
least two models, with 24 being predicted by all three models. These in silico results
were compared to available literature reports of in vivo metabolism to facilitate
further evaluation.
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In Vitro Evaluation of Environmental Polycyclic Aromatic
Hydrocarbon Compounds (PAC) Mixtures

4281

Evidence Map of Mechanistic Data to Inform Cancer Hazard
Evaluation of Wood Smoke

K. M. Gaston1,2, E. Green1,2, E. Medlock Kakaley2, and C. Rider3. 1Oak Ridge Institute for
Science and Education, Research Triangle Park, NC; 2US EPA, Research Triangle Park,
NC; and 3NIEHS/NTP, Research Triangle Park, NC.

M. Sethi1, S. Garner1, S. Atwood1, W. Arroyave1, C. Lemeris2, R. McGill2, and R. M. Lunn3.
1Integrated Laboratory Systems Inc., Morrisville, NC; 2ICF International Inc., Durham, NC;
and 3NIEHS/NTP, Research Triangle Park, NC.

Recently, multiple states have explored treatment and monitoring procedures
for water reuse. Advisory panels in states such as Texas and California have
recommended using effects-based bioassays to screen for emerging contaminants. Due to the presence of polycyclic aromatic hydrocarbon compound (PAC)
mixtures in environmental matrices, and the activation of the Aryl hydrocarbon
Receptor (AhR) by PACs, effects-based bioassays for quantifying AhR activation
have been identified as useful tools to screen for emerging contaminants and
mixtures with potential biological activity. To understand potential discrepancies between in vivo relative potency factors (RPF) and in vitro responses from
PAC mixtures with different chemical concentration ratios, and compare relative
potency and efficacy in vitro and in vivo; we used a commercially available assay,
INDIGO Biosciences™ human AhR reporter assay, to determine relative potency
(EC50 values) and efficacy (percent maximal response of MeBio positive control) of
13 individual PACs (Benzo[a]pyrene, Benzo[k]fluoranthene, Dibenz[a,h]anthracene,
Chrysene, Benz[j]aceanthrylene, Benzo[b]fluoranthene, Indeno[1,2,3-cd]pyrene,
Phenanthrene, Pyrene, Dibenzo[a,l]pyrene, and Dibenzothiophene), 2 equipotent
PAC mixtures and 1 equimolar PAC mixture. Cells were plated in a 96 well plate
and measured for luminescence (AhR activity) and cytotoxicity. Individual PAC
EC50 values ranged from 4.44x10-12M to 1.65x10-8M with Acenaphthenequinone
having the highest relative potency. Phenanthrene, Pyrene, Dibenzo[a,l]pyrene,
and Dibenzothiophene did not activate AhR activity. Benzo[b]fluoranthene had the
highest efficacy (111.6% response). The two equipotent mixtures’ 95% confidence
intervals overlapped (EC50 = 1.97x10-6M - 3.90x 10-6M) which demonstrates all
PACs contributed equally to the mixture response. Based on differences between
potency and efficacy values of the individual compounds from in vitro and in vivo
RPF, future aims include address discrepancies that may have contributed to these
differences such as compound degradation, metabolite production, or adherence
to in vitro wells. The views expressed in this abstract are those of the author(s) and
do not necessarily represent the view or policies of the US Environmental Protection
Agency.

Wood smoke is a complex mixture of gases, fine particles, and toxic chemicals that
is generated by wood stoves and fireplaces used by over two million US residents
to heat homes. Exposure to wood smoke is an emerging concern from wildfires
with both greater severity and increasing incidence. Because wood smoke poses
a potential carcinogenic hazard, the NTP is conducting a systematic review and
evaluation of wood smoke for potential listing in the Report on Carcinogens.
To inform this evaluation, we first mapped the mechanistic evidence related to
carcinogenicity of exposure to wood smoke. We systematically searched three
databases (PubMed, Web of Science, and Scopus) using terms for key characteristics of carcinogens (KCCs) and for wildfire and wood smoke and tagged the
studies in the Health Assessment Workspace Collaborative web-based review
software for KCCs and evidence stream (human, animal, and in vitro). Almost all the
studies were on three KCCs - genotoxicity, oxidative stress, and immune biomarkers. Next, we extracted data from these studies including the specific endpoint for
each of the three KCCs (e.g., mutations, free radicals, inflammatory cytokines),
results, exposure variables (e.g., combustion conditions, wood type) and measured
components (e.g., metals, polycyclic aromatic hydrocarbons). For human studies,
we also extracted information on the study population. We created an interactive
evidence map in Tableau to visualize and explore the data. Most of the distinct
human, animal, and in vitro studies found positive associations of wood smoke (>
70 studies) or wildfire (~30 studies) exposure with multiple measures of genotoxicity (~87%), oxidative stress (> 90%) or immune biomarkers (~78%). The most
common endpoints measured were inflammatory cytokines, mutations, and DNA
damage. More than 55 studies measuring exposure to wood smoke components
and effects on the three KCCs found that some mixture components were related
to some endpoints. The studies also found that the degree of toxicity (genotoxicity,
oxidative stress, or altered immune biomarkers) was dependent on combustion
conditions and other types of exposure variables and this information can help
inform interventions. Newly published mechanistic studies will be added to this
interactive evidence map, which will be used to identify issues and focus evaluation
of mechanistic data for cancer hazard evaluation of wood smoke.
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Phytochemical Profiling of Dong Quai Root Extracts

E. Mutlu1, J. A. Pierfelice2, T. A. Cristy2, B. McIntyre1, B. L. Burback2, and S.
Waidyanatha1. 1NIEHS/NTP, Research Triangle Park, NC; and 2Battelle Memorial
Institute, Columbus, OH.
Dong quai is marketed as a dietary supplement for the treatment of various
purported ailments such as menopausal symptoms, insomnia, and arthritis.
Although it has potential widespread human exposure, there is limited safety data
in humans. The objective of this work was phytochemical profiling of dong quai
root powders and extracts using multiple methods to perform a market survey
of commercially available products sold as dong quai. Multiple lots of unfinished
(n=30) and finished products (n=15), and a root extract standard reference material
(XRM) were analyzed by nuclear magnetic resonance (NMR) spectroscopy, gas
chromatography (GC) with flame ionization detection, and liquid chromatography
(LC) with ultraviolet detection (UV). The constituents selected for profiling were
Z-ligustilide, 3-butylidenephthalide, 3-N-butylphthalide, and angelicide. The analyte
peaks within each technique were aligned across the samples to correct for any
sample to sample drift. The profiles were imported into chemometric software for
principal component analysis (PCA) and density-based spatial clustering of applications with noise analysis (DBSCAN). Estimated concentrations of the selected
constituents were calculated using the responses of authentic standards. While
GC and LC produced large differences in chromatographic profiles, NMR profiles
were influenced primarily by common plant constituents, and not specific enough
to differentiate between products or authenticate material as dong quai. Freshly
prepared authenticated dong quai root extracts were compared to the commercial unfinished products by GC. While the profiles were similar for all products,
higher amounts of constituents were found in fresh extracts. Additionally, there
was no difference between extracts stored at ~ 25 ºC and -20 ºC for 32 days
when compared to Day 0 concentrations of constituents. In summary, we identified products with similar qualitative profiles to XRM. However, they had different quantitative profiles potentially due to various methodologies used during
production. Angelicide is thermally unstable and GC results were impacted more
compared to LC by excipients in the finished products. Based on the techniques
used here, we recommend LC/UV for future evaluation of dong quai extracts.

4282

A Population-Based Human In Vitro Approach to Characterize
Inter-Individual Variability in Responses to Complex Mixtures

L. C. Ford1, S. Jang1, Z. Chen1, Y. Zhou2, P. Gallins2, F. A. Wright2, W. A. Chiu1, and I.
Rusyn1. 1Texas A&M University, College Station, TX; and 2North Carolina State University,
Raleigh, NC.
New approach methods (NAMs) using human in vitro models have been proposed
to replace default uncertainty factors with chemical-specific experimental data;
however, the utility of these methods have not yet been explored for mixtures. The
objective of this project is to test a hypothesis that a human population-based
in vitro model can be used to characterize extent of inter-individual variability in
responses to complex mixtures and to identify putative molecular drivers of variability. A population-based human in vitro model used in this study comprised of 146
lymphoblastoid cell lines (LCLs) that were exposed to (i) 42 chemicals from diverse
classes of environmental pollutants frequently found at Superfund sites, or (ii) to
8 “designed” mixtures of these chemicals to account for environmentally relevant
scenarios. Cytotoxicity was evaluated as the endpoint of interest and dose-response was evaluated using Bayesian modeling to derive points of departure for
each exposure. This data was used to estimate inter-individual variability and to
conduct a genome-wide association study (GWAS). Of the substances tested, 28
chemicals and all mixtures exhibited dose-response effects on LCLs enabling the
calculation of the toxicodynamic variability factors (TDVF05). The median (across
the population of LCLs) TDVF05 estimates ranged from close to default TDVF of
101/2 to >10. The distributions of TDVF05 values between individual chemicals and
mixtures were similar. The GWAS identified putative candidate genes that may be
determinants of individual susceptibility to cytotoxicity elicited by these chemicals.
This study shows the feasibility of using human LCLs as a NAM to characterize the
extent of inter-individual variability in responses to complex mixtures.

4283

A Novel Framework to Form Sufficiently Similar Mixtures

B. N. Rivera, C. C. Ghetu, Y. Chang, K. A. Anderson, and S. C. Tilton. Oregon State
University, Covallis, OR.
There is a growing need to establish alternative approaches for mixture safety
assessment of polycyclic aromatic hydrocarbons (PAHs). Due to limitations with
current component-based approaches, and lack of established methods for using
whole mixtures, a promising alternative is to use sufficiently similar mixtures.
Sufficiently similar mixtures are well characterized and representative of environmental exposures. However, there is a lack of an established framework to form
sufficiently similar mixtures, from environmental sampling, to conduct a safety

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 353

assessment. In this study, several approaches are explored to form sufficiently
similar mixtures. A legacy creosote site impacted by wildfire smoke was used as
our test site. Air sampling was conducted, and samples were analyzed for parent
and alkylated PAHs, due to their high abundance in creosote and wildfire smoke.
Of the 65 PAHs these samples were analyzed for, 32 were identified. A mixture of
these PAHs was created and will be referred to as Creo-fire Mix (CF Mix). Existing
toxicity values and chemical concentrations were incorporated to identify hazardous components in the CF Mix. Representative mixtures of the CF mix were formed
based on relative abundance (Abun Mix), average toxicity values (Tox Mix), and
a weighted approach incorporating toxicity and abundance (Weighted(W)-Tox
Mix). When compared to the CF Mix, the W-Tox Mix most effectively captured both
high abundance and high hazard chemicals and was hypothesized to be most
sufficiently similar to the CF Mix. Hazard characterization of these mixtures was
performed using high-throughput screening in primary normal human bronchial
epithelium (NHBE) and zebrafish. In NHBE, oxidative stress, cell viability, and
mitochondrial membrane potential (MMP) were assessed. In zebrafish, teratogenic
endpoints were assessed. In NHBE, MMP was the most sensitive endpoint. CF
Mix, W-Tox Mix and Abun Mix had similar EC50 values, and Tox Mix had the lowest
EC50 value. Similarly, in zebrafish Tox Mix was the most bioactive mixture. These
results highlight the importance of prioritizing chemicals not based on their relative
abundance, but rather on their perceived hazard when identifying chemicals of
concern from environmental exposures. Results from this study will help provide
regulatory agencies with an experimental framework that can be used in whole
mixture safety assessment.
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Developmental Toxicity of Binary Mixtures of PFOS and 6:2FTS
in Wildtype Zebrafish Embryos

P. E. Goodrum1,2, M. E. Fey2, C. M. Whipps2, R. R. Razavi2, J. K. Anderson3, E. G.
Reátegui Zirena3, G. J. Garvey4, and B. Winters5. 1GSI Environmental, Fayetteville, NY;
2SUNY College of Environmental Science and Forestry, Syracuse, NY; 3GSI Environmental,
Austin, TX; 4GSI Environmental, Houston, TX; and 5GSI Environmental, Oakland, CA.
Per- and polyfluoroalkyl substances (PFAS) are now a major priority for many
federal and state regulatory agencies charged with monitoring levels of emerging
contaminants in environmental media and setting health-protective benchmarks
to guide risk assessments. While screening levels and toxicity reference values
have been developed for numerous individual PFAS compounds, there remains
important data gaps regarding the mode of action for toxicity of PFAS mixtures.
The present study aimed to evaluate the developmental toxicity effects of two key
components of aqueous film forming foam, perfluorooctane sulfonic acid (PFOS)
and 6:2 fluorotelomer sulfonic acid (6:2 FTS), on wildtype (AB) zebrafish embryos.
Normal fertilized zebrafish embryos were exposed to either PFOS or a mixture of
PFOS and 6:2 FTS from 48 to 120 hours post fertilization. Five treatment levels were
selected to encompass environmentally relevant exposure levels. Experimental
endpoints consisted of mortality and morphological anomalies such as larval body
length, yolk sac area, and swim bladder inflation. A stereomicroscope was used to
image morphological characteristics of the embryos over the course of the experiment. Dose response analysis focused on general effects, such as tail deformations and an uninflated swim bladder, as well as hatching rate and success. Whole
transcriptome analysis was applied to both component and whole mixture study
samples and mapped using the current zebrafish genome database. Results
indicate that the assumption of additivity of PFAS mixtures may be supported for
selected endpoints. Recommendations for additional investigations are provided
to further our understanding of the toxicity of PFAS mixtures to aquatic organisms.

4285

Toxicity Assessment of Per- and Polyfluoroalkyl (PFAS)
Mixtures: Real-World Applications

M. Mumtaz, D. Mellard, R. Rogers, K. Scruton, G. Ulirsch, and J. Dyken. CDC/ATSDR,
Atlanta, GA.
ATSDR assesses the potential impacts of exposure to environmental chemicals
on human health. Per- and polyfluoroalkyl substances (PFAS) are multisystem
toxicants ubiquitous in our environment. PFAS exposures can be complex and
multi-route from water, air, soil, dust, food, or consumer products. The 2018 ATSDR
mixtures framework recommends three methods for evaluating joint toxicity of
environmental chemicals. The hazard index (HI) approach, one of the three
methods, is based on single chemical toxicity data and hence most often used. We
used the HI approach to evaluate possible developmental effects from ingestion
of different PFAS mixtures in drinking water wells using real world data from a
facility using an aqueous film-forming foam (Mixture 1) and a plastic manufacturing facility (Mixture 2). The HI is a summation of the hazard quotients (HQs)
for each component of a mixture. The HQ is the ratio of PFAS-specific exposure
and its corresponding minimal risk level or health guidance value. We present the
toxicity assessments results of two representative mixtures, 1 and 2, each containing perfluorooctanesulfonic acid (PFOS), perfluorooctanoic acid (PFOA) and perfluorohexane sulfonic acid (PFHxS), but at different concentrations. The HI for Mixture
1 was 49.0 (HQs: PFOS=41, PFOA=5, and PFHxS=3) and 19 for Mixture 2 (HQs:
PFOS 5.4, PFOA=12.8, and PFHxS = 0.5). The HI values are used as a screening tool;
the potential concern for exposures rises as HI values exceed one, thus requiring

a more detailed toxicological evaluation to determine the risk of developmental
and other health effects. The results show PFOS dominated Mixture 1 while PFOA
dominated Mixture 2. Further comparisons of the assessment methods used for
these mixtures illustrate the advantages, limitations, and embedded complexities
and highlight the data gaps in our understanding of PFAS toxicity. The findings and
conclusions in this report are those of the author(s) and do not necessarily represent
the official position of the Centers for Disease Control and Prevention/the Agency for
Toxic Substances and Disease Registry.
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Immunotoxicological Modulation in Lung Culture Air-Liquid
Interface Exposure of Aerosolized Vaping Ingredients: A Case
Study with Diluents and Terpenes

Y. M. Baldovinos, J. Liu, and C. M. Sayes. Baylor University, Waco, TX.
Using chemical mixtures in toxicological research is an evolving topic of relevance
since environmental exposures occur disparately. Elucidating the health effects
of a single toxicant can aid in understanding potential mechanistic pathways
leading to illness or disease. However, this exposure scenario is unlikely. Instead,
exposures to more than one toxicant simultaneously is the predominate scenario
and, although assessment of a single toxicant is important, there is a need to
examine resulting toxicological responses of chemical mixtures. Chemical
mixtures are composed of two or more constituents and can result in three different types of biological interactions, including synergism, antagonism, or additivism.
The majority of chemical interaction studies have used pharmaceuticals as the
substance of interest. More recently, chemical mixtures have been adopted in other
exposure scenarios, such as multi-contaminated food, water, and drugs. Specific
to vaping, and because of the composition of e-liquids, chemical mixture analysis
is important when linking formulations to induced toxicity. E-liquids are composed
of a multitude of ingredients such as an active ingredient, diluent, humectant, and
flavoring agents - all of which are formulated in different ratios. For this study,
we tested the chemical interactions of three mixture ratios of a terpene (d-limonene) and diluent (triethyl citrate) against a human lung model. First, BEAS-2B
monolayers were exposed to aerosolized droplets of limonene, triethyl citrate, or
combinations thereof over a controlled aerosol particle size of 1-3 micrometer
and dosing regime ranging 0.01-10 micromolar. Viability in response to increasing
concentration was used to produce dose-response curves and to calculate the
LC50 values of each mixture. The resulting LC50 values were used for isobologram
modelling to determine the chemical interactions. The binary mixtures resulted
in a shift in interaction from antagonism to synergism as the ratio of the terpene
was increased. A gene microarray was used to probe the up- or down-regulation of
inflammatory genes in response to aerosol exposure. This data supports the need
for further testing of the effects of both individual vaping constituents and formulations used in e-liquid products.
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Sexually Dimorphic Effects of In Utero Exposure to RealLife Endocrine-Disrupting Chemicals via Biosolids on the
Reproductive and Metabolic Phenotype of Sheep

N. P. Evans1, M. G. Hasankolaei1, C. S. Elcombe1, K. D. Sinclair2, R. Lea2, and V.
Padmanabhan3. 1University of Glasgow, Glasgow, United Kingdom; 2University of
Nottingham, Nottingham, United Kingdom; and 3University of Michigan, Ann Arbor, MI.
Changes in pubertal timing and incidence of metabolic disorders have been linked
to increased exposure to environmental chemicals (ECs). Sheep grazed on pastures
treated with biosolids (by-product of waste-water treatment) provide a translationally relevant model for “real-life” human EC exposure. This study assessed effects
of maternal biosolid exposure on body weight across the first year of life, together
with peripubertal concentrations of testosterone (T) and progesterone (P) in male
(M) and female (F) lambs. Ewes were maintained on either control (C, conventional organic fertilizer) or Biosolids (B) treated pastures from one month prior to
mating until parturition. Thereafter all offspring were maintained on C pastures.
Despite no treatment or sex effect on body weight at birth, by 8 weeks of age, BM
were lighter (P<0.05) than CM. BMs remained lighter (P<0.05) than CMs until after
the pubertal transition. Thereafter, bodyweight normalized and eventually exceeded
that of CMs. There were no effects of maternal biosolid exposure on female body
weight. An altered male metabolic phenotype was further supported by greater
(P<0.05) back fat thickness (post puberty), in BM vs CMs, but no difference was
seen in the females. While the timing of puberty in sheep is influenced by age and
photoperiod, it is also linked to attainment of a ‘critical’ body weight. Despite being
lighter throughout the expected period of pubertal transition, T concentration in
BMs were higher during the 3 months preceding the observed pubertal increase in
T in CMs. Conversely, biweekly P concentrations suggest that puberty was delayed
in the BF despite similar mean bodyweights between two groups. The current
findings clearly indicate that maternal exposure to a complex but low-level mixture
of ECs can affect early metabolic and developmental factors in a sexually differentiated manner resulting in changes in the reproductive and metabolic phenotype of
offspring.
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Effects of the In Utero Exposome on Testicular Morphology and
Gene Expression

C. S. Elcombe1, M. G. Hasankolaei1, K. D. Sinclair2, R. Lea2, V. Padmanabhan3, N.
P. Evans1, and M. Bellingham1. 1University of Glasgow, Glasgow, United Kingdom;
2University of Nottingham, Nottingham, United Kingdom; and 3University of Michigan,
Ann Arbor, MI.
The reported decline in male reproductive health and increased incidence of testicular dysgenesis syndrome (TDS) has been hypothesized to be a function of in utero
exposure to environmental chemicals (EC). As human EC exposure is low level,
chronic and complex, it cannot be assessed with conventional component-based
methodologies. A relevant animal model is provided by pasturing sheep on fields
fertilized with biosolids (B) - a sewage wastewater treatment biproduct which
reflects human EC exposure - relative to controls (C). Documented effects of EC
exposure in this model include alterations in offspring behavior, bone composition, cellular and hormonal processes, liver function, and gonadal development.
In this study we investigated the effects of maternal B exposure during gestation
on the morphology and transcriptome of the testes of 8-weeks-old lambs.
Immunohistochemistry (IHC) using germ cell specific anti-DDX4 antibodies showed
fewer (p<0.01) germ cells and more (p<0.01) Sertoli-cell only seminiferous tubules hallmarks of TDS - in B vs C lambs. Transcriptomic analysis (nanopore sequencing)
identified 1382 differentially expressed genes (DEGs) with p<0.05. Gene ontology
analysis (GOA) of 99 DEGs which had a false discovery rate <0.1 indicated “centrosome”, “nucleic acid binding” and “spermatid development” as enriched. Illumina
BaseSpace software indicated significant correlations between DEGs of B lambs
with 7 datasets from human TDS patients, across 3 studies. 520 DEGs were shared
between the current and at least one human study. Pathway analysis showed significant enrichment in cell cycle, metabolism, and PI signaling, and GOA indicated
enrichment in genes involved in apoptosis and mTOR pathways. As mTOR had been
highlighted in previous B studies with neonatal sheep, mTOR targets were investigated. FASN, HK1, PDPK, and VEGFA were found to have higher (p<0.05) gene
expression in B animals, indicating increased HIF1 activity - a downstream mTOR
target. Fluorescent IHC for the α subunit of HIF1 showed greater (p<0.05) nuclear
localization in Leydig cells of B animals. HIF1α is known to inhibit STAR transcription and testosterone synthesis in Leydig cells. Our findings add to the body of
evidence that exposure to real-life EC mixtures during pregnancy may contribute
to the decline in human sperm quality and fecundity and provides candidates for
further research into the EC induced pathogenesis of TDS.
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Dosing Methods to Enable Cell-Based In Vitro Testing of
Complex Environmental Samples and UVCB Substances

A. C. Cordova, A. T. Roman-Hubers, A. Valdiviezo, T. J. McDonald, W. A. Chiu, and I.
Rusyn. Texas A&M University, College Station, TX.
Toxicity testing of complex substances, either environmental samples or products
classified as UVCB (unknown, variable composition, complex reaction products or
biological materials) is difficult due to their complex chemistries. Various extraction
methods are typically applied to enable cell-based studies; however, these are
restricted by chemical complexity and may not fully represent the bioavailable
fraction of concern. Organization of Economic Cooperation and Development
(OECD) Test Guidelines has defined methods for “difficult-to-test” substances for
studies of aquatic toxicology; still, these methods are not compatible with small-volume mammalian cell-based in vitro tests. Our objective was to conduct a comparative analysis of alternative dosing methods that may be suitable for high-throughput
testing of UVCBs and environmental samples in small volumes. We tested passive
dosing via silicone micro-O-rings as well as a cell culture media-accommodated
fraction (MAF) using a mixture of 25 polycyclic aromatic hydrocarbons (PAH)
as a model complex substance. Conventional extraction with dimethyl sulfoxide
(DMSO) was used as a reference (IP 346 method). Protein binding of PAH mixture
components in cell culture media was evaluated to estimate the bioavailable free
fraction using ultracentrifugation and liquid-liquid extraction followed by targeted
gas chromatography-tandem mass spectrometry (GC-MS/MS) and ion mobility
spectrometry-mass spectrometry (IMS-MS). We also evaluated bioavailability of
the mixture by characterizing cytotoxic in vitro effects via MAF, O-ring passive
dosing or DMSO extraction on EA.hy926 endothelial cell line. Out of the various
dosing mechanisms, we found that DMSO extraction and MAF recover similar
free fraction of the mixture after exposure for 1 hour. However, DMSO extraction
recovers a smaller free fraction of the mixture after 24-hour exposure than MAF.
DMSO and MAF are also the only two methods to yield quantifiable chromatography via GC-MS/MS. Thus, we determined MAF to be the most feasible dosing
method to evaluate potential health hazards of complex environmental mixtures
using cell-based testing.
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Prenatal Exposure to Metals Mixtures Is Associated with Altered
Expression of NF-kB- and EIF2- Signaling Pathways in the
Placentas of Children Born Extremely Preterm

L. A. Eaves1, C. M. Bulka1, J. E. Rager1, A. L. Galusha2, A. L. Galusha2, P. J. Parsons2, T.
O’Shea1, and R. C. Fry1. 1University of North Carolina at Chapel Hill, Chapel Hill, NC; and
2Wadsworth Center, Albany, NY.
Prenatal exposure to toxic metals is linked to numerous adverse birth and later-inlife outcomes. Metals can pass through the placental barrier and in turn, may alter
placental functioning: a potential mechanism underlying metal-induced disease.
We sought to identify genes and gene networks in the placenta associated with
cord tissue metal concentrations, individually and in mixtures. Matched samples
of placenta and umbilical cord tissue were collected in the ELGAN cohort, which
enrolled infants delivered <28 weeks’ gestation between 2002-2004 (n=226).
Genome-wide RNA-sequencing of placentas quantified expression levels of
>37,000 mRNA transcripts. Concentrations of 8 metals (barium, cadmium, copper,
lead, manganese, mercury, strontium, zinc) and 3 metalloids (arsenic, antimony,
selenium) were measured in cord tissue using inductively coupled plasma tandemmass spectrometry (ICP-MS/MS). Differential expression analysis was used to
identify differentially expressed genes (DEGs) with respect to each metal. Weighted
gene co-expression analysis identified gene networks modulated by metals.
To assess mixtures, principal components analysis as well as quantile-based
g-computation were employed. Individually, lead was associated with the strongest
genomic response with 191 DEGs. In terms of mixtures, a multi-metal principal
component loaded with lead and cadmium was associated with 657 DEGs, including DNA Methyl Transferase 1 (DNMT1). These genes were enriched for Eukaryotic
Initiation Factor 2 (EIF2) signaling pathway and contained a biological network
with Nuclear Factor kappa B (NF-kB) as a central node. Additionally, four gene
co-expression networks were associated with increasing all metal concentrations
by one quartile. One of these networks contained DNMT1, another was enriched
for EIF2 signaling. All co-expression networks contained genes enriched for a
NF-kB-mediated network. A multi-metal analysis utilizing two different mixtures
approaches highlighted a critical epigenetic patterning gene (DNMT1) as well
as critical pathways (NFkB and EIF2 signaling) in the placenta that appear to be
dysregulated by prenatal exposures.

4292

Mixture Effects of Per- and Polyfluoroalkyl Substances (PFAS):
Challenges with the Available Data and Real-World Application
of PFAS Mixtures Risk Assessment

J. Anderson1, P. Goodrum2, G. Garvey2, E. Reátegui Zirena1, and B. Winters3. 1GSI
Environmental, Austin, TX; 2GSI Environmental, Houston, TX; and 3GSI Environmental,
Oakland, CA.
Many different approaches have been proposed to evaluate and predict potential
mixtures effects. Available guidance frameworks provide a means for investigating
potential toxicological interactions of a mixture. However, these frameworks are
predicated on the sufficiency of data available to describe component chemicals’
toxicity profile including relevant target organs, dose-response information, and
potential mode(s) of action (MOA). Absent well-defined toxicity information for
each component and corresponding confirmatory results with comparable whole
mixture, the processes and assumptions for mixtures risk assessment are not
sufficiently clear. The US Environmental Protection Agency (EPA) recently released
a Draft Framework for Estimating Noncancer Health Risks Associated with Mixtures
of Per- and Polyfluoroalkyl Substances (PFAS), which they state is “designed to
communicate and illustrate the practical application of existent EPA chemical
mixtures approach and methods to two or more PFAS···” (USEPA 2021). However,
this draft does not provide such practical guidance for risk assessors and toxicologists who are conducting real-world assessments at PFAS impacted sites. Herein,
a practical decision framework for evaluating PFAS mixtures is presented, building
from earlier work by Goodrum et al. (2021). The decision framework is updated to
incorporate new component and whole mixture toxicity data in a comprehensive
evaluation of PFAS mixtures effects. A case study using site-specific data on shortand long-chain perfluoroalkyl acids is presented to demonstrate the strengths and
limitations of candidate approaches applied to environmentally relevant exposure
levels at PFAS-impacted sites. Approaches such as concentration additivity,
hazard index, point-of-departure index, and relative potency factors are compared.
Results demonstrate that for sites with comparable components and exposure
levels, concentration additivity across broad subclasses of PFAS is not supported.
Relevant chemical combinations and concentration ranges that are amenable to
assumptions of dose-additivity using a hazard index approach are highlighted.
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Phycoremediation of Pharmaceutical Effluents of Cartagena
Using Tetraselmis sp

C. A. Castellon1, M. C. Garcia-Espiñeira2, L. Cervantes-Ceballos1, H. Gomez-Estrada2, L.
L. Berthel2, O. Gutiérrez-Giraldo3, R. García-Mendoza3, and W. Martínez3. 1Universidad
de Cartagena, Cartagena, Colombia; 2Universidad de Cartagena, Cartagena De Indias,
Colombia; and 3SENA, Cartagena De Indias, Colombia.
Pharmaceuticals generated by treatment against SARS-CoV-2 are common
emerging contaminants in aquatic systems. This work evaluated the bioadsorption
potential of Tetraselmis sp grown at different concentrations of 80%, 60%, 40%,
20%, and 10% in water contaminated with pharmaceutical effluent, collected at five
points in the city of Cartagena- Colombia. The identification and chemical characterization of the effluent was conducted by CG-MS and HPLC. The assimilation of
organic nutrients and stress by other components in the effluent was determined
by the analysis of biomass and lipid production. Each trial was performed in triplicate and statistically determined by ANOVA. Chloroquine, Hydroxychloroquine,
Tocilizumab, azithromycin, Ivermectin and dexamethasone were used as controls.
Partial results showed growth inhibition at 80 - 60%, at concentrations below 40%
inhibitory effect in 30 days was not displayed, exerting an adsorption potential.
The increase in biomass and lipid in the media could be due to the assimilation of
organic nutrients and stress due to other components present in the water. The
fatty acid profile of algal biomass showed saturated fatty acid production. This
study was supported by the Project SGR - MinCiencias cod. 2020000100119, National
Program for Doctoral Formation MinCiencias, 727- 2015, Project SGPS-8707- 2021,
SGPS-8927-2021 and SGPS-8300-2021 SENA SENNOVA.
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The Impact of Microplastics on Gastrointestinal Health

S. Merkley, M. A. Garcia, M. J. Campen, and E. F. Castillo. University of New Mexico,
Albuquerque, NM.
Plastic waste degradation into microplastics poses an emerging and uncharacterized risk to human health. Environmental exposure to microplastics begins in the
gastrointestinal (GI) tract, prompting investigations into how this organ responds to
microplastics smaller than 10 μm in diameter. Gastrointestinal exposures are likely
to be the highest dose, owing to content of plastics in food and water as well as the
contributions from the mucociliary removal from the lungs. We found mice exposed
to microplastics via oral gastric gavage causes major alterations in the colon
microenvironment. 16S rRNA sequencing of fresh fecal samples revealed changes
in microbial communities specifically, a decrease in the phylum Firmicutes and an
increase in the Actinobacteria phylum. Gut epithelial barrier function was similarly
impaired as microplastic-exposed mice showed had an increase in serum 4 kDa
FITC-dextran, an indication of intestinal paracellular permeability and microplastics
could be found in the liver. Occludin, a protein involved in tight junction barrier
function, was downregulated in the colon after microplastic exposure. Changes
in intestinal epithelial cellular metabolism can alter both the gut microbiota and
intestinal tight junction permeability. Mitochondrial respiration in intestinal epithelial cells prevents oxygen from crossing the barrier maintaining an anaerobic
environment and provides energy for tight junction function. Mitochondrial dysfunction can cause dysbiosis and increases intestinal permeability through occludin
dysregulation. Interestingly, we found microplastics reduces mitochondrial respiration and OCLN (occludin) in Caco-2, a colonic cell line. To extend on these results,
we further examined the colonic epithelium of mice exposed with microplastics and
observed an increase in the glycolytic gene Pkm (pyruvate kinase, which catalyzes
the last step of glycolysis) as well as a decrease in Sirt3 (Sirtuin 3, Sirt3) expression
which influences mitochondrial respiration. Taken together, our data reveals the
threat of microplastic pollution on GI health.
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In Utero Exposure to Environmental Chemicals Affects Gene
Expression in the Male Hypothalamo-Pituitary-Gonadal Axis

M. Bellingham1, M. G. Hasankolaei1, C. S. Elcombe1, K. D. Sinclair2, R. Lea2, V.
Padmanabhan3, and N. P. Evans1. 1University of Glasgow, Glasgow, United Kingdom;
2University of Nottingham, Nottingham, United Kingdom; and 3University of Michigan,
Ann Arbor, MI.
As sheep grazed on pasture treated with biosolids (by-product of waste-water treatment) are exposed to a translationally relevant cocktail of environmental chemicals (ECs) they are a model for “real-life” human EC exposure. Testis
development has been shown to be affected by EC exposure in this model. This
study assessed the effects of maternal biosolid exposure on the expression of
selected genes within the hypothalmo-pituitary gonadal axis of male prepubertal
and adult lambs. Ewes were maintained on either control (C, conventional organic
fertilizer) or Biosolids (B) treated pasture from 1 month prior to mating until parturition. Thereafter animals were maintained on C pasture. 11 C and B lambs were
euthanised at 2 (prepubertal) and 11 months of age (adult). Samples from the
hypothalamo-pituitary-gonadal axis were collected and mRNA expression of regulatory markers of reproductive function evaluated using qRT-PCR.In the prepubertal
testes, ABP expression was lower (P<0.05) and HSD17b3, BMP4, HSD3b1, CELF1
and LHR expression was higher (P<0.05) in B compared to C lambs. In the adults,

only CYP11A1 expression was different, being greater (P<0.05) in B compared
to C animals. Although not statistically significant, other Sertoli and Leydig cells
markers (BMP4, HSD3b1 and AR) were higher while two germ cell markers (mLST8
and FKBP6) were lower in B relative to C rams. In the prepubertal animals, no differences were observed in hypothalamic (GnRH, Kiss1, ESR1) or pituitary (LHβ, ESR1
and GNRHR) gene expression. However, in the adults, hypothalamic GnRH mRNA
levels were higher (P<0.05) and Kiss1 and ESR1 expression were lower (P<0.05)
in B relative to C animals. Pituitary gene expression (LHβ, ESR1 and GNRHR) was
similar in C and B rams. The current findings clearly indicate that maternal exposure
to a complex but low-level mixture of ECs can affect patterns of gene expression
within the hypothalamus and testis in F1 males which could disrupt sex hormone
secretion and perturb spermatogenesis.

4296

Prenatal Exposure to Real-Life Endocrine-Disrupting Chemicals
via Biosolids Can Alter Energy Metabolism of Sheep Offspring

M. G. Hasankolaei1, C. S. Elcombe1, K. D. Sinclair2, R. Lea2, V. Padmanabhan3, N.
P. Evans1, and M. Bellingham1. 1University of Glasgow, Glasgow, United Kingdom;
2University of Nottingham, Nottingham, United Kingdom; and 3University of Michigan,
Ann Arbor, MI.
Sheep grazing pastures treated with biosolids (by-product of waste-water treatment)
can simulate human “real-life” exposure to a broad spectrum of environmental
chemicals (ECs). Previous work in this model has shown impacts on offspring bone
composition, cellular and hormonal processes, liver function, and gonadal development. Here, the effects of gestational exposure to ECs on energy balance and lipid
metabolism, during the peripubertal period, were evaluated. Ewes were grazed on
either Control (C; conventional organic fertilizer) or Biosolids (B)-treated pastures
from 1 month before mating until parturition, after which animals were kept on
C pastures. At 8 weeks of age,11 male (M) and female (F) C and B lambs were
euthanised and liver, visceral fat (VF) hypothalamus (mPOA, AHA, PVN, cranial ARC
and caudal ARC) examined using qRT-PCR for expression of markers related to
energy balance and lipid metabolism. Molecular analysis indicated lower (p<0.05)
POMC expression in the cranial ARC of BM compared to CM. While the expression
of POMC in BF in the cranial ARC was lower compared to CF, this was not statistically significant (p≈0.1). In the caudal ARC, LEPR expression was higher (P<0.05)
in B relative to C lambs in both sexes. For NPY, mRNA expression in the caudal
ARC was greater (p<0.05) for BF than CF lambs. There were no treatment effects
on hepatic LPL and PPARg expression. However, there was a sex difference in
LPL mRNA levels; LPL mRNA expression being greater (p<0.05) for BM compared
to BF lambs. In the VF, C and B animals of both sexes expressed similar levels
of ZNF423, LPL, DLK1 and PPARg mRNA. Although hepatic and VF expression of
lipogenic markers at 8 weeks of age did not differ in either sex, mRNA expression
for hypothalamic markers which play vital roles in energy balance, food intake and
lipid metabolism were affected by in-utero exposure to ECs. Such alterations could
affect metabolic status as the animals age which, in turn, could lead to metabolic
syndrome.

4297

Arsenic and Sulforaphane Increase TNF-Induced IL-8
Expression by Inhibiting HNF-4α

W. H. Watson, and T. J. Burke. University of Louisville, Louisville, KY.
Expression of pro-inflammatory cytokines and recruitment of inflammatory cells
are major drivers of disease progression in the liver. The chemokine CXCL8, also
known as interleukin-8 (IL-8), is expressed by hepatocytes and other epithelial
cells in response to injury. A better understanding of the factors that regulate IL-8
expression will allow the development of novel therapeutic interventions aimed at
limiting hepatic inflammation. HepG2 human hepatocarcinoma cells were treated
with either 5 μM sulforaphane or 10 μM inorganic trivalent sodium arsenite (iAs)
for 20 hours followed by stimulation with 10 ng/mL TNF for 4 hours. Expression
of IL-8, HNF-4α, and the Nrf2 targets Slc7a11, Gclc and Nqo1 were measured by
qRT-PCR. Transient transfection with siRNA was used to knock down HNF-4α
or Nrf2. Intracellular and extracellular cysteine, cystine, glutathione (GSH) and
oxidized glutathione (GSSG) were measured by HPLC. Significance was determined
by ANOVA and t tests. IL-8 expression was unaffected by either sulforaphane or
iAs in resting HepG2 cells. Upon stimulation with TNF, however, sulforaphane and
iAs greatly increased IL-8 expression. Both chemicals decreased HNF-4α mRNA, a
nuclear receptor transcription factor that controls the expression of genes in the
liver. Knock down of HNF-4α also enhanced TNF-induced IL-8 production, suggesting that HNF-4a is a negative regulator of IL-8 expression. Both chemicals increased
expression of the cystine importer Slc7a11 and the GSH synthesis enzyme Gclc
and resulted in increased import of cystine and production of GSH, indicating that
the transcription factor Nrf2 had been activated. When Nrf2 was knocked down
by siRNA, both sulforaphane and iAs were still able to enhance TNF-induced IL-8
expression, although basal expression was substantially lower. Knock down of Nrf2
was sufficient to block the induction of Gclc and another Nrf2 target gene, Nqo1,
but upregulation of Slc7a11 by sulforaphane and iAs was unaffected. The thiol-reactive chemicals sulforaphane and iAs activate two distinct pathways in HepG2
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cells: activation of Nrf2 and inhibition of HNF-4α/enhancement of TNF-induced IL-8
expression. Because Nrf2 tends to suppress inflammation, the pro-inflammatory
effect described here may be restricted to cells that express HNF-4α.

4298

Dihydroxyacetone, a By-Product of Electronic Cigarette Vapor,
Promotes Cardiac-Specific Injury through Metabolic and
Mitochondrial Imbalances

A. Hernandez1, M. Sonanvane1, M. Vasilyev2, M. L. Bates2, M. E. Migaud3, and N. R.
Gassman1. 1University of Alabama at Birmingham, Birmingham, AL; 2University of Iowa,
Iowa City, IA; and 3University of South Alabama, Mobile, AL.
Electronic cigarettes (e-cigarettes) have become increasingly popular in the last
decade and evolved with various devices, e-liquid concentrations, and ingredients.
E-liquids are heated to create the aerosol the user inhales, and dihydroxyacetone
(DHA) is a combustion by-product generated during this process. E-cigarettes
release up to 2.33 µg of DHA per puff, and up to 600 µM of DHA potentially
being inhaled during a vaping session, making DHA a high content component of
aerosolized vape. While exact exposure amounts have not been measured, DHA
exposures may reach high micromolar to low millimolar doses based on reports of
vaping behaviors, including the frequency and duration of vaping sessions. Once
absorbed by cells, DHA is incorporated in several metabolic pathways through its
conversion to dihydroxyacetone phosphate (DHAP). We have previously shown
DHA induces oxidative stress, metabolic changes, and mitochondrial dysfunction
in various cell line models, including kidney and liver. Interestingly, these effects
are highly cell-type dependent. E-cigarettes are known to have toxic cardiac effects,
including arterial stiffness, endothelial dysfunction, vascular injury, and oxidative
stress. Here, we examine if DHA contributes to these harmful cardiac effects
by exposing rat cardiomyocytes, H9c2 cells, and rat cardiac tissues to DHA and
evaluating metabolic and mitochondrial effects. We evaluated the effects of DHA in
physiologically relevant and cytotoxic dosing. Cellular metabolism was altered after
DHA exposure changing metabolite levels changes and releasing inflammatory
cytokines. Mitochondria are highly sensitive to metabolic changes, and we also
observed increased mitochondrial ROS and depression of mitochondrial function.
These changes were accompanied by mitochondrial morphology changes through
alterations in fission/fusion dynamics. DHA exposures promoted metabolic
reprogramming and mitochondrial stress leading to cardiac specific injury. These
data suggest further study at physiologically relevant doses is warranted to
understand how DHA inhaled impacts the long-term health of vapers.

4299

Heat-Stress Stability of CBD and THC Oils Analyzed by Electron
Paramagnetic Resonance Spectroscopy and LC-MS

L. Tonoyan1, D. Babu2, and A. Siraki1. 1University of Alberta and Applied Pharmaceutical
Innovation, Edmonton, AB, Canada; and 2University of Alberta, Edmonton, AB, Canada.
Commercial cannabis oil products are widely available in Canada, even though there
is a significant gap in scientific information regarding them. Oils, such as vegetable
oils, undergo oxidative changes through free radical mechanisms when they are
heated, or age, but the cannabis oils we used in this study did not have expiry dates or
best before usage dates. This led us to question how these products would change
with age. The hypothesis is that cannabis oils would produce increased free radicals
in ageing-simulated conditions, which would correspond to a decrease in cannabidiol (CBD) or tetrahydrocannabinol (THC) content. Different brands of cannabis
oils and their respective vehicles (oils) were heated using two ageing protocols:
at 14-day/70 °C, and at 2-day/50 °C. The electron paramagnetic resonance (EPR)
spectroscopy technique was used for detecting free radical formation. Samples
were spin trapped with 200 mM PBN (spin trap) and 0.02 mM CuCl2 (catalyst).
For active ingredient (CBD, THC) analysis, LC/UV/MS was used. The experimental
results showed that cannabis oils that contain unsaturated oils in their vehicles,
such as olive or sunflower oil, all revealed significantly increased concentrations of
spin-trapped free radicals. In both aged and unaged oils containing CBD or THC, less
free radical content was detected than the vehicle controls. Cannabis oils having
MCT (medium-chain triglycerides) oil as the vehicle showed little or no free radical
formation. A notable decrease in CBD content was observed in products using
sunflower or olive oil but not with MCT oil. When heated with either protocol, discoloration (change from yellow to pink) was observed in two cannabis oil products.
In conclusion, cannabis oils demonstrated differential sensitivity to ageing-simulated conditions depending on the vehicle used to dissolve the oil extracts, and free
radical formation corresponded to a decline in CBD. These findings are essential
for consumers considering using such products in hot beverages or cooking and
highlight the importance of appropriate storage conditions.

4300

Metabolic Effects of Vanillin Reveal Potential Mechanism for
Multiple Chemical Sensitivities

D. P. Jones1, M. Ryan1, Z. R. Jarrell1, M. Orr1, K. Liu1, M. A. Pearson2, B. Ames2, X. Hu1, K.
Fuchs2, T. R. Ziegler1, and Y. Go1. 1Emory University School of Medicine, Atlanta, GA; and
2Emory University Rollins School of Public Health, Atlanta, GA.
Multiple chemical sensitivities (MCS) is a poorly understood collection of symptoms
triggered by environmental exposures to perfumes, aerosols from electronic
cigarettes, air fresheners, insecticides, tobacco smoke, auto exhausts, and other
exposures. Vanillin is a reactive aromatic aldehyde that is widely used as flavorant
and can cause extensive disruption of metabolism. Vanillin is also known to react
with the essential nutrient, thiamine (vitamin B1). To determine whether vanillin
disrupts metabolic pathways dependent upon thiamine. Human bronchial epithelial
cells (BEAS-2B) were treated with vanillin over the concentration range expected
from second-hand and first-hand e-cig vapors and examined by liquid chromatography-mass spectrometry to determine whether thiamine-dependent metabolic
pathways are impacted. Urine metabolomics data was compared between MCS and
non-MCS. Vanillin caused changes in metabolic pathways associated with pyruvate
entry into the citric acid cycle through pyruvate dehydrogenase, glutamate metabolism through α-ketoglutarate dehydrogenase (α-KGDH), branched-chain amino acid
metabolism through branched chain keto acid dehydrogenase and carbohydrate
interconversions through transketolase. In a small pilot study, the α-KGDH intermediate, carboxy-hydroxypropylthiamine diphosphate, was 4-fold higher in the urine
of adults with documented MCS (n=3-5, p<0.001), suggesting that thiamine-dependent metabolism is disrupted in MCS. Because vanillin is known to react
non-enzymatically with thiamine, and thiamine is an essential co-enzyme for these
enzyme complexes; thus, the results suggest that vanillin disrupts metabolism
through Schiff base adduction with thiamine. The results suggest that a common
mechanism for multiple chemical sensitivities could involve reaction of aromatic
aldehydes found in perfumes, e-cigarettes, air fresheners and other products, with
thiamine, which may compromise central metabolic pathways required for energy
metabolism and neurogenic signaling.

4301

Edaravone (Radicava) as an Antioxidant Adjuvant to Attenuate
Clozapine (Clozaril) Toxicity In Vitro

D. Babu, T. Le, B. Reiz, and A. G. Siraki. University of Alberta, Edmonton, AB, Canada.
Clozapine (Clozaril®), an atypical antipsychotic, is the only drug of choice for
patients with treatment-resistant schizophrenia. However, clozapine carries an
FDA black box warning due to adverse drug reactions, including agranulocytosis
(neutrophil depletion). Although blood monitoring is mandatory for patient safety,
supplementation with an adjuvant that can prevent the deleterious effects of
clozapine without compromising its pharmacological efficacy would be advantageous to prevent clozapine-induced agranulocytosis. Edaravone (Radicava®) is
the only drug with a purported antioxidant activity currently approved (Japan, USA
and Canada) to treat amyotrophic lateral sclerosis. This study aimed to investigate the potential of edaravone’s antioxidant characteristics to attenuate clozapine toxicity using an in vitro model. The effects of edaravone on myeloperoxidase
(MPO), an enzyme in neutrophils capable of drug metabolism, and how edaravone
influences the formation of MPO-mediated clozapine reactive metabolite, and the
resultant cytotoxicity were studied. The effects of edaravone on MPO activity and
the metabolism of clozapine were determined by UV-visible spectrophotometry
and LC/MS. The protective effect of edaravone on clozapine-induced cytotoxicity
of the human promyelocytic HL-60 cells was determined by CellTiter-Glo Viability
Assay. The kinetic spectra following the addition of clozapine to human purified
MPO and H2O2 showed a characteristic peak indicative of a new product, which was
not apparent after the addition of edaravone or an MPO inhibitor 4-aminobenzoic
acid hydrazide (4-ABAH). Edaravone also inhibited the MPO-mediated metabolism
of clozapine based on LC/MS analysis. Treatment of H2O2 with live HL-60 cells
significantly increased the MPO activity, whereas cotreatment of edaravone attenuated the MPO activity comparable to 4-ABAH. Clozapine induced concentrationand time-dependent cell death of HL-60 cells; edaravone significantly attenuated
the cytotoxicity at chronic time points. Clozapine treatment with the MPO system
resulted in drug-protein adducts, which were attenuated by cotreatment with
edaravone as assessed by Western blotting using an anti-clozapine antibody. Our
results suggest that the antioxidant potential of edaravone through its modulation
of MPO activity might play a role in preventing clozapine-mediated toxicity in vitro.

4302

Vanadium Pentoxide-Induced Alterations in Central Metabolism
Associated with Idiopathic Pulmonary Fibrosis

X. He, Z. Jarrell, M. R. Smith, V. Ly, M. Orr, D. P. Jones, and Y. Go. Emory University,
Atlanta, GA.
Exposure to vanadium pentoxide (V+5) has been a long-lasting environmental health
concern, yet little is known regarding its impact on lung metabolism. In this study,
we used high-resolution metabolomics (HRM, Thermo QE-HF mass spectrometry)
to examine the metabolic impact of V+5 in human lung fibroblasts (0-20 µM, below
LC50) and mice (0-2 mg/L drinking water for 7 months, comparable to environmental
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exposure). Results of HRM show that acute V+5 exposure to lung fibroblasts caused
significant changes in metabolism for amino acids including His, Ala, Asp, Trp, Asn,
Arg, Pro, Lys, Gly, Met, Cys, Ser and Thr, and metabolism for vitamins including
biotin, niacin, folate and pantothenic acid (p<0.05, n=6). HRM data of mouse lung
and plasma show that V+5 decreased levels of vitamin D in lung tissue (1.73 fold at
2 mg V/L) and in plasma (3.29 fold at 2 mg V/L) which was previously associated
with pathogenesis of idiopathic pulmonary fibrosis (IPF) through impact on collagen
production. In addition, mice exposed to V+5 exhibited global metabolic disruptions
including purine and pyrimidine (p<0.002), glycosphingolipid biosynthesis (p<0.02),
glycolysis and gluconeogenesis (p<0.02), ascorbate and aldarate (p<0.02), amino
sugar (p<0.05), the pentose phosphate pathway (p<0.03), pentose and glucuronate
interconversions (p<0.05). Importantly, these V+5 - caused metabolic alterations in
mouse lung overlapped with metabolic alterations previously reported to be altered
in lung tissue from IPF patients. Taken together, our data show that exposure to V+5
at environmental relevant levels impact critical metabolic pathways in ways which
could contribute to idiopathic pulmonary fibrosis.

4303

Dermal Thirdhand Smoke Exposure Induces Oxidative Damage,
Initiates Skin Inflammatory Disease, and Adversely Alters the
Human Plasma Proteome

S. Sakamaki-Ching1, S. Schick2, and P. Talbot1. 1University of California Riverside,
Riverside, CA; and 2University of California San Francisco, San Francisco, CA.
This is the first clinical study to demonstrate that acute dermal exposure to THS
alters the human plasma proteome and mimics the effects of cigarette smoking,
initiates mechanisms of skin inflammatory disease, and elevates urinary biomarkers of oxidative harm. This was a randomized, crossover clinical trial of 10 healthy,
non-smoking subjects who wore cotton clothing impregnated with filtered clean
air or THS and exercised on a treadmill intermittently for 3 hours in a laboratory
setting. Urine and blood were collected at specific time points. Exposures occurred
20-30 days apart.In the THS-exposed group, there was a significant elevation of
8-OHdG and 8-isoprostane at all timepoints except 8 hours, while protein carbonyls
were increased at all times. Ingenuity pathway analysis from the plasma proteomics of the clean air 3- and 24-hour exposure identified 4 canonical pathways, which
seemed irrelevant and were not studied further. The THS 3-hour exposure identified biological and disease functions of inflammatory response (p = 2.18 x 10-8),
adhesion of blood cells (p = 2.23 x 10-8), atherosclerosis (p = 2.78 x 10-9), and lichen
planus (p = 1.77 x 10-8). Nine canonical pathways were significantly activated including leukocyte extravasation signaling (z-score = 3.0), production of nitric oxide and
reactive oxygen in macrophages (z-score = 2.1), and cardiac hypertrophy signaling
(z-score = 2.0). The THS 24-hour bio and disease functions revealed inflammation
of organ (p = 3.09 x 10-8), keratinization of the epidermis (p = 4.0 x 10-7), plaque
psoriasis (p = 5.31 x 10-7), and dermatitis (p = 6.0 x 10-7). Two activated canonical
pathways were related to immune system responses: production of nitric oxide and
reactive oxygen in macrophages (z-score = 2.646) and IL-8 signaling (z-score = 2.0).
Acute human dermal exposure to THS caused adverse health reactions similar to
tobacco cigarette smoking and significantly increased oxidative damage to DNA,
lipids, and proteins. The molecular mechanisms of skin inflammatory diseases
were elevated as early as 3-hours and persisted 24-hours later. These findings will
help physicians treat THS-exposed-patients, provide knowledge of its molecular
mechanisms, and aid in establishing regulatory policy for THS.

4304

Prenatal Exposure to Polycyclic Aromatic Hydrocarbons
Exacerbates Neonatal Oxygen-Mediated Lung Injury:
Mechanistic Roles of Cytochrome P450 (CYP)1A1, 1A2, and 1B1

B. Moorthy, R. Stading, L. Swanson, G. Xia, K. Lingappan, and W. Jiang. Baylor College
of Medicine, Houston, TX.
Pregnant women exposed to high levels of polycyclic aromatic hydrocarbons
(PAHs) are at increased risk for premature delivery. Preterm infants often need
supplemental oxygen, a known risk factor for the development of bronchopulmonary dysplasia (BPD). The molecular mechanisms by which hyperoxia causes
lung injury are not fully understood, but cytochrome P450 (CYP) enzymes have
been implicated. In this study, we test the hypothesis that prenatal exposure to
PAHs [i.e. benzo[a]pyrene (BP), or a mixture of BP and benzo(b)ﬂuoranthene (BbF)]
exacerbates oxygen-mediated lung injury in neonatal mice, and that this effect is
differentially altered in mice lacking the gene for cytochrome P450 (Cyp)1a1, 1a2,
or 1b1. Timed pregnant WT (C57BL/6J) mice were administered BP at a dose of
either 7.5, 15, or 30 mg/kg, and the dose response of prenatal PAH administration on postnatal hyperoxic lung injury was examined. In addition, timed pregnant
(C57BL/6J) mice with one of four genotypes (wild type, Cyp1a1-null, Cyp1a2-null,
and Cyp1b1-null) were treated orally with vehicle corn oil (CO) or mixture of PAHs
BP and BbF (7.5 mg/kg each) on gestational days 16-19. Offspring were exposed
to hyperoxia (85% O2) or room air (21% O2) for 14 days. Mice were sacriﬁced on
PND15, and lung injury was assessed by morphometry (radial alveolar count, RAC)
as well as real time reverse transcriptase-polymerase chain reaction (RT-PCR) for
inflammatory markers IL-6 and TNF-α mRNA expression in lung tissue samples.
We also performed RT-PCR for cytochrome P450 (CYP)1A1 and 1B1 expression in
order to evaluate the effect of PAH exposure on the modulation of P450 enzyme

expression. Results showed that hyperoxic lung injury is augmented by prenatal
PAH exposure in a dose-dependent manner. This effect was differentially altered
in Cyp1a1-null, Cyp1a2-null and Cyp1b1-null mice. We concluded that newborn
mice exposed to PAH in utero had more significant lung injury in response to
hyperoxia than non-PAH exposed pups, and the degree of lung injury was varied
among mice lacking the genes for cytochrome P450 (CYP)1A1, 1A2, and 1B1. Our
results suggest that induction of CYP1A/1B by PAH may play a mechanistic role in
exaggerating the effects of oxidative stress in the newborn lung.

4305

Monitoring the Dynamics of Redox Events in Human Airway
Epithelial Cells Exposed to an Environmental Peroxide in Real
Time

E. R. Pennington1, S. Masood2, Z. Zhang2, A. Gold2, W. Wu3, Y. Yang4, and J. Samet5.
1Oak Ridge Institute for Science and Education, Research Triangle Park, NC; 2University
of North Carolina at Chapel Hill, Chapel Hill, NC; 3Xinxiang Medical University, Xinxiang,
China; 4East China University of Science and Technology, Shanghai, China; and 5US EPA,
Chapel Hill, NC.
Reactive oxygen species (ROS) play an essential role in maintaining intracellular
redox homeostasis by regulating critical signaling pathways. However, supra-physiological levels of ROS promote oxidative stress and inappropriate oxidation of
regulatory thiols. Studies have shown that exposure to ambient air pollutants such
as ozone, particulate matter, and secondary organic aerosols (SOA) creates an
imbalance in intracellular redox homeostasis, although the mechanism(s) remain
poorly understood. Here, we examined the effect of isoprene hydroxy hydroperoxide (ISOPOOH), an environmental peroxide and known constituent of SOA, on
the interplay of redox endpoints in human airway epithelial cells (HAECs). Our
approach relies on live cell imaging of HAECs expressing genetically encoded
ratiometric redox biosensors roGFP, iNAP1, and HyPER. Non-cytotoxic exposure of
HAECs to ISOPOOH induced transient increases in the glutathione redox potential
(EGSH), which was markedly potentiated by glucose deprivation. ISOPOOH-induced
changes in EGSH were not driven by intracellular H2O2. Following ISOPOOH exposure,
glucose supplementation rapidly restored EGSH and reductions in NADPH levels,
while the 2-deoxyglucose supplementation distinctly impacted restoration of EGSH
and NADPH levels. Furthermore, a knockdown of glucose-6-phosphate dehydrogenase (G6PD) did not impact glucose-mediated recovery of EGSH nor NADPH levels.
However, a complete knockout of G6PD differentially impaired glucose-mediated
recovery of EGSH and NADPH levels. These findings highlight early mechanisms
involved in the cellular response to environmental oxidants, such as the peroxide
ISOPOOH, while providing a unique live view of the dynamic regulation of redox
homeostasis in the human airway. This abstract of a proposed presentation does
not necessarily reflect US EPA policy.

4306

Extracellular Mitochondria during Oxidative Stress in
Cardiomyocytes

L. Shrestha1, H. Gu2, D. Encinas1, H. Mansour1, and Q. M. Chen1. 1University of Arizona,
Tucson, AZ; and 2Florida International University, Miami, AZ.
Excessive production of reactive oxygen species (ROS) occurs in disease states
and environmental stress. Although high doses of ROS causes damages in cells
and disrupt biochemical homeostasis, low levels of ROS trigger onset of antioxidant
and detoxification response. With cardiac disease, such as myocardial infarction,
increased ROS have been detected in the myocardium. We have found that low
to mild levels of oxidative stress cause the majority of cardiomyocytes to survive
but secrete the mitochondria into the extracellular space. Transmission electron
microscopy revealed that the extracellular mitochondria exist in either free or
vesicle enclosed forms. Zetasizer measurements showed the average diameters of
extracellular mitochondria changed from 443.8+41.9 nm with a charge of -3.3+3.0
mV from control cells to 606.9+56.5 nm with a charge of -2.5+1.9 mV from H2O2
treated cells. In comparison, the size of intracellular mitochondria did not show
significant change with H2O2 treatment. LC-MS/MS based metabolomics did not
reveal significant changes in aqueous metabolites of extracellular mitochondria
between control and H2O2 treated cells. Proteomics was carried out to define the
differences of the mitochondrial proteomes. Functionally, extracellular mitochondria from H2O2 treated cells caused activation of macrophages, indicating a role
of extracellular mitochondria in inflammatory response during oxidative stress.
Our data have revealed a novel mechanism of oxidative stress response and the
extracellular mitochondria as a vehicle for initiation of inflammatory response.

4307

Del Nido Cardioplegia or Potassium Induces Nrf2 and Protects
Cardiomyocytes against Oxidative Stress

H. Diao. University of Arizona, Tucson, AZ. Sponsor: Q. Chen
Open heart surgery is often an unavoidable procedure for treatment of cardiovascular disease. Myocardial Ischemia-Reperfusion Injury (MIRI) can occur as a
result of open heart surgery such as cardiopulmonary bypass. The multifaceted

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 358

mechanisms of MIRI involve the generation of reactive oxygen species, resulting
in cellular damage, ultimately impacting postoperative cardiac performance and
complications. Nf-E2 related factor-2 (Nrf2), a basic leucine zipper transcription
factor, binds to and activates the Antioxidant Response Element (ARE) in the
promoters of antioxidant and detoxification genes. We addressed here whether
cardioplegic solutions activate Nrf2, therefore serving for cytoprotection. With
High K, Low K, Del Nido (DN), histidine-tryptophan-ketoglutarate (HTK) and Celsior
cardioplegic solutions, we found that High K and DN caused increases of Nrf2
protein in AC16 human cardiomyocytes. Tracing the components in High K and
DN led to the finding of K+ at the concentration above 5 mM playing an essential
role in Nrf2 protein induction. K+ induced Nrf2 elevation is Ca2+ dependent. ARE
luciferase reporter assay confirmed Nrf2 activation by K+ in 10-40 mM. Profiling
transcriptomes using RNA seq showed that oxidation-reduction process as the
main gene ontology group affected by K+. K+ induced elevated expression of classical downstream targets of Nrf2, including NQO1, AKR, Aldose Reductase, TRXR1,
and G6PD. We found that K+ extended the half-life of Nrf2 from 17.8 mins to 25.1
mins in AC16 cells, and decreased Nrf2 protein ubiquitination. knocking out Keap1
abolished Nrf2 induction by K+. Nrf2 induction by K+ or DN protects cells against
loss of viability, apoptosis and ROS production induced by H2O2. Our data support
that high K+ concentration in cardioplegic solutions can be cardiac protective via
the activation of Nrf2.

4308

Relation between Oxidative Stress and Antioxidant Defense:
Revisited in 3-Dimensional Primary Human Liver Microtissues

A. Wolf1, J. Hofer2, M. Kijanska1, F. Müller2, and L. Suter-Dick2. 1InSphero, Brunswick,
ME; and 2FHNW, Muttenz, Switzerland.
Reactive oxygen species (ROS) are often involved in the toxicity of xenobiotics.
Many hepatotoxicants exert their effects by decreasing the antioxidative potential
of the liver. Menadione, a synthetic analog of vitamin K (K3) causes oxidative stress
and hepatocellular damage. N-acetyl cysteine (NAC), a precursor for glutathione
(GSH) synthesis, can protect cells from ROS. Here, we aimed to investigate the
relationship between menadione-induced toxicity and the antioxidant status of the
liver (defined as GSH-content) by implementing 3D primary human liver microtissues (hLiMTs). 3D InSight™ hLiMTs (Insphero AG, Schlieren, Switzerland) consisting of primary hepatocytes and non-parenchymal cells were used as a reliable
model for hepatotoxicity testing. The hLiMTs were pre-incubated with 250 µM NAC
for 4 hours to boost antioxidant response and subsequently treated for 1.5, 4 or 20
hours with 12.5 µM menadione (with or without NAC co-incubation). Menadione
caused toxicity in hLiMTs with an EC50 of approximately 11 µM; cytotoxicity was
completely prevented by NAC. Specifically, menadione led to a significant and time
dependent GSH depletion detectable at 1.5, 4, and 20 hours. Cytotoxic effects
(decreased cellular ATP) and superoxide formation (MitoSOX™ staining) were
only detectable after 20 hours of incubation. Menadione also led to significant
transcriptional upregulation of Nrf2-controlled genes (HMOX1, NQO1, SOD1, and
TXN) that was also prevented by incubation with NAC. The transcriptional induction
of HMOX1 was detectable already after 1.5 hours. Summarizing, menadione led to
immediate cellular GSH depletion followed by superoxide formation and cell death
in hLiMTs. Effects on GSH-content were observed already at 1.5 hours, whereas
increased ROS and cytotoxicity were seen after 20 hours incubation. Consistently,
menadione-triggered induction of the Nrf2 antioxidant defense pathway as early as
1.5 hours after treatment. These experiments with hLiMT showed the time-course
and the complex interdependence of antioxidant status and hepatotoxicity.

4309

The Marine Contaminant Tris(4-Chlorophenyl)Methane (TCPM)
Impairs Embryonic Development and Disrupts Gene Expression
in Zebrafish Embryos

J. A. Yost, N. Allsing, A. Fletcher, I. Sardo, L. Harrison, C. Cho, S. Khanum, and K. E.
Sant. San Diego State University, San Diego, CA.
Tris(4-chlorophenyl)methane (TCPM) is a marine contaminant of emerging
concern, believed to be a technical by-product of the persistent pesticide dichlorodiphenyltrichloroethane (DDT). TCPM has been detected in samples from marine
species around the world, as well as in human matrices such as serum and breast
milk. Lack of mechanistic research, monitoring, and regulation of TCPM raises
concerns about the safety of public health, wildlife, and the environment. In this
study, wild-type AB zebrafish embryos were exposed to 0.1, 1, or 10 µM of TCPM for
five days and analyzed for growth and morphology. Increased rates of mortality and
deformities were significantly higher among those exposed to TCPM than controls.
Increased incidence of yolk sac edema, pericardial edema, failure of swim bladders
to inflate, and stunted growth were observed in 1 and 10 µM exposure groups.
Ethoxyresorufin-O-deethylase (EROD) activity, an indicator of Cyp1a activity, was
also quantified in embryos using co-exposure to 7-ethoxyresorufin. Embryos
exposed to 10µM of TCPM had 57% higher EROD activity than controls. Embryos
were also acutely exposed to TCPM from 96-100 hours post fertilization to characterize the acute molecular response to TCPM using RNA sequencing. Pathways
governing energy metabolism and ATP generation were significantly increased. In
conclusion, this work demonstrates that TCPM, a known marine contaminant, can
impair embryonic growth and survival. More studies are necessary to determine

the chronic impacts of TCPM environmental exposures, and more biomonitoring studies are needed to contextualize the public health consequences of these
exposures.

4310

Pharmacological Suppression of the Sweet Receptor T1R3
Impacts Larval Growth and Pancreatic Islet Development in the
Zebrafish Danio rerio

C. Cho, L. Harrison, and K. E. Sant. San Diego State University, San Diego, CA.
Sweet receptors are a class of G-protein coupled receptors that bind ‘sweet’
compounds such as sugars and non-nutritive sweeteners to stimulate intracellular processes such as metabolism and signaling. Vertebrates, including humans,
express sweet receptors not only in the taste buds but also in the pancreas, and
stimulation of the sweet receptor in the pancreas has been associated with glucose
stimulated insulin secretion (GSIS). Glucose bioavailability is associated with
expanded islet volume, which is believed to play an adaptive role to hyperglycemia
and ultimately diabetes. However, the role of sweet receptors in islet formation
and development remains uncharacterized. Because pancreatic islet formation and
early embryonic growth may be sensitive to glucose-sensing mechanisms in the
pancreas, we herein ask whether the sweet receptor is necessary for the development of insulin producing beta cells in the pancreas of a model vertebrate. Zebrafish
(Danio rerio) embryos were exposed to 0.1 mM Lactisole, an inhibitor of the sweet
receptor, and varying concentrations (0 mM, 0.1 mM, 1 mM) of glucose along with
feed from 4-9 days post fertilization (dpf). This period reflects larval transition
from endogenous nutrition (e.g. yolk) to exogenous nutrition, where the larvae may
begin to adapt to nutrients available in the environment. Larval growth, as well
as islet size, morphology, and count were assessed in Tg(insulin-GFP) embryos
at 9 dpf to allow for direct visualization of beta cells. Larval length increased in a
concentration-dependent manner with glucose. Embryos exposed to both Lactisole
and glucose had decreased length, but increased primary islet area. Secondary
islet formation, a normal process that allows for additional beta cell differentiation, was increased by 10% in all Lactisole-exposed larvae. Overall, these results
show Lactisole and glucose have an interactive effect. When activation of the
sweet receptor was suppressed, growth and overall development were hindered.
However, contrary to the hypothesis, Lactisole exposures were not sufficient to
suppress neither glucose-induced beta cell expansion in the primary islet nor the
formation of secondary islets in larvae. Future work should specifically assess the
role of the pancreatic sweet receptor within the regulatory network governing beta
cell development and GSIS.

4311

Tris(4-chlorophenyl)methane (TCPM) and Tris(4-chlorophenyl)
methanol (TCPMOH) Disrupt Pancreatic Organogenesis and
Gene Expression in Zebrafish Embryos

P. W. Wilson, C. Cho, N. Allsing, S. Khanum, P. Bose, A. Grubschmidt, and K. E. Sant.
San Diego State University, San Diego, CA.
Tris(4-chlorophenyl) methane (TCPM) and Tris(4-chlorophenyl)methanol
(TCPMOH) are anthropogenic environmental contaminants believed to be manufacturing byproducts of the organochlorine pesticide Dichlorodiphenyltrichloroethane
(DDT) due to environmental co-ocurrence. TCPM and TCPMOH are persistent in
the environment, bioaccumulate in marine species, and are detected in human
breast milk and adipose tissues. Due to the known toxicity and endocrine-disrupting
potential of similar organochlorines, we aimed to determine impacts on zebrafish pancreatic growth and gene expression following developmental exposures.
Zebrafish embryos were exposed to 50nM TCPM or TCPMOH beginning at 24 hours
post fertilization (hpf) and exposures were refreshed daily. At 96 hpf, pancreatic
growth and islet area were directly visualized in Tg(ptf1a::GFP) and Tg(ptf1a::GFP)
embryos, respectively, using microscopy. Gene expression was assessed at
100 hpf with RNA sequencing. Mean Islet area and exocrine pancreas area were
reduced by 26% and 16.3%, respectively, in embryos exposed to 50nM TCPMOH
compared to controls. Transcriptomic responses to TCPM and TCPMOH were
correlated (R2=0.84), and pathway analysis found downregulation of processes
including retinol metabolism, circadian rhythm, and steroid biosynthesis. In conclusion, TCPMOH, but not TCPM, impairs pancreatic development despite similarity in
molecular responses.

4312

Developmental Exposures to Non-nutritive Sweeteners Impact
Pancreatic Development in the Zebrafish Danio rerio

L. Harrison1, C. Cho1, F. Rubens1, D. Nava2, and K. E. Sant1. 1San Diego State University,
San Diego, CA; and 2University of California Berkeley, Berkeley, CA.
Sucralose and acesulfame potassium (AceK) are non-nutritive artificial sweeteners (NNS) best known for their non-caloric properties. Unlike the natural product
sucrose, sucralose is chlorinated and believed to be poorly absorbed and metabolized. AceK is readily absorbed via the gut, poorly metabolized, and readily
excreted—yet it is known to cross the placenta and can be detected in amniotic
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fluid. Due to their popularity in non-caloric foods, dietary exposures to sucralose
and AceK are common--including among pregnant women. Sucralose and AceK are
600 and 200 times sweeter than sucrose, measured by their binding and activation
of the sweet taste receptors T1R2 and T1R3. These receptors are expressed in the
pancreas and play a role in insulin signaling. Here, we sought to investigate the
potential hazard NNS exposures pose on development and pancreatic organogenesis in a model vertebrate embryo. Zebrafish (Danio rerio) were exposed to 1 mM
glucose, 1 mM sucralose, and 0.1 mM sucralose or AceK beginning at 24 hours
post fertilization. Embryonic and pancreatic islet morphology was quantified in
Tg(insulin-GFP) embryos at 96 hpf using microscopy. Gene expression of targets
related to pancreatic function and metabolism were measured using qPCR. No
significant change in islet area was observed in sucralose-exposed embryos, but
islet areas were significantly reduced in AceK exposed embryos. Gene expression
of insulin was concordant with islet areas, and followed the same exposure trends.
Overall, this research suggests that developmental exposures to NNS may disrupt
pancreatic organogenesis.

4313

Developmental Exposures to PFAS Mixtures Impair Elongation
of the Exocrine Pancreas in Zebrafish (Danio rerio)

E. M. Formato, K. Borys, and A. R. Timme-Laragy. University of Massachusetts Amherst,
Amherst, MA.
Poly- and perfluoroalkyl substances (PFAS) are a class of bioaccumulative toxicants used in numerous industrial and commercial products.
Perfluorooctanesulfonic acid (PFOS) alters pancreatic organogenesis during
development. Perfluorohexanesulfonic acid (PFHxS), due to its smaller carbon
chain, has been suggested as a replacement for PFOS. This study will investigate
how developmental exposures to a PFAS mixture of PFOS and PFHxS impacts the
developing exocrine pancreas. Zebrafish embryos (Tg(ptf1a:GFP)) with a fluorescent label that identifies exocrine pancreas cells were exposed to 0.01% DMSO,
or 8, 16, 32 μM PFHxS alone, 16 μM PFOS alone, and 8, 16, and 32 μM PFHxS plus
16 μM PFOS. Embryos were exposed from 3 hours post fertilization (hpf) to 96 hpf
and were manually dechorionated at 24 hpf. Embryos were imaged at 96 hpf, and
blinded images were analyzed for length, yolk-sac area, swim bladder inflation, and
exocrine pancreas length. At 96 hpf, 38.1% of embryos exposed to the mixture of 16
μM PFHxS and PFOS had a truncated pancreas, while 17.1% and 4.8% of the larvae
exposed to only 16 μM PFOS or 16 μM PFHxS, respectively, had this same truncated
pancreas phenotype. These data demonstrate that developmental exposures to
equimolar mixtures of PFOS and PFHxS result in a higher incidence of truncated
pancreata than in just PFOS or PFHxS exposures alone and suggest a potential for
synergistic effects. This work was supported by NIH-ES025748.

4314

Evaluation of Perfluorooctanesulfonic Acid (PFOS) and
Exenatide on β-Cell Proliferation

E. S. Marques, F. Zahoor, and A. R. Timme-Laragy. University of Massachusetts
Amherst, Amherst, MA.
Perfluorooctanesulfonic acid (PFOS) is a persistent toxicant present in the environment, and exposure during development has been found to disrupt pancreatic
organogenesis in the zebrafish embryo. Exenatide is a glucagon-like peptide 1
(GLP-1) agonist and is used as a diabetic treatment. GLP-1, in addition to effects
on insulin secretion, regulates β-cell proliferation and apoptosis activating by
phosphoinositide 3-kinase (PI3K)- protein kinase B (AKT) signaling pathway. PFOS
treatment have been found to inhibit the AKT pathway in pancreatic islets, and we
hypothesis that anomalous proliferation and apoptosis during development may
impact pancreas organogenesis. This work evaluated the impact of developmental
PFOS exposure on β-cell proliferation in the zebrafish embryo (Danio rerio) and the
potential for PFOS to effect exenatide induced β-cell proliferation in vitro. Zebrafish
embryos with insulin-GFP expressed in β-cells, Tg(ins:GFP), were exposed to either
0.01% DMSO or 32 µM PFOS from 3 hours post fertilization (hpf) to 29 hpf. At 21
hpf, 10 mM 5-bromo-2´-deoxyuridine (BrdU) was added to treatments, 8 hr prior to
collection. At 29 hpf fish were fixed, and proliferation was detected with mouse
anti-BrdU, conjugated to Alexa Fluor 647. Blinded images were analyzed for Alexa
Fluor 647 within the islet. Developmental PFOS exposure increased BrdU staining
in the zebrafish embryo. To understand the potential mechanisms underlying the
observed increase in β-cell proliferation, we used co-treatments with the diabetic
treatment, exenatide, in vitro. βTC-6 cells were treated with PFOS (2.5, 25, or 50
µM) ±100 nM of exenatide for 72 hrs, in which BrdU was added in the last 48 hrs
of treatment. Cells with incorporated BrdU (proliferating cells) were detected with
mouse anti-BrdU antibody, conjugated to Alexa Fluor 647. Alexa Fluor 647 florescence intensity was measured using a plate reader. Co-treatment with 2.5 µM PFOS
and exenatide decrease β-cell proliferation as compared to the DMSO control, and
2.5 µM PFOS and exenatide treatments alone. These data suggests that PFOS
can modulate β-cell proliferation during development and impair GLP-1 induced
increase in β-cell proliferation. This work was supported by NIH-ES025748.

4315

Examining PFOS-Induced Dyslipidemia and Use of Alpha Lipoic
Acid (ALA) as a Potential Mitigation Strategy in Zebrafish (Danio
rerio)

M. C. Tompach, and A. R. Timme-Laragy. University of Massachusetts Amherst,
Amherst, MA.
Perfluorooctanesulfonic acid (PFOS) is an environmental toxicant once used in
stain-resistant fabric treatments and firefighting foams. While no longer produced
in the US, PFOS is still ubiquitous in the environment and contaminates many
drinking water aquifers. PFOS is highly resistant to degradation in the environment
and in biota, and is present in >98% of human serum samples. PFOS can cross the
placenta and is found in human breast milk, indicating a risk for developmental
exposure. PFOS exposure has been associated with dyslipidemia in human and
animal studies, including zebrafish (Danio rerio) where previous work demonstrates
that preconception and developmental PFOS exposure alters uptake of the lipid-rich
yolk sac (YS). This study investigates how PFOS affects embryonic uptake of
palmitate, the most abundant fatty acid in humans and zebrafish, and explores the
use of a dietary supplement, alpha lipoic acid (ALA), in preconception exposures
to combat PFOS-induced dyslipidemia seen in offspring. To assess palmitate
uptake, embryos were given a bolus of fluorescently-labeled palmitate (1mg/mL)
via YS injection and exposed to either 0.01% DMSO or 16 μM PFOS. Embryos were
imaged live at 2, 3, and 4 days post fertilization (dpf) using fluorescent microscopy. PFOS-exposed embryos had reduced fluorescence intensity in the YS at 2
and 4 dpf, indicating increased uptake of palmitateinto the body. In preconception
studies, ALA, shown to alter lipid profiles in human studies, was investigated as a
mitigation strategy against PFOS-induced dyslipidemia in offspring. Adult females
were treated with either 0.01% DMSO or 0.14 ug/mL PFOS, fed a standard diet or
diet supplemented with 0.2% ALA and bred with unexposed males. Embryos were
collected at each breeding event and imaged daily for the first 5 dpf. Embryos from
ALA-supplemented, PFOS-treated, and ALA+PFOS females had increased YS area
compared to embryos from control females. Embryos from PFOS-treated females
had increased body-length, while length of embryos from ALA+PFOS females
did not differ from controls. This study demonstrates specific misregulation of
palmitate uptake from the YS with PFOS exposure and indicates that ALA supplementation may partially rescue PFOS-induced changes in growth and development.
This work is supported by R01-ES028201 and T32-GM135096.

4316

The Effects of Long-Term Dietary Exposure to tertButylhydroquinone (tBHQ) on Zebrafish Growth Parameters and
Organ Development

E. R. Leonard, S. M. Conlin, B. Min, S. E. Cameron, C. K. Gridley, and A. R. TimmeLaragy. University of Massachusetts Amherst, Amherst, MA.
The synthetic antioxidant, tert-Butylhydroquinone (tBHQ), is commonly used in the
United States to prevent oils, fats, and meat products from oxidative deterioration.
Previous studies have determined that tBHQ binds Kelch-like erythroid cell-derived
protein1 (Keap1) and prevents its binding to nuclear factor erythroid 2-related
factor 2 (Nrf2), thus driving transcription of phase II metabolic enzymes. While
some studies have suggested that short-term tBHQ exposure has chemoprotective effects, other studies have determined that tBHQ plays a role in developmental impairment, DNA damage, and carcinogenicity. This study aims to investigate
the role of chronic tBHQ exposure on alterations in zebrafish growth parameters
and organ development. Eight replicate groups of fifteen Nrf2a wildtype and Nrf2a
mutant larvae were exposed to a 5% tBHQ or control diet for five months. Growth
parameters and survival were assessed at 20 weeks post-fertilization. The survival
of the tBHQ-fed zebrafish was 50-83% less than that of the control group, with the
Nrf2a mutant strains having the lowest survival. Additionally, tBHQ-fed zebrafish
were significantly smaller on average than the control group. tBHQ-fed wildtype
and mutant zebrafish showed a 22% and 36.5% decrease in size, respectively,
compared to their control counterparts. To examine the effects of pancreas and
liver development, a 10-day dietary exposure was also conducted between 5 and
15 days-post-fertilization. The tBHQ-diet was associated with a decreased ratio of
pancreas islet area to total fish length, as well as a 27.6% decrease in area of the
liver. The findings from this study show that chronic dietary tBHQ exposure may
affect liver and pancreas growth parameters, and impair growth and survival in a
Nrf2a dependent manner. This work was supported through the NIH RO1 ES025748
and Honors Research Grants awarded through the Commonwealth Honors College
at UMass Amherst.
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4317

Zet-O-Map: Identify Principal Molecular Drivers of (Dys)
morphogenesis in Zebrafish

M. Wehr1, B. Schulz2, H. Witters3, M. Jacobs2, and S. E. Escher1. 1Fraunhofer Institute
for Toxicology and Experimental Medicine, Hannover, Germany; 2Fraunhofer Institute for
Algorithms and Scientific Computing, Sankt Augustin, Germany; and 3VITO, Mol, Belgium.
Sponsor: A. Bitsch
The zet-o-map project aims to provide insights into the underlying mechanisms
observed in the zebrafish embryotoxicity test (ZET), a test designed for analysing
developmental toxicity in zebrafish using transcriptomics analysis. One goal is the
generation of spatio-temporal maps to reveal time-resolved biomarkers associated with certain malformations. We strive to understand the observations and
predict the outcome for the human situation to improve risk assessment and its
regulatory application. We have mined public sources to extract and integrate the
transcriptomic data of zebrafish as well as associated morphological observations. Using information from literature, we built zeTera, a database containing
only observed morphological alterations within a treatment duration up to 5 days.
The transcriptomics data were derived from various experimental setups such as
chemical perturbations performed at specific stages of embryonic development
as well as unperturbed gene expression recorded throughout development. We
identified 41 platforms for either array based or high-throughput RNA-sequencing
based transcriptomics analysis of zebrafish embryos. In total, the metadata for 889
experiments were curated and prepared for a streamlined analysis approach. About
300 chemicals were identified from which transcriptomic data could be obtained
whilst for more than 1400 chemicals morphological data of standardized ZET were
also collected. 92 compounds were classified as having both data types and were
labelled as “data rich compounds”. The primary goal of the analysis of time series is
to derive a reference for chemical perturbations at different stages of development.
Currently a harmonized approach for deriving expression data is under development
to minimize variability due to different software and genome data used. For this
purpose, we adapted R-ODAF, a standardized framework for omics data. An initial
analysis of the time series data, which covers embryonic development in different
intervals, reveals high variability up to the fifth hour of development which can be
explained by the maternal material present in the samples. The zet-o-map approach
to associate time resolved transcriptome changes to morphological alterations e.g.
by using knowledge maps is outlined and discussed. Acknowledgment: This project
is funded by CEFIC within the framework of the Long Range Initiative (LRI) as project
no. LRI-C9: Zet-O-Map.

4319

Using Zebrafish Behavior to Reveal Gene-Environment
Interactions Underlying Population Susceptibility Differences
after Chemical Exposure

P. Thunga1, L. Truong2, Y. Rericha2, W. Anderson2, A. Sanchez2, R. L. Tanguay2, and
D. M. Reif1. 1North Carolina State University, Raleigh, NC; and 2Oregon State University,
Corvallis, OR.
Chemical exposures have been linked to numerous adverse health effects. However,
in genetically diverse populations, many exposures display broad susceptibility
differences across individuals. Thus, understanding the role of gene-environment
interactions (GxE) in differential susceptibility to an expanding chemical exposome
is key to protecting public health— particularly that of vulnerable populations.
Moreover, while screening emerging contaminants such as Per- and Polyfluoroalkyl
Substance (PFAS) for toxicity, it is important that we flag chemicals that can induce
such differences in disease susceptibility. Our group and others have previously
shown that larval zebrafish (Danio rerio) behavior is highly useful for toxicity screening. For certain chemicals, these larvae show considerable levels of inter-individual
variation in their behavioral responses. Quantifying effects of underlying genetics
on the observed behavioral plasticity will allow us to answer questions regarding
the implications of GxE and identify signals related to differential susceptibility. We
used a full-sibling family-based design to estimate heritability from a high-throughput behavioral assay (larval photomotor response) of zebrafish raised in a chemical
free environment versus those exposed to the PFAS, Perfluorohexanesulfonic
acid (PFHxA). We found that heritability (amount of phenotypic variation that can
be attributed to underlying genetic variation) of the PFHxA exposed population
was 20.5%, versus only 4.8% in control population. Furthermore, the phenotypic
variance amongst pairs of PFHxA-treated fish differed significantly (Levene’s test
p-value << 0.05), but this same effect was not seen amongst the different groups
of unexposed control fish. This study shows evidence that heritable genetics
can affect behavioral susceptibility of individuals to PFHxA exposure and that
the standing genetic variation in our population can be harnessed to reveal GxE
underlying population susceptibility differences.

4320

Assessment of the Zebrafish Embryotoxicity Test’s Capacity
to Predict Mammalian Prenatal Developmental Toxicity of
Chemicals: A Systematic Review

S. Hoffmann, and K. Tsaioun. Evidence-Based Toxicology Collaboration, Johns Hopkins
University Bloomberg School of Public Health, Baltimore, MD.
4318

Characterizing the Developmental Role of AhR-Dependent
sox9b Long Intergenic Noncoding RNA (slincR) Using CRISPRCas9 Gene Editing

S. Dasgupta, J. K. LaDu, G. R. Garcia, K. Tomono-Duval, L. Huang, and R. L. Tanguay.
Oregon State University, Corvallis, OR.
Long non-coding RNAs (lncRNAs) play important roles in development and disease
yet are understudied in toxicology. Our previous work with zebrafish led to identification of slincR - a lncRNA that is induced by multiple aryl hydrocarbon receptor
ligands such as 2,3,7,8 -Tetrachlorodibenzo-p-dioxin (TCDD). slincR is located
upstream of the promoter region of and negatively regulates sox9b- a transcription
factor important for development and regeneration. Within this work, we studied
the endogenous and AHR-dependent role of slincR using a CRISPR-Cas9-generated
slincR-/- mutant zebrafish line (18 bp insertion within slincR exon 1). Secondary RNA
structure analysis predicted an unstable, altered slincR mRNA structure in slincR/- compared to wildtype/WT. To characterize phenotypic responses, we exposed
6 h post fertilization (hpf) WT and slincR-/- embryos for 1 hr to 0-1 ng/mL TCDD
and performed a battery of morphological and behavioral assessments at 120 hpf.
The concentration-response profile for TCDD was altered in slincR-/- (lowest effect
concentration/LEC= 0.125 ng/mL) compared to WT (LEC=0.25 ng/mL), suggesting
that slincR mutation exacerbated toxic responses to AHR activation. In absence
of TCDD, slincR-/- embryos were morphologically normal, but displayed hypoactive larval photomotor response at 120 hpf and heightened response to a mirror
response assay (models social behavior) during juvenile stage (28 days), suggesting an endogenous role of slincR in behavioral development. Transcriptomic
profiling using mRNA sequencing revealed 427 differentially expressed genes in
slincR-/- compared to WT. KEGG pathway analysis revealed disruption of drug and
glutathione metabolism pathways in slincR-/- to be a primary target even in absence
of TCDD, suggesting that slincR mutation can predispose an embryo to an altered
redox state as well as metabolic and detoxification capacity. Interestingly, we
recorded a 10-fold reduction in basal sox9b mRNA levels in slincR-/-. Since sox9b is
important for cartilage development and tissue regeneration, we studied impacts
on both these processes and showed that slincR-/- embryos displayed- 1) altered
head cartilage structures following in situ Alcian Blue staining; 2) 50% inhibition of
regenerative capacity of caudal fin following amputation and 3) lower degree of cell
proliferation in the amputated region as measured by BrdU immunostaining. Our
work so far reveals significant developmental signatures of slincR mutation. Future
studies are aimed at characterizing AHR-independent functions of slincR, as well as
its interactome through capture hybridization analysis.

The application of systematic review (SR) methodology to comparisons of the
performance of toxicity test methods was explored. Due to the lack of a comprehensive review, the zebrafish embryotoxicity test’s (ZET) was selected. The review
was framed to systematically compare the capacity of the ZET to predict developmental toxicity of chemicals to the standard mammalian prenatal developmental toxicity tests. A protocol describing the review methodology was prepared,
registered, and published. A two-tiered systematic review of the developmental
toxicity literature was performed. First, the ZET literature in four databases was
searched to identify chemicals in eligible studies, resulting in 1436 chemicals in
342 studies. Focusing on 75 chemicals, a search to identify mammalian studies on
these chemicals was conducted in the same databases. Through screening, eligible
studies were identified, resulting in 24 of the 75 chemicals with at least one eligible
ZET and one eligible mammalian study. Data of included studies were extracted
using DistillerSR, and their reporting quality and internal validity was assessed
using carefully selected criteria. Poor reporting quality led to the conclusion that
the studies were generally at a high risk-of-bias, which reduced the confidence in
the evidence. In contrast, plausibility of dose-response curves as well as consistency of results of repeat studies increased the confidence in the evidence base.
In addition, chemical-specific observations could either increased or decreased the
confidence. The review of the data of the limited number of chemicals suggests
that the ZET has potential to identify chemicals that are mammalian prenatal
developmental toxicants and that it tends to overpredict chemicals that are not
mammalian prenatal developmental toxicants. In addition, the analysis confirmed
the need for a higher level of standardization of the ZET and highlighted contextual
and methodological challenges in the application of systematic review approaches
to toxicological questions. One key to resolve these issues is a more comprehensive and transparent planning, conduct and reporting of toxicological studies. This
requires, as a first step, to create broader awareness in the toxicological community
of the need for and benefits of more evidence-based approaches.

4321

Impaired Development of Social and Locomotor Behaviors in
Zebrafish Exposed to Glyphosate during Primary Neurogenesis

R. Lacroix1, S. McKenzie2, J. Lemke1, and D. Kurrasch1. 1University of Calgary, Calgary,
AB, Canada; and 2University of Western Ontario, London, ON, Canada.
Chemical exposure during prenatal brain development is thought to contribute to
the etiology of neurodevelopmental disorders. Glyphosate is the active ingredient
in commercial herbicides such as RoundUp™ and is the most widely used chemical
in agriculture. Exposure to glyphosate prenatally is proposed to cause significant
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changes to developing brains; however, its exact effects have yet to be elucidated.
Here, we hypothesize that environmentally relevant concentrations of glyphosate
cause neural changes that lead to alterations in social and locomotive behaviours
in larval and adult zebrafish. Embryonic zebrafish were exposed to glyphosate
(0.001, 0.1, 10 and 1000 µg/L) from 10 to 48 hours post-fertilization (hpf), a time
point that encompasses primary neurogenesis. The ZebraBox® recording chamber
was used to monitor larval zebrafish (at 5, 7 and 10 days post-fertilization (dpf)),
whereas the ZebraCube® was used to track adult (>3 months) behaviours in dark,
light and light-dark flash conditions. Social behaviours of shoaling and numbers of
contact were also examined. We found that exposure to environmentally relevant
concentrations of glyphosate during zebrafish neurogenesis caused hypoactive
swimming (-15.7 ± 6.4% distance travelled) upon low-dose exposure (0.001 µg/L)
and hyperactive swimming (+17.5 ± 7.5% distance travelled) upon high-dose
exposure (10 µg/L) in 5 dpf zebrafish. In 10 dpf fish, we observed glyphosate-exposed fish were more hyperactive than their wild-type siblings at all tested concentrations (0.001 µg/L, +34.31 ± 12.05%; 0.1 µg/L, +28.44 ± 8.59%; 10 µg/L, +23.84
± 9.02% distance travelled). We also observed changes in locomotion in zebrafish
exposed to glyphosate embryonically when startled by a sudden change in light
intensity, as a measure of anxious phenotypes. Startle assay results were recapitulated in adult fish, where zebrafish exposed embryonically to higher dose of glyphosate (10 µg/L) had a ~2-fold increase in locomotion. Our findings suggest that
exposure to environmental concentrations of glyphosate during neurodevelopment
alters the developing brain, leading to lasting changes in behaviour.

4322

Effects of Embryonic Atrazine Exposure on Zebrafish
Neuroendocrine Molecular Targets

S. C. Stradtman, and J. L. Freeman. Purdue University, West Lafyette, IN.
Atrazine is an herbicide used to control broadleaf and grassy weeds on agricultural fields in the US but this herbicide has been banned from use in the European
Union since 2003, based mainly on risk of contamination of surface and groundwater. Atrazine is categorized as an endocrine-disrupting chemical (EDC), altering
release of luteinizing hormone from the pituitary through gonadotropin-releasing
hormone in the hypothalamus. The specific mechanism that leads to this disruption
is not yet clearly defined. In this study, molecular targets within the neuroendocrine
system are being explored to assist in elucidating a mechanism that coincides
with the observed adverse health outcomes along the endocrine axes. Using the
zebrafish model, gene expression of multiple hypothalamic and pituitary targets
were examined to determine if an embryonic atrazine exposure perturbed neuroendocrine development. Gene targets were chosen based on association with the
neuroendocrine hormones that have been reported to be adversely affected following atrazine exposure in many models at various atrazine exposures. Adult wild
type zebrafish were bred to attain embryos. Embryos were collected at 1 hour post
fertilization (1 hpf) and randomly assigned to 0, 0.3, 3, or 30 ppb (µg/L) atrazine
treatment to represent chemical treatment concentrations around the current US
EPA regulatory level in drinking water of 3 ppb. Exposure was ceased at the end of
embryogenesis (72 hpf), RNA isolated from pools of 40 eleuthero-embryos, cDNA
synthesized, and qPCR completed on neuroendocrine-related genes including 8
hypothalamic targets (sst1, sst3, trh, gnrh, oxt, crhb, avp, ghrh) and 2 pituitary targets
(fshb, lhb). A total of six biological replicates were statistically compared using an
analysis of variance (ANOVA, α=0.05) with no statistically significant differences
in gene expression among treatment groups for all hypothalamic targets and fshb.
Significant alterations in gene expression were observed in lhb. Future directions
now include additional targets in the pituitary to explore the specificity of gene
expression.

expression of an ERE-luciferase reporter. qPCR was used to analyze expression of
endogenous genes in vivo. Also, Enzyme Linked Immunosorbent Assay (ELISA) was
performed to determine whether exposure to the bisphenols affects production of
17 beta-estradiol itself. Exposures to BPA, BPAF, BPE, and BPC, efficiently induced
GFP expression in estrogen reporter fish at low exposure concentrations in the
heart valves and at higher concentrations in the liver, whereas BPC-Cl activated
GFP expression mainly in the liver, and BPS faintly in the heart only. In the estrogen
reporter cells, BPC-Cl preferentially activated esr2a, whereas BPA, BPAF, BPC, BPE
and BPS preferentially activated esr1. From ELISA, we found that exposure to BPAF
and BPC-Cl increased 17 beta-estradiol levels in the fish indicating that bisphenol exposure results in a feed forward loop that further augments the estrogenic
activity of these compounds. Transgenic estrogen reporter fish in combination with
estrogen reporter cells efficiently can be used to assess estrogenic capacity of
environmental pollutants. The estrogenicity of bisphenols promote emphasizing
these chemicals for further analysis in higher vertebrates, and risk assessment for
humans.

4324

C. Clark, A. Martini, and M. Mukai. Cornell University, Ithaca, NY.
In the past decade, concerns of Bisphenol A (BPA) effects on reproductive health
have resulted in the introduction of several BPA-substitutes for food packaging.
These products marketed as ‘BPA-free’, still contain a variety of bisphenol analogs
that remain to be fully tested for their endocrine-disrupting activity. Adverse health
effects of any of these compounds, either individually or in mixtures, need careful
assessment as a public health priority. In this study, we evaluated acute, chronic,
and transgenerational effects of exposures to 7 bisphenol mixtures (BPA, BPB, BPF,
BPS, BPZ, BPAF, and BPAP) using zebrafish (Danio rerio). LC10 of each bisphenol
were divided by 10, 100, and 1000 to achieve a range of mixture concentrations
for exposure, including low environmentally relevant concentrations. F0 embryos
were dechorionated and exposed to mixtures until 120 days-post-fertilization (dpf).
Expression of hypothalamic-pituitary-gonadal (HPG) axis-related mRNA, fertility,
and reproductive behaviors were evaluated at early developmental (8-dpf, sex
unknown), peri-pubertal (85-dpf, female), and adult stages (>5-mpf, female) in
F0, F1, and F2. The exposure to LC10/10 resulted in severe sex skewing towards
males, and F0 females were unable to breed, precluding the occurrence of progeny
at this concentration. At 8-dpf, expression of aromatase b (cyp19b), gonadotropin-releasing hormone 3 (gnrh3), glycoprotein hormone a (cga), and vitellogenin
1 (vtg1) were significantly increased in the mixture group compared to controls.
Effect on these genes with mixtures could not be explained by the simple additive
effect of the 7 bisphenols, suggesting a complex interaction of the compounds.
At 85-dpf, Cyp19b expression in brain/pituitary (B/P) no longer showed statistical
significance, although there were visible trends towards expression increase in
mixture exposed vs. control with F0 and F2. Notably, both gnrh3 and follicle-stimulating hormone (fsh) expression in B/P at 85-dpf was decreased with treatment
but this effect was only observed in the F2 generation and not in F0 or F1. Liver
vitellogenin 1 (vtg1) expression was also increased with treatment in F2 only. Our
results demonstrate that the effect of bisphenol mixtures is more complex than a
simple additive effect. LC10/10 concentration caused severe reproductive deficits
in F0 females. Transgenerational effects on mRNA expression were present with
LC10/100 although it did not cause overt reproductive problems in the F1 and F2
generation at environmentally relevant concentrations.

4325
4323

Analyzing Estrogenicity of Bisphenol A and Its Analogues in
Zebrafish

S. Karim1, C. Pinto2, R. Hao2, P. Balaguer3, and M. Bondesson1. 1Indiana University
Bloomington, Bloomington, IN; 2University of Houston, Houston, TX; and 3Institut de
Recherche en Cancérologie de Montpellier, Universite de Montpellier, France.
Bisphenol A (BPA) has been widely used to make epoxy resin, polycarbonate
plastics and other materials over the past decade. It is one of the most common
environmental pollutants. Exposure to BPA has possible hazardous effects on the
human brain, heart, liver, and blood, partly because of its estrogenic activity. BPA
analogues have been synthesized to be considered as replacement molecules for
BPA. These analogues need to be thoroughly evaluated for their estrogenic activity.
Here we combined zebrafish-based assays to examine estrogenic activities of BPA
and five of its analogues, BPAF, BPE, BPC, BPC-Cl and BPS along with endogenous
estrogen, 17 beta-estradiol, in vivo and in vitro. We further investigated the effect
of bisphenol exposure on the expression of genes involved in estrogen production
and response to verify the results of the fish and cells. We used transgenic estrogen
reporter (5XERE:GFP) fish to study agonistic effects of bisphenols in vivo. One to
three days old zebrafish embryos were exposed to a concentration range of BPA,
BPAF, BPE, BPC, BPC-Cl, BPS and 17 beta-estradiol, followed by imaging at day
three to four by fluorescence microscopy. The fluorescence in images were quantified by ImageJ. The in vivo response was compared to in vitro effects of bisphenol
exposure using reporter cells that express the zebrafish estrogen receptors driving

Transgenerational Effects of Bisphenol Analog Mixtures on
Zebrafish Reproductive Axis

Early Developmental Exposure to Δ9-tetrahydrocannabinol
Causes Hyperactivity in Larval Zebrafish That Persists into
Adulthood

Z. P. Pandelides, V. L. Jackson, C. Thornton, and K. L. Willett. University of Mississippi,
Oxford, MS.
Due to the increasing availability of Δ9-tetrahydrocannabinol (THC), evaluation of
the potential adverse behavioral effects following exposure to this cannabinoid
during early development is crucial. Following exposure to 0.08, 0.4, or 1 μM THC
from 6-96 hours post fertilization (hpf) in wild-type (5D) zebrafish, latent behavioral
effects caused by THC were assessed at 120 hpf (larval), 3 weeks post fertilization
(wpf) (juvenile), 11 wpf (onset of sexual maturity) and 24 wpf (adult). Using the
larval photomotor response test, hyperactivity in the dark phase was evident in fish
exposed to 0.4 μM THC. Open-field tests (OFT) conducted at 3 and 11 wpf indicated
dose-dependent hyperactivity and increased thigmotaxis at the two highest THC
concentrations. Effects on thigmotaxis did not persist into adulthood. Yet, adult
zebrafish behavior in the OFT revealed significant hyperactivity (increased velocity)
amongst both sexes of fish exposed to 0.4 or 1 μM THC. Developmental exposure
to THC also caused significant changes to the size of the fish by 24 wpf, with significantly lower and higher weights in fish exposed developmentally to the lower and
higher THC concentrations, respectively. The role of cannabinoid receptor 1 in
mediating THCs effects on behavior was also measured using cnr1-/- zebrafish.
Collectively, these results showed that exposure to THC during a critical period of
development caused behavioral alterations that persisted into adulthood. This work
was supported by the National Institute on Drug Abuse R21DA044473-01.
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Developmental Toxicity Potency of Unsubstituted and Alkylated
4- and 5-Ring Polycyclic Aromatic Hydrocarbons in the
Zebrafish Embryotoxicity Test

J. Fang1, S. Dong1, P. Boogaard1,2, I. Rietjens1, and L. Kamelia2. 1Wageningen University,
Wageningen, Netherlands; and 2Shell International B.V., The Hague, Netherlands.
Exposure to some polycyclic aromatic hydrocarbons (PAHs) has been linked to
developmental toxicity in both humans and many animal species. To date, there
is limited knowledge on the developmental toxicity of specific PAHs, especially
alkylated PAHs. However, it is hypothesized that the developmental toxicity of
alkylated PAHs as compared to the related unsubstituted PAHs is influenced by
the position of the alkyl substituent on the aromatic ring of PAHs. The present
study examined the developmental toxicity of 4- and 5-ring PAHs including benz[a]
anthracene (BaA) and 3 of its alkylated congeners, benzo[a]pyrene (BaP) and 3 of
its alkylated congeners, and dibenz[a,h]anthracene (DB[a,h]A) using the zebrafish
embryotoxicity test (ZET). In the ZET, all tested PAHs, with exception of 7-methylBaP, induced concentration-dependent developmental toxicity at 96 hours post
fertilization (hpf). Among all tested PAHs, 8-methyl-BaP was most potent to induce
the in vitro developmental toxicity. The observed developmental effects induced by
the PAHs tested in the ZET at 96 hpf include unhatched embryos, no movement and
circulation, yolk sac and pericardial edemas, deformed body shape, and cumulative mortality. Previous studies suggested that activation of the aryl hydrocarbon
receptor (AhR) might be involved as one of the underlying mechanisms in the
developmental toxicity of some PAHs. A previous molecular docking study reported
that the different molecular dimensions of BaP and DB[a,h]A resulted in different
binding interactions with the AhR Per-Arnt-Sim B (PAS-B) domain. Comparing these
docking study results to our ZET results, it is hypothesized that the position of the
alkyl substituent on the aromatic ring of PAHs changes their molecular dimensions
and the resulting interactions with the AhR. To conclude, our results support the
conclusion that the position of an alkyl substituent influences the in vitro developmental toxicity of PAHs. Moreover, the effects of the alkyl substituent on the
molecular dimensions of the PAHs and the resulting consequences for interactions
with the AhR may in part be responsible for the differential effects of alkyl substituent at different positions on the in vitro developmental toxicities of the PAHs as
observed in the ZET.

4327

BaP-Induced Multigenerational Gene Expression and DNA
Methylation Changes Are Primarily Influenced by Paternal
Genotype

M. C. Sturgis1, Z. Pandelides1, C. Thornton1, M. Patel1, N. Aluru2, and K. L. Willett1.
1University of Mississippi, University, MS; and 2Woods Hole Oceanographic Institution,
Woods Hole, MA.
Benzo[a]pyrene (BaP) is implicated in numerous adverse outcomes in offspring
of exposed parents, but the molecular mechanisms for the developmental and
multigenerational effects associated with BaP exposures have yet to be fully
elucidated. The objectives of this study were to determine the developmental and
behavioral effects of preconceptional exposure to BaP. 5D zebrafish were fed 1% of
their bodyweight of 708 ± 24 μg BaP/g food twice per day, resulting in 14 μg BaP/g
fish/day for 21 days. Fish were then spawned using a crossover design, resulting
in F1 cohorts of control and three crosses from BaP-exposed parents. Behavioral
effects were measured at 96 hpf in the F1 fish using the light:dark assay. Significant
hyperactivity was observed in both crosses from BaP-exposed males. Using an open
field test, female F1 adult offspring from the BaP male x BaP female cross were
also significantly hyperactive. Gene expression and DNA methylation changes in 10
hpf F1 embryos were measured using RNAseq and reduced representation bisulfite
sequencing, respectively. When compared to the control, the highest number of
differentially expressed genes (DEG) were in offspring of the BaP male x control
female cross. Many of the DEGs were involved in large scale growth and developmental processes. Differentially methylated regions (DMRs), primarily hypomethylation, predominated in embryos from BaP-treated male parents. Gene ontology
analysis revealed DMRs in or adjacent to genes important in development (e.g.,
neural crest cell differentiation, ossification and retinol metabolism). A parental
BaP-mediated DMR in histone deacetylases coding regions may be causing further
epigenetic-mediated effects. Collectively, these results demonstrate that parental
dietary BaP exposure causes persistent adverse behavioral outcomes in offspring
and suggests that males may contribute more to F1 effects. Research supported by
NIEHS 1R21ES030154.

4328

Identifying the Cellular and Molecular Targets of
2,3,7,8-Tetrachlorodibenzo-p-dioxin-Induced Infertility in
Female Zebrafish

M. E. Kossack, C. Oduor, L. Tian, J. Bailey, and J. Plavicki. Brown University,
Providence, RI.
12% of all couples struggle with fertility. Approximately 75% of cases are attributable to one or more of the partners; however, the remaining 25% of all known cases
of infertility cannot be explained by our current understanding of reproductive

health. Exposure to environmental compounds are known to contribute to infertility;
however, significant effort is still needed in the field of reproductive toxicology to
understand the types of environmental exposures that disrupt fertility as well as the
molecular mechanisms by which these exposures produce reproductive toxicity.
Exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a potent dioxin congener
and aryl hydrocarbon receptor (AHR) agonist, has been associated with increased
time to pregnancy in humans and decreased reproductive success in mice, rats,
non-human primates, and zebrafish. However, the mechanism by which dioxins
reduced female fertility is not understood. Zebrafish are a powerful model for
studying human development and reproduction as many of the genes are evolutionarily conserved. Using transgenic biomarkers of AHR activation, Tg(cyp1a:nlsgfp), we identified that TCDD targets mural and endothelial cells in the ovary. To
gain insight into these critical cell types and molecular mechanism contributing
to TCDD-induced female infertility, we exposed juvenile zebrafish to environmentally relevant concentrations of TCDD (50 ppt) at 20 and 50 days post-fertilization and monitored fertility and ovary health across the lifespan. At three, six, nine,
and 12 months post-fertilization, we assessed TCDD-induced ovarian damage
using fluorescent immunohistochemistry and histology. We found sustained
cyp1a induction at six months post-fertilization, approximately four months after
exposure. To elucidate the molecular mechanisms mediating TCDD-induced
infertility, we performed single cell sequencing on control versus exposed ovaries
and are currently analyzing the molecular changes in each ovarian cell type. These
results reveal how environmental exposure to dioxin can cause long-term transcriptional change than may contribute reduced female fertility.

4329

Insight into TCDD-Induced Disruption of Spermatogenesis via
Single Cell RNA-Seq

A. Haimbaugh1, K. Gurdziel1, D. Meyer1, C. Akemann1, and T. Baker1,2. 1Wayne State
University, Detroit, MI; and 2University of Florida, Gainesville, FL.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a potent and environmentally
persistent endocrine-disrupting chemical released during waste incineration and
fossil fuel combustion. Our previous work demonstrated the latent reproductive
effects of early-life TCDD exposure in zebrafish. Zebrafish acutely exposed to low,
environmentally relevant levels of TCDD (50 pg/mL) during the two windows of
sexual differentiation in development (1 hour of exposure at 3 and 7 weeks) were
later infertile and exhibited gene expression consistent with an altered microenvironment, even years after exposure. Due to the highly heterogeneous cell-type and
-stage landscape of the testes, we hypothesized the various cell types in the testes
contribute markedly different profiles towards the pathology of TCDD exposure. To
investigate the contributions of the diverse cell types in the adult zebrafish testes to
TCDD-induced pathology, we turned to single-cell RNA-Seq and the 10x Genomics
platform. The method successfully captured every stage of testicular germ cell
development from spermatogonial stem cells to spermatozoa. We found that
the testes of adult fish exposed during sexual differentiation to TCDD contained
sharply decreased populations of late spermatocytes, spermatids and spermatozoa. Spermatogonia and early spermatocyte populations were, in contrast, enriched
following exposure. Pathway analysis of differentially expressed genes supports
previous findings that TCDD exposure resulted in male infertility, and suggested
this outcome is due to apoptosis of spermatids and spermatozoa, even years after
exposure cessation. Apoptosis of mid to late germ cells was confirmed by immunohistochemistry. This suite of disruption at the cellular and subcellular level provides
support for the environmental explanation of idiopathic male infertility. To our
knowledge, this is the first study to apply the scRNA-Seq method to the zebrafish
testicular tissue.

4330

Investigating the Transgenerational Effects of Bisphenol A on
Epigenetic Inheritance in C. elegans

K. Shuck, L. Truong, and P. Allard. University of California Los Angeles, Los Angeles, CA.
Bisphenol A (BPA) is an endocrine disruptor commonly found in the environment
and exposure to humans is ubiquitous. Studies have shown that environmental
toxicants including BPA can affect germ cell development. Here, we investigate the
transgenerational impact of BPA exposure on epigenetic inheritance and reproduction. We hypothesize that exposure will cause changes in reproductive phenotypes,
which are hallmarks of germline dysfunction, as well as changes in histone modifications. In previous work, we demonstrated that embryonic lethality and germline
apoptosis are both directly increased in the F1 and transgenerationally increased in
the F3 from ancestral BPA exposure. Here, we show that the jmjd-1.2 demethylase
mutant can rescue the embryonic lethality seen at F3 from ancestral BPA exposure
with p≤0.05 as well as the increases in apoptosis at both F1 and F3 with p≤0.0001.
To better understand how damaged nuclei are bypassing apoptosis and causing
embryonic lethality, we examined DAPI staining bodies at diakinesis-stage oocytes,
which allows us to visualize the number of chromosomes per nucleus. We found a
slight but nonsignificant increase in the number of DAPI staining bodies, suggesting
possible aneuploidies, in both F1 and F3. Next, immunofluorescence was used to
visualize changes in H3K9me2 levels in the germline since jmjd-1.2 is responsible
for controlling H3K9me2 modifications. We hope to further analyze the changes in
H3K9me2 levels directly in the F1 as well as transgenerationally at the F3, in order
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to understand how ancestral BPA exposure may perturb the inheritance of epigenetic marks. Our research hopes to characterize the transgenerational impact of BPA
on the germline machinery which has major implications for human reproductive
health.

4331

Mapping of Inter- and Transgenerational Single-Nucleus
Resolution Mapping of the Adult C. elegans and Its Application
to Elucidate Intergenerational Response to Alcohol Exposure

Y. Chen1, L. Truong1, E. Beltrame2, R. Barrere-Cain1, B. Panter1, X. Yang1, P. Steinberg2,
and P. Allard1. 1University of California Los Angeles, Los Angeles, CA; and 2California
Institute of Technology, Pasadena, CA.
Alcohol drinking is highly prevalent and excessive ethanol consumption is associated with different disorders from fatty liver, cancer to fetal alcohol symptom
disorders (FASD). Out of these potential adverse outcomes, FASD has been hard
to research due to requirement of in utero exposure models, which become even
harder for trans-generational researches focusing on effect after several generations. Recently, C. elegans model has shown several advantages in conducting
trans-generational toxicology studies, including short life cycle, highly conserved
genetics as well as easily accessible germ cells. Furthermore, development
Single-cell RNA transcriptomic technologies have provided an opportunity to map
an organism’s response to environmental cues with high resolution and identify
sensitive cell types. However, the requirement for cellular integrity during extraction
has hindered the examination of organs that are syncytial or of cell types, such as
germlines, that have significant cellular projections. We developed an experimental protocol for nuclear extraction in C. elegans which, combined with single-nucleus RNA-seq (snRNA-seq) to investigate low dose trans-generation ethanol
effect on single cell level with C. elegans model. We were able to identify cell
types that were sensitive to ethanol exposure in dose specific pattern. Differential
pathway analysis revealed alterations in lipid transportation, protein metabolism
as well as embryonic function among several germline clusters. Comparison
with wormbase documented prototypes also identified strong signals in germline
dysfunction among germline cell types. Finally cross generation comparison identified functional alterations in germline cell types after two generations. Together,
snRNA-seq provides a powerful approach for the detailed examination trans-generational exposure characterization.

4332

PFAS Exposure Impairs Germ Cell Development and Function in
Caenorhabditis elegans

A. P. Bline, and P. Allard. University of California Los Angeles, Los Angeles, CA.
Nearly all Americans have one or more per- and polyfluoroalkyl substances (PFAS)
present in their blood. PFAS are highly persistent anthropogenic compounds widely
used in industrial and consumer products and have been detected in drinking water
supplies affecting tens of millions of people. Several epidemiological studies have
found an association between exposure to pefluorooctane sulfonic acid (PFOS), one
of the best characterized PFAS, and decreased fecundity in women. However, little
is known about how PFOS affects female germ cell development. Similar to PFOS,
6:2 chlorinated polyfluoroalkyl ether sulfonic acid (6:2 Cl-PFESA) is widespread
in the environment and detected in human serum, but its effects on reproductive health are largely unknown. To determine if PFOS and 6:2 Cl-PFESA reduce
fecundity by causing defects in germ cell development, wild type Caenorhabditis
elegans embryos were placed on nematode growth medium (NGM) treated with
PFOS or 6:2 Cl-PFESA dissolved in water at three different nominal concentrations (225μM, 450μM, 900μM) and exposed continuously throughout adulthood.
A dose-dependent decrease in total live offspring of up to 30% was observed with
exposure to both PFOS and 6:2 Cl-PFESA. Furthermore, gonads collected from
early adult animals exhibited an up to 46% reduction in the number of germ cells
with particularly strong effects apparent in meiotic compared to mitotic cells. The
incidence of a meiotic progression defect (Pex) also significantly increased in a
dose-dependent manner. While activation of the MAP kinase MPK-1 is a key regulator of meiotic progression in C. elegans, immunofluorescence imaging suggested
that MPK-1 activation was not substantially affected by PFOS or 6:2 Cl-PFESA
exposure. However, ex vivo treatment of gonads dissected from a GFP reporter
strain resulted in dissolution of P granules, a membraneless organelle that serves
an important role in post-transcriptional gene regulation in C. elegans germ cells.
These data indicate that meiotic cells may be particularly sensitive to PFOS and
Cl-PFESA exposure with negative implications for fecundity.

4333

Effects of Reproduction in Descendants of the Biological Model
Caenorhabditis elegans against Lepidium meyenii

S. V. Paternina-Ricardo, B. S. Godin-Arroyo, and B. J. Arroyo-Salgado. Universidad de
Cartagena, Cartagena, Colombia.
Both male and female reproductive capacity is being affected by the increase
in the metal environment and the excessive use of chemicals present in food,
cosmetics, air, water and food. This problem generates the need to search for
treatments, preferably of natural origin, that challenge sterility without adverse
effects. Lepidium meyenii (maca) is a Peruvian plant used by natives to treat
infertility and increase sexual desire, although there is little scientific evidence to
corroborate these characteristics. The main of this research was to evaluate the
effects of aqueous and ethanolic extracts of two varieties of L. meyenii (black and
red maca) on the reproduction of the biological model Caenorhabditis elegans, by
exposing the nematode to different concentrations of black and red maca extracts.
Concentrations of 0.1 were found; 1; 10 ppm of aqueous and ethanolic extracts
of black maca increased the number of offspring in C. elegans, in addition a
change in the laying pattern was observed in those nematodes that increased the
number of offspring. Additionally, mortality, growth and lipid accumulation tests
were performed, which proved that these extracts are not toxic to the nematode in
concentrations below 100 ppm. C. elegans are a good model to evaluate biological
properties of nutraceutical plants such as L. meyenii, therefore, it can be used in
future studies to investigate in greater depth the mechanism by which L. meyenii
improves its reproduction and if these extracts can improve reproductive problems
caused by environmental pollutants.

4334

Benzoyl-CoA Conjugate Accumulation as an Initiating Event for
Male Reprotoxic Effects in the Rat: Structure-Activity Analysis,
Species Specificity, and In Vivo Relevance

G. M. Adamson1, V. Sa-Rocha1, R. P. Badertscher2, Y. Weiner-Sekiya2, A. Natsch2, and H.
Laue2. 1Givaudan, East Hanover, NJ; and 2Givaudan, Kemptthal, Switzerland.
A number of para substituted benzoic acids (p-BA) and fragrance aldehydes such
as 3-(4-tert-butylphenyl)-2-methylpropanal (BMHCA) metabolized to p-BA have
been found to confer adverse effects in male rats on sperm viability, motility and
morphology following oral gavage dose of >25 mg/kg body weight. These effects
are putatively associated with the metabolism of p-BA to toxic intermediates. We
had shown that p-BA lead to accumulation of high levels of benzoyl-CoA conjugates
in plated rat hepatocytes (Laue et al. 2017. Toxicol. Sci. 160:244-55). Here we
further investigated relevance of this metabolic pathway for the reprotoxic effects in
rats and rabbits. Intracellular formation of CoA conjugates from either p-alkyl-phenyl-propanals directly or from their benzoic acid metabolites was assessed for 19
chemicals in plated primary rat hepatocytes using high-resolution LC-MS. The nine
reprotoxic compounds metabolizing to p-alkyl-benzoic acids led to accumulation of
high and stable levels of p-alkyl-benzoyl-CoA conjugates in plated rat hepatocytes,
whereas benzoyl -CoA conjugates of ten non-reprotoxic compounds were only
transiently formed in this in vitro system which confirms the very strong correlation between benzoyl-CoA-accumulation in rat hepatocytes and the toxic outcome.
Species specificity was probed by comparing rat, rabbit and human hepatocytes,
and benzoyl-CoA accumulation was found to be specific to the rat hepatocytes,
not occurring in human hepatocytes. There was also very limited accumulation
in hepatocytes from rabbits that are a non-responder species in in vivo studies.
Tissues of rats orally treated with 3-(4-isopropylphenyl)-2-methylpropanal were
analyzed and p-isopropyl-benzoyl-CoA conjugates were detected in the liver and in
the testes in animals at toxic doses indicating that the metabolism observed in vitro
is relevant to the in vivo situation and the critical metabolite does also occur in the
reproductive tissue. These multiple lines of evidence further support benzoyl-CoA
accumulation as a key initiating event for a specific group of male reproductive
toxicants, and indicate a species specific effect in the rat.

4335

Acute MEHP Exposure Causes an Age- and Species-Specific
Peritubular Macrophage Surge and Their Toxicant Sensitivities

X. Fang, R. Tiwary, V. Nguyen, and J. H. Richburg. University of Texas at Austin,
Austin, TX.
Mono-(2-ethylhexyl) phthalate (MEHP) is the active metabolite of DEHP, a widely
dispersed phthalate in the environment. Exposure to MEHP is widely known to
disrupt Sertoli cell function, disrupt the blood-testis barrier (BTB), and result in the
loss of germ cells by apoptosis. A novel macrophage population termed peritubular
macrophages (PTMφ), localized along the outside of the seminiferous tubules and
in proximity to the spermatogonial stem cells (SSCs) and are believed to contribute to the SSC niche and aid in the recovery of spermatogenesis. However, the
clear origin and purpose of the PTMφs are not recognized. In response to MEHP
exposure, the quantity of PTMφs is increased by 6-fold after 48 hours, with an
increase in differentiating spermatogonia in pubertal rats. Here we test if the
MEHP-induced increase in PTMφs numbers is age- and species-dependent. Male
pubertal(postnatal day/PND 26) or adult rats(PND 75) or pubertal mice(PND 26)
were exposed to 700 mg/kg MEHP or corn oil via oral gavage and euthanized 48
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hours later. PTMφs and undifferentiated spermatogonia were identified in whole
seminiferous tubule staining with fluorescent markers and visualized using a
confocal microscope. In control groups, adult rats and pubertal mice have 2-fold
and 5-fold higher basal numbers of PTMφs compared to pubertal rats without
MEHP treatment, respectively. Interestingly, the number of PTMφs did not change
after acute MEHP exposure in both groups. In addition, spermatocytes apoptosis
in both groups is not as robust as pubertal rats. In order to explore the role of BTB
in the PTMφs responses, methoxyacetic acid (MAA), which instigates spermatocytes degeneration and depletion without disrupting the BTB was utilized. 650mg/
kg MAA was made up with 0.9% saline and was administrated to pubertal rats.
Results demonstrated that MAA caused obvious germ cell loss, however there was
no significant increase of PTMφs. This suggests that BTB disruption might be a
pre-requisite of PTMφs increase. The findings of this study are the first time that
the age-, species- and toxicants- specificities of PTMφs were reported. Additionally,
the insights gained from these novel findings indicate that BTB might be significant
in the presence of PTMφs. Future studies will focus on a definitive characterization
of PTMφs and determine the mechanisms of their recruitment and functions.

4336

Peritubular Macrophages Aid in Recovery of Spermatogenesis
after Acute Mono-(2-ethylhexyl phthalate) Exposure in Pubertal
Rats

R. Tiwary, X. Fang, V. Nguyen, and J. H. Richburg. University of Texas at Austin,
Austin, TX.
Peripubertal exposure of male rodents to the phthalate metabolite mono-(2-ethylhexyl) phthalate (MEHP), a widely used plasticizer, causes testicular inflammation,
spermatocyte apoptosis, and disruption of the blood-testis barrier. MEHP-induced
inflammatory response in the testis includes an infiltration of macrophages and
neutrophils, although the cause and purpose of this response is unknown. Recently,
a population of testicular macrophages phenotypically distinct from those resident
in the testis interstitium was described in mice. Testicular peritubular macrophages
aggregate near the spermatogonial stem cell niche and are believed to stimulate
their differentiation. We hypothesize that if testicular peritubular macrophages
do indeed stimulate spermatogonial differentiation, MEHP exposure would result
in an increase of peritubular macrophages to stimulate the replacement of lost
spermatocytes. Male rats were exposed to 700 mg/kg MEHP or corn oil via oral
gavage at postnatal day 28 and euthanized at 48 hours, 1 week, or 2 weeks later.
Whole seminiferous tubules preparations were stained with immunofluorescent markers for macrophages and undifferentiated spermatogonia. Sections
were visualized using a Zeiss scanning confocal microscope. In response to
MEHP exposure, the presence of peritubular macrophages increased by six-fold
after 48-hours and remained elevated by two-fold two weeks after exposure. A
corresponding increase of differentiating spermatogonia was observed two weeks
after MEHP exposure. Pretreatment with chlodronate liposomes was found to
inhibit the MEHP-induced increase in the numbers of peritubular macrophages and
resulted in a consequent three- fold decrease in number of PLZF-positive undifferentiated spermatogonia. Peritubular macrophages have recently gained attention
in the field of testis biology because they are thought to play a critical role in the
maintenance of the spermatogonial niche under normal physiological conditions
in mice. Our findings are significant in that it is one of the first demonstrations that
peritubular macrophages are specifically mobilized by testicular injury reflected by
the large-scale loss of spermatocytes. Furthermore, inhibition of increases in the
numbers of peritubular macrophages resulted in decrease in number of undifferentiated spermatogonia and led to impaired spermatogenesis. The insights gained
from these novel findings indicate that peritubular macrophages play a significant
functional role in facilitating the efficient repair and recovery of spermatogenesis
after MEHP-induced testicular injury.

4337

Impact of di-(2-ethylhexyl) Phthalate on Vascular Development
in Rodent Fetal Testes

R. K. Ephrem, M. E. Kossack, M. Alhasnani, J. Fox, Y. Lin, S. J. Hall, J. S. Plavicki, and
D. J. Spade. Brown University, Providence, RI.
Phthalic acid esters (phthalates) exert a distinct set of toxic effects to fetal testis
development, including altered seminiferous cord development, induction of
multinucleated germ cells (MNGs), and in the rat, reduction of testosterone biosynthesis. Ortho-phthalates with medium-length side chains cause the same adverse
effects on seminiferous cords and germ cells in all mammalian species that have
been tested. Despite these well-characterized effects, the mechanism initiating
phthalate toxicity is unknown, as human and mouse fetal testes are less sensitive
to the anti-androgenic effects of phthalates than the rat. It is known that testicular angiogenesis guides seminiferous cord development in the mammalian fetal
testis. We have previously found that the phthalate mono-(2-ethylhexyl) phthalate
(MEHP) altered expression of angiogenesis-related genes in the mouse fetal testis.
Therefore, we hypothesized that phthalates disrupt seminiferous cord development
by altering angiogenesis in the fetal testis. In this experiment, we sought to test
whether in vivo exposure to di-(2-ethylhexyl) phthalate (DEHP), the parent compound
of MEHP, would impair angiogenesis in the fetal rat testis. Timed pregnant Sprague
Dawley rats were exposed to 500 mg/kg/d DEHP or corn oil vehicle by daily oral

gavage from gestation day (GD) 14-21. Fetal testes were isolated on GD 17, 19, or
21 for immunolabeling of the vascular endothelial marker, CD31, in whole testes
and quantification of MNGs in paraffin sections. We found that 500 mg/kg/d DEHP
induced MNGs significantly only on GD 21. However, the number of CD31-positive
blood vessels over 175 µm in length and the extent of CD31-positive vasculature in
confocal images were reduced in DEHP-treated samples on GD 17. We conclude
that DEHP is likely to impair fetal testicular angiogenesis. The timing of effects on
angiogenesis prior to induction of MNGs may indicate that the angiogenic effect is
mechanistically prior to seminiferous cord effects.

4338

Influence of Gender on the Transmission of Potentially
Oncogenic Characters to the Prostate of Offspring of Rats
Exposed to an Environmentally Relevant Mixture of Phthalates

A. Aquino1, L. Alonso-Costa1, S. dos Santos1, J. Flaws2, L. Barbisan1, and W. Scarano1.
1São Paulo State University, Botucatu, Brazil; and 2University of Illinois at UrbanaChampaign, Urbana, IL.
Phthalates, a family of industrial chemicals used to soften polyvinyl chloride
(PVC) plastic and as solvents in cosmetics and other consumer products. Several
studies have indicated the presence of different phthalates in the blood, urine, and
placenta of pregnant women and, some of them have shown that phthalates can
modulate epigenetic mechanisms, which can be transmitted across generations.
This study seeks to investigate the ventral prostate (VP) proteomic profile of rats
exposed to a mixture of phthalates in the perinatal period (F1), as well as their
descendants (F2). For this, SD pregnant rats were exposed to corn oil (control) or a
phthalate mixture (T1: 20µg/kg/day and T2: 200mg/kg/day). The pregnant females
received treatment by oral route from gestational day 10 (GD10) to postnatal day
21 (PND21). On PND22, part of F1 males was euthanized and VP was collected.
On PND120, both F1-exposed males and females were mated with nontreated
animals to obtain F2. Similarly, VP was collected on PND22 in F2. Proteome was
performed using the nanoACQUITY UPLC system coupled with the Xevo Q-TOF G2
mass spectrometer (Waters, Milford, USA). F2 male descendants from the exposed
mother (F2-PND22-M) showed 42 commonly deregulated proteins in T1 group
(25 Up and 17 Down) and 37 in T2 group (29 Up and 8 Down) in both F1 and F2
generations, compared to the control. On the other hand, F2 male offspring from the
exposed father (F2-PND22-F) presented 63 commonly deregulated proteins in T1
(23 up and 40 down) and 96 proteins in T2 (47 up and 49 down) in both F1 and F2.
According to the results, there was a lower abundance of commonly deregulated
proteins in the prostate of F2-descendants from exposed mothers (F2-PND22-M)
than of exposed fathers (F2-PND22-F) in both treated groups. By interacting our
data with data available in the PINA platform and extracted from TCGA for prostatic
adenocarcinoma (PRAD), it was observed a low quantity of common up-regulated proteins found in F2 treated descendants and PRAD. However, down-regulated proteins in F2 male descendants from the F1-exposed mother, regardless
of treatment group, showed greater similarity to those deregulated in PRAD (e.g.
Atpp5a1, Hnrnpa3, Rplp2, Rsp27a, Sar1a and Wdr55), pointing to evidence that
descendants from F1- exposed mothers would be more susceptible to prostate
disorders.

4339

The Role of Small GTPases in Bisphenol AF-Induced
Multinucleation in Comparison with Dibutyl Phthalate in the
Male Germ Cells

C. Hu, R. Wang, and X. Yu. University of New Mexico, Albuquerque, NM.
Emerging data indicate that structural analogs of bisphenol A (BPA) such as
bisphenol AF (BPAF) exhibited higher in vivo and in vitro toxicities as compared
with BPA. In our previous study, we found treatment of BPAF resulted in the loss of
spatial cytoskeletal structure, an accumulation of M-phase cells, and induction of
unique polyploidy, multinucleated cells (MNC). The goal of this study is to further
examine the role of small GTPase- signaling pathways such as RhoA and Rac1/
Cdc42 in BPAF-induced multinucleation in comparison with dibutyl phthalate (DBP),
known to induce multinucleation in the mouse gonocytes. We performed single
cell-based high content image analysis (HCA) on the mouse spermatogonia C18-4
cells treated with various BPA analogs and phthalates. BPAF treatment as low as 5
µM was cytotoxic and resulted in 40% decrease of the C18-4 cells after 72h incubation. Single cell-based HCA revealed that 5 µM of BPAF significantly increased the
number of multinucleated- or mega-nuclei by an average of 3.6-fold (12% BPAF vs
4% control). DBP, however, did not induce the same level of polyploidy C18-4 cells in
the doses we tested (25 - 400 µM). Cytokinesis is tightly regulated by various small
GTPase- signaling pathways. We therefore tested five selective GTPase inhibitors
and found that 1.6 µM Y27632, a ROCK1/2 inhibitor which inhibits RhoA activity,
reverted the BPAF-induced MNC to the control level. Y27632 also promoted C18-4
proliferation at the same concentration. Inhibition of Cdc42 by 2 µM of ML141
conversely increased the percentage of BPAF-induced MNC. When examining the
potential regulator genes of the Rho and Rac GTPase activity, we found that mRNA
expressions to genes p190RhoGap (Arhgap35) and MgcRacGap (Racgap1) were
altered in BPAF-treated C18-4 cells in a time-dependent manner. Aneuploidy or
polyploidy cells resulted from failure of cytokinesis are often hallmarks of several
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cancer and developmental disorders. Our results provided first evidence of molecular mechanisms of how low-dose endocrine disruptor such as BPAF may elicit its
detrimental effect on the male germ cells.

4340

Analysis of miRNA Expression in the Mouse Testes
after Exposure to TCDD Reveals Suppression of Critical
Spermatogenic and Reproductive Genes Responsible for
Reproductive Success

A. M. Hall-Johnson, A. C. Rutkovsky, P. J. Wisniewski, N. P. Singh, I. Chatzistamou,
C. E. Weyer, P. Nagarkatti, and M. Nagarkatti. University of South Carolina School of
Medicine, Columbia, SC.
2,3,7,8-Tetrachlorodibenxo-p-dioxin (TCDD) is a well-established environmental
toxicant, known for immunotoxic, carcinogenic, and teratogenic effects. In the
current study, we investigated the effect of TCDD administration in C57BL/6J mice
on reproductive success, and miRNA expression in the testes. To assess this,
male or female mice were injected intraperitoneally with 10 μg/kg body weight of
TCDD and then allowed to mate with naïve female or male mice respectively. The
pregnancies resulting from such matings were then studied for their litter size. The
data showed that TCDD caused significantly reduced litter size when male mice
were exposed to TCDD while causing an increase in litter size when female mice
were exposed to TCDD. When further studies were focused on TCDD-exposed male
mice, we noted no significant histological changes in the male gonads indicating
no changes in gross morphology. However, when the testes were analyzed using
miRNA microarray, we noted significant changes in miRNA expression. Specifically,
of the 1474 miRNA analyzed, 73 were significantly up-regulated and 57 were significantly down-regulated. IPA analysis revealed two major regulatory networks involving upstream regulatory molecule, AGO2, which inhibits the activity of mir-449 and
mir-34, miRNAs previously reported to induce perinatal lethality, growth retardation, sterility, and developmental failure when suppressed. Additionally, AGO2
regulates mir-138, another reproduction associated miRNA, the suppression of
which can alter sex-determination. Additionally, increased expression of mir-486
suppressed downstream expression of SPACA6 (sperm acrosome associated
protein), a protein critical to sperm membrane fusion to the egg. Overall, the current
study demonstrates that TCDD induces significant changes in male reproductive
success which may be attributable to alterations in miRNA expression in the testes.
Supported in part by NIH grants: R01ES019313, R01MH094755, R01AI123947,
R01AI129788, P01AT003961, P20GM103641, R01AT006888.

4341

Protective Effects of Vitamin E against Reproductive
Toxicity Induced by Perfluorononanoic Acid via NRF2 KEAP1
Mechanisms in Male Wistar Rats

J. O. Olugbodi1, B. Y. Bitrus1, U. D. Ejike1, and A. C. Akinmoladun2. 1Bingham University,
Karu, Nigeria; and 2Federal University of Technology, Akure, Nigeria.
Perfluorononanoic acid (PFNA) a synthetic perfluorinated chemical widely used in
commercial applications such as in lubricants, paper, textile coatings, food packaging and fire‐retarding foams. It has been found to be persistent in the environment
worldwide thus serious scientific and regulatory concerns have been raised regarding their potential risk to humans and wildlife. This study aimed to investigate the
possible protective effects of Vitamin E on PFNA induced reproductive toxicity and
its mechanism of action(s) in male wistar rats. Forty-two male Wistar randomly
divided into 6 groups (n=7) were orally administered with vehicle, PFNA (0.5, 5
mg/kg) alone, Vitamin E (200 mg/kg) alone, PFNA (0.5, 5 mg/kg) in combination
with Vitamin E (200 mg/kg p.o.). After last treatment, rats were sacrificed, sperm
analysis, biochemical, hormonal assays, histological examination were evaluated.
Administration of Vitamin E signiﬁcantly prevented PFNA-mediated adverse effect
on sperm morphology, sperm motility and epididymal sperm concentration and
reversed the increased level of sperm abnormalities to near control values. In
testes, there was signiﬁcant decrease in glutathione level and activities of catalase,
glutathione peroxidase, superoxide dismutase and glutathione S-transferase
whereas it increased hydrogen peroxide, malondialdehyde, Caspase-3 and
Caspase-9 activities in PFNA treated groups. Moreover, serum levels of testosterone, luteinising hormone and follicle stimulating hormone were decreased in
PFNA-treated rats. Subsequently, nuclear factor erythroid 2-related factor 2, heme
oxygenase-1, and NAD(P)H Quinone Dehydrogenase 1 showed a marked decrease,
and elevated Kelch-like ECH-associated protein 1 expression in PFNA treated rats.
PFNA treated rats showed a significant degenerative damaged in the testes. These
results demonstrated the potency of Vitamin E in ameliorating PFNA-induced
testicular damage through regulation of cellular redox balance; elevation of antioxidant enzymes, reproductive hormones; modulation of apoptosis and improved
sperm quality. In conclusion, Vitamin E provides robust protection against oxidative
challenge thereby suggesting its preventive potential in the treatment of male
infertility.

4342

Diabetic Condition and Exacerbation of Bisphenol A Toxicity:
Elucidation of Mechanisms in the Testicular and Epididymal
Cells of SD Rat

C. Sahu, and G. Jena. National Institute of Pharmaceutical Education and Research,
Mohali, India.
Bisphenol A (BPA), an endocrine-disrupting chemical, commonly used in the
manufacturing of plastics. BPA exposure alters the spermatogenesis process,
perturbs in proper gonadal development and a potential risk factor for male fertility.
Type 1 diabetes (T1D), a chronic metabolic disorder, negatively impact on the testicular physiology and structural arrangements during reproductive age. However, the
toxicity of BPA exposure on the male fertility and gonadal development in diabetic
patients are not completely understood and experimentally reported. The present
study explores the BPA exposure and induction of testicular toxicity in diabetic
rat. Sprague Dawley rats (aged 4 weeks) were randomly divided into four groups
like Control, Bisphenol A (BPA), Diabetic (DIA), and BPA+DIA for four weeks. T1D
was induced with the administration of a single dose of streptozotocin (55 mg/kg
i.p, in cold citrate buffer at pH 4.5). BPA at the dose of 40 mg/kg/day was administered orally through gavage for four consecutive weeks. Methods for various
end-points of evaluations include body and organ weights, biochemical estimations, histological evaluations in testes and epididymis, oxidative stress parameters, sperm parameters, DNA damage assays (apoptosis and base modification by
Endonuclease III), expressions of 8-OHdG, Nrf-2, Catalase, SOD-1, OCT4 and SIRT 1
in the testes. The results revealed that BPA-induced testicular toxicity was exacerbated in diabetic rat as evident by significant decrease in body, testes and epididymis weights, significant increase in glucose, ALP, SGPT, BUN and decrease in
albumin and testosterone levels. Prominent testicular and epididymal tissue injury,
significant decrease in spermatogenesis (Johnson’s score), sperm count, sperm
motility and increase in sperm head abnormalities, sperm and testicular apoptosis,
testicular cells nuclear diffusion factor, and DNA damage were observed. Further,
BPA-induced significant 8-OHdG expression and decreased Nrf-2, Catalase, SOD-1,
OCT4 and SIRT1 expressions in diabetic testes. Linear regression analyses showed
a positive correlation between sperm apoptosis and 8-OHdG, OCT4, and DNA
damage. The results concluded that BPA exposure exacerbated the testicular and
epididymal toxicity in diabetic rat. Therefore, diabetic patients’ exposure to BPA
might be a concern for the maintenance of proper reproductive physiology in male.

4343

In Vitro Effects of Dipyridamole, a US FDA-Approved Medication
on Mouse Sperm Motility and Fertility

A. I. Haji1, M. Ridha-Albarzanchi2, S. A. Muhsen-Alanssari2, and A. M. Taiyeb2,3.
1Maternity Teaching Hospital, Erbil, Iraq; 2Barz IVF Center for Embry Research and
Infertility Treatment, Erbil, Iraq; and 3Walgreens Drugstore, Bryan, TX.
Dipyridamole is an FDA-approved medication that is indicated to patients with
a high risk of clotting and stroke. This study aims to define the potential effect
of dipyridamole on sperm functions in vitro. Spermatozoa obtained from mature
Swiss albino mice were incubated for up to 7h with 0, 2.5, or 25 µg/mL dipyridamole. Computer-assisted sperm analysis showed that dipyridamole inhibited
sperm motility and progressive motility percent in a dose and time-dependent
manner (P<0.003). Further evaluation of sperm motion patterns showed that sperm
average path velocity, straight-line velocity, curvilinear velocity, and amplitude of
lateral head were reduced in a dose and time-dependent manner (P<0.01), whereas
sperm linearity of the curvilinear path did not change (P>0.05). Conversely, dipyridamole increased sperm beat-cross frequency (P<0.01). Evaluation of velocity
distribution of spermatozoa revealed that more spermatozoa with static or slow
progressive velocity and fewer spermatozoa with rapid progressive velocity were
observed upon exposure to dipyridamole (P<0.002). Evaluation of cAMP and ATP
levels in spermatozoa showed a similar pattern of decline that is proportional to
incubation periods and concentrations of dipyridamole. Similarly, different concentrations of dipyridamole also inhibited sperm capacity of producing two-cell
embryos and blastocysts (P<0.0001). In summary, dipyridamole was able to inhibit
sperm motility and fertilization capacity. The inhibitory effect appeared to be due
to the inhibition of ATP formation and consequent cAMP production necessary for
sperm motility, in vitro fertilization, and embryo production. The evaluated dipyridamole concentration of 2.5µg/mL was similar to those reported in pharmacokinetic
studies in subjects taking dipyridamole therapeutic doses of 150-200mg once or
twice. This suggests that dipyridamole therapeutic doses may have contraceptive/
adverse effects in men if the compound is capable of inducing the same inhibitory
effect on human sperm motility and fertilization in vivo. At this time; however, there
have been no reports of contraceptive effects in men who have taken dipyridamole
therapeutically. It is important to bear in mind that most patients with cardiovascular diseases treated with dipyridamole are past the normal reproductive age.
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Juvenile Exposure and Germ Cell Risk Assessment in Adults:
Study on Melphalan in Male Rat

A. Panhal, C. Sahu, and G. Jena. National Institute of Pharmaceutical Education and
Research, Mohali, India.
Melphalan, an alkylating agent used for cancer treatment, significantly contributes to the survival rate of childhood cancer. It acts as a gonadotoxic agent for
spermatogonial stem cells and leads to testicular damage, dys-balance in gonadal
hormones, and impairment in dividing germ cells. Therefore, it is considered as a
potent threat for male fertility in adults, who have undergone melphalan treatment
during childhood cancer. In the present study, an attempt has been made to explore
the molecular mechanisms involved in melphalan-induced testicular damage at
different doses and duration of exposure at juvenile phase and assessment of
associated risks at adult stage. The study included juvenile male SD rats divided as
follows: low, medium and high dose for only one week exposure groups received
0.375, 0.75 and 1.5 mg/kg melphalan i.p. respectively for consecutive 7 days in
the first week of the study (7 days × 1 cycle) whereas, low, medium and high dose
intermittent groups received 0.375, 0.75 and 1.5 mg/kg melphalan respectively
for consecutive 7 days at alternate weeks starting from the first week (7 days ×
3 cycles). The methods of evaluation were micronucleus formation in peripheral
blood, sperm parameters, sperm and testicular DNA damage, histological studies
in testis and epididymis, oxidative/nitrosative stress parameters. Only one week
exposure at 1.5 mg/kg produced significant micronucleus after first week of
exposure, whereas failed to produce significant effect at the end of sixth week.
Further, intermittent exposure with melphalan (1.5 mg/kg) significantly altered all
the parameters such as increased micronucleus formation, MDA, nitrite levels, and
decreased the testis and epididymis weight as well as length and GSH level. A
significant decrease in the sperm count and motility, Johnson’s score, diameter
of seminiferous tubules and increase in sperm head abnormalities, testicular
and sperm DNA damage, DNA fragmentation and testis tissue injury along with
alterations in testicular GPX5, β-catenin and catalase expression were observed.
Only one week exposure with 1.5 mg/kg of melphalan may not be adequate to
produce germ cell damage in juvenile rats, when the risk was estimated after six
weeks of interval and in adult condition. Intermittent exposure with 1.5 mg/kg of
melphalan at juvenile stage and the subsequent exposure with a gap of one week
remission period (3 cycles) produced significant changes in all the parameters as
stated above. The findings of the present study suggest that time of exposure as
well as the amount of exposure (total dosage) determine the magnitude of the
damage in germ cell risk assessment in rat.

4345

Characterization of the Transporter-Mediated Uptake of the
Experimental Male Contraceptive H2-Gamendazole

R. K. Hau1, G. I. Georg2, S. H. Wright1, and N. J. Cherrington1. 1University of Arizona,
Tucson, AZ; and 2University of Minnesota, Minneapolis, MN.
The blood-testis barrier (BTB) is a selectively permeable membrane barrier formed
by tight junctions between adjacent Sertoli cells (SCs) that protects developing
germ cells from external pressures. Transporters expressed by SCs influence the
disposition of drugs across the BTB and many drugs are incapable of accumulating in the male genital tract to pharmacologically relevant concentrations.
The experimental male contraceptive, H2-gamendazole (H2-GMZ) is an anionic
lonidamine analog that selectively accumulates >10-fold in the testes compared
to other organs and elicits a potent anti-spermatogenic effect in rodents. However,
the transporter-mediated mechanisms that permit H2-GMZ to bypass the BTB are
unknown. This study was designed to characterize the human transporter-mediated processes that are involved in the uptake of H2-GMZ into human SCs. H2-GMZ
uptake studies were performed in an immortalized human SC line (hT-SerC) using
liquid chromatography-tandem mass spectrometry (LC-MS/MS). H2-GMZ followed
Michaelis-Menten kinetics of transport into hT-SerCs, suggesting transporter-mediated entry. Additionally, H2-GMZ was co-incubated with known transporter
inhibitors or competitive substrates to identify the responsible uptake transporter(s). H2-GMZ uptake was inhibited by >50% in the presence of 1 mM indomethacin, 1 mM diclofenac, 1 mM MK-571, and several related lonidamine analogs.
Although other compounds caused statistically significant decreases in H2-GMZ
uptake, these were minor compared to the compounds stated above. Interestingly,
H2-GMZ uptake was stimulated by an acidic extracellular pH and reduced at higher
pH values, which is characteristic of OATP-mediated transport. H2-GMZ uptake
was also observed to be independent of extracellular Na+, K+, and Cl- levels, which
are also nonessential for the OATPs. Unfortunately, expression of the endogenous
transporters that transport H2-GMZ into native CHO, MDCK, and HEK-293 cells
facilitates even greater uptake capacity than hT-SerCs, thus limiting the viability
of overexpressed transporter studies in these native cell lines. Moreover, H2-GMZ
uptake was partially inhibited by 1 mM indomethacin, diclofenac, or MK-571 in each
of these native cell lines. The physiological characteristics of H2-GMZ transport
suggest that an OATP may be responsible for transporting this drug into human
SCs. Altogether, identification of the transporters involved in the flux of H2-GMZ
may provide insight into the selectivity of drug disposition across the human BTB to
understand and overcome the pharmacokinetic and pharmacodynamic difficulties
presented by this barrier.

4346

Impact of Chronic Alcohol Abuse on Sertoli Cells

Edenfield1,

R. C.
K. F. Easley2, M. Koval2, and C. A. Easley1. 1University of Georgia,
Athens, GA; and 2Emory University, Atlanta, GA.
Alcohol abuse has increased worldwide over the past two years due to pandemic
stress and lockdowns. In the US there has been a 60% increase in alcohol consumption with one third of adults reporting binge drinking. Chronic alcohol abuse is
associated with significant decreases in seminal volume, sperm concentration,
abnormal sperm morphology, and hormonal alteration. Additionally, there have
been clinical manifestations of reversible azoospermia following alcohol cessation.
Autopsies show partial or complete spermatogenic arrest, Sertoli cell only
syndrome, decreased testicular weight, and changes in the germinal tissue and
Leydig cells in heavy drinkers. Furthermore, alcohol’s degradative impact on barrier
function is well characterized in the blood-brain, pulmonary epithelial, and intestinal barriers through tight junction alteration; however very little is known about
the effects of alcohol on the blood-testis barrier (BTB). The blood-testis barrier,
while markedly different, displays similar attributes to other barriers, notably in its
reliance on tight junction formation. Alcohol abuse may cause BTB dysfunction
leading to some of the observed male reproductive deficits. To assess the impacts
of alcohol on Sertoli cells and the BTB, we exposed Rhesus macaque Sertoli cells in
vitro to environmentally relevant levels of alcohol. Concentrations of 10, 60, and 100
µM were used to simulate blood alcohol levels equivalent to having 1-2 to drinks
to requiring hospitalization. We used transepithelial electrical resistance (TER) to
evaluate the functionality of the BTB in vitro. TER showed a decrease in barrier
integrity in response to alcohol. A cytokine panel assay showed altered expression
of eotaxin, GM-CSF, M-CSF, MCP-1, MIP-1a, IL-8, IL-22, and IP10. Taken together
these results suggest that alcohol abuse may cause BTB dysfunction leading to
defects in human spermatogenesis.

4347

Investigation of the Mechanism of Platelet Count Decreases
Induced by Cholesterol-Conjugated Antisense Oligonucleotide

K. Harada, H. Kohara, K. Nishimura, Y. Arai, Y. Yamamoto, Y. Okai, and T. Shinozawa.
Takeda Pharmaceutical Company Limited, Fujisawa, Kanagawa, Japan.
In the present study, we investigated the mechanism of thrombocytopenia induced
by antisense oligonucleotides (ASO) in vitro and ex vivo. First, we compared
the binding affinity between ASO and Glycoprotein VI, which locates on platelet
surface, resulting that it was observed positive correlation with the potential for
platelet activation. Next, ASO with cholesterol ligand (Chol-ASO), which reduced
platelet count in mice in vivo study (Wada et al., 2016), was then tested. As a
result, Chol-ASO showed ≥ 100-fold higher binding affinity than ASO without ligand
(Naked ASO). Subsequently, the platelet activation potential was examined by
flow cytometry using Mouse Platelet rich plasma (PRP), resulting that no platelet
activation was observed with Naked ASO. However, the population of activated
platelet with higher P-selectin expression increased along with gaining particle size
in Chol-ASO treatment. The distribution of platelets in blood smears after treatment
with Chol-ASO was attached to aggregates suggested as consisted of nucleic
acid. When Chol-ASO was mixed with plasma, similar aggregates were formed
at concentrations ≥ 30 μM, suggesting that the aggregates were composed of
plasma components and nucleic acids. On the other hand, no aggregate formation
was observed at 100 μM in either PRP or plasma. Based on the DLS results, the
formation of micelles of Chol-ASO was observed at concentrations of ≥ 30 μM,
suggesting that the formation of aggregates in plasma was related to the formation
of micelles of Chol-ASO. These results suggest that Chol-ASO forms aggregates
with plasma components, and platelets attached to the aggregates with activation
through binding to Glycoprotein VI so that decrease the platelet count in the blood.
These findings could pave the way for creating safer oligonucleotide therapeutics
without the risk of thrombocytopenia.

4348

Using a Torso Lead II ECG Placement in Nonhuman Primates
Improves ECG Signal Quality Compared to the Standard Limb
Lead II Placement

P. Harris. Pfizer Inc., Groton, CT.
Qualitative and quantitative analysis of the ECG is an important component of a
large animal toxicology study to assess drug-related cardiovascular effects. The
standard ECG limb Lead II configuration from conscious non-human primates
(NHP) often results in a noisy signal which can negatively impact the ability to
measure intervals with precision; ie. PR-I. This study compared Lead II ECG
placement from the limbs versus a modified configuration on the torso as a means
to reduce the signal noise and improve ECG interval measurement precision. ECGs
were collected from conscious lightly restrained NHP (n=45) with the limb Lead
II placement followed by a Lead II placement on the torso (right pectoral and left
hip). Approximately 1 minute of data was collected from each location. ECGs were
analyzed using computer and human fiducial placement to measure PR-I. Ten
continuous waves were analyzed and averaged from both configurations. Both the
data analyst and the data sets were randomized to control for bias; data sets from
the same animal were analyzed by the same analyst. Statistical comparisons were
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performed to assess any differences in PR-I between the two configurations and
to evaluate precision using the standard deviation (SD). ECG overlays were also
performed to visually assess any morphology changes between the Lead II configurations. The 10-wave limb lead PR-I average ± SD was 77.5 ± 10.8 msec compared
to 74.6 ± 10.3 msec for the torso lead PR-I as measured by computer, and 75.2 ±
10.9 msec compared to 73.3 ± 10.0 msec as measured by humans. The variance
was reduced when comparing limb versus torso Lead II measures: the mean SD of
the computer and human measures were decreased from 4.7 to 3.3 msec, while the
mean SD of human measures decreased from 3.8 to 3.0 msec, respectively. This
indicates a decrease in signal noise and increased precision for both computer and
human analysis. Bland-Altman analysis shows that the PR-I averages from either
lead configuration were similar to each other (±5%). Overlay comparison showed
no difference between the two methods. In conclusion, a torso Lead II configuration
is a viable option to improve signal quality and PR-I measurement precision in ECG
collections from conscious NHP.

4349

Microplastics Exposure Promotes Adiposity and
Cardiometabolic Diseases in Mice

J. Zhao, D. Gomes, L. Jin, S. Mathis, X. Li, E. C. Rouchka, H. Bodduluri, D. J. Conklin, and
T. E. O’Toole. University of Louisville, Louisville, KY.
Microplastics (MPs), with a diameter less than 5 mm, have become widespread in
the environment. The health consequences of MPs ingestion, inhalation, or absorption are largely unknown. Some cardiovascular disease (CVD) may originate from
environmental exposures. In this study, we hypothesized that the ingestion of MPs
promotes CVD risk in mice. Male C57BL/6 mice at 13 weeks old were supplied with
normal drinking water (n=10) or that containing two sizes of polystyrene beads
(0.5 µm or 5 µm) at two different doses (0.1 µg/ml or 1 µg/ml) each for 12 weeks.
Mouse body mass analysis was obtained by Dual Energy X-ray Absorptiometer
(DEXA) scanning. Fasting plasma glucose levels were obtained every three weeks
using a glucometer, while complete blood cell counting was done by using a
Hemavet 950FS. Plasma insulin levels were determined by ELISA. By using RNA
isolated from perivascular adipose tissue (PVAT), we screened a gene array for
adipogenesis-related genes (Qiagen). Selected gene changes were confirmed by
RT-qPCR analysis. Feces was collected from mice drinking normal water (n=10)
and that containing the 0.5 µm beads at a dose of 1 µg/ml after 12 weeks of
exposure and 16s sequencing was performed in the Functional Microbiomics Core
of University of Louisville. As early as 3 weeks of polystyrene water consumption,
we observed an accelerated body weight gain with a corresponding increase in
body fat for several exposure groups versus the control mice. Some exposure
groups demonstrated increased levels of fasting plasma glucose. Those mice
consuming the smaller sized beads (0.5 µm) at the higher dose (1 µg/ml), had
increased levels of fasting plasma insulin and higher homeostatic model assessment of insulin resistance (HOMA-IR) scores as well. This was accompanied by
changes in the gut microbiome consistent with an obese phenotype. Using PVAT
samples collected from the same group, we observed changes in gene expression
consistent with increased adipogenesis. Those mice consuming the 5 µm beads
demonstrated increased levels of circulating eosinophils and basophils. These
results suggest that ingestions of polystyrene beads promotes a cardiometabolic
disease phenotype and thus may be an unrecognized risk factor for CVD.

4350

Enriched Living Conditions Ameliorate the Cardiovascular and
Behavioral Effects of High-Fructose Diet and a Single Wood
Smoke Exposure in Wistar-Kyoto Rats

M. Hazari1, G. Little2, W. Oshiro1, K. McDaniel1, Y. Kim1, C. King1, I. Gilmour1, and A.
Farraj1. 1US EPA, Research Triangle Park, NC; and 2Oak Ridge Institute for Science and
Engineering, Research Triangle Park, NC.
Wildfires have become a persistent and concerning environmental and health
problem. Although various studies demonstrate that biomass smoke exposure
causes adverse health effects, it is still unclear how non-environmental factors like
diet and housing conditions impact those responses. Thus, this study examined
the effect of a high-fructose (HF) diet and housing on cardiovascular function and
behavior and subsequent responsiveness to wood smoke inhalation in rats. We
hypothesized that diet and/or housing would alter cardiovascular function and
measures of learning and anxiety. Eight-week old Wistar-Kyoto rats were placed
on either a normal (ND) or HF diet and housed in either a depleted (DH) or enriched
(EH) environment for 20 weeks and then exposed to either filtered air (FA) or 5 mg/
m3 of flaming eucalyptus wood smoke (WS) for one hour. Open field test, acoustic
startle and Morris water maze were performed at 16 weeks, and one day after
exposure, a group of rats were anesthetized, implanted with an intraventricular
Millar probe and then challenged with dobutamine to determine cardiac function
and a separate group underwent echocardiography. HF increased anxiety-related
behavior, impaired learning and decreased heart rate in DH rats when compared
to EH, and decreased contractility when compared to ND. WS decreased cardiac
output and increased arrhythmia in all rats. It also decreased relaxation constant,
fractional shortening and ejection fraction in ND-DH rats and stroke work (energy
expenditure) in HF-DH rats when compared to controls, and increased arterial
elastance only in ND-EH rats. Moreover, EH appeared to ameliorate some of the

effects of WS. These data indicate that diet and housing impact cardiovascular
function and behavior and subsequent responsiveness to WS. In general, the
results likely suggest a shift from normal function rather than overt dysfunction.
Moreover, they show that non-environmental factors may predispose the body
to triggered adverse responses, especially from exposure to WS. Lastly, enriched
housing appears to prevent the cardiac and behavior changes, and may ameliorate
the effect of subsequent exposures. This abstract does not reflect US EPA policy.

4351

Race, Ethnicity, and Drug Toxicity: A Study of Three
Cardiovascular Drugs with Strong Pharmacogenetic
Recommendations

T. J. O’Brien1, K. Fenton1, A. Sidahmed1, A. Barbour1, and A. F. Harralson2. 1George
Washington University, Washington, DC; and 2Shenandoah University, Fairfax, VA.
The Clinical Pharmacogenetics Implementation Consortium (CPIC®) establishes
evidence-based guidelines for utilizing pharmacogenetic information for certain
priority drugs. Warfarin, clopidogrel and simvastatin are cardiovascular drugs that
carry strong prescribing guidance by CPIC. The respective pharmacogenes for each
of these drugs exhibit considerable variability amongst different ethnic/ancestral/
racial populations. Race and ethnicity are commonly employed as surrogate
biomarkers in clinical practice and can be found in many prescribing guidelines.
This is controversial due to the large variability that exists amongst different racial/
ethnic groups, lack of detailed ethnic information and the broad geographic categorization of racial groups. Using a retrospective analysis of electronic health records
(EHR), we sought to determine the degree to which self-reported race/ethnicity
contributed to the probability of adverse drug reactions for these drugs. All models
used individuals self-reporting as White as the comparison group. The majority of
apparent associations between different racial groups and drug toxicity observed in
the “race only” model, failed to remain significant when we corrected for covariates.
We did observe self-identified Asian race as a significant predictor (P=0.016) for
warfarin hemorrhagic events in all models. In addition, patients identifying as either
Black/African-American (P=0.001) or Other/Multiple race (P=0.019) had a lower
probability of reporting an adverse reaction than White individuals while on simvastatin even after correcting for other covariates. In both instances where race/
ethnicity was predictive of drug toxicity (i.e. warfarin, simvastatin), the findings are
consistent with the known global variability in the pharmacogenes described in the
CPIC guidelines for these medications. These results confirm that the reliability of
using self-identified race/ethnic information extracted from EHRs as a predictor of
adverse drug reactions is likely limited to situations where the genes influencing
drug toxicity display large, distinct ethnogeographic variability.

4352

In Vitro Assessment of Inotropy in Human iPSC-Derived
Cardiomyocytes: Comparison of 2D and 3D Models

N. Redon1, N. Khodabux1, B. Biton1, J. E. Napolitano2, W. Hsieh2, I. Pallotta2, A. Y. Yi2, J.
Gearhart2, N. T. Feric2, N. W. Bays2, P. Bajaj3, J. Kang3, and K. Adkins3. 1Sanofi, ChillyMazarin, France; 2TARA Biosystems Inc., New York, NY; and 3Sanofi, Framingham, MA.
The identification of unintended negative and positive cardiac inotropic effects of
new therapeutics is important to understanding their cardiac safety, and in vitro
assays using human iPSC-derived cardiomyocytes (hiPSC-CM) offer the ability to
assess this early in development. This study tested two in vitro models (2D and 3D)
for their ability to detect inotropic effects of 25 reference compounds: 11 positive
inotropes (ouabain, DPI 201106, forskolin, isoproterenol, rolipram, terbutaline,
epinephrine, BayK-8644, EMD57033, ORM10-962 and istaroxime), 11 negative
inotropes (cyclopiazonic acid, ryanodine, flecainide, mexiletine, blebbistatin, citalopram, mibefradil, phentolamine, N-benzyl-p-toluene sulphonamide, itraconazole and
RP3128), and 3 non-inotropic drugs (acetyl salicylic acid, enalapril and ivabradine).
The 2D model, was based on video imaging analysis of the contractile activity of a
hiPSC-CM monolayer, tested following one week of maturation time, using a SI8000
motion analysis device. This assay was found to display 67% sensitivity and 100%
selectivity using 24 out of 25 reference compounds, with the negative inotropic
drugs being better identified than the positive ones. Of the 11 positive inotropes, only 6 were correctly identified in this model. The 3D model evaluated was
the Biowire™ II platform from TARA Biosystems which was used to generate 3D
engineered cardiac tissues (ECTs) from hiPSC-CM and cardiac fibroblasts. Tissue
inotropic response to acute drug exposure was determined using optical examination of wire deflection following 7 weeks of maturation. When the 25 reference
compounds were tested in this 3D model, 95% sensitivity and 100% selectivity were
achieved, demonstrating better detection of positive inotropic effects in this model.
Overall, these data suggest that a high level of maturation of hiPSC-CMs cultured
in a 3D format is necessary to confidently detect positive inotropic effects, as the
extended maturation time likely allows for the entire excitation-coupling machinery
to be fully functional. The throughput and faster time to results offered by the 2D
model, and its high selectivity, may be useful for an early assessment of drug effect
on cardiac inotropy.
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4353

HUVECs and EA.hy926 Cells Share Similar Senescence
Phenotype but Respond Differently to the Senolytic Drug
ABT-263

I. Y. Abdelgawad, M. K. Grant, K. Agostinucci, S. G. Ismail, and B. N. Zordoky. University
of Minnesota, Minneapolis, MN. Sponsor: I. Y. Abdelgawad, American Society for
Pharmacology and Experimental Therapeutics
Senescence of endothelial cells (ECs) plays an important role in endothelial
dysfunction which can result in a wide range of premature cardiovascular diseases.
Primary and immortalized ECs are used as in vitro models to characterize endothelium in different studies. Previous data demonstrated discrepancies between both
ECs models in some phenotypes as transcriptomic profiles. However, characterization of the senescence phenotype across both cell lines has not been reported.
Therefore, in the present work, we compared the senescence phenotype in primary
human umbilical vein endothelial cells (HUVECs) and EA.hy926 human endothelial-derived cells. Additionally, we determined the senolytic activity of ABT-263
across both ECs. To induce senescence, both EA.hy926 and HUVECs were
treated with doxorubicin (DOX) for 24 h, followed by 72 h incubation in DOX-free
media. Senescence was assessed by senescence-associated beta-galactosidase
(SA-ß-gal) activity, cell cycle, protein expression of senescence markers, and gene
expression of senescence-associated secretory phenotype (SASP) markers. To
determine ABT-263 senolytic activity, DOX-treated EA.hy926 cells and HUVECs
were treated with increasing concentrations of ABT-263 for 6-24 h. Thereafter,
cell viability and protein expression of apoptotic markers was measured by MTT
assay and western blotting, respectively. Following DOX treatment, both EA.hy926
and HUVECs shared a similar senescence phenotype characterized by increased
SA-ß-gal staining, cell cycle arrest in the G2/M phase, upregulated senescence
markers including p53, p21, and Cyclin D1, and elevated SASP markers including
IL6, CXCL1, and CXCL8. Treatment of cells with ABT-263 selectively induces apoptosis in senescent HUVECs demonstrated by upregulating apoptotic proteins including cleaved caspase-3 and cleaved PARP. However, ABT-263 was not selective in
EA.hy926 cells and induced apoptosis in both control and senescent cells to the
same extent. In conclusion, our findings indicate that both endothelial cell lines
demonstrated similar senescence characteristics. However, they have a differential response to the senolytic, ABT-263. Future research is warranted to identify
molecular mechanisms of this differential effect and to determine whether other
senolytics demonstrate the same effect so ultimately we can choose optimum ECs
models to be used in future studies of senescence. Supported by the National Heart,
Lung, and Blood Institute, grant R01HL151740. I.Y.A is supported by the Bighley
Graduate Fellowship.

4354

Comparative Analysis of Extraction Methods for Rapid Analysis
of Amphetamine in Human Urine Using LCMS

M. Oraiby1, H. Alsalem1, A. Hakami1, M. Attafi1, A. Alhershan2, B. Al-Ameri1, B.
Althobaiti3, A. Alsaedi4, M. Qadhi4, and I. Attafi1. 1Jazan Health Affairs, Jazan, Saudi
Arabia; 2University of Jeddah, Jeddah, Saudi Arabia; 3Maternity and Children Hospital,
Makkah, Saudi Arabia; and 4Ministry of Health, Madinah, Saudi Arabia.
Amphetamine is considered as a toxic causative factor for cardiovascular and
central nervous system diseases. Rapid and precise identification of amphetamine
is critical for differential diagnosis in such cases, particularly in an emergency.
The purpose of this study was to evaluate and compare two extraction methods:
liquid-liquid extraction (LEE) and solid-phase extraction (SPE) for the analysis of
amphetamine in human urine samples using LCMS. The analytical technique of
liquid chromatography was used in conjunction with the LCQ fleet mass analyzer
(LCMS). The linearity, recovery, accuracy, precision, repeatability, and carryover of
the LLE and SPE extraction methods were independently validated. Twenty amphetamine-spiked urine samples were extracted using both methods to ensure validity,
together with the calibrators, controls, and blanks required for validation parameter
evaluation. The turnaround time for sample extraction was determined for both
extraction methods. Both LLE and SPE methods were found to be accurate, precise,
and repeatable, and to be within acceptable criteria with no observed carryover
effect. In terms of turnaround time, LLE was faster than SPE. The recovery rate
for SPE was higher than for LLE. SPE is therefore superior to LLE in dose-dependent intervention situations and samples that have a low level of amphetamine. In
emergencies where the time is critical, LLE is superior to SPE.

4355

Juvenile Exposure to 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD) Disrupts Adult Zebrafish Heart Health

M. E. Kossack, L. Tian, S. Hall, C. Oduor, and J. Plavicki. Brown University,
Providence, RI.
Zebrafish have been used to study the cellular and molecular targets of toxicant-induced developmental cardiotoxicity; however, zebrafish are not routinely used to
investigate how low-level environmental exposures impact adult cardiac health.
Prior research has demonstrated that embryonic and early larval exposure to the
potent aryl hydrocarbon receptor agonist TCDD produces lethal cardiac phenotypes
in zebrafish, including loss of proepicardial progenitor cells, impaired cardiac

chamber development, malformations of the outflow tract, inhibited epicardium
formation, and reduced cardiac function. To determine if juvenile exposure to
sub-lethal concentrations of TCDD affects adult heart health, we exposed zebrafish
to environmentally relevant concentrations of TCDD (50 ppt) for one hour at 20 and
50 days post-fertilization and are using a suite of integrated approaches to assess
adult cardiac health at three, six, nine, and 12 months post fertilization. Our preliminary data suggest that, indeed, juvenile exposure adversely affects adult heart
health. Our electrocardiogram data indicate that there is a highly significant sex
specific effect of exposure on RR interval with age. Our echocardiograms also show
a significant sex specific effect of exposure on cardiac output, further supporting
the hypothesis that juvenile exposure can lead to functional impairments in adult
zebrafish. We are using a combination of histological approaches, including H&E,
Masson’s Trichrome Staining, and fluorescent immunohistochemistry to determine
if the epicardium remains sensitive to TCDD exposure at later life stages and if
juvenile exposure produced cardiac fibrosis. Furthermore, we are using single cell
sequencing to the identify molecular mechanisms and cellular targets contributing
to TCDD-induce cardiotoxicity in adult zebrafish. We found sex-specific transcriptional signatures in multiple cell-types within the adult heart as a consequence of
TCDD exposure. Our results show that, not only can zebrafish be used to model
adult cardiac health, but also that juvenile environmental exposure to TCDD can
cause cardiotoxicity at later life stages.

4356

Enriched Housing Conditions Alter Cardiovascular Function
in Male and Female ApoE -/- Mice and Subsequent
Responsiveness to Eucalyptus Wildfire Smoke

S. Toler1, M. Fiamingo1, K. Lee2, W. Oshiro3, T. Krantz3, P. Evansky3, D. Davies3, M. I.
Gilmour3, A. Farraj3, and M. Hazari3. 1University of North Carolina at Chapel Hill, Chapel
Hill, NC; 2Oak Ridge Institute for Science and Education, Oak Ridge, TN; and 3US EPA,
Research Triangle Park, NC.
The effect of living environment is increasingly being recognized as a contributor to
health and well-being. Previous studies demonstrate that enriched housing settings
(e.g. greenspace) promote decreased anxiety and depression, lower sympathetic
activation, and improved immune responses and neural function. Yet, the impact of
housing conditions on cardiovascular health, disease progression and subsequent
responses to air pollution exposure is unknown. Thus, this study aimed to elucidate
the cardiovascular effects of housing enrichment and wildfire smoke exposure in
male and female atherosclerosis prone apolipoprotein knockout (ApoE (-/-)) mice.
We hypothesized that housing enrichment would alter cardiovascular function,
disease progression and response to biomass smoke exposure. Eight-week-old
mice were separated into depleted (DH) or enriched (EH) housing for 18 weeks.
High-frequency echocardiography was performed at baseline, pre-exposure and 24
hours following exposure to either filtered air (FA) or 0.4 mg/m3 of flaming eucalyptus wildfire smoke (WS). EH animals had higher stroke volume (SV) compared to
DH at pre-exposure and EH blunted the increase in left ventricular mass (LVM)
in males but not in females. After FA exposure, cardiac output (CO) decreased in
EH males whereas DH males experienced an increase. However, all FA females
experienced a decrease in CO. EH had no effect on CO in males exposed to WS but
female experienced an increase. WS caused fractional shortening (FS) to decrease
less in all animals when compared to FA, and EH males had a greater decrease in
FS than DH. DH males had a greater decrease in HR after WS than EH males. Along
with this, both DH and EH female mice had a greater increase in HR after WS than
FA. These results indicate housing enrichment impacts cardiovascular function in
atherosclerotic-prone mice and may alter disease development. Furthermore, our
data show housing enrichment may protect against the deleterious effects of WS.
These results suggest living environment impacts susceptibility to air pollution
events, especially over time and in those with underlying disease. This abstract
does not reflect US EPA policy.

4357

VCAM-1 is Upregulated in Uranium Miners Relative to Nonuranium Miners

Q. Jacquez1, A. Camacho1, B. Baird1, V. Maximino Silva1, X. Shore1, O. Myers1, C.
Pollard2, N. Ass’ad1, L. Cook3, S. Leng1, K. Page1, A. Sood1, and K. Zychowski1.
1University of New Mexico, Albuquerque, NM; 2Miners Colfax Medical Center, Raton, NM;
and 3University of Colorado Anschutz Medical Campus, Aurora, CO.
The Southwestern United States has an extensive history of mining. With the
exception of lung and pulmonary diseases, the long-term health impacts associated specifically with uranium (U)-mining and other types of mining have not been
studied extensively. However, literature has recently shown an association between
U-mining and cardiovascular diseases (CVD) compared to other types of mining.
This study enrolled miners (n=44) in a New Mexico (NM) based occupational cohort,
the MiDUS cohort (Mining Dust in the United States). A remote mobile platform
through Miners’ Colfax Medical Center was used to screen participants for recruitment. Circulating inflammatory potential, relevant to CVD was assessed through
serum- and endothelial- based endpoints, including the implementation of a novel
endothelial bioassay, the serum cumulative inflammatory potential (SCIP) assay.
U-miners demonstrated significantly higher serum amyloid A (SAA), IL-8, soluble
ICAM-1 (ng/mL), soluble VCAM-1 (ng/mL), and VCAM-1 mRNA expression (SCIP
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assay), based on univariate analysis. Even when adjusting for potential confounding covariates using multivariable analysis, VCAM-1 mRNA, soluble VCAM-1, SAA
and IL-8 were significantly upregulated in U-miners, compared to non-U miners.
More research is needed to explore this molecular mechanism. However, this study
demonstrates that VCAM-1 may be a particularly important biomarker and possible
contributor of CVD in U-miners, based on both circulating levels and endothelial
mRNA expression.

4358

Mechanisms of Carfilzomib-Induced Endothelial Cell Toxicity

D. E. Mansour, J. Reyes, I. Abdelgawad, M. Grant, and B. Zordoky. University
of Minnesota, Minneapolis, MN. Sponsor: I. Abdelgawad, American Society for
Pharmacology and Experimental Therapeutics
The anti-cancer agent Carfilzomib (CFZ) provides a significant and clinically
meaningful reduction in the risk of death associated with multiple myeloma, the
second most prevalent type of blood cancer. However, CFZ is associated with
serious cardiovascular side effects. In order to mitigate CFZ-induced cardiovascular complications, there is a clear need for a thorough understanding of the
molecular mechanisms leading to CFZ-induced toxicity. There is anecdotal clinical
evidence that endothelial dysfunction contributes to CFZ-induced cardiovascular
complications; however, the toxic effects of CFZ have not been reported in endothelial cells. Additionally, the molecular underpinning of the potential toxic effects of
CFZ in endothelial cells is yet to be determined. Therefore, in the present study, we
determined the toxic effects of CFZ in two human-derived endothelial cell lines,
human umbilical vein endothelial cells (HUVECs) and EA.hy926. We further characterized the molecular signaling changes associated with these toxic effects. To this
end, endothelial cells were treated with clinically relevant concentrations of CFZ
(0.05, 0.1, 0.2, 0.5, and 1 µM) for 24 hours. Thereafter, cell viability was determined
by the MTT assay and protein expressions of apoptotic markers, mitogen-activated protein kinases (MAPKs), and the p70S6K pathway were determined by
western blotting. Our findings in the two cell lines indicate that CFZ reduces cell
viability and induces apoptotic cell death in a concentration-dependent manner.
Parallel to induction of the apoptotic pathway, CFZ significantly activates the p38
and JNK MAPK pathways, but not the ERK1/2 pathway. CFZ-induced apoptosis is
also associated with significant and remarkable inhibition of the p70S6K pathway.
In conclusion, clinically relevant concentrations of CFZ induce endothelial cell
apoptosis which may contribute to CFZ-induced cardiovascular complications.
Future research is warranted to identify the cause-effect relationship between the
observed changes in molecular signaling and the induction of apoptosis. Supported
by the National Institutes of Health’s National Center for Advancing Translational
Sciences, grant UL1TR002494.

4359

Prediction of Drug-Induced Cardiotoxicity and Liver Toxicity
Using Chemical Structure and In Vitro Assay Data

L. Ye1, D. Ngan11, T. Xu1, Z. Liu2, J. Zhao1, L. Zhang1, S. Sakamuru1, M. Xia1, T. Zhao1, A.
Simeonov1, and R. Huang1. 1NIH, Rockville, MD; and 2US FDA, Silver Spring, MD.
Drug-induced liver injury (DILI) and cardiotoxicity are major adverse effects
encountered by many clinically important drugs, especially antineoplastic agents.
To provide an alternative to in vivo toxicity testing, the US Tox21 consortium has
screened a collection of ~10K compounds, including drugs in clinical use, against
~70 cell-based assays in a quantitative high-throughput screening (qHTS) format.
In this study, we compared the Tox21 assay data with chemical structure information in building optimal prediction models for human in vivo cardiotoxicity and DILI.
Models were built with a number of machine learning algorithms (e.g., random
forest, SVM, MLP) and model performance was evaluated by measuring the area
under the receiver operating characteristic curve (AUC-ROC). Chemical structurebased models showed moderate predictive power for DILI (AUC = 0.73±0.06) and
better predictive performance for cardiotoxicity (AUC = 0.79±0.05). Tox21 assay
data alone only showed better than random performance with AUC scores around
0.6. Combining assay data with structure information improved the performance
of the DILI prediction models (AUC = 0.76±0.04) but had no significant impact on
cardiotoxicity prediction. The suboptimal predictive performance of the assay data
is likely due to insufficient coverage of an adequate number of toxicity mechanisms.
The Tox21 consortium is currently expanding its suite of assays to probe additional
toxicologically-important targets and under-represented pathways in an effort to
improve the prediction of in vivo toxicity such as DILI and cardiotoxicity.

4360

Direct Effects of Biogenic Volatile Organic Compounds (BVOC)
and BVOC Metabolites on Vascular Function

L. Jin, Z. Xie, P. Lorkiewicz, and D. J. Conklin. University of Louisville, Louisville, KY.
Extensive epidemiological evidence demonstrates that exposure to vegetation
or residential proximity to greenspaces lowers the risk of all-cause mortality and
cardiovascular disease (CVD), although the mechanism(s) by which greenness
confers this benefit is/are unclear. Although suggested that urban greenspaces

exert their beneficial effects by removing air pollutants and/or promoting physical
activity, plants also emit biogenic volatile organic compounds (BVOCs) that by
eliciting beneficial cardiovascular effects may mediate the salutary effects of
greenness. To address whether plant-derived BVOCs or their metabolites have
direct beneficial effects in the vasculature, three outcomes were measured: 1)
urinary BVOC metabolites in mice exposed to an inhaled BVOC (+) alpha-pinene;
2) direct vascular effects of parent BVOCs and two major metabolites including
(+) alpha- and beta-pinene, limonene, citronellol, and linalool in isolated murine
superior mesenteric artery (SMA); and, 3) mechanism of action of BVOCs and major
metabolites in SMA. Following HEPA-air or (+)alpha-pinene inhalation exposure (15
ppm, 6h), urinary metabolites were identified and quantified by GC-MS. Myrtenol
((1S,5R)-(+)-myrtenol; ~214 ng/mL) and cis- and trans-verbenol ((1R,2R,5R)-verbenol
and (1R,2S,5R)-verbenol; ~1587 ng/mL) were identified as major metabolites of
(+)α-pinene exposure. Precontracted SMA were exposed to increasing concentrations of either a parent BVOC or a major (+)alpha-pinene metabolite (1-1,000
μM) and isometric tension recorded. Each BVOC and both metabolites induced
robust, concentration-dependent vasorelaxation (50-95% relaxation). The vasorelaxation in SMA induced by either myrtenol or verbenol was more potent than their
parent and other BVOCs tested, and their mechanism of action was dependent,
in part, on endothelium-derived NO and perhaps the transient receptor potential
ankyrin-1 (TRPA1) channel. Because NO release from the endothelium can lower
blood pressure, tamp down inflammation and inhibit thrombosis, it is possible that
inhaled BVOCs decrease overall CVD risk via stimulation of the endothelium. This
preclinical study supports the potential therapeutic use of greenness (e.g., trees)
via their release of BVOCs to improve cardiovascular health in humans.

4361

Effects of Electronic Cigarette Flavorant Additives on Human
Platelet Aggregation Ex Vivo

A. Richardson, T. Krivokhizhina, P. Lorkiewicz, S. D’Souza, S. Srivastava, A. Bhatnagar,
and D. J. Conklin. University of Louisville, Louisville, KY.
Electronic cigarettes (e-cig) are advertised as a less toxic alternative to smoking
combustible tobacco cigarettes. There are limited data to assess cardiovascular disease risk of e-cig use, and less is known about the effects of individual
constituents of e-cig liquids such as flavorants on human platelet aggregation.
Thus, we tested for the direct effects of 15 common e-cig flavorants on adenosine
diphosphate (ADP)-induced human platelet aggregation ex vivo including whether
flavorants would affect either platelet initiation (Phase 1) or secondary aggregation and amplification (Phase 2) to address potential mechanisms of action. For
this, human platelet-rich plasma (PRP) was isolated from whole blood of healthy
volunteers and used in a platelet aggregometry assay. PRP was incubated with 1
each of 15 different flavorant compounds (e.g., benzyl alcohol, eugenol, citronellol,
menthol, menthone, diacetyl, maltol, limonene, methylbutyric acid, isoamyl acetate,
acetylpyridine, eucalyptol, 2,5-dimethylpyrazine, cinnamaldehyde, and vanillin) at
100 µM for 5 min at 37 °C prior to addition of ADP (10 µM). Subsequent ADP-induced
platelet aggregation was tracked for 5 min and aggregation curves were analyzed
for flavorant-induced effects on total, Phase 1, and Phase 2 aggregation (%) versus
ADP-only control via One-Way ANOVA. Eugenol significantly inhibited total aggregation from 66 ± 4% (ADP only control) to 41 ± 2% -- an effect due solely to complete
inhibition of Phase 2 amplification (ADP only: 25 ± 3%; eugenol: -2 ± 1%). No other
flavor tested had any effect on either total or phase-specific ADP-induced platelet
aggregation. These results indicate that the parent flavorant compounds most
commonly found in e-cig liquids neither activate nor inhibit ADP-induced human
platelet aggregation. Notably, flavorant chemical structures can be thermally
altered in e-cigs, and thus, these altered compounds (e.g., flavor acetals) should
be tested for effects on platelets. These data provide a robust baseline of healthy
human platelet activity that will be useful in future research of the effects of other
harmful and potentially harmful constituents in e-liquids and e-cig aerosols.

4362

In Utero Exposure to Inorganic Arsenic Alters Maternal and Fetal
Cardiac Outcomes

N. Taube, N. Wang, E. Illingworth, O. V. Ebenebe, R. Kabir, M. Fitch, H. Garbus, and M. J.
Kohr. Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD.
Inorganic arsenic (iAs) is a common drinking water contaminant in many parts
of the world, including the United States. While the World Health Organization
recommends a limit of 10µg/L in drinking water, estimates suggest that 140 million
people consume water with arsenic levels above this threshold. While arsenic is a
public health contaminant of concern for its various detrimental health effects, it
has specifically been established as a cardiotoxicant and a suspected teratogen.
The purpose of this study was to examine the effects of in-utero arsenic exposure
on the developing fetal heart, and the pregnant dam heart, with a focus on physiological and molecular changes using in vivo exposure paradigms. Pregnant female
C57BL/6 mice were exposed to either 1000 µg/L iAs, 100µg/L iAs, or 0µg/L iAs
(Control) after conception at E2.5 and sacrificed at E17.5. Fetal echocardiography was used to examine changes in heart dimension and function after E14.5.
Echoes revealed altered fetal heart dimensions with in-utero exposure to iAs at
1000 and 100 µg/L, specifically decreased left ventricular posterior wall thickness
(LVPW) and interventricular septum thickness (IVS) were noted along with altered
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the left ventricular internal diameter (LVID). Additionally, iAs exposure at 1000 µg/L
decreased litter size, embryonic weight, and embryonic heart weight relative to
body weight. We next examined one carbon metabolism in the placenta, given the
importance of both in development, and found that iAs at 1000 µg/L decreased
the expression of the one carbon enzymes methylenetetrahydrafolate reductase
(MTHFR) and serinehydroxymethyltransferase 2 (SHMT2). Surprisingly, exposure
to iAs at 1000 µg/L also blunted normal physiological hypertrophy of the pregnant
dam heart, which could potentially impact blood flow to the developing fetus.
Together, our findings suggest that in-utero iAs exposure affects both the maternal
heart and placenta during pregnancy, thereby impacting fetal heart development.
Future mechanistic investigation will examine exactly how alterations to placental
one carbon metabolism impact cardiac development, with an emphasis on folate
transport and BH4 recycling, which are crucial for supporting the essential functions
of nitric oxide synthase-3 function during fetal heart development. These findings
further underscore the detrimental impact of iAs on the cardiovascular system,
and specifically highlight potential hazards during pregnancy. Supported by NHLBI
T32ES007141 (NT) and RO1HL13649 (MK).
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Inhalation of Combustion-Derived Environmentally Persistent
Free Radicals Causes Vascular Endothelial Injury Mediated via
AhR Activation in Alveolar Type-2 Pneumocyte

A. Aryal1, A. C. Harmon1, L. Khachatryan1, P. Chowdhury1, A. Noël1, A. Penn1, S.
Cormier1, K. Varner2, and T. R. Dugas1. 1Louisiana State University, Baton Rouge, LA; and
2Louisiana State University Health Sciences Center, New Orleans, LA.
Particulate matter containing environmentally persistent free radicals (EPFRs)
is formed during the thermal remediation of organic pollutants when incomplete
combustion of the waste occurs in the presence of transition metals. Initial studies
used laboratory-generated EPFRlo: (1.5e16 radicals/g particles) and EPFRhi: (1.0e18
radicals/g) at 250 µg/m3 to investigate their effects on vascular endothelial and
pulmonary oxidative stress in C57BL/6 male mice. These studies demonstrated
that exposure to EPFRs results in an increase in endothelin-1 (ET-1) and intracellular adhesion molecule-1 (ICAM-1) at high, but not low radical concentrations.
In addition, genes associated with AhR activation (Cyp1a1/1b1), and oxidative
stress (NQO1) were upregulated in both the lungs and the aorta. We also found
that AhR activation was significantly increased in AT-2 pneumocytes during EPFR hi
exposure. We hypothesized that inhalation of EPFRs leads to vascular endothelial
dysfunction via activation of AhR in the AT-2 cells in a manner dependent upon
radical concentration. To address our hypothesis, AhR was knocked down in AT-2
pneumocytes in male and female mice using the Cre/lox recombinase system prior
to exposure to filtered air (FA), EPFRlo, or EPFRhi for 4h/d for 1 day. Plasma ET-1
remained unchanged between KO and WT mice exposed to FA and EPFRlo; however,
ET-1 was significantly decreased in AhR KO mice exposed to EPFRhi versus WT.
Over the course of a 10d exposure (4hr/d), we also identified a decrease in blood
pressure in AhR KO mice at day 2 and day 10 compared to WT mice when exposed
to EPFRhi, supporting our hypothesis that AhR deficient mice would be protected
from endothelial injury after EPFRhi exposure. Together, these data suggest that
EPFR exposure promotes AhR activation in AT-2 pneumocytes and this, in turn,
results in vascular endothelial dysfunction, likely at the air-blood interface. Support:
LSU Superfund.

4364

Maternal ENM Inhalation Alters F1 Generation Chromatin
Accessibility and Leads to Increased XO Activity and
Microvascular Impairment

E. DeVallance1,2, E. Bowdridge1,2, K. Garner1,2, J. Griffin1,2, M. Seman1, S. Lewis1, S.
Hussain1,2, E. Kelley1, and T. Nurkiewicz1,2. 1West Virginia University, Morgantown, WV;
and 2Center for Inhalation Toxicology (iTOX), Morgantown, WV.
Understanding how engineered nanomaterial (ENM) inhalation exposure affects
maternal and offspring cardiovascular health is essential to advancing nanotechnology safety. Nano-titanium dioxide (nano-TiO2) is a biopersistant ENM widely used
from biomedical devices to surface coatings. We have demonstrated nano-TiO2
inhalation impairs microvascular function during gestation. We have also reported
elevated IL6, oxidant production, microvascular impairment, and heightened redox
signaling in nano-TiO2 exposed dams and their offspring. IL6 and other cytokines
are suggested to increase xanthine oxidoreductase (XOR). XOR in the oxidized form
(XO) has been linked to numerous pathologies. Circulating XO, which can impair
vascular function, is predominantly hepatocyte-derived. However, regulation of the
XOR gene (XDH) is poorly understood. We hypothesized that hepatic XDH upregulation results in elevated liver and circulating XO, and leads to arteriolar dysfunction
in the F1 generation from nano-TiO2 exposed dams. Pregnant Sprague-Dawley rats
were exposed to air or nano-TiO2 (12±0.5 mg/m3, calculated lung burden 584±19
µg) for 6 nonconsecutive days then gave birth to the F1 generation with tissue
and vascular assessments were made at 8-10 weeks of age. ATACseq analysis
in livers releveled 3-fold enrichment of open chromatin at XDH gene in nano-TiO2
offspring. Histone methylation (H3K9 and H3K27) is 2-fold greater in F1 nano-TiO2
livers. Thus, we treated cultured hepatocytes with 1 μM methylstat, which increased
XO activity in media (70±21 v 2±1 μU/ml). Corresponding with increased open
chromatin at the XDH gene in F1 nano-TiO2 livers, we found increased XDH mRNA

(2-fold), increased protein expression (2-fold), and significantly increased XO
activity (69±6 v 18±3 mU/mg). Ultimately, this contributed to a 7-fold increase in
H2O2 production and redox imbalance in the F1 nano-TiO2liver. Plasma XO activity
was elevated in nano-TiO2 offspring (700 mU/ml v 200 mU/ml) along with oxidized
protein content (1.7±0.1 v 1.3±0.1 nmol/mg). Mesenteric arteriolar function
was assessed by pressure myography and intravital microscopy. Endotheliumdependent dilation was impaired by 40±8%. This was partially recovered (50±5%)
by treatment with febuxostat. Maternal ENM inhalation exposure may impair
F1 endothelium-dependent dilation via epigenetic upregulation of hepatic XO.
(ES015022 TRN) (HL153532, DK124510, 19TPA34850089 EEK), (GM104942 ECB)
(HL152534-01 ERD) (ES031253 SH).

4365

Methamphetamine Increased the Sensitization of Fentanyl’s
Diaphragmatic Force Depression in Anesthetized Rats

S. Roof, and R. Hamlin. QTest Labs Ltd., Columbus, OH. Sponsor: R. Hamlin, Safety
Pharmacology Society
Overdoses caused by fentanyl (FENT) and methamphetamine (METH) have
increased in recent years. FENT reduces, principally, respiratory drive that may lead
to concomitant cardiovascular consequences. In theory, METH’s stimulatory effect
should protect against the depressant effects of FENT, therefore the cause of death
(cardiovascular or respiratory) is puzzling and has yet to be established. Elucidating
the combined cause of death is paramount for future preventative or therapeutic measures. Male Sprague Dawley anesthetized (2.5% isoflurane) rats were
ventilated mechanically and instrumented to simultaneously assess left ventricular hemodynamics as well as diaphragmatic force. In this setting, the dose-dependent effects of FENT (5-40 ug/kg IV bolus) and METH (0.1-1 mg/kg IV bolus
over 15 seconds) were studied. METH alone, dose-dependently, increased force
of diaphragmatic contractions 3 minutes post dose by 4, 18, and 27% with 0.1, 0.2,
and 0.4 mg/kg and negligible effects on peak left ventricular pressure (LVPmax).
Administration of 0.6 and 1.0 mg/kg elicited completed cardiovascular collapse
and death. FENT alone transiently decreased diaphragmatic contractions (peak
reduction of -65, -79, -85, and -94% and LVPmax (-22, -29, -33, and -38%) with 5, 10,
20, and 40 ug/kg. To assess the effect when administered in combination, FENT
(10 ug/kg) was administered twice (with and without METH (0.4 mg/kg)) separated
by a 1-hour washout period. FENT alone decreased force of diaphragmatic contractions by -63% and LVPmax by -19%. FENT+METH resulted in an unexpected greater
reduction (-88%) in diaphragmatic force and similar changes in LVPmax. A similar
study was performed to control for the administration FENT twice in an experiment. Contrast to FENT+METH, the second dose of FENT alone resulted in less of
a respiratory depression compared to the first dose. Taken together, combinations
of FENT and METH result in greater reduction in force of diaphragmatic contractions than FENT alone and likely results in a greater chance of intoxication. This
study demonstrates that potential in vivo cardiovascular and respiratory liabilities
of opioids and other abused drugs can be assessed simultaneously.

4366

Chronic Effects of JUUL E-cigarette or Cigarette Aerosol
Exposure on Aortic Structure and Function in the Female Apoe-/Mouse

Y. M. Farra, J. Matz, J. M. Oakes, and C. Bellini. Northeastern University, Boston, MA.
Sponsor: C. Migliaccio
Electronic cigarette (e-cigarette) use has rapidly increased in recent years,
both in former and current smokers as well as in smoking-naïve populations.
Epidemiological data describing acute cardiovascular responses to e-cigarette
vaping suggest that this practice may have detrimental long-term outcomes on
cardiovascular function, though the underlying mechanisms remain unclear. To
address this concern, we complemented the still sparse epidemiological data on
non-acute e-cigarette consumption with a preclinical exposure study in an animal
model of hypercholesterolemia. We exposed adult, female Apoe-/- mice to either
cigarette smoke (CS, N=8), pod e-cigarette aerosols (JUUL, N=10), or filtered air
(CTL, N=15) daily, for 24 weeks. We collected measurements of blood pressure and
body mass longitudinally. At the end of the study, we biomechanically phenotyped
the aorta and performed histological characterization of tissue and atherosclerotic lesion microstructure. At the time of sacrifice, CS and JUUL-exposed mice
had lower body mass than controls (CS: 22.3 ± 0.4g, JUUL: 22.9 ± 0.2g, CTL:
23.9 ± 0.4g) but experienced increased systolic blood pressure (by 22% and 13%
compared to controls, respectively). Exposure to both CS and JUUL aerosols was
associated with deposition of adventitial collagen, which contributed to the thickening of the wall (34% and 28% higher than controls, respectively). Furthermore,
structural stiffness increased in both exposure groups when compared to controls
(expressed as a loss of aortic distensibility: CS: 14 ± 1 MPa-1, JUUL: 12 ± 1 MPa-1,
CTL: 17 ± 1 MPa-1). Finally, chronic cigarette smoking was associated with the
development of vulnerable atherosclerotic lesions, with a thinner fibrous cap, less
collagen and SMCs, but increased macrophage content. Collectively, our data
indicate that chronic exposure to JUUL aerosols affects body mass, central blood
pressure, tissue structure, and aortic function in a similar way as smoking. Taken
together, this study reveals new insights on the contributions of both cigarette and
e-cigarette exposure to cardiovascular disease and suggests that chronic JUUL
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e-cigarette use may lead to cardiovascular complications comparable to those of
conventional tobacco smoking. This data may help inform regulators seeking to
provide guidance and limit the potential toxicological hazards of chronic e-cigarette
use over the coming decades.

4367

Nanomaterial Inhalation Exposure Alters Angiotensin II
Sensitivity: Gestational Periods of Maternal and Placental
Microvascular Outcomes

K. L. Garner1,2, E. C. Bowdridge1,2, J. A. Griffith1,2, E. DeVallance1,2, K. Schafner1,2, K.
J. Engels1,2, K. Wix1,2, W. T. Goldsmith1,2, S. Hussain1,2, T. P. Batchelor1,2, and T. R.
Nurkiewicz1,2. 1West Virginia University, Morgantown, WV; and 2Center for Inhalation
Toxicology (iTOX), Morgantown, WV.
Throughout gestation, vascular adaptation and growth are required for maternofetal health. When insults occur, this may lead to pathologies or death.
Engineered nanomaterial inhalation is one such exposure that may lead to adverse
microvascular and fetal health outcomes, yet the cardiovascular and reproductive consequences are not fully known. We hypothesized that specific gestational
periods were more sensitive to maternal inhalation exposure to nano-titanium
dioxide (nano-TiO2) and would lead to varying degrees of microvascular dysfunction, altered placental hemodynamics and poor fetal outcomes. Vascular response
to angiotensin II (Ang II), a critical hormone that is implicated in the pathology of
preeclampsia, were assessed. Rats were assigned to nano-TiO2 exposure groups
(early gestational day (GD) 2-6, mid GD 8-12, late GD 15-19, or control). Whole-body
inhalation exposure (concentration = 12±0.5 mg/m3) was performed for 6 hr/d
for 3 d. Dams were euthanized on GD 20. Uterine radial artery Ang II (1x10-13- -4 M)
reactivity and umbilical artery tension were assessed via pressure myography and
wire myography. Placental outflow pressure was assessed with Ang II (1x10-4 M)
by a novel technique using pressure myography systems. The EE group uterine
radial artery wall to lumen ratio was increased (0.12 ± 0.01) compared to the control
(0.10 ± 0.01) and had an increased sensitivity to ang II vasoconstriction with a max
response of -64 ± 6% compared to the control (-46 ± 3). There were no differences
between placental outflow pressure or umbilical artery tension between groups, but
it was noted that the percent of vascular rings that responded to Ang II with increasing tension was more than doubled in the EE group (44%) compared to the control
(19%). Pup mass (3.9 ± 0.1 g) and placental efficiency (4.7 ± 0.3) were significantly
decreased within the EE group (control: 4.2 ± 0.1 g; 5.9 ± 0.2), providing evidence
that perturbations to vascular anatomy and physiology may play a role in adverse
pup health outcomes and that early gestation may be the most sensitive window
of exposure. Support: ES015022 (TRN) ES031253 (SH) GM104942-05 (ECB), F32
HL152534 (ED), AG52375 (JAG).

4368

Nrf2 Transcriptional Upregulation of IDH2 to Tune Mitochondrial
Dynamics and Rescue Angiogenic Function of Diabetic EPCs

X. Dai, K. Wang, Q. Lin, O. Chen, D. J. Conklin, K. A. Wintergerst, L. Cai, Z. Deng, and Y.
Tan. University of Louisville, Louisville, KY.
Endothelial progenitor cells (EPCs) are reduced in number and impaired in function
in diabetic patients. Whether and how Nrf2 regulates the function of diabetic
EPCs remains unclear. In this study, we found that the expression of Nrf2 and its
downstream genes were decreased in EPCs from both diabetic patients and db/db
mice. Survival ability and angiogenic function of EPCs from diabetic patients and
db/db mice also were impaired. Gain- and loss-of-function studies, respectively,
showed that knockdown of Nrf2 increased apoptosis and impaired tube formation
in EPCs from healthy donors and wild-type mice, while Nrf2 overexpression
decreased apoptosis and rescued tube formation in EPCs from diabetic patients
and db/db mice. Additionally, proangiogenic function of Nrf2-manipulated mouse
EPCs was validated in db/db mice with hind limb ischemia. Mechanistic studies
demonstrated that diabetes induced mitochondrial fragmentation and dysfunction of EPCs by dysregulating the abundance of proteins controlling mitochondrial
dynamics; upregulating Nrf2 expression attenuated diabetes-induced mitochondrial
fragmentation and dysfunction and rectified the abundance of proteins controlling
mitochondrial dynamics. Further RNA-sequencing analysis demonstrated that Nrf2
specifically upregulated the transcription of isocitrate dehydrogenase 2 (IDH2),
a key enzyme regulating tricarboxylic acid cycle and mitochondrial function.
Overexpression of IDH2 rectified Nrf2 knockdown- or diabetes-induced mitochondrial fragmentation and EPC dysfunction. In a therapeutic approach, supplementation of an Nrf2 activator sulforaphane enhanced angiogenesis and blood perfusion
recovery in db/db mice with hind limb ischemia. Collectively, these findings indicate
that Nrf2 is a potential therapeutic target for improving diabetic EPC function. Thus,
elevating Nrf2 expression enhances EPC resistance to diabetes-induced oxidative
damage and improves therapeutic efficacy of EPCs in treating diabetic limb
ischemia likely via transcriptional upregulation of IDH2 expression and improving
mitochondrial function of diabetic EPCs.

4369

Statins Decrease Cardiomyocyte Cell Viability and Mitochondrial
Function via Intracellular Acidification

T. Somers, S. Siddiqi, F. G. Russel, W. J. Morshuis, and T. J. Schirris. Radboudumc,
Nijmegen, Netherlands.
Cholesterol-lowering statins have proven to significantly reduce major cardiovascular events and are used by 180 million patients worldwide. Musculoskeletal
complaints are experienced by 7-29% of all users and associated with decreased
mitochondrial function. Cardiomyopathy has not been described for statins,
probably because of the much higher mitochondrial content as compared to skeletal
muscle. However, statins are usually taken for life and as mitochondrial function
reduces with age, cardiac tissue may also become susceptible to side effects in the
elderly. Here, we aimed to investigate the metabolic effects of statins on induced
pluripotent stem cell (iPSC)-derived cardiomyocytes (CMs). CM viability, intracellular pH, mitochondrial morphology and membrane potential were determined using
high-throughput microscopy after 48h exposure to 0.3-100 µM of the acid and
lactone form of various commonly used statins. Next, oxygen consumption (OCR)
and extracellular acidification rates (ECAR) were determined using the Seahorse
XF-96 Flux Analyzer. All statins decreased cell viability dose-dependently, most
prominently by simvastatin lactone (99.9±0.5%, mean±SEM, p<0.0001 at 100 µM)
and most potently by cerivastatin acid (IC50-value of 3.6 µM (95%-CI 0.1 - 206.0)).
All statins decreased both ECAR and OCR, again most strongly by simvastatin
lactone, which declined basal and maximal respiration by 53±11% (p<0.05) and
80±8% (p<0.01), respectively. Statins increased the intracellular acidification up
to 52±9% (p<0.05). Finally, statins reduced mitochondrial membrane potential
by 22±14% (p=0.28). Statins decrease CM viability at higher concentrations and
probably decrease mitochondrial respiratory capacity and membrane potential via
an increased intracellular acidification. These results may have clinical implications
for patients with a decreased mitochondrial capacity, where low statin concentrations in the therapeutic range could be harmful. Our results shed new light on
possible effects of statins on cardiac tissue. Future studies should investigate
whether this could aid a more personalized statin treatment.

4370

A Comprehensive In Vitro Approach to Assess Environmental
Chemical Hazard on Cardiovascular Diseases

S. Ramaiahgari, S. Krishna, F. Parham, S. Auerbach, N. Kleinstreuer, B. Beverly, A.
Merrick, and B. Berridge. NIEHS/NTP, Research Triangle Park, NC.
Cardiovascular diseases are a major concern for public health with known associations from environmental agents (e.g., air pollutants, pesticides, metals etc.).
Identification of these toxic agents would help in reducing their exposure, managing
their use, and mitigating their impact on the environment. Traditional environmental
hazard assessments have not been enriched for cardiovascular toxicity, particularly functional endpoints. In vitro methods utilizing human cells may provide
unique insights into chemical-induced biological perturbations relevant to potential
cardiovascular hazards. Here, we evaluated a broad spectrum of CV-relevant
cellular activities using whole cell patch clamp analysis, calcium transient measurements, mitochondrial membrane potential (MMP), cardiomyocyte contractility
and field potential changes, high-content imaging for cellular phenotypic changes
and cytotoxicity. We chose chemicals from various classes including botanicals,
flame-retardants, insecticides, polycyclic aromatic hydrocarbons, quaternary
ammonium salts and PFAS. Whole-cell patch clamp analysis of three main cardiac
ion-channels INa (hNav1.5 peak), ICa (hCav1.2), and IKr (hERG) was performed.
Quaternary ammonium salts showed significant inhibition of hCav 1.2 and hERG
channel activity (up to 100%) and a lesser hNav 1.5 inhibition (25 - 50% maximum).
Flame retardants, 2-ethylhexyl diphenyl phosphate and 2,2’4,4’-tetrabromodiphenyl
ether, showed up to 20% inhibition of hCav 1.2 and hERG channels, but no hNav1.5
inhibition. PFAS chemicals showed minor inhibition of ion-channels at higher
doses (10 µM). Calcium transients, MMP and multielectrode array measurements
on human iPSC-derived cardiomyocytes (hiPSCC) aligned with whole-cell patch
clamp ion-channel blockage showing dose-dependent changes to action-potential duration, contractility, beat rate and mitochondrial depolarization. Benchmark
concentrations (BMC’s) derived from concentration-response data showed a wide
safety margin (>10 to 1000X) with predicted human exposure concentrations. This
high-throughput compatible in vitro screening approach identified potential agents
that cause arrhythmias, mitochondrial damage and changes to cardiomyocyte
homeostasis that could cumulatively increase cardiovascular disease risk.

4371

Reference Intervals for Electrocardiography, Hemodynamics,
and Core Body Temperature Parameters in Healthy Cynomolgus
Monkeys (Macaca fascicularis)

X. Fang, and S. D. Tichenor. Charles River, Reno, NV.
In nonclinical studies, electrocardiograms (ECG) of cynomolgus monkey are
recorded intermittently by external leads in manually restrained animals (snapshot)
or continuously by jacketed external telemetry (JET) or implanted radiotelemetry
transmitter in freely moving animals. With the implanted device, blood pressure and
core body temperature can be monitored simultaneously. Despite the frequent use
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of cynomolgus monkeys in nonclinical safety pharmacology testing, few reference
data are available for this species, and comparisons of the ECG data collected via
the 3 abovementioned methods have been limited. In this study, pretreatment data
were recorded from 406, 663, and 131 healthy experimentally-naïve monkeys using
the snapshot, JET, and implantable method, respectively, from 2019 to 2021 at our
Testing Facility. Descriptive statistics (mean, standard deviation, median, range,
and confidence interval) were summarized for each parameter for each method.
Daytime and nighttime, as well as the hourly, values were calculated for the JET
and implantable data. Subgroup analyses demonstrated that the mean values for
RR, PR, QRS, QT, and heart rate-corrected QT (QTc) intervals, systolic, diastolic,
and mean arterial blood pressure, and core body temperature were comparable
among monkeys of 1.5 to 6 kg and at 2 to 6 years old, over the 24-hour recording
period. In addition, these parameters were similar between males and females, and
among animals from Cambodia, China, and Mauritius. ECG data collected by JET
and implantable were comparable over the 24-hour recording period. The snapshot
data had similar PR and QRS intervals compared with the daytime telemetry data
but had shorter RR and QT intervals due to the stress related to animal restraint.
Correlation analyses indicated that body temperature had an inverse relationship
with RR and QT intervals, and PR and QRS intervals had minimal correlation with
the hemodynamic and other ECG parameters. Power analysis indicated a sensitivity
to detect a QTc change of 10 msec (3.7%), 10.6 msec (4.5%), and 7.9 msec (3.1%)
for snapshot, JET, and implantable, respectively, at 80% power and a 95% probability level in a standard general toxicology study (N = 10, sex-combined, 4 groups,
parallel dosing). With a Latin square study design using implantable, the sensitivity
is 7.3 msec (2.9%) for 10 animals with 4 dose levels. In conclusion, our measurements can serve as normal reference intervals for alert cynomolgus monkeys used
in nonclinical safety assessment.

4372

Small Molecule Kinase Inhibitors Screened for Impairment of
Mitochondrial Bioenergetics in Rat Cardiomyocytes

D. A. Barnette, L. K. Schnackenberg, W. B. Mattes, and Q. Shi. US FDA/NCTR,
Jefferson, AR.
Small molecule kinase inhibitors (SMKIs) comprise a rapidly growing class of
targeted cancer therapy drugs, with 76 currently approved since their introduction
to the market in 2001 and ~200 more in clinical trials. Though effective in treating
various cancer types, concern over cardiotoxicity has led to boxed warnings for
three marketed SMKIs, and over 20 others have potential cardiotoxic risks that
have not yet been fully investigated. Manifestations and severities of cardiotoxicity vary between different SMKIs with mechanisms being largely unknown,
though mitochondrial dysfunctions have been proposed as a possible underlying cause. We conducted an exploratory in vitro study of 35 currently approved
SMKIs to screen for defective mitochondrial bioenergetics in rat cardiomyocytes
(H9c2 cells) when treated with the drugs at doses ranging from one- to 50-fold
their clinical maximum serum concentrations (Cmax). Among those tested were the
three with boxed warnings and 14 others with suspected risks of cardiotoxicity. A
Seahorse XF96 extracellular flux analyzer measuring oxygen consumption rate in
treated H9c2 cells was used to determine mitochondrial respiration compared to
controls. Five tested SMKIs caused significant decreases in mitochondrial respiration. Notably, pazopanib, one of the SMKIs with a boxed warning for cardiotoxicity,
caused decreases in basal, ATP-linked, maximal, and reserve capacity respiration
at the highest dose. High dose crizotinib, erlotinib, ponatinib, and cabozantinib
showed decreases only for maximal and reserve capacity respiration. Overall, these
results implicate impaired mitochondrial bioenergetics as a possible mechanism
for cardiotoxicity linked to some, but not all, SMKIs.

ulated in females (p-value = 5.45E-34, OR = 0.96) and ID3 transcriptional activity
of 9438 target genes was significantly upregulated in females (p-value = 4.14
E-08, OR = 1.018). We used machine learning of NRF1/ID3 targeted genes and
clinical variables (Thal phase, CAA Severity, BRAAK stage, APOE4 genotype) in a
Bayesian network’s structure learning algorithm. Gene network structures were
generated across different timepoints. The most influential genes across the 4
separate Markov blanket networks were selected for GENIE sensitivity analysis and
relative risk for CAA was calculated for NRF1/ID3 driven gene networks. MCMC
causal ordering over a 24-hour period was performed to determine the causality of
NRF1/ID3 driven target networks in clinical outcomes of CAA. Our research findings
showing ID3/NRF1 gene networks contributing to toxicity in CAA provide potential
new targets for personalized medicine and/or prevention strategies to address the
significant public health problem that is CAA which has no cure or novel vascular
toxicity biomarkers for prevention.

4374

T. N. Seymore, C. M. Cary, and P. A. Stapleton. Rutgers, The State University of New
Jersey, Piscataway, NJ.
Particulate matter is a huge contributor to the global burden of disease, including its association with cardiovascular events. A wide range of particle types and
sizes, including nano- and microplastics (NMPs), influence ambient air composition. Studies have previously demonstrated the ability of these NMPs to translocate from the lungs, through systemic circulation, to organs such as the placenta.
Moreover, there is evidence that particulate matter elicits vascular disruption by
compromising endothelial function, but the specific effects of NMPs on systemic
circulation are unknown. Furthermore, NMP in vivo exposure via inhalation is widely
understudied. Polyamide (i.e., nylon) is a high-performance plastic used for scratch
and abrasion resistance on wood and electronic devices. The purpose of this
study was to determine if polyamide particle inhalation would elicit macrovascular
dysfunction, as has been identified in other well-studied particles. Therefore, we
hypothesized that polyamide particle inhalation would disrupt endothelium-dependent vasodilation. Adult female Sprague-Dawley rats were exposed to polyamide
aerosols [10.3 ± 0.1 mg/m3; geo. mean particle size 398.34 ± 1.78 nm (SMPS, TSI)]
via whole-body inhalation (HPGA, IESTechno) chamber for 4-5 hours. 24 hours after
exposure, mean arterial pressure was measured via carotid cannulation. Vascular
reactivity of the aorta and uterine artery were assessed using wire myography
(DMT, Ann Arbor, Michigan) and responsiveness to increased concentrations of
vasoactive chemicals [methacholine (MCH), sodium nitroprusside (SNP), and
phenylephrine (PE)] was recorded. Results showed a modest increase in blood
pressure when compared to controls (85 ± 3.7 mmHg vs. 75 ± 3.8 mmHg; p=0.08)
and reduced vessel reactivity, with significant impairments in uterine artery responsiveness to MCH [percent maximum tension in response to 10-7M MCH when
compared to controls (103.89 ± 2.27% vs 93.89 ± 3.39%; p=0.03)], an endothelium-dependent vasodilator. There were no differences in aortic responses. Although
significance was not shown in all experiments, this data demonstrates effective
NMP aerosolization and exposure, shows that inhalation of plastic particles can
lead to macrovascular impairments, and we hypothesize that we may observe
more pronounced changes in the microcirculation. In addition, there may be
possible effects on female reproductive health. Supported by: NIH-R01-ES031285;
T32-ES007148; P30-ES005022.

4375
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Molecular Contributions of NRF1 and ID3 to Vascular Toxicity in
Cerebral Amyloid Angiopathy

C. M. Perez, Q. Felty, D. Roy, C. Yoo, and A. Deoraj. Florida International University,
Miami, FL.
The small vessel disease, cerebral amyloid angiopathy (CAA), is characterized by
amyloid beta protein in the vessel wall. Health complications arising from CAA
include increased risk for stroke. Transcription factor nuclear respiratory factor 1
(NRF1) was reported to have a DNA binding motif in APOE4, a known risk factor for
CAA. Exposure to amyloid beta protein also increases ID protein, inhibitor of DNA
binding protein 3 (ID3). Since both NRF1 and ID3 are redox sensitive transcription
regulators associated with either APOE4 or stroke, the purpose of this study was to
identify a novel role of ID3 and NRF1 activity in CAA; and to see if they were associated with toxicity pathways involved in CAA using machine learning. RNA-Seq data
from the Mayo Clinic CAA study of 75 temporal cortex CAA cases was compared
with 80 age-matched controls. Differential gene expression (DEG) using limma
and TMM normalization was conducted between CAA cases and controls with
significant genes determined by Benjamin-Hochberg FDR t-test (p < 0.05). NRF1
was significantly downregulated (p-value = 0.025, logFC = -0.14 in Males; p-value
= 0.028, logFC = -0.13 in Females) and ID3 (p-value =7.37E-06, logFC = 0.99 in
Males; p-value = 4.07E-10, logFC = 1.41 in Females) was significantly upregulated
across CAA Cases and controls. Logistical regression analysis of NRF1 transcriptional activity for 2470 brain endothelial target genes was significantly downreg-

Inhaled Polyamide Particles Reduce Uterine Artery
Endothelium-Dependent Vasodilation in Adult Female SpragueDawley Rats

Comparative Study of the Heart Structure and Function between
Heated Tobacco Product and Cigarette Smoke

Y. Tian1,2,3, Y. Fu1,2,3, H. Chen1,2,3, H. Wang1,2,3, S. Han1,2,3, F. Lu1,2,3, S. Ma1,2,3, X. Li1,2,3, W.
Wang1,2,3, X. Xu1,2,3, T. Liu1,2,3, H. Hou1,2,3, and Q. Hu1,2,3. 1China National Tobacco Quality
Supervision and Test Center, Zhengzhou, China; 2Key Laboratory of Tobacco Biological
Effects, Zhengzhou, China; and 3Joint Laboratory of Heated Tobacco Product Safety
Evaluation, Zhengzhou, China. Sponsor: Q. Meng
Cardiovascular disease is a high-risk disease and cigarette smoke is reported
one of the risk factors of cardiovascular diseases because of its the variety of
harmful ingredients released during burned process. With the development of
tobacco products, new cigarette products such as heated tobacco product (HTP).
Chemical analysis showed that the released compounds is significant different
from cigarette smoke. It has been reported that the relevant risk markers including
cholesterol, sICAM-1, HDL and FEV1 for smokers were improved in people using
heated tobacco products. Now the toxic effect of HTP on heart is still not unclear.
It needs further research to explore the toxic effect of HTP on the heart. In this
study, SD rats were divided into different groups including control, HTP groups and
cigarette group. All the groups were exposed for 6 h/day and 90 days. At the end
of the exposure, hematology and myocardial tissue inflammation indicators were
measured. The heart function and morphology were also observed. The hematology index showed that compared with the control group, the absolute weight and
relative weight of heart in different groups were showed no significant changes.
The hematology results showed that PLT and HGB were significantly increased in
the high group, but the difference showed no dose dependence. The inflammation
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indicators of heart in HTP groups were improved significantly than cigarette group.
For morphology, cigarette smoke induced obvious inflammation of the myocardium, which was reduced in the HTP group. At the same time, the heart function
results showed that both cigarette and HTP group exerted no obvious toxic effect.
The above results showed that the toxic effect of THP was obvious decreased that
cigarette smoke.

4376

Altered Electrical Properties of hiPSC-Derived Cardiomyocytes
in the Presence of E-cigarette Aerosol Constituent Aldehydes

M. Nystoriak, L. Luo, A. Bhatnagar, and D. J. Conklin. University of Louisville,
Louisville, KY.
The direct functional impacts of e-cigarette (e-cig) aerosol constituents on the
heart are unknown. Herein, the functional effects and concentration-dependence
of four e-cig-derived aldehydes (i.e., acrolein, acetaldehyde, crotonaldehyde, and
formaldehyde) on the contractile and electrical properties of human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) were determined. To do this,
impedance (surrogate for contractility) and extracellular field potentials generated
by spontaneously beating two-dimensional cellular monolayers were recorded
using a CardioExcyteTM system. Continuous monitoring of cellular impedance
revealed minimal effects (≤10% change from baseline) of individual aldehydes
(10 μM, 48 h treatment) on hiPSC-CM beating parameters, including beating rate,
impedance signal amplitudes, or base impedance. However, examination of more
sensitive functional indices of contractility and electrophysiology revealed significant concentration-dependent effects of aldehydes at levels below those that
induce acute cell death (i.e., reduced base impedance at ≥100 μM). The relaxation
velocities of beating hiPSC-CMs were reduced (~50%) after 24 h treatment with 1
μM acrolein. This effect was associated with significantly increased (~75%) field
potential duration. Concentration-dependent increases in field potential duration
were also observed in the presence of 1 and 10 μM crotonaldehyde (~20% and
50% increase, respectively). These results suggest that acute exposure of cardiomyocytes to constituent aldehydes of e-cig aerosols at low micromolar concentrations alter cellular repolarization and may increase the risk of cardiac arrhythmia and electrical remodeling of the heart. These data suggest that use of e-cigs
potentially engenders increased cardiac risk, and thus, the regulation of production
of aldehydes from e-cigs should be considered to protect human health.

4377

Evaluating Functional and Structural Cardiotoxicants Using
Calcium Flux, HCI, and High-Throughput Transcriptomics

S. Madden1, S. Ryder1, S. Bevan1, B. Park1, E. Shardlow1, R. Barton1, A. Rosell-Hidalgo1,
M. Ogese1, P. Walker1, and C. Strock2. 1Cyprotex Discovery Limited, Macclesfield, United
Kingdom; and 2Cyprotex US LLC, Watertown, MA.
Cardiotoxicity is a major cause of drug attrition during pre-clinical and clinical drug
development. Drugs can produce functional changes defined as an acute alteration
in the mechanical function of the myocardium or structural in nature as defined by
morphological damage to cardiomyocytes and/or loss of viability. In vitro strategies
have developed to utilise high throughput assessment of functional cardiomyocyte
changes through kinetic monitoring of calcium transients, while structural morphology can be monitored in a high throughput manner using high content imaging
(HCI). Here we describe a combined risk assessment method to allow the morphological analysis of cardiomyocytes alongside calcium transient assessment in a
single assay, together with whole genome high throughput (HT) RNA-sequencing
(RNA-seq). This approach provides defined functional and structural cardiotoxicity events. Human induced pluripotent cardiomyocytes (hiPS-CMs) were seeded
in 384 well plates for a minimum of 10 days before incubation with calcium
fluorescent dye. Following a 2-hour incubation, compound was applied at 8
concentrations in triplicate utilising a compound set comprising structural and
functional cardiotoxins alongside dual toxicity compounds and non-cardiotoxins
(total of 42 reference compounds). Fast kinetic fluorescent analysis was initially
performed followed by HCI. Calcium homeostasis and mitochondrial function were
analysed using HCI with automated image analysis software, cellular ATP was
also determined. In matched-sister plates, cells were lysed for HT-RNAseq (whole
genome transcriptomics) to determine differentially expressed genes (DEGS) and
associated perturbed pathways. This combined approach allowed the detection
of acute functional cardiotoxicity; epinephrine and isoproterenol increase calcium
transient peak frequency (MEC; 0.006 µM & 0.005 µM, respectively) while verapamil
decreases peak frequency and amplitude (MEC; 0.03 µM and 0.02 µM, respectively).
Early signs of morphological changes were also detected; sunitinib is a dual toxicity
compound (functional & structural) which induced a decrease in peak calcium
transient amplitude (MEC; 88 µM) alongside cell morphology changes (MEC; 144
µM). In combination with DEGs and pathway analysis, structural and functional
compounds were characterised. This study shows a combined cellular assessment
strategy can improve the in vitro to in vivo translation and risk assessment of the
potential for novel compounds to elicit functional and structural cardiotoxic events.

4378

Arsenic Exposure Modulates the Diverse Macrophage Clusters
in the Atherosclerotic Plaque of apoE-/- Mice

K. Makhani1,2, F. Dierick2, J. Ding1, Y. Zheng1, N. Subramaniam1,2, C. Young2, and K.
Mann1,2. 1McGill University, Montréal, QC, Canada; and 2Lady Davis Institute, Montréal,
QC, Canada.
Arsenic exposure is correlated with adverse cardiovascular outcomes, such as
atherosclerosis. Our lab has shown that arsenic enhances atherosclerotic plaques
in the apolipoprotein E knockout (apoE-/-) mouse model. Atherosclerotic plaque
is a complex milieu of diverse immune cells, with macrophages as major players
in the disease. The activation states of these immune cells, their crosstalk, and
their secreted cytokines determine the fate of atherosclerotic plaque. While
arsenic modulates the transcriptome of individual immune cell types, its effects
on their consortium in the plaque microenvironment remains unexplored. We
hypothesized that arsenic alters the transcriptional heterogeneity of immune cells
within the plaque, leading to a more pro-atherogenic state. To test this, high fat
diet-fed, apoE-/- mice were started on 200 ppb arsenic-containing drinking water
or maintained on tap water. After 13 weeks, mice were injected with an anti-CD45
(BB515) antibody via tail vein to stain blood leukocytes and euthanized. Plaques
were harvested, digested, and stained with an anti-CD45 (BV785) antibody to distinguish plaque-resident leukocytes, which were flow-sorted and sent for single cell
RNA-sequencing. Data from alive plaque resident CD45+ cells were used for UMAP
clustering and cell types annotated by intersecting the differentially expressed
genes with known cell type markers. While no changes were found in lymphocytes,
arsenic altered the relative contribution and gene expression of resident-like, foam
cell-like, and Trem2hi-like macrophage clusters. A unique, Thbs1+ macrophage
cluster, which may have anti-atherogenic roles, was absent in arsenic-exposed
plaques. Also, heat-shock proteins-related genes, Hspa1a and Hspa1b are associated with pro-atherogenic roles and were increased in arsenic-derived foam-like,
but decreased in resident-like, macrophages. Thus, arsenic alters the expression
profiles of different macrophage subtypes distinctly.

4379

A Simplified Rate Independent Measure of QT Prolongation
in Primates Tested Using Body Temperature as the Positive
Control

D. Leishman1, M. Bailie2, N. Ether3, and A. Lauver3. 1Eli Lilly and Company, Indianapolis,
IN; 2INDS Inc., Ann Arbor, MI; and 3Michigan State University, East Lansing, MI.
The QT interval of the ECG is influenced by heart rate. Many heart rate corrections
have been applied with varying results. Heart rate correction formulae are models
and all models, to some degree, are wrong. It is desirable to use the simplest
model possible to address the question of interest. The QT interval question most
common in drug development is, “does my compound prolong QT?” A very simple
ratio between the species adjusted-QT and the RR intervals (QTRR), is proposed.
We assessed this method against increasingly sophisticated QT correction models
using the nightly drop in body temperature as the QTc prolonging challenge. A
collection of pretreatment or vehicle data collections in 156 nonhuman primates
instrumented for continuous data collection with telemetry from across a range of
studies was used. Based on 1000 unique combinations of 4 or 8 animals from the
156 animals we examined the mean differences in temperature, QTRR, individually
adjusted QT-RR ratio (QTRRi), and various QTc corrections for two one-hour blocks
selected from the lights-on and off periods in the daily cycle. The difference in
body temperature was 1.5 ± 0.5 °C. The minimal detectable differences (MDD) in
QTRR, QTRRi, QTcB, Linear QTc (population) and individually corrected QTc (QTci)
were 0.0207 ± 0.0095, 0.0165 ± 0.0077, 10.2 ± 4.2 ms, 11.5 ± 4.7 ms and 9.6 ±
4.9 ms, respectively for n=4 groups. The MDDs were smaller for n=8, 5.3 ± 1.8 ms
for QTci. The temperature-driven differences were statistically significant in >99 %
of cases for all metrics at n=8. In the more challenging n=4 scenario statistically
significant differences were observed in 60, 55, 82, 49 and 58 % of cases. QTcB
results were flattered by the slowing of heart rate favoring the over correction of
QT in primate with QTcB. The simple adjusted-QTRR ratio methods perform as well
as more sophisticated correction methods and have advantages and assumptions
strategically different from existing correction methods.

4380

Acute Micro and Nanoplastic Inhalation Results in Impaired
Microvascular Reactivity

C. M. Cary, T. N. Seymore, and P. A. Stapleton. Rutgers, The State University of New
Jersey, Piscataway, NJ.
Human exposure to micro and nanoplastic (MNP) is being characterized in both
the indoor and outdoor environment as a common constituent of particulate matter
(PM). One type of plastic frequently detected in natural settings is polyamide, often
referred to as nylon. Unfortunately, the toxicological consequences of polyamide
MNP inhalation are largely unknown. In this study, we aimed to evaluate inflammatory response and microvascular changes induced in the uterine circulation
by acute polyamide inhalation. Virgin female Sprague Dawley rats in estrus were
exposed to filtered air or aerosolized polyamide particles [9.78 ± 0.1 mg/m3; geo.
mean particle size 434.13 ± 1.55 nm (SMPS, TSI)] via whole-body inhalation (HPGA,
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IESTechno) chamber for 4-5 hours. 24h later ex vivo uterine radial arteriole reactivity was assessed using pressure myography (Living Systems Instrumentation, St.
Albans, VT) responses to methacholine (MCH), sodium nitroprusside (SNP), and
phenylephrine (PE). Inflammatory cytokines in plasma were quantified with ELISA.
Mean arterial pressure when comparing the exposed groups to the control (85±
3.7 vs 75± 3.9 respectively) did not reach significance but trended higher (p=0.08).
Acute inhalation exposure to polyamide MNPs led to significantly impaired vascular
reactivity through both endothelium-dependent mechanisms and direct vascular
smooth muscle mechanisms. Percent maximum endothelial dependent dilation
in response to 10 -9 M MCh was significantly reduced in exposed animals when
compared to controls (-9.44% ± 3.65 vs. 7.26% ± 4.61). Smooth muscle contraction
was also impaired vascular contractility in response to 10 -8 M PE being significantly different in exposed animals when compared to controls (-9.56%±7.28 vs
-59.7±17.4). The levels of IL-6 were not significant between groups which suggests
standard markers systemic inflammation may not be a key characteristic of plastic
aerosol induced vascular dysfunction at a 24-hour time point. An important consideration for future studies will be the proper time point in which various cytokines
can be assessed. However, the mechanisms attributing to MNP induced disruption vascular function remain elusive. The potential cardiovascular toxicities of
emerging environmental contaminants such as MNPs must be further investigated.

4381

E-cigarette Aerosols Induce Arrhythmia in Mice Dependent on
E-liquid and Device Characteristics

C. Kucera1,2,3, A. Ramalingam2,3,1, D. Stephens1, A. Hodges1,2,3, D. J. Conklin2,3,1, A.
Bhatnagar2,3,1, and A. P. Carll1,2,3. 1University of Louisville School of Medicine, Louisville,
KY; 2Cristina Lee Brown Envirome Institute, Louisville, KY; and 3American Heart
Association Tobacco Regulation and Addiction Center, Dallas, TX.
E-cigarettes (e-cigs) may pose health risks by disturbing cardiac electrophysiology,
potentially dependent upon e-liquid and device characteristics. Electrocardiograms
(ECGs) were collected by telemetry in four male C57BL/6 mice during 4.5-hour
exposures to clean air (Air) or e-cig aerosols from propylene glycol and vegetable glycerin (PG:VG, 30/70) ± flavors or nicotine (nic; in benzoic acid). Exposures
involved 15 nine-minute puff sessions (two 4-sec puffs/min; 9-min washouts
between sessions) from either a JUUL or a Mod device with 30/70 PG:VG + 0%
or 5% nic. Aerosols also included JUUL Virginia Tobacco or Menthol (both 30/70
PG:VG, 5% nic), and Mod PG:VG + 2.5% nic. Separate telemetered mice were
exposed for 4 weeks to JUUL Menthol (n=4, 10 sessions/day) or concurrent Air
(n=3). Ventricular premature beats (VPBs) and heart rate were assessed using
emka ecgAUTO, 1-way or 2-way ANOVA, and P ≤ 0.05 for all reported differences.
During 4.5-hour exposures to JUUL aerosols, VPBs were increased relative to Air
(0.2±0.1/h mean±SEM) only by Menthol (0.9±0.1/h), which also increased VPBs
vs. PG:VG (0.2±0.1/h) and Virginia Tobacco (0.3±0.1/h). Heart rate was increased
relative to Air only by Menthol, which also increased heart rate vs. PG:VG and
Virginia Tobacco. Among Mod aerosols, PG:VG + 2.5% or 5% nic equally increased
VPBs (3.3±0.7/h or 3.1±0.8/h, respectively) vs. both Air (0.2±0.1/h) and PG:VG
(0.3±0.2/h), suggesting a concentration threshold for nicotine’s arrhythmogenicity
in PG:VG aerosols. PG:VG + 5% nic also induced more VPBs when generated by
the Mod (3.1±0.8/h) vs. JUUL (0.4±0.3/h). Mod PG:VG with either 2.5% or 5% nic
increased heart rate during washout vs. Air and PG:VG alone, while PG:VG + 5% nic
also decreased heart rate during puff sessions vs. both Air and PG:VG + 2.5% nic.
During week 1 of the 4-week exposure, Menthol increased VPBs vs. Air (1.0±0.4/h
vs. 0.2±0.1/h) and 1-week sham preceding exposure (0.2±0.1/h). These findings
indicate that e-cigs may induce acute cardiotoxicity dependent on e-liquid composition and device type. Further studies are needed to determine how e-cig aerosols
induce cardiac arrhythmia and whether these effects translate to cardiac morbidity
and mortality in humans.

4382

Assessment of Possible Cardiovascular Risks Associated with
Closed-System Electronic Nicotine Delivery System (ENDS)
Aerosols

G. R. Abele1, J. J. Heywood1, S. E. Brown1, M. T. Donnell2, D. W. Brew3, and D. J.
Paustenbach3. 1Paustenbach & Associates, Boulder, CO; 2Paustenbach & Associates,
Orange, CA; and 3Paustenbach & Associates, Jackson, WY.
The potential adverse effects on the cardiovascular system associated with
closed-system electronic nicotine delivery systems (ENDS) are currently being
studied. Since use of an ENDS product is often anticipated by the user as a means
of transitioning from the use of cigarettes, it is important to understand the
relative health risks to the cardiovascular system. We evaluated published literature regarding this organ system. Studies that evaluated open-system devices or
ENDS of unspecified type were excluded, as were epidemiological studies for the
same reason as well as the inability to accurately correct for participant smoking
histories. One relevant in vitro study was identified, evaluated, and found to show
that closed-system ENDS aerosols did not significantly inhibit endothelial cell
migration, whereas conventional cigarette smoke did. Three relevant in vivo studies
were identified which had exposure durations of 5 minutes, 16 days, and 12 weeks,
respectively. All three found alterations in cardiac function attributable to ENDS
aerosol exposure in rats or mice including, but not limited to, changes in cardiac

gene expression and cardiomyocyte apoptosis. Some of the authors hypothesized
that chronic exposure might increase the risk of cardiomyopathy and heart failure.
Of these three in vivo studies, one was a screening study, another studied effects of
both ENDS aerosols and high-fat diets on cardiac function, and the third evaluated
only eight test animals given five minutes of exposure to ENDS aerosols. One
additional study evaluated the effects of ENDS aerosols on cardiac development
in zebrafish embryos and on human endothelial cells and reported cardiovascular
effects in both groups. This study had limited relevance to assessing the hazard
to humans since it did not involve exposures in a mammalian species. Our review
indicated that while there were reported effects of ENDS aerosols on the cardiovascular system, it was unclear how to extrapolate the data to humans. It was
difficult to predict whether these changes might occur at doses to which humans
are exposed during ENDS use. Manufacturers and research institutes are currently
conducting more studies on animals and human volunteers that should provide
insight into the cardiovascular hazard, if any, posed by closed-system ENDS use.

4383

Risk Assessment by Combined Three-Dimensional Human
Cardiac Microtissues and Pharmacokinetic Modeling

M. C. Daley1, M. Moreau2, J. Fisher2, U. Mende3, B. Choi3, P. McMullen2, and K.
Coulombe1. 1Brown University, Providence, RI; 2ScitoVation, Research Triangle Park, NC;
and 3Warren Alpert Medical School of Brown University, Providence, RI.
Adverse cardiovascular events, particularly arrhythmias, remain among the most
frequent cardiotoxic responses to chemicals and a primary reason for the market
withdrawal of pharmaceuticals. Current safety assessment relies on labor-intensive
in vivo models that are limited by species-specific electrophysiology and targeted
in vitro assays that only capture a single arrhythmia mechanism. To address
these limitations, we combined concentration-response data from human in vitro
cardiac microtissues with a physiologically based pharmacokinetic (PBPK) model
to predict human equivalent exposures of compounds with known cardiotoxicities. Self-assembled microtissues were formed by combining metabolically purified
human induced-pluripotent stem cell-derived ventricular cardiomyocytes (≥ 70%
pure) and primary cardiac fibroblasts in a 95:5 ratio into agarose round-bottom
microwells. After one week, action potentials (APs) were recorded using the voltage
sensitive dye di-4-ANEPPS at 0.5 Hz pacing. AP duration (APD) and AP triangulation
were measured at baseline and after six sequential 10-minute chemical exposures
at increasing half-log concentrations. Points-of-departure (PoDs) were estimated
using spline meta-regression fitting of response curves and identification of the
point of maximum curvature. Illustrative examples include cisapride, the clinical
use of which is limited due to APD prolongation and arrythmia generation, and
ranolazine, which is prescribed despite some APD prolongation. The model gave
median PoDs of 0.27 and 10 μM, respectively, and reverse dosimetry using a PBPK
model identified exposure levels consistent with these tissue concentrations (0.127
and 33.6 mg/kg/day). Corresponding margins of exposure were 0.5-2 and 2.7-7.3,
reflecting observed clinical risk. Thus, we demonstrate the ability to differentiate
human-relevant exposures via integrated new approach methodologies to better
inform next-generation cardiotoxicity assessment.

4384

Extracellular Matrix-Mediated Maturation of Chamber-Specific
hiPSC-Cardiomyocyte Monolayers for High-Throughput
Cardiotoxicity Screening

T. J. Herron1, A. Monteiro da Rocha1, M. M. Navarro2, J. Creech1, and T. Block2.
of Michigan, Ann Arbor, MI; and 2StemBioSys Inc., San Antonio, TX.

1University

To date in vitro cardiotoxicity screening using hiPSC derived cardiomyocytes has
been validated using monolayer mixtures of atrial, ventricular, and nodal cells with
immature fetal like phenotypes. This is not an optimal representation of the human
heart, where chamber specific cells perform critically specialized functions. Our
objective here was to generate purified monolayers of mature atrial or ventricular
hiPSC-CMs for electrophysiological study using voltage and calcium sensitive dyes.
To this end, we differentiated hiPSCs to cardiomyocytes (CMs) using a published
small molecule approach for cardiac chamber specific cell specification. CM
purification was done using magnetic bead activated cell sorting and cells were
re plated as confluent monolayers for electrophysiology functional assessment.
CM phenotype was matured using perinatal stem cell derived extracellular matrix
coated plates (MatrixPlus), while fetal phenotype was maintained on a mouse cell
derived extracellular matrix (Matrigel) for comparison. Action potential duration
(APD90) was shorter in atrial cardiomyocytes (Matrigel=456.3±75.9ms, n=6 and
MatrixPlus=474.6±46.8ms, n=6) than in time matched ventricular cardiomyocytes
(Matrigel=551.5±114.7ms, n=6 and MatrixPlus=548.3±12.7ms, n=6). Although
maturation state did not impact APD90, APD30 was significantly prolonged in
both atrial and ventricular hiPSC-CM monolayers matured on Matrix Plus (e.g.,
Atrial Matrigel=173.2±11.4ms, n=6 and Atrial Matrix Plus=308.7±20.1ms, n=6; t
test P<0.0001.). The shift of APD30 resulted in lower AP triangulation values for
atrial (Matrigel=0.62±0.08, n=6 and Matrix Plus=0.35±0.03, n=6) and ventricular
CMs (Matrigel=0.65±0.05, n=6 and MatrixPlus=0.43±0.08, n=6) matured on Matrix
Plus ECM. Lower AP triangulation indicates a more robust proarrhythmia screen.
All groups responded to hERG channel block (100nM E-4031) with APD prolongation. High throughput screening plates (96wp) were also used for chamber specific
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toxicity screening using a subset of HESI (Health and Environmental Sciences
Institute) recommended pro-arrhythmia medications with known risk to cause fatal
arrhythmias. The development of mature chamber specific CMs for high throughput toxicity screening offers a novel platform for development of chamber specific
medications and chamber specific toxicity screening.

4385

Effect of Perfluorooctanoic Acid PFOA on Function of HumanInduced Pluripotent Stem Cell-Derived Cardiomyocytes

C. W. Clark1, T. Ishikawa1, A. Monteiro da Rocha2, T. Herron2, and L. Svoboda1.
1University of Michigan School of Public Health, Ann Arbor, MI; and 2University of
Michigan Medical School, Ann Arbor, MI.
Per- and polyfluoroalkyl substances (PFAS) are a large family of compounds used in
a variety of consumer products. Previous epidemiological studies have shown that
perfluorooctanoic acid (PFOA) levels are associated with increased risk of cardiovascular diseases, but the mechanisms as to why are still unclear. We hypothesized
that exposure to this PFAS alters cardiomyocyte electrophysiology. Commercially
available human induced pluripotent stem cell cardiomyocytes (hiPSC-CMs), and
ventricular CMs that we differentiated from iPSC using an established protocol
were exposed to PFOA concentrations of 0.5, 5, 50, and 500 uM for 1 hour or 7
days before assessing membrane voltage with optical mapping using Fluovolt,
a voltage-sensitive dye. Action potential changes were analyzed with custom
software for the determination of the frequency of spontaneous contractions,
action potential duration (APD) at 80% of repolarization (APD80), APD triangulation
((APD90-APD30)/APD90), conduction velocity, time-to-peak, and upstroke. ANOVA
and Tukey’s posthoc analysis was conducted to determine the significant difference
between doses. Acute exposure of hiPSC-CMs to 5uM and 50uM PFOA resulted in
a decrease in APD Triangulation by 25% and 24% respectively, however, there were
no significant changes in the endpoints measured. Chronic exposure to PFOA at
500uM resulted in a significant decrease in APD Triangulation by 46% (p <0.001)
and a decrease in APD80 by 40% (p <0.001). These data suggest that human-relevant exposure to PFOA results in alterations in cardiomyocyte electrophysiology
that may result in arrhythmias or worsening of pre-existing cardiac disease. Future
work will investigate the molecular mechanisms underlying these effects.

4386

Development of High-Throughput Metabolically Competent
Vascular Toxicity Assay

J. A. Jimenez-Torres1, C. Z. Yang1, and B. P. Johnson2,1. 1Onexio Biosystems LLC,
Austin, TX; and 2Michigan State University, Lansing, MI.
There is an ongoing trend to improve human relevance in drug discovery and
chemical toxicity testing applications by adding biological complexity, including
drug metabolism. Onexio has developed a high-throughput screening (HTS) 384
well microplate platform that supports co-culture and multi-culture to better model
cell signaling and tissue interactions in vitro. Known as the microDUO, this versatile
platform technology supports the intercellular signaling necessary to improve
human relevance, while maintaining full compatibility with standard HTS instrumentation. Previously, we demonstrated the effectiveness of this system via a conferred
nephrotoxicity assay. As an expansion to other tissue models, we have developed
a vascular toxicity assay. Endothelial cells (HUVEC) and hepatocytes (HepaRG)
were seeded into adjacent wells of the 384 well microDUO plate with standardized
dimensions, and by simply increasing fluid volume, the media from monocultures
in adjacent wells are bridged through the integrated microchannels allowing co-culture via shared media through diffusion channels. This allows secreted molecules
from cell type A (hepatocytes) to diffuse into an adjacent well(s) containing the
reporter cell type (endothelial cells). Because the microDUO operates by simple
diffusion, it doesn’t require additional equipment beyond that already in use.
Thus, there is no added footprint to existing HTS facilities. For vascular toxicity
assays, cells were seeded at 1,000 and 8,000 cell per well for endothelial and
hepatic cells respectively using a ThermoFisher MatrixTM WellMateTM dispenser.
Chemicals were dosed using an Eppendorf epMotion 5070 dispenser. Cell viability
was quantified using Cell-Titer Glo 2.0 on a Molecular Devices FilterMax F5 plate
reader and z-scores were calculated. Endothelial cells were exposed to 10 different
concentrations ranging from 10nM to 150uM of known toxic compounds including Aflatoxin B1, Aristolochic Acid I, Cadmium chloride, Cyclophosphamide, Lead
Acetate, and Sunitinib Malate. We have observed that compounds like Aflatoxin
B1 and Aristolochic Acid I, showed low toxicity in endothelial cell monoculture but
conferred cytotoxicity in co-culture with hepatocytes. The remaining compounds
showed cytotoxicity in endothelial cell monoculture but conferred detoxification
in co-culture with hepatocytes. Future directions include developing a vasculogenesis assay to test anti-angiogenic drugs and High-Content Imaging endpoints. A
fully metabolically competent and truly HTS compatible toxicity assay would be
invaluable in identifying potentially toxic chemicals in preclinical development and
toxicity testing.

4387

The Positive Control You Never Knew You Had in Every Primate
QTc Study?

D. Leishman. Eli Lilly and Company, Indianapolis, IN. Sponsor: M. Bailie
Clinical evaluation of a drug’s potential to delay cardiac repolarization was
commonly assessed in a thorough QT study (TQT). TQT studies use a positive
control drug, usually moxifloxacin, at a dose chosen to cause a change in the QTc
interval of approximately 10ms. Emerging changes to the regulatory guidelines
allow a combination of early clinical and nonclinical studies to address the potential
repolarization risk. This raises questions of the sensitivity of the nonclinical in vivo
QTc assessment. The 3Rs-principles make using a positive control in every primate
QTc study unrealistic. A different method of demonstrating sensitivity needs to be
developed. The utility of the relationship between body temperature and QTc was
explored. Based on 156 continuous ECG and body temperature recordings from
telemetered nonhuman primates there was a consistent fall in temperature during
the lights-off period of the daily cycle. The mean maximum daily range in body
temperature was 2.9°C. There was a clear relationship between body temperature
and the QTc interval with a slope of -6.3±4.3 ms/degree. The magnitude of QTc
change observed for a block of 1 hour during the on- and off-periods of the light
cycle was tested to see how often these were statistically significant for group
sizes of 4 or 8 animals. QTc changes for the blocks can be reliably detected, and
the mean temperature change was 1.5°C. Based on 1000 unique combinations of
4 or 8 animals statistically significant changes were observed in 57.7 and 99.9% of
tests. The magnitude of the difference between light cycles was 10.2±3.5ms and
10.1±2.4ms for groups sizes of 4 and 8 in sampled studies. This is a magnitude
at an appropriate threshold for the evaluation of drug-induced changes in QTc.
The minimum detectable differences in QTc were 9.6ms and 5.3ms for n=4 and
8, respectively. Prospectively, time blocks of durations consistent with the blocks
to be used in the drug effect analysis would be used and if statistically significant
would provide some assurance of assay sensitivity. This is a simple positive control
already available in primate QTc studies.

4388

Has Preclinical hERG Screening Improved the QT Prolongation/
Torsades de Pointe Risk of Newly Marketed Drugs?

A. Delaunois, A. Sibony, C. Korlowski, and J. P. Valentin. UCB S.A., Belgium, Brainel’Alleud, Belgium.
Inhibition of human Ether-à-go-go-Related Gene (hERG)-mediated IKr current
is associated with a risk of QT prolongation and Torsades de Pointe (TdP).
Consequently, the International Council for Harmonisation (ICH) S7B guidelines
published in 2005 recommend using an in vitro hERG assay to determine the effect
of drug candidates on this target. We sought to ascertain whether hERG potency
of newly marketed drugs decreased over the past 20 years and/or whether their
cardiac safety index (CSI) increased. Furthermore, we explored potential association with a reduction in reported adverse events (AEs) of QT prolongation and/
or TdP. A list of 352 New Molecular Entities approved between 2002 and 2020
was sourced from the compilation of Center for Drug Evaluation and Research.
hERG functional in vitro data (IC50 or maximal tested concentration) was retrieved
from the FDA submission forms or from literature. The CredibleMeds® QT/TdP
risk category was sought for all drugs listed by this platform. The CSI defined as
the ratio between hERG IC50 and the unbound plasma concentration at therapeutic dose in humans was calculated by relying on pharmacokinetic data extracted
from Pharmapendium®. The proportion of QT prolongation and TdP AEs out of
the total number of AEs reported for each approved drug was calculated using the
FDA adverse events reporting system (FAERS) accessed via Pharmapendium®. A
progressive reduction in the number of drugs flagged by CredibleMeds® as at risk
of QT prolongation and TdP was observed over the last 20 years. Moreover, the
proportion of QT prolongation and TdP AEs declined slightly over the last decade.
No clear trend towards a decrease in hERG IC50 over time was noted whereas the
average CSI of newly marketed drugs tended to increase slightly since 2002. A huge
distribution in hERG IC50 and CSI values was observed between drugs. Moreover,
even in most recent years, several drugs with hERG IC50 values below 10µM were
approved. The reduction in QT and TdP AEs for newly approved drugs over the
last 2 decades paralleled with a trend towards increased CSI may reflect marginal
reduction in hERG potency and/or unbound plasma therapeutic concentration.

4389

A Definitive Nonhuman Primate Study of Moxifloxacin Sized
as a Clinical Thorough QT (TQT) Study to Define the Operating
Characteristics of More Conventionally Sized Nonclinical QTc
Studies

D. Leishman1, D. Holdsworth2, K. Haist2, C. Poirier2, D. Best1, and B. Roche3. 1Eli Lilly and
Company, Indianapolis, IN; 2Charles River, Mattawan, MI; and 3Charles River Laboratories
Ashland LLC, Ashland, OH. Sponsor: M. Bailie
Emerging changes to the regulatory guidelines allow a combination of early clinical
and nonclinical studies to address the potential for cardiac repolarization risk. This
raises questions of the sensitivity and operational characteristics of the nonclinical
in vivo QTc assessment. Nonhuman primate (NHP) regulatory studies normally
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involve subject numbers between 4 and 8. Clinical TQT studies have numbers
closer to 40. The rich data collection possible in telemetered NHP allows smaller
numbers to be used, however it is important to define the operating characteristics
and sensitivity of these small studies. The current study involved 48 instrumented
NHP (24 per sex) and used a single dose level of moxifloxacin (80 mg/kg). Vehicle
and moxifloxacin were dosed twice for QTc data collections and moxifloxacin
was dosed twice more for full pharmacokinetic (PK) collections. The PK and QTc
collections spanned 48 hours. PK samples were also taken at 6 and 24 hours after
dosing during the QTc collections to confirm exposure and provide a bridge to the
full PK curves. Based on 1000 unique combinations of 4, 6 or 8 animals from the
48 animals, the mean double delta differences (from baseline and time-matched
vehicle) in QTc at around Tmax (4 hours) were 19.9 ± 5.2 ms, 20.1 ± 4.2 ms and 19.8
± 3.9 ms, respectively. The minimum detectable differences were 14 ± 6.3 ms, 9.5
± 3.4 ms and 7.7 ± 2.4 ms. As a result, the sensitivity to detect a significant effect
at Tmax was 78.4%, 96.8% and >99% for n = 4, 6 or 8 study samples. The specificity
(assessed by vehicle-vehicle double delta QTc) was >99% in all cases. The Cmax
exposure was 5405 ng/ml, around twice the human exposure following a 400 mg
oral dose. These data and this study design provide a useful foundation to explore
more involved analysis methods such as concentration-effect modeling.

trends in decreased AST compared to their WT vehicle treated counterparts. Male
and female DKO DCA treated mice displayed trends in decreased serum alkaline
phosphatase compared to their WT vehicle treated counterparts. Hepatic mRNA
expression of genes involved in BA synthesis Cyp7a1 and Cyp8b1 was significantly decreased in a dose-dependent manner in WT DCA treated male and female
mice, and Cyp27a1 in male DCA treated WT mice compared to WT mice treated
with vehicle. Furthermore, mRNA expression of genes in BA conjugation (Amacr,
Hsd17b4) was not changed by DCA treatment regardless of genotype or sex.
Baseline mRNA expression of genes involved in regulation (Shp, Lcn13) in male
and female DKO vehicle treated mice decreased compared to WT vehicle mice.
However, baseline mRNA expression of Fgfr4 decreased in male, and increased in
female, DKO vehicle treated mice compared to their respective WT counterparts.
Hepatic mRNA expression of genes involved in transport (Ntcp, Bsep) were not
altered by genotype or treatment. This novel low BA mouse model helps us better
understand the effect of DCA on BA signaling and will be useful to further characterize BAs, which can be applied to better target mechanistic pathophysiology in liver
diseases such as Nonalcoholic steatohepatitis.

4392
4390

A Joined Initiative to Evaluate Sensitivity of the QT Assay in a
Cardiovascular Dog Telemetry Study in Line with the ICH E14/
S7B Q&A Best Practice Recommendations

A. M. Betat1, A. Delaunois2, C. Drieu-La Rochelle1, E. Lenain1, M. Loiseau1, A. Maurin1, S.
Nourry1, S. Pichot1, E. Martel3, and J. P. Valentin2. 1Biotrial, Rennes, France; 2UCB S.A.,
Belgium, Braine-l’Alleud, Belgium; and 3Boehringer Ingelheim Pharma GmbH & Co. KG,
Biberach/Riss, Germany.
The ICH E14/S7B Q&A document recommends that 1) the sensitivity of the in
vivo QT assay should be evaluated by testing effects of positive controls and 2)
that a concentration-QTc analysis similar to that applied in clinical trials should
be conducted. To achieve these goals, we conducted a cardiovascular study in
telemetered dogs using the six drugs previously evaluated in healthy volunteers in
the prospective clinical QT study conducted by Darpo et al. in 2015 (doi:10.1002/
cpt.60). Six to seven male pair-housed Beagle dogs, instrumented with DSI L11
telemetry devices for 24-hour continuous ECG lead II, arterial pressure and body
temperature recordings, were used in a cross-over design. They received a single
oral dose of moxifloxacin (30 and 100mg/kg), dofetilide (0.03 and 0.15mg/kg),
quinine (20 and 40mg/kg), ondansetron (10 and 30mg/kg), and dolasetron (6
and 20mg/kg) as QT-positive compounds, as well as levocetirizine (2 and 10mg/
kg) as QT-negative compound, and vehicle 0.5% methylcellulose. The same dogs
were reused after each telemetry recording session in a pharmacokinetics (PK)
arm during which they received the same dose levels of each drug to establish
a full PK profile. One blood sample was also collected 6 hours post-dosing from
each animal during each telemetry session for cross-comparison with the PK
phase data. ECGs were continuously analyzed and one minute averaged, and super
intervals calculated. QT interval was corrected for heart rate using an individual
correction equation (Sparve). Preliminary analysis of the data obtained with 3 out
of the 5 QT-positive drugs (moxifloxacin, dofetilide and ondansetron) shows that
10ms changes in QTc (double delta) are detectable through telemetry ECG recording in 7 dogs using a crossover design. Exposure levels at which the 10ms QTc
prolongation is obtained are 2 to 7.5-fold higher in dog than in man confirming the
lower sensitivity of the dog compared to man. Additional analyses on the other
tested drugs are being performed to determine the minimum detectable difference
in the dog QT assay.

4391

Characterization of Deoxycholic Acid Bile Acid Signaling in
Novel Low Bile Acid Mouse Model

A Glance Inside the Tissue-Specific Role of FXR in NASH
Development in Female Mice

Z. Henry, S. Maliha, B. Kong, and G. L. Guo. Rutgers, The State University of New Jersey,
Piscataway, NJ.
Non-alcoholic steatohepatitis (NASH) is the more severe and progressive form of
non-alcoholic fatty liver disease (NAFLD) and is characterized by liver steatosis,
hepatocellular ballooning, inflammation, and fibrosis. Other than lifestyle changes,
there is no current FDA-approved therapeutic for NASH; however, one emerging
target is the Farnesoid X Receptor (FXR). FXR is a ligand activated transcription
factor highly expressed in the liver and intestine and is critical for maintaining
bile acid homeostasis. Previous studies show that FXR male knockout (KO) mice
developed more severe degree of NASH, suggesting FXR activation may prevent
and/or treat NASH. Indeed, synthetic ligands that are whole-body FXR agonists
have been developed and are promising to treat NASH. However, these ligands
also lead to adverse effects such as elevation in LDL, indicating an urgency to
understand FXR tissue-specific functions in the development of novel therapeutics
for NASH to negate any potential harmful consequences. Furthermore, although
gender difference in NASH development is reported, the role of FXR in females
during NASH development remains unknown. In the current study, we aim to
determine the tissue-specific role of FXR in NASH development in female mice.
To better understand underlying tissue-specific mechanisms, 6-8 week old female
mice in 4 genotypes: Wild-Type (WT, C57BL/6J, Fxr+/+), Liver FXR KO ((Fxrfloxed/
floxed, Albumin Cre (+), FXR LKO), Intestinal FXR KO (Fxrfloxed/floxed, Villin Cre (+), FXR
IKO), and whole-body FXR KO (WB FXR KO, Fxr-/-), were fed either a low-fat control
diet or a NASH “Fast Food” (FF) diet (21% milk fat, 1.25% cholesterol, and 20%
fructose) for 16 weeks. Using blood biochemistry analyses, we found that FXR
LKO mice displayed increased ALT, ALP, cholesterol, and triglyceride serum levels
compared to all other groups defining phenotypic characteristics in that model. FXR
IKO displayed lower serum levels for each parameter compared to all other groups
including the WT. Female Fxr-/- and FXR LKO mice fed both a low fat and FF diet
displayed minor increases in body weight change over the 16-week span, while all
other groups showed a more robust increasing trend. These data suggest that the
FXR LKO mice are more vulnerable and may exacerbate liver injury, whereas the
FXR IKO is less vulnerable and more protective against liver injury. These results
suggest that hepatic FXR is more critical than intestinal FXR in suppressing liver
injury during NASH development.

4393

RNA-Binding Protein HuR Protects Mice against Western DietInduced Hepatic Steatosis, Inflammation, and Fibrosis

R. E. Taylor, A. Bhattacharya, B. Kong, and G. Guo. Rutgers, The State University of New
Jersey, Piscataway, NJ.

Y. Yu, N. Eppler, F. Ahamed, E. Jones, L. He, and Y. Zhang. University of Kansas Medical
Center, Kansas City, KS.

Bile acids (BAs) are endocrine molecules essential in the absorption of lipids in
the small intestine. BAs are also critical signaling molecules in regulating cholesterol and BA homeostasis via the gut-liver axis. BAs interact with many different
nuclear and membrane receptors, including the farnesoid X receptor (FXR) and
G protein-coupled BA receptor 1. However, the full functions of individual BAs
in vivo remain unclear. BA synthesis is initiated by two key enzymes, CYP7A1
and CYP27A1. We have previously reported on the generation and phenotypical
characterization of male and female mice lacking these two key enzymes (double
knockout-DKO) by crossbreeding Cyp7a1-/- and Cyp27a1-/- mice. DCA is well known
to be increased in chronic liver diseases in humans. We hypothesize that male
and female Cyp7a1 & Cyp27a1 DKO mice administered DCA will have altered BA
levels and subsequent changes in molecular pathways involved in BA signaling
and homeostasis compared to wild-type mice. To investigate, adult wild-type
(WT) and DKO mice were fed diet containing 0, 0.03 or 0.1% DCA for 3 days. DKO
vehicle treated male and female mice displayed trends in elevated serum alanine
transaminase (ALT) compared to their respective WT vehicle treated counterparts. Male WT DCA treated mice had a significant elevation in serum aspartate
transaminase (AST) while both male and female DKO DCA treated mice displayed

Nonalcoholic fatty liver disease (NAFLD), characterized by increased hepatic lipid
accumulation without excessive alcohol consumption, is becoming the most
prevalent chronic liver disease. While the major cause of NAFLD is related to obesity
and diabetes, recent studies have linked xenobiotics and environmental toxins
exposure to the development of fatty liver disease. Human Antigen R (HuR) is an
RNA-binding protein that regulates mRNA stability through binding to the 3’-untranslated regions of mRNAs. The induction of HuR has been shown to promote environmental toxins-induced liver carcinogenesis. However, the physiological role of HuR
in liver metabolism is largely unknown. The goal of this study was to determine the
role of hepatocyte specific HuR in the regulation of liver lipid metabolism during
NAFLD development. Hepatocyte specific HuR knockout (HuR-HKO) was achieved
by breeding HuR flox/flox mice with Alb-cre mice. Both HuR-HKO and wild-type control
(WT) males and females were fed chow or western diet (WD, 42 kcal% fat, 0.2%
cholesterol) for 2 months. Blood, feces, and liver tissues were collected to measure
bile acid, lipid profile, and liver morphology. Hepatic expression of HuR and genes
related to lipid metabolism, inflammation, and fibrosis was determined by qPCR.
WD feeding for 2 months increased mouse body weight in males but not in females,
supporting an overall resistance of females to WD-induced obesity that was shown
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in literature. In males, WD feeding increased the liver cholesterol level of HuR-HKO
mice relative to WT controls. In females, WD feeding increased both liver triglyceride and cholesterol levels in the HuR-HKO, suggesting a more severe lipid accumulation occurred in HuR-HKO females after WD feeding. Moreover, hepatic knockout
of HuR doesn’t alter fecal lipids and bile acid excretion rate. Finally, qPCR showed
that WD feeding dramatically decreased hepatic HuR mRNA levels in both males
and females. In addition, HuR knockout in hepatocytes downregulated the expression of bile acid synthesis and lipid metabolism genes such as Scd1, Pparg, and
Cyp8b1, but increased the expression of genes related to inflammation and fibrosis
such as Ccl2, Col1a1, and Col1a2. In summary, our findings indicate that HuR is a
critical regulator of liver lipid metabolism. Hepatocyte HuR disruption exacerbates
WD-induced hepatic steatosis, inflammation, and fibrosis conveying the possibility of HuR as a therapeutic target for NAFLD prevention. Further experiments will
focus on identifying HuR targets in lipid metabolism and understanding the role
of HuR in environmental toxin exposure induced fatty liver disease. Supported by
R01DK119131 and P30GM118247.

4394

The Mechanism of Immune Cell Clearance during the Resolution
Phase of Acetaminophen-Induced Liver Injury in Mice

E. L. Huang1, N. T. Nguyen2, H. Jaeschke2, and A. Ramachandran2. 1Case Western
Reserve University, Cleveland, OH; and 2University of Kansas Medical Center,
Kansas City, MO.
Acetaminophen (APAP) is a widely used analgesic drug which can cause severe
liver injury if used in large overdoses. N-acetylcysteine (NAC) is the only available
clinically approved treatment for APAP toxicity. However, the effectiveness of NAC
is significantly blunted in late-presenting patients. Understanding the mechanisms
of liver recovery is the key to developing a therapeutic for late treatment of APAP
overdose. The mechanism of APAP hepatotoxicity is associated with initial necrotic
cell death followed by infiltration of neutrophils and monocytes into the necrotic
area. While the immune cells play a large part to promote liver repair, the regulation of immune cell clearance that is important for resolution of inflammation are
not well characterized. The objective was to evaluate the mechanism of immune
cell clearance after APAP overdose. Fasted male C57BL/6J mice were subjected
to APAP overdose (300mg/kg) and samples were collected after 24-96 hours.
Immunohistochemistry and western blotting were performed to assess distribution and mode of cell death of neutrophils and macrophages. In addition, Kupffer
cell depletion using clodronate liposomes and MIP-2 treatment was performed to
evaluate the role neutrophil clearance has in promoting macrophage activity that
enhances liver repair. Here, macrophages were shown to undergo apoptosis at 72
hours after APAP indicated immunostaining for cleaved caspase-3 and western
blot showing the active caspase-3 fragment in non-parenchymal cells. In contrast,
a very small number of neutrophils show caspase-3 activation. Additionally, the
data showed that neutrophils are phagocytosed by macrophages by 48 hours after
APAP. MIP-2 treatment enhances neutrophil infiltration and liver recovery. However,
in the absence of Kupffer cells, the beneficial effects of MIP-2 are reversed. In
conclusion, macrophages are cleared by apoptosis and neutrophils are cleared by
phagocytosis. Neutrophil clearance by macrophages also facilitates liver recovery.

4395

Regorafenib Impairs Liver Mitochondrial Functions in Rats
Treated with Clinically Relevant Regimens

Q. Shi1, J. J. Greenhaw1, X. Yang2, L. Ren1, K. Papineau1, D. A. Barnette1, K. Davis1,
L. Muskhelishvili1, R. D. Beger1, M. S. Bryant1, J. J. Hawes1, W. B. Mattes1, and L. K.
Schnackenberg1. 1US FDA/NCTR, Jefferson, AR; and 2US FDA/CDER, Silver Spring, MD.
Regorafenib is an FDA-approved kinase inhibitor with a boxed warning for hepatotoxicity. In vitro studies suggest that mitochondrial injury may contribute to the
mechanisms of regorafenib hepatotoxicity, but in vivo evidence is lacking. Here,
rats were treated with regorafenib at doses and durations that were equivalent to
human therapeutic regimens, and mitochondrial functions were assessed together
with various hepatotoxicity endpoints. Based on body surface area conversion, the
maximal recommended human equivalent dose in rats is 16 mg/kg once a day
for 21 consecutive days. Rats were treated with regorafenib at 1, 4 and 16 mg/
kg for 1 day or 21 consecutive days. The liver mitochondrial membrane potential
(MMP) was decreased by 30% at 4 h after a single dose of 1 and 4 mg/kg, though
MMP fully recovered on day 21 of treatment. In contrast, MMP was persistently
suppressed by approximately 45% at 16 mg/kg. Doses of 4 and 16 mg/kg slightly
increased the rat liver adenosine triphosphate (ATP) at 4 h post treatment but
decreased ATP by approximately 50% on day 21 of treatment. Liver mitochondrial
oxygen consumption rate was unaffected at all doses and times as were serum
biomarkers for hepatotoxicity, including alanine aminotransferase, aspartate
aminotransferase, bilirubin, and glutamate dehydrogenase. Histological examinations of major organs found no treatment-related injuries. These data demonstrate
that regorafenib caused liver mitochondrial injuries at clinically relevant regimens.
Though no apparent hepatotoxicity was induced, regorafenib at clinically relevant
doses may render animals or humans more prone to liver injury due to its mitochondrial liability.

4396

Sex-Dependent Effects of Vinyl Chloride on the Hepatic
Transcriptome: Implications on Toxicant-Associated
Steatohepatitis

B. Wahlang, R. Singhal, K. Andreeva, E. C. Rouchka, J. I. Beier, M. C. Cave, and S.
Srivastava. University of Louisville, Louisville, KY.
Vinyl chloride (VC), a common industrial chemical, is associated with hepatic
angiosarcoma and toxicant-associated steatohepatitis (TASH) in men working
at rubber-production plants. Our group previously demonstrated that chronic VC
inhalation at environmentally-relevant levels (<1 ppm) exacerbated hepatic injury
caused by high fat diet (HFD) feeding in male mice; while females were less susceptible. The objective of this study is to characterize the hepatic transcriptome using
a diet-induced obesity mouse model to better identify key VC-sex interactions in
TASH. Male and female C57Bl/6 mice were fed either a low-fat diet (LFD) or HFD
and exposed to VC or room air, using an inhalation chamber, for 12 weeks (6 hours,
5 days/week). Samples were collected post euthanasia; liver mRNA was isolated
for RNA sequencing (68M 1x75bp aligned reads/sample). Differential expression analysis was performed using Cuffdiff2 for pair-wise comparison (p ≤0.05).
Compared to females, VC exacerbated HFD-induced steatosis and inflammation
in males as evaluated by hepatic histological analysis, lipid levels, and circulating cytokines. In concordance with the phenotypic results, hepatic transcriptomics
demonstrated that VC impacted differentially expressed genes (DEGs) to a higher
degree in HFD-fed males (715; ↑391,↓324) compared to their female counterparts
(39; ↑21,↓18). Notably, serum amyloid A1 and 2 involved in acute-phase response,
were upregulated in VC+HFD females, accompanied by increased estrogen receptor
expression. Downstream enrichment analysis including ‘Gene Ontology Biological
Processes’ revealed key processes altered with HFD feeding were generally inflammatory responses in males and energy metabolism and hormone processes in
females. ‘KEGG pathway’ enrichment analysis revealed that VC exposure in LFD and
HFD-fed males altered DEGs involved in carbohydrate/lipid metabolism pathways
and carcinogenic pathways respectively. In contrast, VC exposure in both LFD and
HFD-fed females led to altered DEGs involved in various inflammatory responses
including Th17 cell differentiation. Taken together, the results suggested that VC
inhalation exacerbated diet-induced TASH in male mice, in part, through transcriptional reprogramming. Protective mechanisms in females including the role of
sex hormones in combatting metabolic stress and inflammation require further
investigation.

4397

Liver-Specific Loss of RNA-Binding Protein ZFP36L1 Increases
the Susceptibility of Mice to Acetaminophen-Induced
Hepatotoxicity

R. Kumar, S. Patial, and Y. Saini. Louisiana State University, Baton Rouge, LA.
Zinc protein 36 like 1 (ZFP36L1) is a member of the tristetraprolin (TTP) family of
RNA binding proteins. These proteins function by regulating post-transcriptional
gene expression by binding to AU-rich elements (ARE’s) within the 3’untranslated
regions (3’UTRs) of specific mRNA and increasing their mRNA turnover. While
the biochemical function of ZFP36L1 is somewhat understood, its physiological
and pathological functions remain unknown. Here, we sought to investigate the
pathological roles of ZFP36L1 in xenobiotic hepatotoxicity using an acetaminophen-induced acute liver injury model. Adult ZFP36L1 liver-specific knockout
(L1LKO; AlbCre+/Zfp36l1flox/flox) and flox-only control (L1FLX; AlbCre-/ Zfp36l1flox/flox)
mice were fasted overnight and were intraperitoneally injected with acetaminophen (300 mg/Kg body weight). Liver injury and associated inflammation endpoints
were assessed at 1, 6, and 24-hour post-injection. Acetaminophen administration
resulted in significantly increased centrilobular necrosis in L1LKO mice compared to
L1FLX mice. Neutrophil infiltration around the necrotic areas was also significantly
more in L1LKO mice compared to L1FLX mice. Along similar lines, the serum levels of
liver function enzymes, ALT and AST, were also significantly higher in L1LKO than in
the L1FLX group. Finally, the expression levels of pro-inflammatory mediators, particularly Tnfa and Cxcl2 were significantly upregulated while the levels of anti-inflammatory mediator, Il10 were significantly reduced in L1LKO mice but not in LIFLX mice.
Interestingly, basal liver glutathione levels were comparable between L1LKO and
L1FLX overnight-fasted mice. Further, glutathione levels were significantly depleted
at 1-hour-post-injection and were replenished in both genotypes 6-hours-post-injection. The basal levels of liver Cytochrome P450 2E1 (CYP2E1) were also equivalent
in the two genotypes. In conclusion, the liver-specific loss of RNA binding protein,
ZFP36L1, aggravates acetaminophen-induced acute liver injury and associated
pro-inflammatory markers in mice. These data indicate that ZFP36L1 plays a
protective role in preventing xenobiotic stress in the liver.
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Characterizing the Impact of Simvastatin on Aryl Hydrocarbon
Receptor-Mediated Liver Injury Utilizing Single-Nuclei RNA
Sequencing

A. Jurgelewicz, R. Nault, T. R. Zacharewski, and J. J. LaPres. Michigan State University,
East Lansing, MI.
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is a persistent environmental contaminant that elicits most, if not all, of its adverse effects through binding to the aryl
hydrocarbon receptor (AHR) leading to changes in gene expression in a variety
of pathways. TCDD exposure has been associated with increased incidence of
metabolic syndrome (MeS) in humans and liver injury similar to non-alcoholic fatty
liver disease (NAFLD). One condition involved with MeS, dysregulation of cholesterol homeostasis, has been associated with NAFLD pathogenesis. TCDD exposure
has also been linked to suppression of key cholesterol biosynthesis steps including
the rate-limiting enzyme, HMG-CoA-reductase (HMGCR), and alterations of circulating levels of cholesterol. In a previous experiment, treating mice with TCDD in the
presence of simvastatin, an HMGCR competitive inhibitor, lead to exacerbation
of liver injury in male mice. The aim of this study was to deduce why this may
be occurring utilizing single-nuclei RNA sequencing (snSeq) in mouse liver. The
results showed that co-treatment with TCDD and simvastatin altered the relative
cell proportions in the liver compared to TCDD or simvastatin alone. For example,
there was a 14.4% increase in portal hepatocytes in the co-treatment compared to
TCDD alone. Furthermore, when TCDD and TCDD + simvastatin treated mice were
compared at the level of non-overlapping differentially expressed genes (DEGs),
pathways associated with NAFLD were differentially impacted in hepatocytes and
Kupffer cells, the major cell types associated with NAFLD progression. In addition,
co-treated mice had increased expression of AHR target genes compared to TCDD
treatment alone. Interestingly, co-treated mice experienced exacerbated muscle
wasting compared to TCDD alone suggesting that simvastatin co-treatment leads
to worse prognosis of TCDD-induced liver injury. Overall, the results of this study
demonstrate the connection between dysregulation of cholesterol homeostasis
and toxicant-induced liver injury and that the AHR may play an important role in
this process.

4399

PPARα Agonist WY-14,643-Induced Hepatic Expression of
COX-2 but Inhibited Alcohol-Induced Liver PGE2 Production in
Mice: Role of ACOX1

Y. Lu, Y. Xu, and X. Chen. Marshall University, Huntington, WV.
Heavy alcohol drinking induces alcohol-related liver disease (ALD), which initiates
from liver triglyceride (TG) accumulation, i.e., alcoholic fatty liver. More than 90%
of heavy alcohol drinkers have alcoholic fatty liver. Peroxisome proliferator-activated receptor α (PPARα) regulates peroxisomal, mitochondrial, and microsomal
fatty acid oxidation (FAO) to blunt alcohol-induced liver TG accumulation. Usually,
very-long chain fatty acids are first activated by acyl-CoA synthetase (ACS) to
generate acyl-CoA in endoplasmic reticulum (microsomes) for oxidation by
acyl-CoA oxidase (ACOX) in peroxisomes, and the resultant shorter chain fatty acids
will be further oxidized in mitochondria. Most of arachidonic acid (AA) is usually
esterified into phospholipids. AA is released from phospholipids by phospholipase
A2 (PLA2). Catalyzed by acyl-CoA synthetase long-chain family member 4 (ACSL4),
free AA is synthesized to fatty acyl-CoA. Alternatively, AA can be converted into
prostaglandins by cyclooxygenases (COX). In this study, we found that in our
Lieber-DeCarli model of ALD, when PPARα agonist WY-14,643 was mixed in the
liquid diet at 10 mg/L, ACSL4 was inhibited but PLA2 and COX-2 were induced by
WY-14,643, suggesting that free AA released by PLA2 will be subjected to prostaglandin synthesis by COX-2 rather than acyl-CoA synthesis by ACSL4. However, liver
prostaglandin E2 (PGE2), one major component of prostaglandins, was decreased
by WY-14,643. WY-14,643 induced ACOX1 and blunted alcohol-induced liver TG
accumulation. ACOX1 specific inhibitor 10,12-tricosadiynoic acid mixed in the
liquid diet at 2 mg/L reversed the WY-14,643-suppressed liver contents of TG and
PGE2. COX-2 specific inhibitor celecoxib mixed in the liquid diet at 12 mg/L could
reverse the WY-14,643-suppressed liver TG accumulation but further decreased
liver PGE2 contents. These results suggest that PGE2 is a substrate for ACOX1, and
PPARα-mediated induction of COX-2 and ACOX1 orchestrates to increase AA-PGE2
oxidation, which constitutes one alternative mechanism by which PPARα agonist
WY-14,643 induces FAO and inhibits alcohol-induced liver TG accumulation.

4400

Recovered Hepatocytes Promote Macrophage Apoptosis
through CXCR4 after Acetaminophen-Induced Liver Injury in
Mice

N. T. Nguyen, E. L. Huang, D. S. Umbaugh, A. Ramachandran, and H. Jaeschke.
University of Kansas Medical Center, Kansas City, KS.
Acetaminophen (APAP) overdose is the main cause of acute liver failure in Western
countries. The mechanism of APAP hepatotoxicity is associated with centrilobular
necrosis which initiates infiltration of neutrophils, monocytes, and other leukocytes
to the area of necrosis. While it has been recognized that this infiltration of immune
cells plays a critical role in promoting liver repair, mechanism of immune cell

clearance that is important for resolution of inflammation and the return to normal
homeostasis are not well characterized. CXCR4 is a chemokine receptor expressed
on hepatocytes as well as neutrophils, monocytes, and hematopoietic stem cells.
CXCR4 function is dependent on its selective expression on different cell types
and thus can vary depending on the pathophysiology. The goal of this study was
to investigate the crosstalk between hepatocytes and infiltrated immune cells in
facilitating immune cell clearance and interrogate the role of CXCR4 in regulating macrophage apoptosis after APAP overdose. C57BL/6J mice were subjected
to APAP overdose (300mg/kg). Flow cytometry and immunohistochemistry were
used to determine the apoptotic status of macrophages and expression pattern of
CXCR4 during the resolution phase of APAP hepatotoxicity. The impact of CXCR4
in regulation of macrophage apoptosis and liver recovery were assessed after
administration of a monoclonal antibody against CXCR4. RNAseq analysis was
performed on flow cytometry sorted CXCR4+ macrophages at 72 hours to confirm
the apoptotic cell death of macrophages. In vitro experiments using primary
hepatocytes, Kupffer cells and RAW 264.7 macrophages evaluated the influence
of hepatocytes in promoting macrophage apoptosis. Our data showed a significant
induction of CXCR4 on Kupffer cells and infiltrated macrophages at 72 hours after
APAP when areas of necrosis showed significant recovery. In parallel, a significant number of macrophages died by apoptosis as indicated by the cleavage of
pro-caspase 3. Compared with APAP treated mice, blocking of CXCR4 by administration of an anti-CXCR4 antibody resulted in decreased macrophage apoptosis
and delayed liver recovery. RNAseq data from CXCR4+ macrophages also showed
upregulation of genes involved in the regulation of apoptotic cell death. Co-culture
of primary hepatocytes with Kupffer cells or RAW 264.7 macrophages were found
to promote CXCR4 expression and apoptosis in macrophages through TGF-β
secretion by hepatocytes. In conclusion, at the end of the recovery phase the
inflammatory response is resolved by recovering hepatocytes through induction of
CXCR4 on macrophages, which triggers their cell death by apoptosis.

4401

Canonical Activation of Protease-Activated Receptor-1 Drives
Experimental Liver Fibrosis

L. G. Poole1, H. M. Cline-Fedewa1, J. H. Griffin2, and J. P. Luyendyk1. 1Michigan State
University, East Lansing, MI; and 2Scripps Research Institute, La Jolla, CA.
Clinical and experimental evidence supports a pathologic role of the blood coagulation cascade in chronic liver injury. Coagulation proteases can drive cellular
signaling events via activation of protease-activated receptors (PARs), a family of
G-protein-coupled receptors which are activated upon cleavage of an N-terminal
tethered agonist ligand. PAR-1 expressed by hepatic stellate cells (HSCs) drives
HSC activation and collagen deposition in experimental liver fibrosis. It has been
assumed that PAR-1 activation at the canonical Arg-41 cleavage site by thrombin
mediates the pro-fibrotic effects of PAR-1. However, the PAR-1 N-terminus can be
cleaved by multiple proteases at different sites which activate distinct downstream
signaling pathways, and the cleavage site that is responsible for the pro-fibrotic
effects of PAR-1 activation is unknown. Using novel mice expressing normal
levels of PAR-1 which is mutated at either the Arg-41 cleavage site (R41Q mice) or
Arg-46 cleavage site (R46Q mice), we tested the hypothesis that canonical PAR-1
cleavage at the Arg-41 cleavage site drives experimental hepatic fibrosis. Male
10-12 week-old wildtype, R41Q, and R46Q mice on a C57Bl6/J background were
challenged twice weekly with carbon tetrachloride (CCl4, 1 mL/kg i.p.) for 6 weeks.
Chronic CCl4 challenge caused activation of HSCs to a myofibroblast phenotype
and hepatic collagen deposition, indicated by labeling for the myofibroblast marker
α-smooth muscle actin (αSMA) and collagen type I, respectively, in liver tissues
of wildtype, R41Q, and R46Q mice. HSC activation and collagen deposition were
similar in CCl4-challenged R46Q mice and wild-type mice. In contrast, αSMA
labeling and collagen deposition were significantly reduced in R41Q mutant mice.
Interestingly, profibrogenic Col1a1 gene expression was not reduced in R41Q mice,
implying a mechanism more complex than direct induction of collagen gene expression. The results indicate that the PAR-1 Arg-41 cleavage site mediates pro-fibrotic
effects of PAR-1 activation after CCl4 challenge. Notably, the Arg-46 cleavage site
was dispensable for hepatic fibrosis. Identification of the thrombin-cleavage site at
Arg-41 for PAR-1 driven hepatic fibrosis provides novel mechanistic insight into the
links between coagulation activation and liver fibrosis.

4402

Role of HNF4α-cMyc Interaction in Liver Regeneration and
Recovery after Acetaminophen-Induced Acute Liver Injury

M. Kotulkar, D. Robarts, D. Paine Cabrera, and U. Apte. University of Kansas Medical
Center, Kansas City, KS.
Overdose of acetaminophen (APAP) is a major cause of acute liver failure in the
western world. Previous studies have shown that activation of prompt liver regeneration following APAP overdose is critical for survival. Here we report novel signaling
interaction between Hepatocyte Nuclear Factor 4 alpha (HNF4α) and cMyc during
liver injury and regeneration after APAP overdose. In initial studies, male C57BL/6J
(WT) mice were treated with either 300 mg/kg or 600 mg/kg APAP. Mice given 300
mg/kg APAP exhibited extensive injury but prompt regeneration and maintained
significant HNF4α activity in the livers. In contrast, mice treated with 600 mg/kg
APAP exhibited higher injury, delayed regeneration and showed significant decline
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in HFN4α expression. Next, we treated WT and hepatocyte specific HNF4α-KO mice
with 300 mg/kg APAP and studied liver injury and regeneration over an extended
time course. HNF4α-KO mice developed significantly higher liver injury compared
to the WT mice at 6 hr after APAP overdose but, despite the higher liver injury,
HNF4α-KO mice recovered at the same time (48 hr) as the WT mice. The recovery
in HNF4α-KO mice was accompanied with significantly higher cell proliferation
and activation of cMyc. To determine whether the increased cell proliferation in
HNF4α-KO mice was due to induction of cMyc, similar studies were carried out
in HNF4α-cMyc double knockout (DKO) mice. Surprisingly, the DKO mice showed
significantly faster recovery as compared to the WT mice despite equal initial liver
injury. Hepatic CYP2E1 protein, initial glutathione (GSH) levels and APAP adduct
formation were similar in WT and DKO mice. The faster recovery in DKO mice was
accompanied by rapid replenishment of GSH leading to faster liver regeneration.
DKO mice showed significantly faster and higher induction of GCLC and GCLM,
genes involved in GSH synthesis. Further, Cyclin D1 and PCNA analysis indicated
the DKO hepatocytes entered cell proliferation much faster, as early as 6 hr after
APAP overdose. These data indicate that cMyc inhibits GSH replenishment by
suppressing Nrf2 function and promotes liver injury. HNF4α inhibits cMyc and
promotes recovery by rapid GSH replenishment and faster liver regeneration. This
novel mechanism involving HNF4α-cMyc signaling interaction could be a novel
therapeutic target in APAP induced acute liver injury.

4403

Environmental Vinyl Chloride Exposure Exacerbates Tumor
Formation in a Hepatocellular Cancer Model

A. Bhutta, J. Tao, J. Li, G. E. Arteel, S. Monga, and J. Beier. University of Pittsburgh,
Pittsburgh, PA.
The environmental pollutant vinyl chloride (VC) directly causes hepatocellular carcinoma (HCC) at high exposure levels. However, the long-term impact of
low-concentration VC is unknown. We have recently shown that lower exposure
levels (i.e., < OSHA exposure limits), which do not directly damage the liver, not
only enhance experimental NAFLD, but also tumorigenesis in combination with a
Western diet. Analyses of human HCC cohorts have revealed common mutations
that are the basis of gene signatures and molecular classification of HCC. For
example, simultaneous mutations in a-catenin and activation of c-Met occur in
9%-12.5% of patients with HCC. Co-expression of c-Met and mutant β-catenin in
mouse liver by sleeping beauty transposon/transposase led to the development
of HCC with 70% molecular identity to the clinical subset. Here, we investigated
the capacity of low-level VC to enhance tumorigenesis using this model. Met and
mutant-β-catenin (CTNNB1-S45Y) SB plasmids were co-delivered via hydrodynamic
tail vein injection in mice (n=16). Mice were randomly selected and exposed to VC
at concentrations below the current OSHA limit (<1 ppm) (n=8) or room air (n=8)
for 6 hrs/d, 5 d/wk, for 7 weeks. Tumor burden and sizes were assessed. Plasma
and liver samples were collected for transcriptomic analysis, histology and determination of injury and tumorigenesis. VC exposure by itself for 7 weeks caused no
liver damage or evidence of (pre)cancerous lesions. The Met and mutant-β-catenin co-expression in mice led to appearance of a few neoplastic foci, which were
histologically well-differentiated HCCs. In contrast, Met-β-catenin mice co-exposed
to VC exhibited a robust increase in the size and number of cancerous lesions
in the mice. These tumors were positive for β-catenin target glutamine synthetase. Transcriptomic analysis showed that several metabolic processes involved in
lipid metabolism were robustly induced. VC exposure potentiates tumorigenesis in
Met-β-catenin driven HCC through enhanced tumor cell proliferation. Even low dose
environmental exposure of toxicants like VC could serve as disease modifiers for
HCC requiring further mechanistic studies in preclinical and clinical settings.

4404

Association between Hepatic Global Gene Expression Changes
and Severity of Liver Steatosis in Collaborative Cross Mice Fed
an Obesogenic High-Fat and High-Sucrose Diet

V. P. Tryndyak1, R. Willett1, F. A. Beland1, I. Rusyn2, and I. P. Pogribny1. 1US FDA/NCTR,
Jefferson, AR; and 2Texas A&M University, College Station, TX.
Nonalcoholic fatty liver disease (NAFLD) is a highly prevalent chronic liver disease
that can lead to irreversible pathological changes in the liver resulting in hepatic
failure. The severity of NAFLD is highly influenced by various heterogenous factors,
including individual susceptibility, the determinants of which remain unknown.
The goal of the present study was to investigate if alterations in transcriptomic
profiles are associated with different severity of NAFLD-like liver injury induced in
male Collaborative Cross (CC) mice fed a high-fat and high-sucrose (HF/HS) diet
and to identify potential biomarkers of NAFLD progression. Feeding a panel of
24 male CC mouse strains a HF/HS diet for 12 weeks induced hepatic steatosis
in all mice; however, the severity was strain specific and was significantly associated with the number of differentially expressed genes. Using correlation analysis,
we identified 311 genes the expression of which significantly correlated with the
level of fat accumulation in the livers across all 24 CC mouse strains. Functionally,
these genes are involved in molecular transport, lipid metabolism, cell morphology,
and hepatic system development pathways. Hierarchical cluster analysis of these
genes identified a distinct cluster of genes, including Aldh3a2, Aqp4, Cd36, Egr2,
Ephx1, Fabp2, Cidec, Lamb3, Lgals1, Vnn1, Fitm1, Ddah1, Osbpl3, Krt23, Acot2, Nrg1,

Slc16a5, Prrg4, Clstn3, Pnldc1, Aqp4, Cxcr3, H2-Q1, Id1, Ddit4l, Nlrp1a, Ttc39a, and
B3gnt8, the expression of which increased with the severity of NAFLD-like liver
injury. Interestingly, 74 out of the 311 genes were differentially expressed in the
livers of NAFLD patients and might qualify as potential candidates for animal-tohuman translational biomarkers of NASH development. These results suggest that
changes in the transcriptomic profile in the liver may serve as a set of predictive
markers for the development and progression of NAFLD.

4405

Multi-’Omics Analysis Identifies PCB-Regulated Pathways in
Nonalcoholic Fatty Liver Disease

B. J. Petri, K. M. Piell, B. Wahlang, K. Andreeva, E. C. Rouchka, J. Jin, J. E. Hardesty,
M. L. Merchant, J. Pan, S. N. Rai, M. C. Cave, and C. M. Klinge. University of Louisville
School of Medicine, Louisville, KY.
Environmental exposure to polychlorinated biphenyls (PCBs) exacerbates high fat
diet (HFD)-induced nonalcoholic fatty liver disease (NAFLD). However, the responsible mechanisms remain to be elucidated. Epigenetic regulation of hepatocellular toxicity includes altered miRNAs. An unbiased approach was to examine how
PCB exposure alters the mRNA transcriptome, miRome, proteome, and changes
in N(6)-methyladenosine (m6A) as an epitranscriptomic regulator in HFD-fed male
mouse liver to regulate pathways leading to NAFLD. C57BL/6J male mice were fed
a 42% fat diet (HFD) and exposed to Aroclor1260 (a non-dioxin-like PCB mixture, 20
mg/kg), PCB126 (a dioxin-like PCB, 20 µg/kg), combined Aroclor1260 and PCB126,
or vehicle control for 12 wks. Liver mRNA, miRNA, and total RNA were isolated and
sequenced (mRNA, miRNA, and m6A-RIP seq). Data were analyzed in comparison to our proteome-matched data for these samples. Compared to HFD control,
fewer differences in mRNA expression were detected with Aroclor 1260 (124) or
PCB126 (278) compared to the combined PCB exposure (5190). Similarly, more
hepatic miRNAs were differentially expressed in HFD+PCB co-exposed (97) vs. HFD
+ Aroclor1260 (69) or PCB126 (50) exposed mice. Only 37 mRNAs and 4 miRNAs
were commonly regulated in the three PCB exposures groups. Pathway enrichment analysis identified GO processes concordant with our previous reports of
liver pathology including upregulation of NOTCH, Wnt/FZD/β-catenin, and PI3K/
AKT/mTOR signaling. Inverse correlations were identified between dysregulated
miRNAs and their putative mRNA targets for future analysis. Five liver disease-associated miRNAs that were previously reported as increased in serum from
PCB-exposed human participants in the Anniston Community Health Survey cohort
were examined in our mouse model. Upregulation of hepatic miR-99a-5p was identified with all PCB-exposures and miR-122-5p and miR-130a-5p were increased in
HFD+PCB126-exposed mice. Together these findings suggest a regulatory role for
PCB-exposure altered miRNAs on liver gene expression with some hepatic miRNAs
that may be serum exposure markers. The results demonstrate that HFD+PCB
exposure alters the hepatic miRome, mRNA transcriptome, m6A abundance, and
proteome in a mouse model of NAFLD.

4406

2,3,7,8-Tetrachlorodibenzo-p-dioxin Inhibits Hepatic Acetyl-CoA
Metabolism Despite AMPK Activation

N. A. Zacharewski, G. N. Cholico, R. R. Fling, K. A. Fader, R. Nault, and T. Zacharewski.
Michigan State University, East Lansing, MI.
Non-alcoholic fatty liver disease (NAFLD) is a spectrum of disorders ranging from
simple steatosis to non-alcoholic steatohepatitis (NASH) with fibrosis. Diverse
pharmaceuticals and xenobiotics, including 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), induce NAFLD-like pathologies following disruption of metabolic activities that ultimately limit innate liver function. Acetyl-coenzyme A (acetyl-CoA) is a
central metabolite in multiple metabolic pathways dysregulated by TCDD, including glycolysis and β-oxidation. In the present study, mice were orally gavaged
with sesame oil vehicle or 0.01 - 30 μg/kg body weight TCDD every 4 days for 28
days to test the hypothesis that TCDD disrupts hepatic acetyl-CoA availability and
utilization consistent with the progression of NAFLD-like pathologies. Targeted
metabolomic analysis revealed a dose-dependent decrease in hepatic acetyl-CoA
levels. TCDD induced Pdk4, a kinase that inactivates the pyruvate dehydrogenase
(PDH) complex, thereby reducing pyruvate metabolism to acetyl-CoA. Capillary
electrophoresis confirmed an increase in phosphorylated PDH, a dose-dependent
decrease in ATP citrate synthase (ACLY), the enzyme responsible for cytosolic
acetyl-CoA synthesis from citrate, and reduced levels of total protein acetylation.
Moreover, TCDD repressed genes associated with ketone body biosynthesis, as
well as reduced dose-dependently reduced the levels of hepatic β-hydroxybutyrate and total protein β-hydroxybutylation. Consistent with depletion of acetyl-CoA
levels, a surrogate for overall energy status, AMPK phosphorylation was induced
in a dose-dependent manner. Collectively, the integration of metabolomics and
transcriptomics data indicate TCDD repressed pathways responsible for acetyl-CoA
and β-hydroxybutyrate production inducing a nutrient starvation-like phenotype
in the liver despite normal food intake levels. GNC and RRF were supported by
T32ES007255. This project is funded by R01ES029541 and the SRP P42ES004911.
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4407

Mitochondrial Complex 1-Targeted PET Imaging as a Nonclinical
Safety Tool for Hepatic Mitochondrial Toxicity

M. S. Iyer, N. Mesens, S. Lo, K. Smith, M. Marella, T. Erkens, J. V. Dyck, S. Liu, L. Pham,
J. E. McDuffie, and Y. Will. Janssen Research & Development, San Diego, CA.
Positron Emission Tomography (PET) imaging is a highly sensitive technology
with applications in nonclinical safety to monitor drug-induced adverse events.
Rotenone, an inhibitor of mitochondrial complex I (MC1), was used as a tool
compound to evaluate optimal timepoints for liver MC1-targeted PET imaging
using the 18F-BCPP-EF probe. Male Sprague-Dawley rats (n= 6-8/group) were dosed
orally with a single dose of vehicle or rotenone at 52.5 mg/kg. Rotenone-induced
mitochondrial effects were monitored using plasma lactate, gene expression level
changes, and histochemical analysis of liver mitochondria at 6, 24, 36, and 48 hours
postdose. Plasma lactate concentrations were significantly increased in rats dosed
with rotenone compared to concurrent vehicle-dosed rats at 6 (3.9x), 24 (4.4x), and
36 (2.6x) hours postdose and had returned to baseline levels at 48 hours postdose.
Histochemical MC1 activity analysis of optimal cutting tissue (OCT) medium-embedded frozen liver tissue did not show evident effects at the time points tested.
Gene expression analysis showed maximum number of genes modulated at 24
hours postdose. PET imaging was performed before (baseline) and at 24-hour
intervals over 72 hours on rats (n=4/group) post dosing. Standardized uptake
value (SUV) of average 20-30 min post-injection, PET imaging showed reduced
uptake of 18F-BCPP-EF probe even at 48 hours postdose indicating, prolonged MC1
inhibition. At 72 hours postdose, 18F-BCPP-EF uptake returned to baseline, predose
levels. Toxicokinetic analysis showed that rotenone exposure levels in plasma and
liver correlated with MC1 inhibition that was indicated by 18F-BCPP-EF imaging.
At 48 hours postdose, plasma lactate, genomic or histochemical biomarkers did
not reflect otherwise monitorable effects of rotenone. These results indicate that
18F-BCPP-EF PET imaging is a sensitive tool for investigating early drug-induced
inhibition of hepatic mitochondrial function.

4408

Activation of the Adenosine A2B Receptor Protects against
Acetaminophen Hepatotoxicity Even after Prolonged Delay

G. Sanchez-Guerrero, L. Duan, H. Jaeschke, and A. Ramachandran. University of Kansas
Medical Center, Kansas City, KS.
Acetaminophen (APAP) overdose is the most common cause of drug-induced
hepatotoxicity and acute liver failure (ALF) in the United States. Though the current
antidote, N-acetylcysteine (NAC) is very effective when administered early after
an APAP overdose, most patients present late to the clinic, when NAC efficacy is
declining. Thus, there is an urgent need for novel late-acting therapeutic options
which can prevent progression to ALF. We have demonstrated earlier that the
neuronal guidance cue netrin-1 could attenuate APAP hepatotoxicity in a delayed
fashion by promoting liver recovery and regeneration mediated through the
Adenosine A2B receptor (A2BAR). In the present study, we demonstrate the clinical
relevance of this mechanism by pharmacological intervention targeting A2BAR
after an APAP overdose in vivo. Experiments were performed using fasted male
C57BL/6J mice treated with 300 mg/kg APAP, followed by vehicle control (DMSO)
or the A2BAR agonist BAY-606583 administered 9 or 12 hours later. Mice were
sacrificed 24 and 48 hours later and liver injury was assessed by liver histology
and measurement of plasma ALT levels. Effects on the innate immune response
and liver regeneration were also examined by immunostaining and flow cytometry.
Late treatment with BAY-606583 at 9 hours after APAP overdose was found to
enhance recovery after APAP at 48 hours post-APAP as seen by lower plasma
ALT levels and rapid resolution of areas of necrosis. This was accompanied by an
increase in macrophage migration into the necrotic area evidenced by an increase
in the F4/80 staining in liver sections. Additionally, flow cytometric analysis showed
repopulation of Kupffer cells at 24h post-APAP overdose in animals treated with
BAY-606583. Remarkably, the protection mediated by A2BAR activation was
sustained when BAY-606583 was given 12h after APAP overdose. The data from
this study demonstrates that activation of the A2BAR even after a prolonged delay
from an APAP overdose provides a significant benefit in accelerating liver recovery
and regeneration. This protection is remarkable, considering the standard of care
NAC, does not provide protection in this model beyond 2 hours. Thus, our data
emphasize the clinical relevance of A2BAR activation as a therapeutic approach in
late presenting APAP overdose patients.

4409

Whole Exome Sequencing Reveals Genetic Variants in HLA
Class II Genes Associated with Transplant-Free Survival of
Indeterminate Acute Liver Failure

T. Liao. US FDA/NCTR, Jefferson, AR.
Indeterminate acute liver failure (IND-ALF) is a rare clinical syndrome, which is
associated with a high mortality rate. The unknown etiology makes the identification and treatment for IND-ALF difficult. Liver transplantation is often viewed as the
only therapeutic treatment. Our aim was to identify genetic variants that may be
associated with the clinical outcome of IND-ALF from the whole exome sequencing
(WES) data. The bioinformatics analysis was performed for the WES data of 22

IND-ALF patients. A two-tier approach was utilized to identify significant single-nucleotide polymorphisms (SNPs) associated with the clinical outcome of IND-ALF. In
the tier 1, we selected SNPs with a higher relative risk in our IND-ALF population as
compared to control populations. In the tier 2, we kept SNPs related to transplantfree survival and associated with MELD-Na score and ALFSG prognostic score. Our
analysis showed that the 5 SNPs, rs796202376, rs139189937, and rs113473719 of
HLA-DRB5, rs9272712 of HLA-DQA1, and rs747397929 of IDO1 were associated
with a higher probability of survival for IND-ALF. By using these selected SNPs, a
model for polygenic risk score (PRS) was constructed to predict the prognosis of
individual IND-ALF patients, and the area under curve (AUC) by the PRS model was
0.84, which is comparable with those by MELD-Na score and ALFSG prognostic
score. These 5 SNPs will require further validation by including more patients and
experimental data. Our pilot study points toward these SNPs that may regulate the
gene expression and protect IND-ALF patients from developing severe outcome.
The identified genetic variants may help elucidate the mechanism of IND-ALF and
may assist in the diagnosis and management of this clinical entity.

4410

Effects of Fibroblast Growth Factor (FGF15) Overexpression on
Constitutive Androstane Receptor (CAR) Activation

M. J. Campbell, B. Kong, and G. L. Guo. Rutgers, The State University of New Jersey,
Piscataway, NJ.
The constitutive androstane receptor (CAR) is an important xenobiotic and endobiotic sensor that has been demonstrated to be involved in hepatocyte proliferation
(hyperplasia and hypertrophy). Previous research from our lab has demonstrated
that fibroblast growth factor 15 (FGF15) and its human homologue, FGF19, is
critical in suppressing bile acid synthesis and in liver regeneration after a 2/3 partial
hepatectomy. The interaction between FGF15 and CAR is unknown, but our laboratory has shown that CAR target genes are induced following FGF15 overexpression.
Therefore, in the current study, we aim to determine the degree of CAR activation in the presence of FGF15 overexpression. Male wildtype mice, Fgf15 Tet-on,
transgenic mice (Fabp-Fgf15 Tg), whole-body CAR knockout (CAR KO) mice, and
CAR KO/FGF15 Tg mice were injected intraperitoneally with a potent rodent CAR
activator, TCPOBOP (0.3mg/ml*kg) in corn oil daily for 5 days. The results showed
that WT and Fgf15 Tg mice treated with TCPOBOP demonstrated a dramatic
increase in liver to bodyweight ratio. Histology of liver tissue showed an increase
in hepatocyte hypertrophy for WT and Fgf15 Tg mice treated with TCPOBOP. The
degree of increase in the Tg mice seems higher than that in the WT mice. Deficiency
of CAR led to unresponsive mice to ligand activation. At mRNA levels, the expression of several CAR target genes, including Cyp2b10, Cyp3a11, Akr1b7, Sult1e1,
was all induced by CAR activation in the WT mice and more induced in the Tg mice.
The induction of some CAR target genes was similar between WT and Tg mice,
including Gsta1 and Gstm3. In general, CAR activation reduced the expression
of genes in bile acid synthesis, which is affected by various degrees with FGF15
overexpression. Interestingly, except for cMyc, the expression of other genes in
cell cycle progression was not affected markedly by CAR activation. Finally, the
transgenic expression of Fgf15 was reduced by CAR activation, which suggest that
the protein that drives transgene expression maybe reduced by CAR activation.
Overall, these data suggest that FGF15 may enhance CAR activation, which may
affect CAR medicated drug metabolism gene induction and cell proliferation in the
liver. Our study may provide scientific insight into targeting FGF19 pathway for the
treatment of human diseases.

4411

Macrophage Receptor with Collagenous Structure (MARCO)
Limits Acetaminophen-Induced Liver Injury

A. Fournier, L. G. Poole, Z. Wei, H. M. Cline-Fedewa, and J. P. Luyendyk. Michigan State
University, East Lansing, MI.
Macrophages play a key role in determining the severity of acute acetaminophen
(APAP)-induced liver injury as well as coordinating liver repair. Macrophages
displaying anti-inflammatory and pro-repair functions emerge in the injured liver
in both mice and humans, and express cell surface markers including the scavenger receptor, macrophage receptor with collagenous structure (MARCO). Although
often used as a prototypical marker of liver-resident macrophage populations, the
precise role of MARCO in acute liver injury is unknown. We tested the hypothesis
that MARCO contributes to repair of the APAP-injured liver. Plasma and liver were
collected from wild-type and MARCO knockout (MARCO-/-) mice 24, 48, and 72
hours after challenge with APAP (300 mg/kg) or vehicle (saline). Hepatic MARCO
mRNA induction was evident in APAP-challenged mice at each time point, and
immunohistochemistry revealed robust MARCO expression by non-parenchymal
cells. Peak APAP-induced hepatic injury (24 hours) was significantly increased in
MARCO-/- mice, indicated by increased plasma ALT activity and hepatic necrosis,
suggesting protective effects of MARCO precede activation of hepatic repair.
Interestingly, flow cytometry revealed no effect of MARCO deficiency on proportions of intrahepatic monocytes, neutrophils, or macrophages 24 hours after
APAP challenge. Likewise, expression of inflammatory markers including Il6, Il10,
Ccr2, and Cx3cr1 by Ly6c+ inflammatory monocytes was not impacted by MARCO
deficiency. Notably, however, hepatic CD11C+ cells were reduced in livers of
APAP-challenged MARCO-/- mice. Partial resolution of hepatic necrosis occurred in
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both wild-type and MARCO-/- mice by 48 hours. However, at this time point intrahepatic macrophages were reduced in number, tended to express lower levels of
pro-repair mediators, such as Gpnmb, Mertk, and Tgfb1, and were highly monocyte
derived rather than resident Kupffer cells in APAP-challenged MARCO-/- mice. The
results are the first to reveal an early protective function of MARCO in experimental
acute hepatotoxicity and suggest that MARCO contributes to both quantitative and
phenotypic changes in leukocyte subsets in the injured and repairing liver.

4412

Investigating the Effects of PCB 126 in an Acute Rodent Alcohol
Model

T. Gripshover, B. Wahlang, K. Head, J. Young, J. Luo, and M. Cave. University of
Louisville, Louisville, KY.
Fatty liver disease (FLD) prevalence in the US is rising and its subtypes differ in
etiology but have similar pathology. Alcohol-associated Liver Disease (ALD) is
characterized by triglyceride accumulation and impaired energy metabolism with
possible inflammation of the liver. Pathologically, exposure to environmental
toxicants have shown to induce similar outcomes but characterized as “Toxicantassociated Fatty Liver Disease” (TAFLD). However, there is limited knowledge on
how environmental toxicants in conjunction with alcohol consumption can impact
FLD. The objective of this study is to examine FLD endpoints in mice that were
exposed to Polychlorinated Biphenyl 126 (PCB 126) prior to consuming an alcohol
diet. It is hypothesized that PCB 126 exposure will disrupt lipid metabolism to
enhance alcohol-induced liver injury and FLD endpoints. Male C57BL/6 mice were
exposed to 0.2 mg/kg PCB 126 or corn oil vehicle by oral gavage. Mice were then
fed the 5% Lieber DeCarli EtOH or pair fed (0% EtOH) diet for ten days followed by
31.5% EtOH binge. At euthanasia, tissues were collected for downstream analysis.
All measures of EtOH-induced steatosis (shown by increased liver-to-body weight
ratio, elevated hepatic triglycerides, and lipid droplet formation exhibited by H&E
stained sections) were enhanced in the EtOH + PCB 126 group. Hepatic receptors,
namely, AhR and CAR were activated by PCB 126 or EtOH, indicated by increased
target gene expression. PCB 126 decreased white adipose-to-body weight ratio
in both diet groups. Hepatic granulocytes were assessed by CAE staining and
were elevated in both EtOH and EtOH + PCB 126 groups. Hepatic cholesterol
was increased in pair fed mice but decreased in EtOH fed mice due to PCB 126
exposure. Plasma LDL, HDL and cholesterol were decreased due to EtOH or PCB
126 exposure. Plasma triglycerides and VLDL were increased with EtOH consumption but attenuated in the EtOH + PCB 126 group, implicating an interaction. Blood
chemistry analysis showed increased plasma insulin but decreased glucose due
to EtOH consumption; however, insulin and glucose levels were mitigated in the
EtOH + PCB 126 group. Overall, PCB 126 enhanced ALD endpoints by altering lipid
metabolism and storage. Our future studies include elucidating mechanisms of
metabolic disruption and liver injury in this multi-hit model. This study is relevant
to millions of individuals in the US who consume alcohol while also exposed to
environmental toxicants, as this interaction is largely understudied.

4413

Intronic Dioxin Response Element Regulates TCDD-Induced
Pkm2 Isoform Expression to Enhance Antioxidant Defenses

K. Orlowska, R. Nault, and T. R. Zacharewski. Michigan State University, East
Lansing, MI.
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) elicits adverse effects mediated by the
aryl hydrocarbon receptor (AhR). We have shown that TCDD reprograms hepatic
metabolism by inducing pyruvate kinase isoform switching from the M1 isoform
(Pkm1) to the M2 isoform (Pkm2) via an intronic canonical dioxin response element
(DRE; 5’-GCGTG-3’) between exons 3 and 4. This putative intronic enhancer, which
mediates the balance between cell proliferation and antioxidant defenses, was
edited using CRISPR/Cas9 to create a mutant mouse (DREPkm) lacking the intronic
DRE within the Pkm loci to investigate its role in reducing TCDD-induced hepatotoxicity. Hepatic ChIPseq analysis following oral gavage of 30 µg/kg TCDD for 2h
in male DREPkm mutant mice confirmed AhR no longer bound to the intronic Pkm
DRE. Furthermore, Pkm2 expression in primary mouse hepatocytes isolated from
DREPkm mutant mice was not induced by 10 nM TCDD, unlike wild-type counterparts. DREPkm mice administrated with TCDD every 4 day for 28 days exhibited
hepatic lipid accumulation, immune cell infiltration, periportal fibrosis, and bile
duct proliferation. Moreover, 30 μg/kg TCDD reduced terminal body weight by
11% despite a significant increase in daily food intake while relative liver weight
was dose-dependently induced by TCDD. To assess the role of AhR-dependent
Pkm2 induction in antioxidant defenses, primary hepatocytes isolated from DREPkm
mice were treated with hydrogen peroxide. DREPkm primary hepatocytes exhibited
dose-dependent increases in cytotoxicity compared to wild-type controls following
TCDD treatment. Collectively, these data demonstrate AhR binding to the DREPkm is
required for Pkm2 induction and supports the hypothesis that TCDD induction of
Pkm2 represents a novel antioxidant response that reduced oxidative stress and
cytotoxicity. Supported by be the National Institutes of Health Science R01ES029541.

4414

Loss of Hepatic Mig6 Prevents Acetaminophen-Induced Toxicity
in Male Mice

J. M. Irimia1, M. R. McGill2, and P. T. Fueger1. 1City of Hope, Duarte, CA; and 2University
of Arkansas for Medical Sciences, Little Rock, AR.
Acetaminophen-induced toxicity (AIT) is the leading cause of acute liver failure
(ALF). Whereas ALF can be prevented with N-acetylcysteine treatment, the therapeutic window is small and not fully efficacious. Thus, there is a need to establish
additional therapeutic targets to prevent and reverse AIT. Epidermal growth factor
receptor (EGFR) signaling is activated in response to liver damage in an effort to
initiate cellular repair and function. However, the robustness and durability of this
signaling pathway is compromised by feedback inhibition of the adaptor protein
mitogen inducible gene 6 (Mig6, or Errfi1 in humans). Loss of hepatic Mig6 in mice
improves liver metabolism and health when challenged by a variety of pro-oxidative stressors, including diet-induced obesity and aging. Hence, we hypothesized
that loss of Mig6 would prevent AIT by activating an anti-oxidative program in the
liver. To this end, male mice lacking Mig6 in the liver (LKO) were compared to
control littermates (CON) during an acetaminophen (APAP) challenge (600 mg/kg
lean body mass, 6h) under fasting conditions. Female mice were excluded due to
low circulating levels of EGF that limit the activation of EGFR signaling. Following
administration of APAP, serum alanine (ALT) and aspartate (AST) transaminases
were reduced ~90% in LKO compared to CON mice (ALT: 1119 ± 200 vs. 99 ±
26 IU/l and AST: 3219 ± 479 vs. 583 ± 92 IU/l). Liver ER stress markers such as
C/EBP-homologous protein (CHOP), the phosphorylation of protein kinase-like
endoplasmic reticulum kinase (PERK) and stress-activated protein kinase/
Jun amino-terminal kinase (SAPK/JNK) were also dramatically reduced in LKO
compared to CON mice. Importantly, however, there were no differences in basal
glutathione levels (4.33 ± 0.37 vs. 4.41 ± 0.19 nmol/g) or its depletion during the
APAP challenge (0.45 ± 0.09 vs. 0.24 ± 0.02 nmol/g) in LKO vs. CON mice, indicating that APAP bioactivation was unaffected. Thus, preventing feedback inhibition
of EGFR by deleting Mig6 limits AIT through a mechanism downstream of APAP
metabolism. Therefore, Mig6/Errfi1 could be a novel therapeutic target for preventing ALF from acetaminophen overdose.

4415

Iron Contributes to Acetaminophen-Induced Liver Injury by
Promoting Protein Nitration

O. B. Adelusi, A. Ramachandran, and H. Jaeschke. University of Kansas Medical Center,
Kansas City, KS.
Liver injury due to acetaminophen (APAP) overdose is the leading cause of acute
liver failure in the US. APAP induced liver injury is characterized by the generation of
mitochondrial reactive oxygen and nitrogen species. Amongst these is the peroxynitrite ion which nitrates mitochondrial proteins to form nitrotyrosine adducts.
Consequent mitochondrial dysfunction and oxidant stress lead to the mitochondrial
permeability transition (MPT) and hepatocyte death. Lysosomal instability and iron
mobilization to mitochondria have been shown to aid progression of hepatocellular
injury after APAP overdose. Our aim here was to determine the mechanism by
which iron promotes cell death in this context. Overnight fasted male C57BL/6J
mice were administered 200 mg/kg deferoxamine (DFO), an iron chelator, 10 mg/
kg minocycline (an inhibitor of the mitochondrial Ca2+, Fe2+ uniporter) or vehicle 1
hour before 300 mg/kg APAP. Another group of mice received co-treatment with
APAP 300 mg/kg and FeSO4 0.15 mmol/kg either with or without a 1 hour pretreatment with DFO. Mice were sacrificed 6 hours after APAP. DFO and minocycline
attenuated APAP-induced elevations in serum alanine amino transferase levels by
78% and 60% and reduced hepatic tissue necrosis by 66% and 64% respectively.
Immunohistochemical staining of liver sections for 3-nitrotyrosine adducts revealed
that this protection was accompanied by reduced protein nitration. However, JNK
phosphorylation and mitochondrial p-JNK translocation which precede peroxynitrite formation and protein nitration were not affected by DFO and minocycline.
Furthermore, DFO and minocycline mitigated the occurrence of MPT. Co-treatment
of APAP with FeSO4 exacerbated liver injury compared to APAP only treatment, and
enhanced protein nitration measured by 3-NT staining as well as MPT. Also, FeSO4
co-treatment elevated hepatic malondialdehyde and 4-hydroxynonenal levels,
indicating increased lipid peroxidation which was absent in APAP only treated
mice. These effects were reversed by pre-treatment with DFO. Iron chelation or
inhibition of mitochondrial iron influx provided significant protection against APAP
overdose induced liver injury by preventing peroxynitrite mediated mitochondrial
protein nitration. The role of iron in peroxynitrite-mediated protein nitration was
further confirmed by the enhanced nitration and liver injury in mice co-treated
with APAP and FeSO4, which was prevented by iron chelation. Therefore, the data
indicate that iron promotes hepatocyte death in APAP by facilitating nitration of
proteins by peroxynitrite and not through its role in lipid peroxidation.
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4416

Endurance Training Modifies Liver miRNA Expression Profiles in
NAFLD Mice

M. Babayev1, L. Melo2, P. Silveyra1, A. Hagar1, and J. E. Klaunig1. 1Indiana University
Bloomington, Bloomington, IN; and 2University of Pittsburgh, Pittsburgh, PA.
Non-alcoholic fatty liver disease (NAFLD) is one of the most frequent liver disorders
in the world, with a median prevalence of 20%. The NAFLD can further develop
to fibrosis, cirrhosis, and consequently to hepatocellular carcinoma. Limited
understanding in NAFLD pathogenesis stems from its complexity and requires
further investigation. As around 30% of human genes are regulated by miRNAs and
their involvement in NAFLD was also demonstrated, we hypothesize that endurance
training alters the levels of miRNAs that control the expression of genes involved
in NAFLD. Thus, in the first part of this study, we assessed the effect of endurance
training on NAFLD biomarkers in the mouse liver. We analyzed changes in liver
gene expression and histology in mice exposed to 12 weeks of control diet (CD) or
high fat diet (HFD) followed by a gradual endurance training using a controllable
and quantifiable forced running protocol for 10 weeks. For this, 50 (55-56 weeks
old) male C57BL/6 mice were randomly assigned into five groups (n=10/group).
Group 1 had access to CD and did not exercise, group 2 also had access to CD and
were endurance trained, group 3 had access to HFD and stayed sedentary for the
entire study, group 4 were also exposed to HFD and was endurance trained, and
group 5 had access to HFD for 12 weeks, and then changed the diet from HFD to
CD while endurance trained. Gene expression analysis revealed differential expression of metabolic biomarkers including FASN, SREBF1, CPT-1, ABCG1, PPAR-alpha,
TGF-beta, and AHR due to high fat diet, a dysregulation that was reverted after the
training protocol. In addition, liver histology indicated changes in histopathology
with diet and exercise. As these genes are also known to be regulated by specific
miRNAs, we predicted regulatory miRNAs using databases, and measured changes
in the levels of the following miRNAs in liver tissue: miR-122, miR-33, miR-34a,
miR-21a, miR-29a, miR-27a. Overall, our preliminary studies indicate that endurance
training exert changes in liver miRNA and NAFLD biomarker expression. Additional
mechanistic studies are needed to determine the directionality of these regulatory
networks as well as the identification of potential therapeutic targets and interventions for NAFLD.

4417

Thrombin-Catalyzed Fibrin Polymerization Controls
Fibrin (ogen) Solubility Dynamics in Early Acetaminophen
Hepatotoxicity

Z. Wei1, K. Baker1, D. Groeneveld1, L. Poole1, H. Cline-Fedewa1, M. Flick2, and J.
Luyendyk1. 1Michigan State University, East Lansing, MI; and 2University of North
Carolina at Chapel Hill, Chapel Hill, NC.
Acetaminophen (APAP) hepatotoxicity is associated with rapid activation of the
coagulation protease thrombin and hepatic accumulation of its primary substrate
fibrinogen. Inhibition of thrombin-mediated fibrin clot formation enhanced peak
APAP hepatotoxicity in mice. Surprisingly, the magnitude and timing of traditional
fibrin formation in the APAP-injured liver is not fully understood. In fact, recent
studies suggest at peak liver injury, the majority of fibrin(ogen) in the APAP-injured
liver accumulates through a unique thrombin-independent mechanism. We tested
the hypothesis that traditional thrombin-mediated fibrin clot formation occurs early
after APAP challenge in mice. FibrinogenAEK (FibAEK) mice, which express a mutant
fibrinogen that cannot support thrombin-mediated fibrin formation, and wild-type
mice were challenged with a hepatotoxic dose of APAP (300 mg/kg) and liver and
plasma samples collected 6 hours later. APAP-induced hepatic injury was similar
in wild-type and FibAEK mice, indicated by serum alanine aminotransferase activity
and area of hepatic necrosis. Immunohistochemistry revealed similar fibrin(ogen) accumulation within areas of necrosis in both wild-type and FibAEK mice
challenged with APAP. Western blotting revealed robust fibrinogen accumulation
in the insoluble protein fraction in livers of APAP-challenged wild-type mice. In
contrast, fibrinogen in livers of APAP-challenged FibAEK mice did not partition to
the insoluble fraction and was instead retained in the soluble protein fraction. The
results indicate rapid formation of insoluble fibrin in the APAP-injured liver does not
contribute to APAP hepatotoxicity. Alongside prior studies, the results imply early
thrombin-mediated fibrin polymer formation precedes and pairs with thrombin-independent pathways to drive fibrinogen accumulation in the injured liver.

4418

Hepatocyte HuR Deficiency Exacerbates NAFLD through
Disruption of Bile Acid Homeostasis

N. Eppler, N. Magee, L. He, F. Ahamed, J. Akakpo, Y. Yu, A. Zou, and Y. Zhang.
University of Kansas Medical Center, Kansas City, KS.
Progression of benign nonalcoholic fatty liver (NAFL) to severe nonalcoholic
steatohepatitis (NASH) is a leading cause of end-stage liver disease. However,
no therapeutics exist to treat nonalcoholic fatty liver disease (NAFLD). Therefore,
identifying molecular mechanisms driving the NAFL to NASH transition is essential
to reducing the incidence of severe liver disease. Dysregulation of cholesterol and
bile acid (BA) metabolism promotes the NAFL to NASH transition. RNA binding
proteins, like human antigen R (HuR), are cell stress regulators and promising

therapeutic targets in disease. However, how HuR regulates BA metabolism and
transport during NAFLD development is largely unknown. Our goal was to determine
how loss of HuR during NAFLD development disrupts BA metabolism and contributes to NASH pathogenesis. To model NAFLD, we fed hepatocyte specific HuR
knockout mice (HuR-HKO) and WT control mice with the high fat, cholesterol, and
fructose diet (HFCF) or the high fat diet (HFD). We employed analytical chemistry,
bioinformatics, and molecular biology techniques, including liquid chromatography
tandem mass spectroscopy (LC-MS/MS) and RNA sequencing (RNA seq). After
feeding, liver triglyceride, cholesterol, and collagen content increased in HuR-HKO
mice, relative to WT. Likewise, expression of pro-inflammatory genes CCL2 and
TNF were increased, and serum alanine aminotransferase (ALT) was also elevated
in HuR-HKO mice, relative to WT. LC-MS/MS analysis of HuR-HKO and WT mouse
serum revealed increased BA levels (primarily taurine conjugated muricholic
acids) in HuR-HKO mice after diet feeding. RNA seq of mouse liver tissue and HuR
deficient primary hepatocytes showed decreased expression of BA synthesis genes
CYP7A1 and CYP7B1 and BA export transporters ABCB11 and ABCC2, while mRNA
expression of BA uptake transporters SLC10A1 and SLCO1B2 was induced. Our
data suggests that hepatocyte HuR deficiency alters serum and liver BA content
through dysregulation of BA synthesis and transport, exacerbating NAFLD progression. Since exposure to environmental toxicants exacerbates NAFLD, and vis versa
NAFLD modulates xenobiotic metabolism, more work will be needed to determine
how dysregulation of BA homeostasis and membrane transport by HuR deficiency
interferes with xenobiotic metabolism, contributing to NAFLD. This work was
funded by R01DK119131, P20GM103549, P30GM118247.

4419

An Interactive Tool to Explore the Hepatic Transcriptomic
Landscape after an Acetaminophen Overdose Using Single Cell
RNA Sequencing

D. S. Umbaugh, A. Ramachandran, and H. Jaeschke. University of Kansas Medical
Center, Kansas City, KS.
An acetaminophen (APAP) overdose is the leading cause of acute liver failure in the
United States. Though hepatocytes bear the brunt of APAP-induced necrosis, it is
now evident that other cell types within the liver as well as those infiltrating from the
circulation are critically involved in facilitating liver recovery after injury. Single-cell
RNA sequencing (scRNAseq) allows for unprecedented resolution to explore the
transcriptome of individual cell subpopulations, and three different studies have
used scRNAseq to understand how hepatocytes and other cell types within the liver
respond to and recover after APAP exposure. These three experiments are complementary as they examined different phases of the APAP hepatotoxicity time course,
an early injury phase (<6h), injury phase, and recovery phase (>24h). Additionally,
two different doses were used, 300 mg/kg and 500 mg/kg allowing for exploration
of the dose-dependent response in hepatocytes. Furthermore, we collected novel
scRNAseq data focused on the non-parenchymal cells during the recovery phase
(48h and 72h) to supplement these published datasets. Therefore, by integrating
these four datasets, we obtain a complete picture of the entire APAP toxicity time
course at a single-cell resolution. The scRNAseq data was either acquired from the
NCBI GEO database or generated in-house. Seurat v3 was used for batch correction
and initial quality control which involved filtering cells with fewer than 600 genes
or cells with mitochondrial gene expression greater than 35%. Cell type annotation was standardized across all four datasets allowing for accurate comparisons
across studies. In total, this aggregated dataset includes 94,012 cells consisting
of macrophages, Kupffer cells, neutrophils, hepatic stellate cells, endothelial cells,
B cells, NK cells, dendritic cells, myeloid progenitors, periportal hepatocytes, and
pericentral hepatocytes. Importantly, we have created an interactive tool to explore
these integrated datasets through an R Shiny application, which can be downloaded
at https://github.com/dumbaugh/Single-Cell/tree/main/ShinyProject. By creating a
user-friendly interface, we aim to democratize access and improve interpretability
of these large omic datasets, as they are rich in information that would be difficult
to describe in a single manuscript.

4420

Norcantharidin Toxicity Profile: An In Vivo Murine Study

G. Martínez-Razo, E. García-Latorre, M. Domínguez-López, E. Reyes-Maldonado, E.
Conde-Vázquez, and A. Vega-López. Instituto Politécnico Nacional, Mexico City, Mexico.
Norcantharidin (NCTD) is the demethylated analog of cantharidin, with allegedly
reduced toxicity. However, there is still limited information regarding its posology
and potential risk in its use. BDF1 mice (n=65) of 9-13 weeks of age, with an
average body weight of 30 g, were divided into five groups (n=13): (a) Control group,
(b) 3 milligrams per body weight in kilograms (mg/Kg), (c) 6 mg/Kg, (d) 12 mg/Kg,
and (e) 25 mg/Kg. Each group was administered with norcantharidin (CAS Number:
29745-04-8; Merck, USA) intraperitoneally every 24 h for six days (144 h). Survivor
mice were euthanized, and the brain, lungs, kidneys, spleen, and liver were procured
for enzymatic testing and histopathological micrographs ImageJ particle analysis.
Lethal Concentration 50 values calculated were 8.86 mg/kg for females and 11.77
mg/kg for males. Phosphorylase activity was significantly augmented in all tissues
in the 6 mg/kg dose, except for the kidney. For the 3 mg/kg dose, a significant
activity rise of this enzyme was found in the brain and liver. Also, alanine transaminase activity was found significantly elevated in the kidney in the 6 mg/kg dose
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group and in the 3 mg/kg dose in the lung and liver. As for the gamma-glutamyl
transferase, both doses significantly increased enzyme activity in all tissues except
in the lung. A significant dose-dependent decrease was observed in the kidney for
reactive oxygen species, while the liver had the opposite effect. In comparison, the
superoxide test showed a steady increase in the kidney and liver at 3 mg/kg and
then a depletion to 6 mg/kg. ImageJ analysis revealed a significant elevation in
hepatocytes’ nuclei average size and total area in the 3 mg/kg group. The centrilobular vein and adjacent sinusoidal capillaries showed a significant difference in their
count, average size, and total area in the 6 mg/kg dose. The portal triad presented a
significant difference in veins and capillarity count in the 6 mg/kg dose group. Renal
samples showed cortex convoluted tubules’ average size significantly augmented
in both doses’ groups, and tubules count was found augmented in the 6 mg/kg
dose group. These physiological effects of NCTD can be exploited as treatment
strategies if able to operate in an established posology and proper testing. There
is limited information regarding the NCTD effect in a non-pathological scenario,
allowing us to objectively evaluate its toxicity and establish an antecedent for future
studies.

4421

Preliminary Results from Two-Week Toxicity Studies in
B6C3F1/N Mice with Replacement Organophosphate Flame
Retardants

S. Witchey1, K. Shockley2, M. Vallant1, A. Zmarowski3, B. Sparrow4, B. Moyer4, M. Behl1,
and G. Roberts1. 1NIEHS/NTP, Research Triangle Park, NC; 2NIEHS/DIR, Research
Triangle Park, NC; 3AmplifyBio, West Jefferson, OH; and 4Battelle Memorial Institute,
Columbus, OH.
Triphenyl phosphate (TPHP) and isopropylated phenol phosphate (IPP) are
aromatic phosphates commonly used in chemical mixtures of flame retardants.
Both TPHP and IPP readily leach into the environment and human exposure is
worldwide with the most common sources of exposure being contaminated food,
drinking water, and house dust. Worldwide exposure is concerning as available
toxicity is limited with which to evaluate potential risk from exposure to TPHP
and/or IPP. To address this knowledge gap, we evaluated the toxicological effects
of TPHP and IPP in adult male and female B6C3F1/N mice. TPHP and IPP were
administered via diet (in separate studies) at concentrations of 1875, 3750, 7500,
15,000 or 30,000 ppm (approximately 281, 563, 1125, 2250, and 4500 mg/kg/
day) continuously from study day (SD) 1 to SD 15. Endpoints evaluated included
body weights, clinical observations, necropsy/histopathology and blood and brain
cholinesterase activity. Due to clinical signs of toxicity, the 30,000 ppm TPHP
and 15,000 and 30,000 ppm IPP groups were removed early. On SD 15 in TPHP
exposed animals body weight was significantly reduced at 15,000 ppm in males
and ≥3750 ppm in females. Significant body weight changes were not observed in
the IPP exposure groups. Clinical observations were limited to ruffled coat reported
in 15,000 ppm in both exposure groups and one 7500 ppm IPP male. Following
TPHP exposure, the relative liver weights were 12-20% higher than controls (≥ 3750
ppm in males and ≥7500 ppm in females) and relative thymus weights were ~50%
lower (15,000 ppm in males and females). Higher relative liver weight compared to
controls was observed across all IPP male exposure groups (15-37%) and females
≥ 3750 ppm (17-20%) and relative thymus weight was 32% lower in 7500 ppm IPP
males. Cholinesterase inhibition was observed, with effects occurring in dose
dependent manner at all TPHP and IPP exposure groups. Reductions in cholinesterase in the TPHP group were 6-81% of controls and 2-65% controls in IPP groups.
Overall apart from relative liver weights in IPP exposed animals, limited toxicological effects were reported at the lowest TPHP and IPP exposure groups (1875ppm),
yet acetylcholinesterase and butylcholinesterase were significantly reduced in both
blood and brain samples within these groups. This study illustrates the importance
of adding clinical chemistry to short term (14-day) studies.

4422

Effects of TCDD on Concanavalin A-Mediated Activation of
Immune Cells: An Evaluation of Immune Cell Phenotypes and
Molecular Signatures by scRNASeq

A. Cannon, K. Wilson, K. Miranda, P. Nagarkatti, and M. Nagarkatti. University of South
Carolina School of Medicine, Columbia, SC.
Many studies on aryl hydrocarbon receptor (AhR) mechanisms utilize the high
affinity ligand 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD). Though some studies
show hepatotoxicity when this compound is administered, others show improved
clinical parameters in inflammatory and autoimmune diseases under minimal
exposure. In this study, we used single cell RNA-sequencing (scRNASeq) to
determine the phenotypic changes associated with Concanavalin A challenge,
effects that have been shown to mimic autoimmune hepatitis in humans, with and
without subsequent treatment with TCDD. We found that TCDD lowered serum
alanine transaminase (ALT) and proinflammatory cytokine levels as well as induced
changes in immune cell clusters and differential gene expression profiles in liver
mononuclear cells through scRNASeq. Interestingly, we found that in addition to
activated T cells, memory CD8+ T cells, Kupffer cells and neutrophils, the percentage of mature B cells was increased in the conA+vehicle group when compared
with naïve mice or conA+TCDD group. Importantly, TCDD increased Regulatory
T cells (Tregs). Further, many T cell and Kupffer cell clusters revealed migratory

markers, such as CXCR6 and CCL5, and activation-associated genes, such as
serglycin (SRGN) and CD52, as the top differentially expressed genes. CCL5 was
upregulated in naïve T cells, but downregulated in Kupffer cells from conA+TCDD
group. Naïve T cells, Tregs, and Kupffer cells following TCDD treatment increased
expression of serglycin (SRGN), a secretory proteoglycan associated with apoptosis. Of note, the adhesion-associated gene, CD52 was significantly downregulated
in Tregs in the TCDD-treated group. It has been shown that CD52 is downregulated as T cells become activated. Thus, our studies support the claim that Tregs
are induced upon TCDD treatment. Together, the data suggests that in addition
to TCDD inducing proliferation of specific cell subsets, it is also capable of
inducing phenotypic changes at the transcriptional level to affect the behavior of
such cells. Supported by NIH grants P01AT003961, P20GM103641, R01ES030144,
R01AI129788, R01AI123947, R01AI160896 and R01AI123947-04S1.

4423

Developing a Centrifugal Hydrogel Method of Liver Spheroid
Formation for Hepatotoxicity Assays

D. Belmares-Ortega, R. Kumar, and R. R. Gullapalli. University of New Mexico,
Albuquerque, NM.
Hepatotoxicology assessment is an integral part of the drug development process.
Novel experimental methods to assess hepatotoxic effects of drugs and environmental xenobiotics are highly desirable. 2D liver cell cultures are commonly used
due to their simple set-up and reproducibility. However, 3D methods represent a
more physiological environment to test hepatotoxicity outcomes. In this project,
we developed a novel, centrifuge-based microdroplet generation method to embed
and culture model liver cells for hepatotoxicity studies. Experimentally, this project
has two major components 1) Generation of calcium alginate microdroplets using a
low-cost, centrifugal force set up 2) Embedding of model liver cells (HepG2, HUH-7
and JHH-4) into a synthetic hydrogel matrix made up of biocompatible materials (e.g., collagen and calcium alginate) to create a novel hepatotoxicity assessment platform. We used computer aided design (CAD) to create a two-stage, 3-d
printed insert which fits inside a standard 50 mL conical tube. The two-stage device
carries water- and oil-based elements as raw materials to generate the desired
microdroplet suspension. We evaluated various needle gauge sizes (gauge 18-30)
to determine the optimal needle size for the generation of the hydrogel microdroplets. The insert is rotated inside a centrifuge for <3 minutes to create the final liver
cellular microdroplet suspension. We systematically tested the centrifuge rotational
speeds (900-2000 rpm) to generate different sized cellular microdroplets. The liver
cancer cell lines (HepG2, HUH-7 and JHH-4) are tested for alginate microdroplet
formation to create solitary bioreactors for the final hepatotoxicity testing platform.
Additional testing of the synthesized cellular microdroplets include assays such as
cell viability (resazurin), cell imaging and cellular proliferation (Ki-67). These assays
show liver cell microdroplet viability for toxicology exposures and testing. Cells
and tissues exist in a 3D microphysiological environment in organisms. Cellular
spheroids in a 3D cell scaffolding represent a better choice to assess biologically relevant outcomes of hepatotoxicity testing methods. We have developed
an approach that is a novel and low-cost method to create a biologically relevant,
hepatotoxicity testing platform.

4424

Mitochondrial CYP2E1 Levels and Consequences in
Nonalcoholic Fatty Liver Disease

K. R. Misare, and J. H. Hartman. Medical University of South Carolina, Johns Island, SC.
Nonalcoholic fatty liver disease (NAFLD) is an increasingly prevalent disease with
economic and health burdens in the United States and globally. NAFLD is a progressive, and potentially regressive, disease with liver damage ranging from simple
steatosis, or fatty liver, to non-alcoholic steatohepatitis (NASH) and can eventually
progress to cirrhosis and hepatocellular carcinoma (HCC). It has been shown that
environmental contaminants such as pesticides and volatile organic chemicals
and pollutants may be a major contributor to the development and progression
of NAFLD. While primarily known for metabolizing alcohol in the liver, cytochrome
P450 2E1 (CYP2E1) has a broad range of substrates including ketones and fatty
acids as well as low molecular weight drugs and pollutants. CYP2E1 oxidation
reactions are known to produce reactive metabolites as well as ROS and result
in increased oxidative stress and mitochondrial dysfunction, which may in turn
drive NAFLD initiation and progression. We and others have demonstrated that
hepatic CYP2E1 can localize to endoplasmic reticulum and mitochondria, and that
the enzyme has distinct protein structure, co-enzymes, and activity profiles in each
compartment. In this study, we are examining the extent of CYP2E1 induction in
human liver slices from healthy and NAFLD livers, as well as the consequences of
mitochondrial CYP2E1 targeting in the presence of CYP2E1-activated pollutants in
transgenic cells. Our preliminary immunofluorescence and colocalization studies in
healthy liver demonstrate that expression and subcellular localization of CYP2E1
varies among individuals. In ongoing experiments, we are expanding to measure
expression and localization in NAFLD liver tissues. Engineered HepG2 cell lines
were created to express full-length mitochondrial and ER-localized CYP2E1 (as well
as a line with CYP2E1 targeted to both organelles). Thus far, mitochondrial CYP2E1expressing cells have exhibited the most potent cytotoxicity when challenged with
a prototypical bioactivated substrate, acetaminophen. Ongoing experiments are
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testing sensitivity to pollutants trichloroethylene and dimethylnitrosamine, including cytotoxicity, mitochondrial membrane potential, and mitochondrial respiratory
function. Overall, the long-term results of our study will reveal if high mitochondrial
CYP2E1 expression during NAFLD progression is a liability for hepatotoxicity from
exposures, and whether mitochondrial CYP2E1-driven hepatotoxicity may drive
NAFLD toward later stages.

4425

A Microfluidic Immunocompetent Liver-on-a-Chip Model
Enables Translational Safety Assessment of Large and Small
Molecules

P. Bajaj, T. Ackerson, J. Morelli, Y. Shin, and K. Adkins. Sanofi, Framingham, MA.
Drug induced liver injury (DILI) is among the top reasons for pharmaceutical
compound attrition and post market withdrawal of drugs. The current in vitro static
models for DILI liability assessment (2D or 3D) often rely on the use of surrogate
injury markers such as ATP measurement and LDH secretion; however, these
endpoints do not provide a direct correlation to in vivo outcome. Furthermore, these
models are generally limited in that they cannot recapitulate the immune aspects of
the liver that can contribute to DILI. This presents a significant gap as immune-mediated DILI is occurring more frequently with therapeutic large molecules in the
clinic, and assessment is not possible in current in vitro liver models. In this study,
the application of an in vitro microfluidic 3D immune-liver model which cultures
together liver cell types and peripheral blood mononuclear cells (PBMCs) and
allows measurement of alanine transaminase (ALT) and aspartate aminotransferase (AST) directly measured from the model using a clinical chemistry analyzer,
is presented. First, a small molecule hepatotoxicant, chlorpromazine, was tested
in this model at 100 µM (~100X Cmax) with primary human hepatocytes (PHH)
and Kupffer cells (KCs) and a 4.2 fold increase in ALT, 5.8 fold increase in AST,
and a 95% decrease in basal albumin levels were noted after 4 days of treatment.
Next, troglitazone, an idiosyncratic hepatotoxicant was tested with PHH, KCs, in
a dose-response at 65, 200, and 300 µM which corresponded to ~10X, 30X, and
50X Cmax for the compound. A dose-dependent increase in ALT and AST levels
was noted with 300 µM troglitazone causing 4.2 fold increase in ALT and 7.2 fold
increase in AST over vehicle control after 1 day of treatment. Interestingly, as noted
in the clinical drug-drug interaction studies, troglitazone lead to a 7.2 fold induction
of CYP3A4 at 65 µM in this model where minimal increase in ALT and AST was
noted. Finally, a large molecule, which led to fatal hepatotoxicity in Phase 2 trials,
was tested in this in vitro model with PHH, KCs and liver sinusoidal endothelial cells
in the presence and absence of PBMCs. No changes in ALT, AST, and cytokine
levels were noted in this liver model in the absence of PBMCs treated with the large
molecule. However in the presence of PBMCs, the large molecule led to increased
ALT (1.5 fold), AST (1.4 fold) and IFN-γ (1.6 fold) compared to isotype control at
a concentration which corresponded to Cavg,ss in the clinic, a dose where transaminitis was noted. This microfluidic 3D immune-liver model clearly highlights the
translational aspect of advanced liver-on-a-chip models for toxicity testing and the
improved safety prediction for both small and large molecules.

4426

Profiling of Chlorpromazine Cytotoxicity in 3D Liver Spheroids
Using UHR-MALDI Imaging-MS

B. Munteanu1, J. Riedel1, C. Holz1, P. Bajaj2, and K. Adkins2. 1Sanofi, Frankfurt, Germany;
and 2Sanofi, Framingham, MA.
Tissue mass spectrometry imaging (tMSI) is a label-free analytical technique which
allows the analysis and in-situ distribution of endogenous biomarkers (e.g. lipids,
metabolites, peptides, proteins) and pharmaceutical drugs/metabolites. Due to
its broad versatility, tMSI has been successfully applied towards diverse applications within the drug discovery paradigm such as spatial localization of proteins/
peptides, biomarker discovery, toxicity investigations, and target engagement
analysis. The tMSI technique allows visualization and determination of biomolecules at a spatial resolution of 5-10 µm and a mass accuracy of below 1 ppm
thus providing a deeper insight into the molecular mechanisms over classical
histological evaluations by monitoring drug/(un)targeted biomarker co-localization within a sample. Here, we have adapted the principles of tMSI and present
a fast, automated, and specific screening technology based on ultrahigh-resolution matrix-assisted laser desorption ionization (UHR-MALDI) imaging mass
spectrometry (MS) to characterize, visualize and profile one of the mechanisms
of action (MoA) of chlorpromazine (CPZ) cytotoxicity in homogenates of human
3D liver spheroids. CPZ is known to induce phospholipidosis (PLD) as part of its
MoA. Visualization and mapping of >1500 biomarker candidates was conducted,
which resulted in the candidates being assigned to approximately 30 biomarker
classes creating a highly specific global fingerprint and providing deeper insight
into the MoA and the identification of adverse outcome pathways. In addition to
the accumulation of cholesterol and sphingomyelin in 3D liver spheroids by CPZ
treatment, consistent with PLD, the global untargeted profiling revealed hundreds
of regulated biospecimens (fatty acyls, glycerolipids, etc.) in diverse pathways such
as energy metabolism and steroid biosynthesis. The use of 3D liver spheroids in
combination with UHR-MALDI imaging-MS is a powerful tool for use in early preclinical development for investigating mechanisms of toxicity and potentially identify-

ing novel biomarkers. We demonstrated the accumulation of glycerophospholipids,
glycerolipids, unesterified cholesterol, and complex sphingolipids in these 3D liver
spheroids as the MoA of CPZ-mediated PLD.

4427

Development and Use of Human 2D and 3D Hepatic Co-culture
Models as Alternatives to Traditional Hepatotoxicity Testing

S. W. Corzine, R. W. Samuel, P. Kumar, S. D. Slattery, and A. Ranade. ScitoVation,
Durham, NC.
New approach methodologies (NAMs) are gaining importance as an alternative to
traditional in vivo toxicity testing, as the latter involves high cost and time requirements as well as ethical considerations. Regulatory agencies and industry are
developing biologically relevant in vitro cell models for efficiently and accurately
predicting the toxicity of chemicals. The liver has been a major focus of these
efforts, yet there are currently no in vitro alternatives for hepatotoxicity testing
accepted by regulators. While hepatocytes are the primary component of the
liver, the liver non-parenchymal cells (NPCs) also play an important role in hepatotoxicity. Our goal was to develop 2D and 3D in vitro models using co-cultures
of cryopreserved human hepatocytes and NPCs as an alternative to traditional
toxicity testing of pharmaceutical compounds and commodity chemicals. These
models are characterized by the presence of hepatocyte-specific markers (Albumin,
CYP3A4) and NPC-specific markers (Desmin, ACTA2, LYVE1) using qRT-PCR and
by immunostaining for albumin, LYVE1, and Vimentin. The utility of these 2D and 3D
hepatic co-culture models to measure the cytotoxicity response of compounds was
evaluated by studying dose-response profiles of 12 compounds. As a control model
for comparison, human hepatocytes plated as mono-cultures were also assayed.
The compounds tested were acetaminophen, aflatoxin B1, tamoxifen, acetochlor,
flusilazole, carbaryl, bisphenol A, triflumizole, ethofumesate, ametryn, dimethenamid, and sucrose with 9 concentrations per compound including an appropriate
media control. Cytotoxicity and viability were measured using CellTox Green Assay
and CellTiter Glo Assay, respectively. Also, the number of dead cells were measured
using high content imaging techniques. We will categorize the test compounds
as having low, medium, or high cytotoxicity using the dose-response curves and
IC50 values. We also observed that the co-culture model produces more consistent
and reproducible dose-response curves, and for some compounds (aflatoxin B1
and ametryn) presence of NPCs helps reduce the cytotoxic effect of the chemical.
Species comparison by implementing the ‘parallelogram approach’ for IVIVE
comparisons is in progress using data generated in ScitoVation’s rat 2D and 3D
models. Further investigation and ongoing detailed analysis of 2D and 3D co-culture
systems seek to determine the optimal system for capturing response to chemical
exposure that is most representative of in vivo response.
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Modulation of Fructose-Induced Hepatic Insulin Resistance by
Aryl Hydrocarbon Receptor Ligands

J. King1, V. Woolner2, R. Keyzers2, and R. Rosengren1. 1University of Otago, Dunedin,
New Zealand; and 2Victoria University of Wellington, Wellington, New Zealand.
The increasing rates of hepatic insulin resistance necessitates investigation into
the molecular pathways influencing its development. The aryl hydrocarbon receptor
(AhR), a transcription factor activated by a wide range of exogenous (pollutants,
phytochemicals) and endogenous (tryptophan metabolites) ligands, has been
implicated in regulating insulin sensitivity by altering lipid metabolism. However,
research is conflicting regarding how different AhR ligands modulate this response,
particularly in human cells. AhR ligands, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),
6-formylindolo[3,2-b]carbazole (FICZ), GNF-351 (GNF), β-naphthoflavone (BNF),
indole-3-carbinol (I3C) and 4,7-dibromo-2,3-dichloroindole (4DBDCI), were tested
in human HepG2 cells. Western blotting for insulin-stimulated pAkt/Akt expression was used to measure insulin sensitivity. To determine whether changes in
lipid accumulation governed insulin sensitivity, triglyceride (TG) and neutral lipid
content were quantified via a kit and Oil Red O staining, respectively. The mRNA
expression of SREBP-1C, FAS and PPARA was determined via qPCR. 48-hour
exposure to 15 mM fructose reduced insulin-stimulated pAkt/Akt expression by
45%. FICZ was able to prevent this loss of insulin sensitivity, and the protective
effect was abrogated by co-treatment with the AhR antagonist, GNF, suggesting it
was AhR-mediated. BNF, I3C and 4DBDCI potentiated the fructose-mediated insulin
resistance to 20-25% of control, though this was not mediated by the AhR, while
TCDD and GNF had no effect. Contrary to the literature, fructose did not increase TG
or neutral lipid content in HepG2 cells. FICZ in combination with fructose caused a
35% decrease in TGs. 4DBDCI, however, also reduced TG and lipid content by 25%
and 40%, respectively, while BNF and I3C had no significant effect. Moreover, qPCR
did not reveal any significant changes to SREBP-1C, FAS and PPARA. These results
suggest that changes in lipid accumulation are insufficient to explain how AhR
ligands modulate fructose-induced hepatic insulin resistance and further investigation into the mechanism is warranted. Moreover, despite all tested compounds
being AhR ligands, only FICZ-mediated activation of the AhR prevented the loss
of insulin sensitivity. Thus, these compounds may have other molecular targets
influencing their overall response.
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Identification of Regions of the Human SULT1C2 and SULT1E1
Genes Controlling Differentiation-Dependent Expression in
HepaRG Cells

M. S. Jamal, T. Kocarek, and M. Runge-Morris. Wayne State University, Detroit, MI.
The cytosolic sulfotransferase (SULTs) catalyze the sulfonation of numerous
endogenous and xenobiotic substrates with consequences that include hormone
inactivation, xenobiotic detoxification, and procarcinogen bioactivation. Some
human SULTs, including SULT1C2 and 1E1, are predominantly expressed in liver
during prenatal life, and the HepaRG model of human liver cell differentiation
recapitulates this developmental pattern, with SULT1C2 and 1E1 expression low in
proliferating cells, high in confluent cells, and low again in differentiated cells. As a
step toward understanding the mechanisms controlling differentiation-dependent
SULT expression, the aim of this study was to identify essential regions of the
SULT1C2 and 1E1 genes for conferring the normal temporal pattern of expression. Lentiviral firefly luciferase reporter vectors containing ~5Kb of the SULT1C2
gene (226bp of 5’-flanking sequence, non-coding exon 1, intron 1, and exon 2 up
to the translation start site) and ~7.1Kb of the SULT1E1 5’-flanking region were
prepared and used to transduce pre-confluent HepaRG cells. The stably transduced
cells were plated at low density and cultured through the differentiation protocol,
harvesting cells on different days for measurement of SULT1C2, SULT1E1, and
luciferase mRNA levels. HepaRG cells containing the SULT1C2-luciferase reporter
expressed luciferase and endogenous SULT1C2 with the same temporal pattern.
Likewise, cells containing the SULT1E1-luciferase reporter expressed luciferase and
SULT1E1 with the same temporal pattern. Because analysis of publicly available
ChIP-seq data indicated that ~1 Kb regions of the SULT1C2 and SULT1E1 genes
contained within the initial constructs are rich in hepatocyte-enriched transcription
factor-binding sites, lentiviral reporter constructs containing these transcription
factor-rich regions (TFRRs) were prepared and tested. HepaRG cells containing the
TFRR constructs displayed the same temporal patterns of SULT1C2, SULT1E1, and
luciferase expression that were observed with the initial constructs, suggesting that
these TFRRs are sufficient to confer the normal pattern of differentiation-dependent
expression. This work was supported by NIH grant R01 ES022606.
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Anti-Obesity Activities of Natural Dietary Products in the Human
Liver Cell Line HepaRG and Human Adipocytes

S. Senthilkumar, M. Solan, O. Zelaya, and R. Lavado. Baylor University, Waco, TX.
Diseases associated with insulin resistance and obesity are increasing at an
alarming rate worldwide. Excessive dietary triacylglycerols (TAGs) evoke adipocyte
hyperplasia and subsequent accumulation of lipids in peripheral organs (liver,
cardiac muscle). New therapeutic methods are constantly sought to prevent,
treat, and alleviate symptoms of these diseases. The present study investigates
the effects of three natural compounds: indole-3-carbinol (I3C), a bioactive indolic
compound found in cruciferous vegetables, such as broccoli; cannabidiol (CBD),
the active ingredient in cannabis-derived from the hemp plant; and trans-resveratrol
(TRV), a natural compound present in grapes, red wine, and berries with anticancer properties. The compounds were tested for the fatty acid accumulation in the
human liver cell line HepaRG, a well-established model for non-alcoholic fatty liver
disease (NAFLD) and in human pre-adipocytes (adipose-derived mesenchymal
stem cells). LC50s of each compound were in the high uM range, demonstrating
the low toxicity of these compounds. Fatty acid accumulation was assessed by
colorimetric and fluorometric bioassays. Effects on HepaRG cellular lipids revealed
significant lipolysis and the prevention of fatty acid accumulation when exposed
to sublethal concentrations (at nM level) of I3C and CBD. Similar effects were
observed in pre-adipocytes. Significant inhibition of lipogenesis and adipocyte
differentiation was observed in cells exposed to nM levels of I3C and CBD, but not
TRV. The results of this study provide a key preliminary insight for future studies on
preventative dietary strategies that target NAFLD and obesity.
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Screening of Metabolic Endpoints in HepaRG Cells Exposed to a
Panel of Endocrine Disrupters

K. Bernal1, C. Touma2, B. Le-Grand1, C. Martin-Chouly2, A. Legrand2, V. Genêt2, M. Kim3,
D. Lagadic-Gossmann2, X. Coumoul1, S. Langouët2, and E. B. Blanc1. 1Université de
Paris, Paris, France; 2Université de Rennes, Rennes, France; and 3Université Sorbonne
Paris Nord, Paris, France. Sponsor: R. Barouki
Metabolic disorders are among the main adverse health outcomes that have been
associated with endocrine-disrupting chemicals (EDCs). It is crucial to have a
better understanding of the mode of action of suspected EDCs, and the biological
pathways they may perturb to identify their real impact on the human population.
Such new knowledge will help to develop relevant, new and effective methods for
EDCs testing to reduce the population exposure. Metabolic disruptions can lead
among other pathologies to non-alcoholic fatty liver diseases (NAFLD) such as
steatosis, steatohepatitis or fibrosis. We use the differentiated HepaRG cell line
(2D and 3D), a well-recognized in vitro liver model, to assess the effects of 10
compounds (bisphenols (A,F,S), PFASs (PFOS, PFOA), Cd, DDE, Phthalates (DBP,
DEGP), butyl-paraben) suspected to have obesogenic properties potentially through

endocrine-disrupting mechanisms, and amiodarone as control (inducer of steatosis). As first endpoints, we analyzed 1) the cytotoxicity of each EDC using three
different methods, 2) the respiratory capacities using Seahorse Technology and 3)
the expression of genes involved in energetic metabolism (glycolysis, lipogenesis,
lipolysis ...) by qRT-PCR and 4) the glucose export/uptake and glycogen content. No
effect has been observed on the tested endpoints after acute (24h) EDC exposure
compared to amiodarone. Expression of some genes involved in carbohydrate (like
PKLR, PDK4, PCK1, G6Pc) and lipid (like FASN, CYP4A11 and PLIN2) metabolism
were modified by several pollutants. Further experiments are underway to explore
other metabolic pathways, to evaluate the effects of a chronic exposure with lower
doses and to determine the contextual effects of the EDCs on the progression
of the steatosis (combination of an EDC and a steatosis inducer). This work will
enable to identify endpoint(s) relevant to characterize the impacts of pollutants
on cellular metabolic mechanisms. Ultimately, these biomarkers will be used to
develop regulatory tests in the frame of IATA (Integrated Approaches to Testing
and Assessment) needed by the International Regulatory Agencies.
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Evaluation of NAFLD In Vitro: Does Fatty Acid-Enriched Media
Recapitulate the Human Hepatocyte NASH Lipidome?

R. Khatri1, T. Kralj2, K. L. Brouwer3, K. R. Brouwer1, and D. J. Creek2. 1BioIVT, Durham,
NC; 2Monash University, Parkville, Australia; and 3University of North Carolina at Chapel
Hill, Chapel Hill, NC.
Many in vitro models simulate NASH (nonalcoholic steatohepatitis) conditions
by culturing human hepatocytes in fatty acid (FA)-enriched media. This approach
reproduces the histological features of steatosis, however, the resulting hepatocellular lipidome has not been comprehensively compared to NASH hepatocytes. The
lipidome of primary human hepatocytes from patients with histologically-confirmed
NASH (NASH PHH; n=4) was compared to sandwich-cultured human hepatocytes
(SCHH) cultured in a FA-enriched media containing a 1:2 ratio of oleic:palmitic acid
at a total concentration of 0.5 mM (IVIS SCHH; n=4). SCHH cultured in standard
medium served as a control (n=4). Lipids were extracted with methanol and chloroform, and analyzed in an untargeted manner by LC-MS for identification of glycerolipids, fatty acids, and phospholipids (PL). Analysis of IVIS SCHH using the Oil
Red O-based assay demonstrated an 8.5-fold increase in total neutral lipids (NL).
Analysis of hepatocellular lipid profiles by LC-MS lipidomics identified 374 lipids
including 150 NL and 224 PL. In NASH PHH, 49 NL were elevated and 31 were
lower in abundance vs. control SCHH; in IVIS SCHH, 52 NL were increased and
only 4 decreased. In NASH PHH, 100 PL were elevated and 11 were decreased
in abundance vs. control SCHH; in IVIS SCHH, 6 PL were elevated and 43 were
decreased. NASH PHH and IVIS SCHH also exhibited significant differences in
lipid class abundance determined by lipid class total ion current (TIC). The total
abundance of diglycerides and triglycerides was significantly higher in NASH PHH
(3.3-fold and 2.2-fold, respectively) and IVIS SCHH (3.6-fold and 1.8-fold, respectively) vs. control SCHH. However, for NASH PHH, all PL classes showed significantly higher levels (1.4- to 5.9-fold) vs. control SCHH, whereas PL classes were
not increased in IVIS SCHH. While the abundance of total lipids was increased,
lipidomics revealed that the IVIS SCHH produced a markedly different lipidome
than that of NASH PHH, especially for PL. The use of FA-enriched media is not
sufficient to simulate the lipidome of hepatocytes from patients with NASH. Any in
vitro model aiming to simulate NASH must consider the complete cellular lipidome
and demonstrate that it replicates the significant lipidomic alterations observed in
NASH PHH.

4433

Gene Expression Alterations Induced by Intermediate and
Extended Fatty Acid Exposure in an In Vitro Model of NAFLD

R. A. Willett, T. Volodymyr, T. Farnan, F. Beland, and I. Pogribny. US FDA/NCTR,
Jefferson, AR.
The rapidly increasing incidence of nonalcoholic fatty liver disease (NAFLD) is a
growing health epidemic worldwide. If not detected early, NAFLD progression can
lead to irreversible pathological states, including liver fibrosis and cirrhosis, and
may also result in carcinogenesis. Using in vitro models to understand the molecular pathogenesis has been extremely beneficial; however, most studies have utilized
only short-term exposures, highlighting a limitation in current research to model
extended fat-induced liver injury. In this study, we treated Hep3B hepatocellular cells
continuously with a low dose of oleic and palmitic free fatty acids (FFAs) for 7 and
28 days and performed a transcriptomic analysis to identify dysregulated molecular
pathways mediated by FAA exposure. Culturing Hep3B cells in the presence of oleic
and palmitic FFAs for 7 and 28 days resulted in the differential expression of 378
and 654 genes, respectively, among which 183 genes were in common. Pathway
analysis revealed that these genes were primarily involved in lipid metabolism,
small molecule biochemistry, and molecular transport pathways. Of the common
differentially expressed genes, the expression of five genes, ANKRD36B, GPR157,
DACT2, CPT1A, and NRXN3, increased after 28 days of FFA exposure compared
to that after 7 days, whereas the expression of 21 genes, ELOVL6, IGFBP3, TRIB3,
NEMP2, ETV5, BCAT1, DLK1, FABP1, DUSP5, GDF15, SLC7A5, AFP, AC005594.1,
DDC, CDKN2B, STC2, NEO1, ABCG2, EGR1, ANKRD36, FOS, and IPO5P1, was
reduced. A detailed analysis of these genes showed that 18 of 21 of the down-reg-
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ulated genes contain CpG island in the promoter region and can be epigenetically
regulated. These results suggest a potential of this in vitro model to investigate the
molecular mechanisms of NAFLD development, as well as identification of future
targets for treatment and prevention.
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An In Vitro Tri-culture System to Assess Compound-Induced
Hepatic Clearance of Thyroxine in Humans

K. K. Wolf1, T. Stone1, M. Biven2, M. McIntyre1, B. Hannas2, J. LaRocca2, and E. L.
LeCluyse1. 1LifeNet Health, Research Triangle Park, NC; and 2Corteva AgriScience,
Indianapolis, IN.
Currently, there is a need for a reliable human cell-based in vitro assay that recapitulates alterations in thyroxine clearance by thyroid-disrupting chemicals (TDCs).
The purpose of this study was to develop and validate an in vitro strategy to assess
compound-induced alterations in thyroxine metabolism and clearance using a
novel human hepatocyte triculture system. Pre-validation studies were designed
to determine minimum lot qualification, stability of T4 glucuronidation rates over
time and optimal exposure period to nuclear receptor agonists in tricultures of
human primary hepatocytes and feeder cells of stromal and endothelial origin over
a 2-week culture period. Using this framework, additional studies were performed
in tricultures from pre-qualified hepatocyte lots (n=3) to validate a working protocol
to assess the impact of known CAR and PXR agonists on phase 1 and 2 enzyme
gene expression by qPCR and glucuronidation of 7-ethoxycoumarin (7EC, 100μM)
and T4 (0.1μM) by LC-MS/MS. Tricultures from 3 separate qualified hepatocyte lots
were treated daily for 7 days (days 4-10) with PB, CITCO, RIF, PCB153 or PCN. The
results of the prevalidation study showed T4 glucuronidation rates were consistent
and stable between hepatocyte lots from 7 to 14 days in culture when normalized
to cell number (1.5-2.0 pmol/h/106 cells). Pre-qualified hepatocyte lots that showed
>3-fold increases in T4 glucuronidation rates after exposure to PCB153 exhibited
optimal responses to CAR and PXR agonists (e.g. phenobarbital (PB), CITCO and
rifampicin (RIF)) after 7 days of exposure (ending on day 10). T4 glucuronidation
exhibited linear kinetics at physiologic levels (0.1μM) between 4 and 24 hours of
incubation. CYP2B6 and UGT1A1 were induced >5- and >2-fold, respectively, by
PB, CITCO, RIF and PCB, and CYP3A4 and UGT2B4 were induced >5- and >2-fold,
respectively, by PB and RIF. Glucuronidation of 7HC from 7EC was increased by
PB (6-fold), CITCO (2.7-fold), RIF (4-fold), and PCB (1.9-fold), while glucuronidation
of T4 was increased by PB (2.2-fold), RIF (2-fold) and PCB (3.2-fold). The results
showed that a robust and consistent induction of CYP and UGT gene expression
was observed across donor lots for PXR and CAR agonists. Notably, PCB caused
the greatest increases in T4 clearance mechanisms compared to RIF, CITCO and
PB, which was distinct from the fold changes in CYP and UGT gene expression or
7EC metabolism. In conclusion, the human hepatocyte triculture model represents
a reproducible and reliable in vitro platform for assessing compound effects on T4
metabolism and clearance.

testing in combination with multiplex endpoint assays, represents a promising
approach for selection and decision making of successful drug candidates in the
discovery process.
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N. Gandhi, and P. Rajagopalan. Virginia Polytechnic Institute and State University,
Blacksburg, VA. Sponsor: M. Ehrich
Approximately 23% of Americans take five or more prescription drugs every day.
Adverse reactions to medications can cause drug-induced liver injury (DILI), the
leading cause of acute liver failure in the US Therefore, there is a need to develop
in vitro liver organoids for hepatotoxicity studies. Induced pluripotent stem cell
(iPSC)-derived hepatocyte-like cells (iHLCs) exhibit significant potential for
patient-specific organoid development. However, studies have shown that liver-like
functions in iHLCs are lower than those observed in primary human hepatocytes.
The goal is to investigate whether interactions with hepatic non-parenchymal cells
(NPCs) may enable better hepatic function in iHLCs. Hepatocytes are responsible for a range of metabolic, synthesis and biotransformation functions. Among
the NPCs, the most abundant are the liver sinusoidal endothelial cells (LSECs),
which filter blood before entering the hepatocytes. Kupffer cells (KCs) are the
resident macrophages and hepatic stellate cells (HSCs) are in the space of Disse
and maintain the extracellular matrix. To understand how NPCs may enhance the
function of iHLCs and their contribution to biotransformation, an engineered 3D
liver organoid composed of iHLCs and LSECs was designed. iHLCs were seeded on
a collagen (Type I) hydrogel and allowed to differentiate for seven days. Thereafter,
LSECs were encapsulated in a hydrogel composed of collagen (Type 1) and
fibronectin above the iHLCs to assemble the organoid. The control consisted of
iHLCs cultured as a collagen sandwich (CS). The initial ratio of iHLCs:LSECs was
approximately 5:1, similar to reported in vivo cellular compositions. Acetaminophen
(APAP), a prototypic hepatotoxicant, was administered 24h later at input concentrations of 2.5 mM (½ LC50, lethal concentration 50) and 5 mM (LC50). Cultures were
ended at 24h and 72h post-toxicant administration. In the presence of LSECs, 24h
post-APAP, urea secretion at LC50 was 0.547 +/- 0.216 ug/ug DNA compared to
1.21 +/- 0.356 ug/ug DNA in the CS controls. In organoids, urea secretion at ½ LC50
and LC50 decreased from 1.63 +/- 0.259 and 1.48 +/- 0.329 ug/ug DNA before APAP
administration to 0.916 +/- 0.242 and 0.547 +/- 0.216 ug/ug DNA 24h after APAP,
respectively. In the organoids, cellular viability was 31% higher (52.4% +/- 5.45%)
than in CS controls (36.3% +/- 7.40%) at ½ LC50 24h post-APAP. Investigation of
changes in glutathione and alanine aminotransferase are ongoing. Future work will
include the addition of other NPCs, such as KCs and HSCs, to recapitulate the in
vivo environment more closely.
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A Rapid 3D In Vitro Screening-Based Discovery Approach for
Selecting and Prioritizing NASH Drug Candidates

S. Grepper1, S. Stroebel1, K. Fiaschetti1, J. Rupp1, A. Pajak1, K. Sanchez1, M. Petitjean2,
L. Chen2, M. Bieri1, E. Thoma1, A. Wolf1, F. Verdeguer1, and R. Kostadinova1. 1InSphero,
Brunswick, ME; and 2PharmaNest, Princeton, NJ.
Non-alcoholic steatohepatitis is a severe progressive disease characterized by
lipid accumulation, inflammation, and fibrosis in the liver. To date, there are no
approved drugs for NASH treatment and drug development has been impeded by
the lack of predictive in vitro models reflecting the complex pathology of NASH. The
aim of the study was to develop a human 3D in vitro NASH spheroid microtissue
model, based on a scaffold-free co-culture of primary hepatocytes, Kupffer cells,
liver endothelial cells, and hepatic stellate cells for high-throughput-compatible
drug efficacy testing. Upon exposure to defined lipotoxic and inflammatory stimuli
cocktail, containing free fatty acids, LPS, high levels of sugar and insulin, 3D NASH
model displayed key pathophysiological features within 10 days of treatment. For
NASH drug efficacy testing we measured tissue triglycerides, secretion of pro-inflammatory and pro-fibrotic markers (Luminex) as well as secretion of pro-collagen type I/III (HTRF/ELISA). We observed increased intracellular triglyceride
content as surrogate marker indication of lipid accumulation and the elevation
of secreted inflammatory markers such as IL-6, MIP-1α, TNF-α, IL-10, MCP-1
and IL-8 in NASH conditions compared to a lean control. Increased secretion
of TIMP-1, MMP-2, procollagen type I and III peptides as well as fibril collagens
deposition have been observed in NASH conditions as compared to the control.
Treatment with the anti-TGF-β antibody decreased the secretion of TIMP1, MMP-2
and pro-collagen type I/III secretion in a dose-dependent manner. Decreased
deposition of fibrosis based on quantification of Sirius-Red-stained tissues
(PharmaNest) was observed in presence of TGF-β antibody. Importantly, biochemical readouts for 3D liver models treated with NASH drug candidates such as
Selonsertib and Firsocostat were indicative of disease progression and the
results generally reflected documented clinical observations. In summary, using
this rapid, high-throughput-compatible 3D NASH model for drug candidate efficacy

Investigating Hepatotoxicity in Engineered iPSC-Based 3D Liver
Organoids

Characterizing and Utilizing Cytochrome P450s-Overexpressing
HepG2 Cells for Assessing Drug-Induced Liver Toxicity

S. Chen, X. Li, Q. Wu, Z. Ren, N. Mei, and L. Guo. US FDA/NCTR, Jefferson, AR.
Hepatic metabolism catalyzed by the cytochrome P450 (CYP) superfamily affects
liver toxicity associated with exposures to natural compounds and xenobiotic
agents. Previously we generated a battery of HepG2-derived stable cells lines that
individually express 14 CYPs (1A1, 1A2, 1B1, 2A6, 2B6, 2C8, 2C9, 2C18, 2C19, 2D6,
2E1, 3A4, 3A5, and 3A7). In this study, we comprehensively characterized each
cell line for its CYP expression and enzyme activity. We confirmed the enhanced
metabolic capacity of each CYP-overexpressing HepG2 cells by measuring
the mRNA expression, protein expression, and metabolite formation. We next
compared the mRNA expression level of 14 CYPs in CYP-overexpressing HepG2
cells with HepaRG cells and primary human hepatocytes. The results showed
that the mRNA expression level of most CYPs was higher in CYP-overexpressing
HepG2 cells than that in HepaRG cells and primary human hepatocytes. We also
demonstrated the suitability and usefulness of these cells for identifying specific
CYP enzymes responsible for the cytotoxicity of drugs that have been reported to
cause liver injury, such as sertraline, dronedarone, and lapatinib.
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The Protective Effects of Sideritis congesta against APAPInduced Hepatotoxicity in HepG2 Cell Line

Y. Özhan1, E. Güzelmeriç1, R. Reis2, Y. Kan3, A. Aydın1, and H. Sipahi1. 1Yeditepe
University, Istanbul, Turkey; 2Acibadem Mehmet Ali Aydinlar University, Istanbul, Turkey;
and 3Selçuk Üniversitesi, Istanbul, Turkey.
Paracetamol (APAP) is one of the most popular medications used for the relieving
mild and moderate pain. Since overdose of APAP can cause liver toxicity, novel
safe-herbal alternative therapies for APAP-induced hepatotoxicity are needed.
Sideritis congesta has many beneficial effects on human health. Previous studies
have shown that S. congesta has anti-inflammatory, antiulcer, antimicrobial and
antioxidant properties. In the present study, the hepatoprotective effects of S.
congesta aqueous and hydroalcoholic (EtOH-H2O, 1:1, v/v) extracts against APAP
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induced liver injury on HepG2 cells were investigated. For this purpose, antioxidant
activity of S. congesta has been investigated through 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical scavenging and cupric reducing antioxidant capacity (CUPRAC)
assays as well as its chemical fingerprinting by HPTLC to identify responsible
components in the biological activity. Cytotoxicity was determined by MTT assay
in HepG2 cells and oxidative stress biomarkers (GSH, MDA level and SOD, CAT
activities) were measured against APAP exposure. ALT and AST enzymatic activities were detected by kinetic ELISA kits. The results showed that extracts exerted
significant antioxidant activity. In the cytotoxicity assessment, significant recovery
in cell viability (approximately 41%) was observed with 1 mg/mL S. congesta
pre-treatment compared to 15 mM APAP (≈IC50) treated cells. In addition,
oxidative stress and lipid peroxidation induced by APAP exposure revealed that S.
congesta boosted the endogenous GSH level as well as SOD and CAT activities and
decreased the elevated MDA level. Moreover, AST/ALT ratio increased with APAP
was significantly decreased with S. congesta extracts. In conclusion, S. congesta
extracts could protect HepG2 cells from APAP-induced hepatotoxicity. This study
demonstrated that the S. congesta extracts may be a potential therapeutic agent to
attenuate APAP-induced hepatotoxicity.
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Characterization of Morphology, Longevity, and Functionality in
an All-Human Cell Based Tri-culture System

J. R. Weaver1, J. J. Odanga1, K. K. Wolf2, T. Stone2, S. Piekos3, M. Taub3, C. Thomas3,
A. Byer-Alcorace3, J. Chen1, J. Lee1, and E. L. LeCluyse2. 1LifeNet Health, Virginia
Beach, VA; 2LifeNet Health, Research Triangle Park, NC; and 3Boehringer Ingelheim
Pharmaceuticals Inc., Ridgefield, CT.
The use of primary human hepatocytes (PHH) in preclinical pharmacological and
toxicological applications has been restricted in part by the lack of a suitable
culture platform that is convenient, supports a multitude of donor lots from healthy
and diseased tissues, and maintains the structural and functional properties of
the cells over prolonged periods of time. The sandwich culture and the co-culture systems have addressed some of these issues; however, some limitations
remain. To address these limitations, an all-human tri-culture system has been
developed that uses PHHs and primary feeder cells. Cryopreserved human feeder
cells (FCs) consisting of two types of stromal cells at a 1:1 ratio were thawed and
seeded onto a 24-well collagen coated plate. Cryopreserved adult PHHs were then
thawed and plated onto the FCs, creating a Tri-Culture System (TCS). Morphology
and functionality, including albumin (Alb) and urea secretion and cytochrome P450
(CYP) activity, were evaluated over a 3-week culture period. PHHs from multiple
adult donor lots in the TCS exhibited a healthy and stable morphology, including
multicellular cluster formation, for up to 42 days. Extensive anastomosing networks
of bile canaliculi with tight and gap junctions were established during the initial 5
days of culture and remained stable throughout the remainder of the culture period.
Albumin and urea production levels were significantly higher in the TCS (30-40
µg/day/106 cells and 55-70 µg/day/106 cells, respectively) over a 3-week period
compared to monoculture PHHs. Gene expression of Alb, CYP1A2, CYP2B6, and
CYP3A4 in the TCS PHHs at day 4 was increased 2-fold on average compared to
the PHHs in the monoculture. Phase 1 and phase 2 metabolic function (midazolam
1-hydroxylation rates: 10-20 pmol/min/106 cells, 7-ethoxycoumarin glucuronidation
rates: 300-600 pmol/min/106 cells) was stable after 5 days for at least 2 weeks.
Overall, these results show that the triculture model represents a convenient all-human hepatic culture system that maintains both hepatocellular morphology and
metabolic function over several weeks.

4440

Comprehensive Impedance-Based Hepatotoxicity Assay for
Metabolically Active iPSC-Derived Hepatocytes

U. Thomas1, M. Ziller1, O. Filali2, K. Czysz2, R. Knox3, E. Dragicevic1, and S. StoelzleFeix1. 1Nanion Technologies GmbH, Munich, Germany; 2Fujifilm Cellular Dynamics Inc.,
Madison, WI; and 3Nanion Technologies Inc., Livingston, NJ. Sponsor: E. Dragicevic,
Safety Pharmacology Society
Drug-induced hepatic toxicity is one of the main reasons for regulatory actions and
market withdrawals of drugs in the last 50 years, while Drug-Induced Liver Injury
(DILI) still remains the major cause of acute liver failure. Current existing in vitro
models employed to predict DILI mostly focus on hepatocytes. iCell® Hepatocytes
2.0 (FUJIFILM Cellular Dynamics) are human iPSC-derived cells with a wide variety
of basic and functional characteristics which make them amendable to a number
of applications such as compound-mediated ADME-T and DILI toxicity. iCell
Hepatocytes 2.0 display characteristic hepatocyte morphology, including polygonal shape, polynucleation and formation of bile canalicular channels. These cells
have been extensively characterized for expression of the liver cell markers including, albumin, A1AT, and HNF4a, as well as basic and induced P450 functions, as
observed in primary human hepatocytes. The impedance signal recorded using
planar gold-film electrodes reveals alterations in confluency, cell contact (morphological shape) and conductivity of adherent cells. Thereby provides a measure
of toxicity. This measurement gives valuable insights in various cell phenotypes,
even over prolonged periods of time (acute and chronic exposures). Here, iCell
Hepatocytes 2.0 were recorded on the CardioExcyte 96 (Nanion Technologies) and
changes in impedance, therefore confluency, were used to measure of DILI. Acute

and chronic (dose-dependent) liver toxic effects have been tested for 5 relevant
compounds: diclofenac, APAP, Troglitazone, Chlorpromazine and Aflatoxin B1. To
obtain 2D monolayers in 96-well plates, cells were seeded with density of 300k
cells/cm2, and recordings were performed during the time period of 21 days. Data
showed comparable results to other cell viability and tox assays, such as CellTiterGlo, rendering impedance as a reliable but non-invasive tool. We were able to
show dose and time dependant effects for all 5 compounds on iCell Hepatocytes
2.0. Importantly, the acute and chronic effects of Aflatoxin B1 were observed in
standard 2D conditions, indicating that the hepatocytes were metabolically active
and functional when using this impedance-based, non-invasive assay.

4441

Evaluation of Microcystin Toxicity in 2D and 3D Primary Human
Hepatocyte Cultures

J. McGehee1, and V. Richardson2. 1Oak Ridge Institute for Science and Education, Oak
Ridge, TN; and 2US EPA, Research Triangle Park, NC.
Microcystin (MC) are cyanobacterial hepatotoxins and known inhibitors of serine/
threonine protein phosphatases. Considered one of the most common cyanobacterial toxins, MC are commonly found in surface and drinking water and their
presence poses a risk to public health. Over 200 MC congeners have been identified
with variable amino acid compositions. The amino acid composition determines
physical/chemical properties including hydrophilicity and is also thought to
determine the chemicals’ kinetics that will in part determine the toxicity of each
congener. While Microcystin LR (MCLR) is the most widely researched congener,
toxicity data for other MC are limited. Previous studies show that the more
hydrophobic congeners cause a greater decrease in hepatocyte viability, compared
to the more hydrophilic congeners. Considered the “gold-standard”, primary human
hepatocytes (PHH) are often used to evaluate hepatic metabolism and toxicity
of other xenobiotic compounds in vitro. The conventional 2D culture of PHH is
easily attained and thus represents the most common culture strategy; however,
3D cultures have been shown to better recapitulate in vivo liver physiology and
maintain a stable expression of metabolic enzymes. This study aims to characterize the viability of PHH in 2D and 3D culture in response to microcystin exposure.
PHH were cultured in 96-well collagen-coated plates in a 2D monolayer or in 96-well
ultra-low attachment plates to support 3D spheroid development. Cells were
treated for 24 hours with microcystin-LR (MCLR) or the more hydrophilic microcystin-WR (MCWR) in concentrations ranging from 0 to 6 μM. EC50s from cell viability
studies were used to determine the cytotoxic potency of each MC congener. In
both methods of cultivation, MCLR was more toxic than MCWR; however, spheroids
showed a greater sensitivity to MCLR, as indicated by a 56% lower EC50 relative
to the monolayer (p<0.01). A similar but more pronounced result was observed in
cultures treated with MCWR, whereas the EC50 for the spheroid model was found
to be 89% less than the monolayer culture (p<0.01). This study shows that the more
hydrophobic congener (MCLR) caused a greater decrease in cell viability, compared
to the more hydrophilic congener (MCWR) in both culture methods. The spheroid
cultures were significantly more sensitive to microcystin than the 2D cultures. Our
results show the utility of using spheroid cultures for understanding and predicting the toxic effects produced by MC congeners in vivo. This abstract does not
represent US EPA policy.

4442

Self-Assembling Co-cultures of Primary Cryopreserved
Hepatocytes Give Relevant Drug Metabolizing Enzyme
Responses across Human and Nonclinical Species

J. Harney, A. K. Kopec, J. P. Jackson, and A. D. Burdick. Pfizer Inc., Groton, CT.
In vivo nonclinical animal testing can reveal hepatic drug metabolizing enzyme
(DME) induction profiles which are unwanted in the clinical setting. Due to the
challenges of species differences in nuclear hormone receptor expression, it is
important to understand whether findings in animals translate to effects in humans.
Drug-drug interactions, induction, or inhibition of phase I or II DMEs, multi-organ
toxicities and toxic metabolite formation can unfavorably impact a molecules’
development and safety profile. The classic in vitro method of sandwich cultured
hepatocytes (SCH) in monoculture format routinely falls short of providing
expected and consistent induction responses, especially those from nonclinical
models. This work sought to develop an in vitro assay system using cells derived
from humans or nonclinical species, including rat, dog and nonhuman primate,
which respond to prototypical species- and pathway-specific inducer compounds.
Cultures of primary hepatocytes consisted of self-assembling co-cultures (SACC),
micropatterned co-culture hepatocytes (MPCH) and SCH. Each model system was
evaluated using a test set of compounds with known species- and pathway-specificity for cytochrome P450 enzyme induction. Cultures were treated consecutively
for two days and mRNA fold-induction relative to vehicle controls was assessed.
The SACC cultures provided the greatest improvement in reliability and specificity
of responses compared with MPCH and SCH systems. SACC systems also offer
additional advantages over other evaluated models including culture longevity,
ease of procurement, and consistent donor availability providing a better solution
for screening potential DME profiles across species.
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Characterization of Rat and Dog Quad-Culture LiverMicrophysiological System Models: A Step on the Journey to
Reduce Animal Use

T. A. Sharapova, P. K. Mahalingaiah, R. Ciurlionis, D. Kukla, V. C. Peterkin, L. J. Heinle,
D. M. Stresser, and T. R. Van Vleet. Abbvie Inc., North Chicago, IL.
Complex in vitro models (e.g. micro-physiological systems (MPS) or organ-on-a-chip
models) often include physiologically relevant conditions like flow, shear stress,
as well as multiple cell type interactions in 3D. Increasingly, there is an interest
in evaluating these models for potential applications in preclinical drug development. Potential applications include use as an alternative model to in vivo studies
for prediction of safety (or efficacy) of new investigational drugs. Unfortunately,
vendors have largely ignored the production of animal cell based MPS models,
focusing mainly on human models. However, MPS with cells from sensitive preclinical species could reproduce species-specific toxicity in vivo findings, which would
provide significant confidence in the validity of human cell based MPS results and
insight into the translatability of animal toxicity findings to humans. Keeping this
in mind, we sought to establish and validate a protocol for building rat and dog
quad-culture liver MPS models using the commercially available Emulate® platform
(chips). The Liver MPS model included primary hepatocytes, sinusoidal endothelial
cells, Kupffer cells and stellate cells and was characterized for multiple endpoints
over a 14day period. As a first step, we identified reliable sources for all four primary
cryopreserved liver cell types for rat and dog and then successfully established a
protocol for co-culture of these cells in physiologically relevant flow conditions.
Model characterization included an evaluation of cell viability (LDH, ALT/AST
release) as well as structural (bright field imaging and immunofluorescence),
functional (albumin production) and metabolic (CYP and FMO activity) phenotypes.
Initial study results demonstrated that our protocol and culture conditions enable
building and maintaining high-quality rat and dog chips for up to 7 days. Starting
after 7 days post-connection to flow conditions, we observed a gradual decrease in
the viability of cells as well as in functional activity. Within our functions, this was
the first effort to build an MPS model for preclinical species. The established liver
MPS model is currently being evaluated as a more physiologically relevant alternative when compared to traditional 2D and simple 3D (spheroid) models in predicting
species specific (unique to dog) metabolite driven liver toxicity.

4444

Assessing Drug-Induced Liver Injury Using a Sensitive and
Selective Human Liver Microphysiological System and Clinical
Biomarkers

O. Novac, R. Silva, L. Young, K. Lachani, D. Hughes, and T. Kostrzewski. CN Bio
Innovations, Cambridge, United Kingdom. Sponsor: R. Cardoso
Drug-induced liver injury (DILI) remains the most common cause for acute liver
failure in the USA and Europe and is a leading cause of attrition of compounds in
drug development. As an alternative to classical 2D cell cultures, which have significant limitations in assessing DILI, we have developed a human liver microphysiological system (MPS) comprised of human primary liver hepatocyte parenchymal
and non-parenchymal cells (NPCs), cultured in 3D microtissues on an engineered
scaffold under perfusion up to two weeks. The methodology has been validated
with a broad set of twelve severely and mildly hepatotoxic test articles with a variety
of chemical composition. Liver function following drug exposure was assessed by
a broad spectrum of functional liver-specific endpoints on the cellular structures
and culture medium, including clinical biomarkers - alanine aminotransferase (ALT),
to create a distinct mechanistic “signature of hepatotoxicity.” The MPS in vitro
model showed superior sensitivity and specificity over classic 2D primary hepatocytes (PHHs) cultures and even some standard non-MPS 3D models in detecting
DILI (sensitivity 70%, specificity 100%), and identified compounds of high clinical
DILI concern that were not detected by some 2D PHHs cultures (levofloxacin) and
detected mild toxicity in compounds of low-DILI concern (pioglitazone). By using a
wide range of biomarkers, the liver model can detect toxicities in compounds that
otherwise might be missed when using only basic cell viability endpoints. The liver
MPS enables the analysis of clinical biomarkers, such as ALT, which are notoriously
difficult to detect in vitro allowing improved translation to clinical data. Overall, we
demonstrate that the liver MPS model is well suited to exploring the molecular
mechanisms that underlie DILI and its association with hepatic toxicity. The model
can additionally be used to assess how novel compounds behave in distinct patient
subsets and how toxicity profiles may be affected by liver disease state (e.g., viral
hepatitis, fatty liver disease).

4445

Evaluating Tocilizumab and GGF2 for Biologics-Induced Liver
Injury (BILI) in a Biomimetic Liver Microphysiology Model

L. Vernetti1, A. Gough1, J. Beaudoin2, L. Clemens2, C. Battista2, S. Siler2, L. Shoda2, B.
Howell2, K. Yang2, and D. Taylor1. 1University of Pittsburgh, Pittsburgh, PA; and 2DILIsym
Services Inc., Research Triangle Park, NC.
We describe the use of a four human liver cell, 3D liver acinus microphysiology
system (LAMPS) and the vascularized liver acinus microphysiology system
(vLAMPS) models to test for hepatic injury of the anti-IL-6 receptor antagonist

Tocilizumab and the growth factor protein Cimaglermin Alfa (GGF2), two biologic
drugs. The biomimetic MPS liver models used in these studies have previously
demonstrated utility in predicting small molecule hepatotoxic effects. The
models were treated by continuous perfusion of 1.6 uM Tocilizumab or 10 ng/
ml GGF2 for 10 days. Over the course of the treatment period or at the end of the
treatment period, the following liver function, health, and mechanisms of toxicity
were assessed: albumin synthesis, CYP3A4 activity, conjugated bile acid release,
blood urea nitrogen (BUN) synthesis, lactate dehydrogenase (LDH) release, reactive
oxygen species (ROS), steatosis, tumor necrosis factor (TNF)-alpha release, bile
efflux, high mobility group box (HMGB)-1 release, pro-collagen 1A1 secretion and
smooth muscle actin (SMA). GGF2 was found to increase hepatocyte steatosis
and decrease the release of conjugated bile acids glycochenodeoxycholic acid and
taurocholic acid. No effects from either drug were found in albumin, BUN, TNF-α,
pro-collagen 1 or SMA measurements. However, Tocilizumab was found to increase
HMGB1, ROS, steatosis and LDH. ROS is a primary mechanism of toxicity and could
contribute to the increase in clinical hepatotoxicity found with Tocilizumab administration. In addition, IL-6 treatment suppressed CYP3A4 activity, but co-culturing with
Tocilizumab reversed this finding, suggesting the possibility that tocilizumab-mediated recovery in CYP3A4 function could contribute to hepatotoxicity via a CYP3A4dependent co-medication. The LAMPS and vLAMPS results of this study suggest
compound profiling in multi-cellular, complex biomimetic models are required to
identify subtle hepatotoxins that become apparent during large scale clinical use.
Finally, the results from the study were added to the MicroPhysiology database for
computational analysis [KY1] to build BIOLOGXsym, a quantitative systems toxicology modeling software to predict biologics-induced liver injury.

4446

Toxicity Mechanisms of Novel Organophosphorus Flame
Retardants: Employing Adverse Outcome Pathways for
Metabolic Disruption

C. K. Negi, L. Bajard, and L. Blaha. RECETOX, Brno, Czech Republic.
Following the ban of long-used polybrominated diphenyl ethers (PBDE), organophosphorus flame retardants (OPFRs) have been consistently detected in increasing concentrations in the environmental and human matrices. Accumulating
evidence suggests that OPFRs exposure may be associated with the occurrence
and progression of various metabolic diseases. However, the underlying
mechanisms linking exposure with metabolic pathologies remain poorly
understood. In the present study, we employed an adverse outcome pathway
(AOP)-based in vitro bioassay to characterize the toxicological effects and potential
mechanisms of OPFRs-mediated metabolic disruption. We examined nine OPFRs in
human hepatoma (HepG2 monolayer and 3D spheroids) cell culture to assess lipid
accumulation, mitochondrial dysfunction, expression of several genes related to
lipid metabolism and utilized the in silico approach to identify the putative molecular initiating events (MIEs). Our findings suggest the lipid accumulation potential of
several OPRs including tricresyl phosphate (TMPP), triphenyl phosphate (TPHP),
tris(1,3-dichloropropan-2-yl) phosphate (TDCIPP), and 2-ethyl-hexyl diphenyl
phosphate (EHDPP) in human liver cell culture by altering the expression of genes
responsible for hepatic lipogenesis and mitochondrial dysfunction. Available data
from ToxCast and in silico molecular docking suggest pregnane X receptor (PXR)
and peroxisome proliferator-activated receptor-gamma (PPARγ) as potential MIEs.
Moreover, lipidome analysis of 3D hepatospheroids also indicates dysregulation
of several lipid classes, including sterol lipids, sphingolipids, glycerolipids, glycerophospholipids, and fatty acyls after EHDPP exposure. In summary, our study
identifies several OPFRs as a potential risk factor for metabolic pathologies and
demonstrates the utility of an AOP-based strategy for screening and prioritizing
chemicals for elucidating the molecular mechanisms of toxicity. Acknowledgments:
Supported by the EU H2020 program under the Marie Skłodowska-Curie grant
agreement No 859891 (PRORISK).
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Analysis of Various Endpoints from Acetaminophen-Induced
Liver Toxicity Study Using Emulate Liver-Chips

Q. Shi1, A. Arefin1, L. Ren1, K. Papineau1, D. A. Barnette1, E. King1, L. K. Schnackenberg1,
J. J. Hawes1, W. B. Mattes1, M. Avigan2, D. L. Mendrick1, J. Ronxhi3, and K. Jang3.
1US FDA/NCTR, Jefferson, AR; 2US FDA/CDER, Silver Spring, MD; and 3Emulate Inc.,
Boston, MA.
Organs-on-Chips can better mimic human physiology than other preclinical
models and therefore may improve prediction of drug toxicity. We used Emulate®
Liver-Chips to evaluate acetaminophen (APAP) hepatotoxicity with initial studies
focused on developing cytotoxicity and imaging assays. Primary human hepatocytes were cultured in the upper channel of a two-channel Organ-Chip system
interfaced with sinusoidal endothelium, Kupffer, and stellate cells in a parallel
channel while perfused with medium. The Liver-Chips were treated with APAP at
0, 0.5, 3, and 10 mM for 7 days, and albumin, lactate dehydrogenase (LDH), alanine
transaminase (ALT), and aspartate aminotransferase (AST) were measured in
the effluents collected daily. Cell morphology and markers were analyzed using
an ImageXpress® Micro 4 Imaging System that was optimized for Organ-Chips.
Albumin levels, which were similar to those previously reported in human blood
in vivo, decreased in response to APAP treatment prior to induction of cell death.
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ALT and AST protein levels in the effluents were elevated by 3.6- and 2.4- fold,
respectively, in the 10 mM APAP group and correlated with LDH activity, whereas
the transaminase enzymatic activities were unstable in this assay. Adenosine
triphosphate (ATP) also decreased after APAP treatment while hepatocyte and
endothelial cell-specific markers were preserved. The ranked sensitivity of cytotoxicity endpoints was albumin>ATP>ALT>AST>LDH. For most endpoints, intra-chip
variations were small (coefficient of variation <15%). Our data show that Emulate®
Liver-Chips maintain key liver functions of hepatocytes for at least two weeks
and relevant biomarkers can be evaluated non-invasively in the effluent to assess
hepatotoxicity.

4448

HepatiCult for Human Liver Organoids: A Validated Culture
System for Drug Toxicity Screening

J. Christie1, R. Sharma1, R. K. Conder1, C. Segeritz-Walko1, A. C. Eaves1,2, S. A. Louis1,
and A. V. Sampaio1. 1STEMCELL Technologies Inc., Vancouver, BC, Canada; and 2Terry
Fox Laboratory, BC Cancer, Vancouver, BC, Canada. Sponsor: J. Damen
Liver organoids represent a physiologically relevant model for in vitro liver research.
They retain key features of liver cells, recapitulate donor heterogeneity, and have
applications in the study of liver biology, disease modeling, and drug efficacy and
safety screening. HepatiCult™ Organoid Kit (Human) supports a complete liver
organoid workflow, including organoid establishment, expansion, and differentiation for downstream applications. Ductal material isolated from normal human
liver tissue was seeded in HepatiCult™ Organoid Initiation Medium to yield proliferative hepatic organoids (n=14). Established organoids were then passaged in
HepatiCult™ Organoid Growth Medium (OGM) and differentiated in HepatiCult™
Organoid Differentiation Medium (ODM). Both immature and mature organoids
maintained in OGM and ODM, respectively, were used to screen known hepatotoxic
compounds, and the responses were compared to HepG2 cells and primary human
hepatocytes (PHH). Mature organoids exhibited similar or greater sensitivity to
ketoconazole, troglitazone, rifampicin, diclofenac, and acetaminophen (average
IC50 ± SEM = 17 ± 2 µM, 67 ± 17 µM, 69 ± 20 µM, 128 ± 32 µM, and 3952 ± 857 µM,
respectively; n=4 donors) than immature organoids (average IC50 ± SEM = 36 µM
± 3 µM, 75 ± 9 µM, 213 ± 16 µM, 375 ± 9 µM, and 7988 ± 890 µM, respectively; n=4
donors). Mature organoids also exhibited increased sensitivity to a majority of the
test compounds when compared to HepG2 cells (average IC50 ketoconazole = 35
µM, troglitazone = 76 µM, rifampicin = 335 µM, diclofenac = 471 µM, and acetaminophen = 20922 µM; n=1) and PHH (average IC50 ± SEM ketoconazole = 43 ± 5 µM,
troglitazone = 117 ± 12 µM, rifampicin = 492 ± 40 µM, diclofenac = 461 ± 27 µM,
and acetaminophen = 3012 ± 821 µM; n=3 donors). These results demonstrate the
increased sensitivity of mature hepatic organoids initiated, expanded and differentiated using HepatiCult™ Organoid Kit (Human) as a model for drug toxicity assays
when compared to HepG2 and PHH, and provide evidence of their usefulness in
drug screening assays.

4449

High-Throughout RNA-seq Profiling of 3D Liver Organoids to
Predict Drug-Induced Liver Injury (DILI)

P. Walker1, M. Ogese1, R. Fritsch2, A. Rosell-Hidalgo1, Y. Feng3, R. Rex2, M. Severo
Witte2, T. Samatov2, R. Barton1, E. Shardlow1, S. Madden1, and C. Strock3. 1Cyprotex
Discovery Limited, Macclesfield, United Kingdom; 2Evotec, Gottingen, Germany; and
3Cyprotex US LLC, Watertown, MA.
Drug-induced organ toxicity remains a major reason for drug attrition and a major
concern in the development of new drugs. It is estimated that 90% of drugs fail
during clinical development; therefore, there is a pressing need for improved predictive methods during the early stages of drug discovery. A variety of in vitro liver
models, such as organotypic three-dimensional (3D) microtissues combined with
High-Content Imaging (HCI), have been developed in an effort to de-risk DILI in
earlier drug discovery. Enhanced mechanistic understanding of off-target cellular
effects can be gained by combining the most predictive and physiologically
relevant in vitro models with analysis of the cellular transcriptome. Transcriptomics
has been shown to play an important role in determining differentially expressed
genes (DEGs), mechanisms of action and induced cell stress pathways associated
with drug exposure. Utilising the 3D liver models, HepaRG spheroids and primary
human hepatocyte liver microtissues (hLiMTs), a 128-reference drug library with
and without clinical DILI-associated compounds and 90 compounds with defined
mechanisms of action have been profiled. High throughput RNA-sequencing
(RNA-seq) in 384-well format was performed across an eight-point dose response
range at a 7-day repeat dose time-point. The transcription profiles obtained allowed
grouping of DILI positive and negative compounds into functional clusters by PCA
(principal component analysis) and t-distributed stochastic neighbour embedding
(t-SNE) analysis. DEGs in a dose-dependent manner were observed for DILI
compounds and was shown to be mechanism and DILI rank dependent. Using the
whole genome transcriptomic data a machine-learning model was developed to
perform DILI risk assessment. DILI compounds were assigned a DILI risk probability score identifying DILI compounds with an 80.6-89.6% sensitivity and 81.3-84.4%
specificity across the two organoid models. In addition, specific gene signatures
and community analysis was associated with individual mechanisms of action,
illustrating the improved mechanistic insight and DILI risk assessment obtained

by this approach. In summary, predictive toxicogenomics (TGx) combined with
organotypic liver models can be used to profile novel chemical entities to determine
DILI risk, providing insight into the potential mode of action implicated in the drug’s
toxicity.
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Computational Approach for Enhanced RNA Sequencing
Analysis of Hepatotoxic Compounds

B. Leoni1, J. Frampton1, T. Krsmanovic1, K. Jankovic1, G. Apic1, and R. Russell2.
1Metisox, Cambridge, United Kingdom; and 2Heidelberg University, Heidelberg, Germany.
The output of RNA-sequencing analysis is usually a list of dysregulated genes.
These are the starting point for enrichment analysis, which returns a list of Gene
Ontology (GO) terms and dysregulated pathways. The results are often hard to
interpret and sometimes generic or limited in their scope. In order to make the
output of RNA-sequencing easier to interpret in terms of toxicology, we developed
algorithms and assembled a comprehensive database using both data curated
manually in-house and various publicly available data on proteins, biologically active
chemicals, their interactions, pathways and pathologies. We catalogued four million
references supporting each database entry, and PubMed hyperlinks to provide
evidence to support the interactions. Proteins and chemicals are hyperlinked to
EntrezProtein and PubChem, respectively. Data integration was supported by an
internally-developed toxicology ontology with over 2500 toxicity endpoints. We
validated the system by exploring transcriptomic datasets from primary human
hepatocyte spheroids treated with three hepatotoxic compounds: chlorpromazine,
aflatoxin and amiodarone. We identified 21 genes that were dysregulated when
any of these compounds was administered. These genes would therefore make
good candidates as a signature of hepatotoxicity. The conventional tools for gene
enrichment analysis, including Gene Ontology and Reactome, returned scarce and
very generic results for this small gene set. Conversely, our proprietary database
and algorithm correlated these genes to several liver toxicity endpoints, such as
liver steatosis, liver inflammation and liver fibrosis. In addition, the system allows
fast retrieval of literature references that report toxicologically relevant information about signature genes. For example, the FGF21 gene from our signature is
consistently downregulated across the samples. The literature review confirmed
downregulation in several liver conditions, including hepatic fibrosis, and treatment
with FGF21 is a putative therapy for liver disease. In this example, we show that
our tool can help investigate hepatotoxicity and the mechanistic interpretation of
RNA-sequencing data.
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Role of HRTPT in Kidney Proximal Epithelial Cell Regeneration:
Integrative Differential Expression and Pathway Analysis Using
Micro Array and scRNA-seq

S. Shrestha, S. Singhal, M. Kalonick, R. Guyer, A. Volkert, S. Somji, S. H. Garrett, D. A.
Sens, and S. Singhal. University of North Dakota, Grand Forks, ND.
Damage to proximal tubules due to exposure to toxicants can lead to conditions
such as acute kidney injury (AKI), chronic kidney disease (CKD), and ultimately
end-stage renal failure (ESRF). Studies have shown that kidney proximal epithelial cells can regenerate particularly after acute injury. In the previous study, we
utilized an immortalized in vitro model of human renal proximal tubule epithelial
cells, RPTEC/TERT1 to isolate HRTPT cell line that co-expresses stem cell markers
CD133 as well as CD24 and HREC24T cell line that expresses only CD24. HRTPT
cells showed most of the key characteristics of stem/progenitor cells; however,
HREC24T cells did not show any of these characteristics. The goal of this study
was to further characterize and understand the global gene expression differences,
upregulated pathways as well as gene interaction using scRNA-seq in HRTPT cells.
Affymetric microarray analysis identified common gene-sets and pathways specific
for HRTPT and HREC24T cells analyzed using DAVID, Reactome and Ingenuity
software. Gene-sets of HRTPT cells, in comparison with publicly available dataset
for CD133+ infant kidney, urine derived renal progenitor cells and human kidney
derived epithelial proximal tubule cells showed substantial similarity in organization
and interactions of the apical membrane. Single cell analysis of HRTPT cells identified unique gene clusters associated with CD133 and the 92 common gene-set
from three datasets. In conclusion, the gene expression analysis identified a unique
gene-set for HRTPT cells and narrowed the co-expressed gene-set compared to
other human renal derived cell lines expressing CD133, which may provide deeper
understanding in their role as progenitor/stem cells that participate in renal repair.

4452

Evaluation of Acute Kidney Injury (AKI) Biomarkers for Use in
Nonhuman Primate (NHP) Urine

L. Little, P. Roberts, A. Lucchini, J. Smith, and A. Frantz. Labcorp Drug Development,
Madison, WI.
Screening new drug candidates for AKI potential is employed based on early
mechanistic and weight of evidence findings in preclinical studies, and the development of assays to assess biomarkers for AKI is a critical part of toxicology assess-
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ment. Here, we assessed Meso Scale Discovery (MSD) assays for AKI evaluation
in nonhuman primates (NHPs). To generate endogenous positive control urine
samples for these assays, two females were administered 2.5 mg/kg Cisplatin,
a chemotherapy drug known to induce AKI, and urine was collected 4 days post
dose. Cisplatin-derived and recombinant quality control (QC) samples (NHP KIM-1
spiked into urine), were tested as part of a validation of the R-PLEX Human KIM-1
assay. The validation produced data showing acceptable precision (CV < 20%) for
intra-assay, inter-assay, inter-instrument, and inter-analyst comparison. Accuracy of
the spiked controls was consistent between assays, and the range of quantification
from the standards was determined to be 0.98- 5026 pg/mL. Endogenous urine
samples from animals administered Cisplatin were tested in parallel for Creatinine,
and showed elevated KIM-1/Creatinine ratios from predose samples in the same
animals. Kidney Injury Panel 3 Human Kit (MSD) assay qualification was performed
on the same samples for 7 AKI markers, and the kit calibrator was diluted to
generate both standards and QCs. The qualification produced data showing acceptable precision (CV <20%) for intra-assay and inter-assay comparison as well as
acceptable freeze-thaw stability for samples within range of quantification for the
analytes listed above. Samples post Cisplatin treatment exhibited increases in AKI
markers KIM-1, alphaGST, calbindin, clusterin, osteoactivin, and VEGF compared
to baseline. Both assays were shown to be suitable for testing NHP urine for AKI
biomarkers, and both assays can be used in future preclinical NHP studies for
accessing test article AKI risk.
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Sugarcane Ash and Sugarcane Ash-Derived Silica Nanoparticles
Alter Cellular Metabolism and Mitochondrial Function in Human
Proximal Tubular Kidney Cells

A. D. Stem, K. L. Rogers, and J. M. Brown. University of Colorado Anschutz Medical
Campus, Aurora, CO.
Multiple epidemics of chronic kidney disease of an unknown etiology (CKDu),
primarily in young healthy agricultural workers, have emerged in agricultural
communities around the world. It is proposed that heat stress, dehydration and/
or toxicant exposures may be a cause of this emerging disease. We have hypothesized that the harvest and burning of sugarcane leading to inhalation of sugarcane
ash may contribute to development of CKDu. Sugarcane stalks consist of ~80%
amorphous silica and we have demonstrated that following burning of sugarcane,
nano-sized silica particles (~200 nm) are generated. To determine what effect such
exposures might have on kidney cells, a human proximal convoluted tubule (PCT)
cell line (HK-2) was cultured under normal and heat stress (39°C) conditions. HK2
cells were subjected to treatments ranging in concentration from 0.025µg/mL to
25µg/mL of sugarcane ash, desilicated sugarcane ash, sugarcane ash derived silica
nanoparticles (SAD particles), and manufactured pristine 200nm silica nanoparticles. Following 6 hours, 24 hours, and 48 hours of exposure, mitochondrial activity
was analyzed via MTS assay and found to be significantly reduced when exposed
to SAD particles at concentrations 2.5µg/mL or higher. Alterations to oxygen
consumption rate (OCR) and pH changes were investigated with a Seahorse XF
Analyzer and viability was determined with a plasma membrane integrity/esterase
activity fluorescence assay. Significant changes to cellular metabolism occurred
across treatments as early as 6 hours of exposure. While treatment with SAD
particles greatly reduced normalized OCR, treatment with sugarcane ash and desilicated sugarcane ash increased OCR. Despite apparent shutdown of mitochondrial
activity following exposure to SAD particles, treatment with FCCP (an uncoupling
agent that maximizes mitochondrial oxygen consumption) yielded a massive
increase in mitochondrial respiration in all treatment groups. Such changes suggest
that exposure to sugarcane ash and its derivatives could alter cellular metabolism
and promote mitochondrial dysfunction of human PCT cells.

4454

A Humanized Mouse Model to Evaluate Kidney Injury Due to
Cancer Immunotherapies

L. E. Thompson1, M. Goedken2, K. R. Reuhl2, L. M. Aleksunes2, J. Lang1, and M. S. Joy1.
1University of Colorado Anschutz Medical Campus, Aurora, CO; and 2Rutgers, The State
University of New Jersey, Piscataway, NJ.
Immune checkpoint inhibitors have revolutionized the treatment of cancer in
patients by targeting inhibitory receptors on cancer and T cells. However, post-marketing surveillance has demonstrated that these therapies cause immune-mediated
adverse events including nephrotoxicity that were not detected during preclinical
development. We evaluated a translational mouse model with a humanized immune
system to identify kidney toxicities in response to cancer immunotherapies.
Newborn BALB/c-Rag2nullIl2rynullSirpαNOD (BRGS; nonhumanized) mice were irradiated and injected with CD34+ hematopoietic cells isolated from human umbilical
cord blood to generate mice with a humanized immune system (HIS-BRGS). BRGS
(n=7; 4M,3F) and HIS-BRGS (n=14; 8M,6F) mice were implanted with triple negative
breast cancer MDA-MB-231 cells in both flanks. After two weeks, mice were treated
i.p. with either vehicle (PBS), PD-1 antagonist nivolumab (nivo; 20 mg/kg 2x/week),
or nivolumab and CTLA-4 antagonist ipilimumab (nivo/ipi; 10 mg/kg each 1x/week)
for four weeks. H&E-stained sections of kidneys from BRGS and HIS-BRGS mice
were analyzed for histomorphological evidence of injury. Incidence and severity
scores (range of 0 to 3) were recorded. Statistical analyses were conducted using

rank order two-way ANOVAs with Sidak’s multiple comparison tests (GraphPad
Prism 9.3). Humanization of the immune system caused minimal glomerulonephritis (p<0.0001) in all HIS-BRGS mice compared to BRGS mice. Compared to
vehicle-treated HIS-BRGS mice, treatment with nivo/ipi trended towards worsening
glomerulonephritis (p=0.056). Nivo alone, as well as the nivo/ipi, resulted in interstitial nephritis (nivo: p=0.016, ipi/nivo: p=0.004) and periarteritis (nivo: p=0.027, ipi/
nivo: p=0.003) in HIS-BRGS mice compared to vehicle-treated HIS-BRGS mice. In
conclusion, humanized HIS-BRGS mice represent a highly innovative and promising
preclinical model to evaluate immune-related kidney toxicities of checkpoint inhibitors including glomerulonephritis, periarteritis, and interstitial nephritis. Supported
by R01GM123330, T32ES029074, UL1TR003017, P30CA046934, and P30CA072720.

4455

Annona muricata Blunts Acute Kidney Injury in Rats

A. A. Adedapo1, O. A. Oni1, O. O. Falayi1, I. O. Ogunmiluyi1, B. S. Ogunpolu1, T. O.
Omobowale1, A. A. Oyagbemi1, O. O. Oguntibeju2, and M. A. Yakubu3. 1University of
Ibadan, Ibadan, Nigeria; 2Cape Peninsula University of Technology, Bellsville, South
Africa; and 3Texas Southern University, Houston, TX.
The ameliorative effect of the methanol leaf extract of Annona muricata in glycerol-induced acute kidney injury in laboratory rats was evaluated because the plant is
very rich in alkaloids, megastigmanes, flavonol triglycosides, phenolics, cyclopeptides and essential oils. Since acute kidney injury is characterized by oxidative
stress, the study aimed at evaluating the ameliorative effect of the methanol leaf
extract of Annona muricata since it is rich in phenol and flavonol, which are sources
of natural antioxidant. Thirty albino rats were used and were divided into five of six
rats per group. The first group was given distilled water (2mls) for seven days while
second group was given only glycerol (10 ml/kg) on day 8. The third, fourth and fifth
groups received methanol leaf extract of Annona muricata (100 mg/kg), 200 mg/
kg dose of the extract and enalapril (10 mg/kg) respectively for seven days and
on day 8 all received glycerol (10 ml/kg). On day 9 blood pressure measurement
was taken. Blood samples were thereafter collected from the retro-orbital venous
plexus for serum chemistry. After blood collection, the animals were sacrificed
by cervical dislocation and kidneys were thereafter harvested for histopathology
and immunohistochemistry. Serum chemistry, histopathology, immunohistochemistry and blood pressure changes were used as indices of toxicity. In the toxicant
group, blood pressure increased significant but treatment with 200mg/kg of the
leaf extract reversed this. In biochemical analysis, the toxicant group had significant increase in the levels of markers of oxidative stress and decreased levels of
some enzymatic and non-enzymatic markers. Treatment with 200mg/kg of the
extract and enalapril reversed the trend. Histopathological changes were seen in
the kidney of the toxicant group but those treated with 200mg/kg of the extract
showed normal kidney histology with no observable lesion. The immunolocalization of angiotensin converting enzyme (ACE) and kidney injury molecule-1 (KIM-1)
in kidney showed high expression of these proteins in toxicant group while enalapril
and the extract caused significant down regulation of their expressions. Results
showed that 200mg/kg dose extract of Annona muricata could confer an effective
protection on the kidney due to its anti-inflammatory, anti-hypertensive and antioxidant properties.

4456

An Endocrinized Fibroblast Growth Factor 1 Delays the
Progression of Diabetic Nephropathy in Late-Stage Type 2
Diabetic Mice by Alleviating Renal Inflammation, Fibrosis, and
Apoptosis

Q. Lin, O. Chen, L. Cai, and Y. Tan. University of Louisville, Louisville, KY.
Older adults (≥65 years of age) with type 2 diabetes (T2D) account for nearly half
of all individuals with diabetes mellitus. Older adults are at higher risk for developing diabetic complications including diabetic nephropathy (DN), contributing to
excess morbidity and mortality in older individuals. An endocrinized fibroblast
growth factor 1 (FGF1ΔHBS) was demonstrated to prevent DN via anti-inflammation
and anti-oxidative stress in an early-stage (2-month-old) T2D mouse model. The
present study is aimed to investigate the potential therapeutic effects of FGF1ΔHBS
on the progression of DN in a late-stage T2D mouse model with established DN.
Nine-month-old db/db mice were administrated with FGF1ΔHBS every other day
for 3 months. db/db mice at 12-month-old without FGF1ΔHBS treatment exhibited
high blood glucose level and elevated urine albumin-to-creatinine ratio (UACR).
FGF1ΔHBS treatment effectively reversed hyperglycemia, delayed the development
of renal dysfunction, and reduced kidney size and weight. Furthermore, FGF1ΔHBS
treatment significantly prevented the progression of renal morphologic impairment, reflected by reduced fibrotic remodeling and mesangial matrix expansion.
FGF1ΔHBS treatment also demonstrated strong anti-inflammatory and anti-fibrotic
effects, reflected by the significantly decreased key pro-inflammatory cytokines
and pro-fibrotic factors at both protein and mRNA levels in kidney. Moreover,
FGF1ΔHBS treatment greatly decreased the apoptosis of renal tubular cells, which
was accompanied by a significant downregulation of the pro-apoptotic protein and
upregulation of the anti-apoptotic protein expression in renal tissues. In conclusion,
this study demonstrates that FGF1ΔHBS can remarkably delay the progression of
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renal dysfunction in late-stage T2D, exhibiting a promising translational potential
in treating DN in older T2D individuals by ameliorating renal inﬂammation, fibrosis
and apoptosis.

4457

Resveratrol and Pterostilbene Reduce the Cytotoxicity Mediated
by Oxidative Stress Constituents in Renal Proximal Tubule
Epithelial Cells

M. Valentovic1, K. C. Brown1, R. McGuffey1, C. Bender2, S. Lane1, and A. Cox1. 1Marshall
University School of Medicine, Huntington, WV; and 2West Virginia Wesleyan College,
Buckhannon, WV.
Cancer chemotherapy agents are associated with a number of adverse effects
including a significant decline in renal function which may be irreversible. Although
the mechanism for renal impairment is not known, increased oxidative stress and
increased generation of reactive oxygen species may contribute to renal cytotoxicity. Reactive oxygen species include, superoxide anion, hydroxyl radicals and
hydrogen peroxide. Resveratrol (RES) is an antioxidant found in dark chocolate,
grapes and peanuts. RES has been reported to possess properties associated with
anti-aging, anti-cancer and reduction of oxidative stress. Pterostilbene (PTER) is
contained in blueberries and almonds and has been found to possess antioxidant
and anticancer activity. This project evaluated RES and PTER protection of renal
cells exposed to low concentrations of hydrogen peroxide. The study utilized a
noncancer renal proximal tubular epithelial cell line (HK-2). HK-2 cells were plated
and equilibrated 48 hours. RES or PTER were added at a final concentration of 0
or 10 uM for 1 hour. DMSO or ethanol was the vehicle for RES or PTER and water
was the vehicle for hydrogen peroxide. Cells were then co-incubated for 24 hours
with 0-1000 uM hydrogen peroxide. A minimum of 4 independent experiments
were conducted with 4 different cell passages. Upon completion of the 24 hour
period, cells were collected for evaluating cell cytotoxicity using the MTT assay
conversion to formazan. RES and PTER reduced hydrogen peroxide cytotoxicity
relative to vehicle control groups (p<0.05). There was no statistical difference in
the LC3BII/LC3BI ratio mediated by the low concentrations of hydrogen peroxide.
Further studies will examine RES and PTER effects with higher hydrogen peroxide
concentrations. Supported by NIH Grant P20GM103434 to the West Virginia IDeA
Network for Biomedical Research Excellence. AC supported by NASA WV Space
Grant Consortium Grant # 80NSSC20M0055.

4458

Secreted Proteins, Lipids, and Low-Molecular-Weight
Metabolites as Early Biomarkers of Human Proximal Tubular
Cell Exposure to Nephrotoxic Agents

L. H. Lash1, P. Mathieu1, P. M. Stemmer2, R. Rosati2, X. Hu3, and D. P. Jones3. 1Wayne
State University School of Medicine, Detroit, MI; 2Wayne State University, Detroit, MI; and
3Emory University School of Medicine, Atlanta, GA.
Mitochondria and other organelles are early and sensitive targets for numerous
nephrotoxic drugs and environmental contaminants. To prevent irreversible kidney
injury from such chemical exposures it is critical to identify indicators (biomarkers) that correspond with the exposures before significant injury occurs. Primary
cultures of human proximal tubular (hPT) cells were used as the model system to
test the hypothesis that exposure to low, physiologically relevant concentrations of
these agents causes release of proteins, lipids and metabolites into the extracellular space that correlate with specific exposures and cytotoxicity. Previous work
with the nephrotoxic and mitochondrial-targeting toxicant S-(1,2-dichlorovinyl)-Lcysteine (DCVC) confirmed that a large proportion (43%) of proteins recovered in
the extracellular medium was of mitochondrial origin. Three of the most abundant
proteins detected, for which levels were increased by 5- to 10-fold by DCVC, were
sulfite oxidase (mitochondrial), keratins (cytoskeletal), and HSP90 (cytoplasm).
Comparisons of proteins detected in media from cells exposed to cisplatin (CDDP)
vs. Control or polymyxin B (PmxB) vs. Control showed several commonly increased
proteins. As with results from DCVC exposure, keratins and HSP90 were detected.
The only mitochondrial protein that increased in abundance in supernatants from
toxicant-treated cells was carbamoyl-phosphate synthase (1.4- and 2.3-fold higher
in supernatants from CDDP- and PmxB-treated cells, respectively). Metabolomic
analysis showed moderate changes (429 features at raw P < 0.05) for CDDP-treated
cells vs. Control and moderate to high changes (619 features at raw P < 0.05) for
PmxB-treated cells vs. Control. For CDDP. There was consistently lower release
of 2-aminoadipate 6-semialdehyde and differences in purines, lipid species, and
several amino acids. For PmxB, there was consistently lower release of aminoadipic acid and 2-aminoadipate 6-semialdehyde and differences in release of lipid
species and lower release of phosphoenolpyruvate. These findings support the
overall hypothesis and identify multiple candidate biomarkers of early exposure to
diverse nephrotoxicants.

4459

New Immortalized Mouse Renal Proximal Tubule Epithelial Cell
(RPTEC) Lines to Study Nephrotoxicants

B. A. Merrick1, N. P. Martin2, P. E. Dunlap1, S. Ramaiahgari1, and J. F. Foley1. 1NIEHS/
NTP, Research Triangle Park, NC; and 2NIEHS/DIR, Research Triangle Park, NC.
Environmental kidney disease can result from chronic toxic substance exposure in
occupational or natural settings. Renal proximal tubule epithelial cells (RPTEC) are
a primary site for injury and in vitro human and rodent models are needed for screening potential nephrotoxicants and use in mechanistic studies. Here, primary RPTEC
cells isolated from CD-1 mice were transduced with lentiviral vectors containing
either human telomerase reverse transcriptase (hTERT) or SV40-LargeT antigen
(LgT). Antibiotic-based selection vectors were used to isolate and propagate
immortalized colonies which showed continuous growth and contact inhibition.
We tested the hypothesis that these cell lines would show different p53-dependent
transcriptional responses, since LgT is known to bind p53 to reduce downstream
gene activation. Pilot studies were performed to determine repeated exposure
levels that were just below a cytotoxicity threshold in these cells for the mycotoxin
aflatoxin B1 (AFB1) and nephrotoxicant, cisplatin (cisPt). Each cell line was exposed
daily to 5 non-cytotoxic concentrations of AFB1 (DMSO, 0 uM) at 12.5 to 100 uM or
to cisPt (PBS, 0 uM) at 0.25 to 2.5 uM, for 3 consecutive days, and RNA was isolated
24hr thereafter. qPCR was performed on p53 responsive transcripts as tested
by ANOVA and posthoc at p<0.05. AFB1 increased Mdm2 by 2-fold in LgT cells
compared to a 3-fold increase in hTERT cells. Only LgT cells responded to cisPt
by a 6-8 fold increase in Mdm2 but not hTERT cells. No transcriptional changes
were found in p53, Cdkn1a, Gadd45 or Bax transcripts in either cell type under
these exposure conditions. Mdm2 was found as the most responsive transcript
to cisPt and AFB1 treatments in both cell types. Mdm2 is most recognized as a
negative regulator of p53 by its E3 ubiquitin ligase activity that ubiquitinates p53
and targets it for proteasomal degradation. However, a growing body of evidence
suggests Mdm2 also has important p53-independent functions in toxicity that may
be exploited in these new RPTEC cell lines. Further insights into responses to these
nephrotoxicants will be revealed by examining full transcriptome changes.

4460

The Role of ADP/ATP Carrier Activity in Drug-Induced
Mitochondrial Dysfunction in Renal Proximal Tubular Cells

C. A. Hoogstraten1, M. M. Jacobs1, G. de Boer1, T. Nieuwenstein1, D. J. Neumann1, J. A.
Smeitink1,2, F. G. Russel1, and T. J. Schirris1. 1Radboudumc, Nijmegen, Netherlands; and
2Khondrion BV, Nijmegen, Netherlands.
Mitochondrial dysfunction is an underestimated cause of drug-induced kidney
injury (DIKI). Transport proteins in the mitochondrial inner membrane form a
significant class of potential drug off-targets, as these account for approximately
5% of the mitochondrial proteome. Most transporter-drug interactions have
been reported for the mitochondrial ADP/ATP carrier (AAC), which mediates the
exchange of cytosolic ADP for mitochondrial ATP. However, to what extent AAC
contributes to DIKI remains unknown. We aimed to investigate its role in drug-induced mitochondrial toxicity in human proximal tubular cells. CRISPR/Cas9 was
applied to generate AAC3-/- human conditionally immortalized renal proximal tubule
epithelial cells. Mitochondria were isolated to study functional AAC-mediated
ATP and ADP transport. Cells were exposed to the AAC inhibitors bongkrekic
acid, carboxyatractyloside, suramin and CD437 at concentrations ranging from
0.1-100 µM for 12 hours, in presence of 10 mM glucose or galactose to induce an
oxidative phenotype, after which effects on cellular metabolism were assessed.
Two AAC3-/- clones were successfully generated and confirmed at gene and protein
level. Both clones decreased ADP import rate to 55±7% and 33±8% (mean±SEM,
p<0.05) and ATP export rate to 71±10% (p=0.062) and 54±11% (p<0.05). In WT
and the two AAC3-/- cells, switching glucose to galactose reduced ATP production rate with 63±1%, 61±1% and 45±1% (p<0.001) and induced oxidative metabolism with 14.7±0.2%, 12.9±0.5% and 8.4±0.5 (p<0.001), respectively. Compared to
WT, the two AAC3-/- clones showed a reduced oxygen consumption, particularly
metabolic spare capacity declined to 66±6% and 53±4% in 10mM glucose (p<0.05).
All AAC inhibitors, except for suramin, reduced basal respiration to 9±2% - 32±11%
(p<0.0001) and maximal respiration to 8±2% - 51±17% (p<0.05) in WT and AAC3-/-,
compared to vehicle. In conclusion, genetic and chemical AAC inhibition mainly
reduce renal metabolic spare capacity, which is further decreased when cellular
metabolism is switched to a more oxidative phenotype. Therefore, AAC inhibition
is expected to mainly impair kidney function under energy-demanding conditions.

4461

The Role of Sodium-Dependent Dicarboxylate Transporters in
the Toxicity of the Diethylene Glycol Metabolite Diglycolic Acid

J. Tobin, C. Jamison, C. Robinson, and K. McMartin. Louisiana State University Health
Sciences Center Shreveport, Shreveport, LA.
Diethylene glycol (DEG) is an industrial solvent, generally found in brake fluid
and lubricants, but mainly implicated in poisonings via adulterated medicines.
Exposure to DEG causes proximal tubular necrosis, as well as hepatotoxicity and a
delayed peripheral neuropathy. The apparent toxic metabolite of DEG is diglycolic
acid (DGA), which accumulates in the organs and can reproduce the renal and
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hepatic toxicity when given alone. Due to this accumulation, transport of DGA into
kidney cells is likely mechanistically relevant. DGA is structurally comparable to
succinate, making it a possible substrate for the sodium-dependent dicarboxylate transporters (NaDCs). Pharmacological inhibition of NaDCs showed reduced
DGA accumulation. In a genetic knockdown model, NaDC-1 and NaDC-3 activities
were targeted via nucleofection with siRNA. The cells were grown on membrane
inserts and dosed with DGA. Cell toxicity was measured via lactate dehydrogenase
(LDH) release. Knockdown of NaDC-1 reduced the cytotoxicity of DGA, suggesting
decreased uptake into cells. This corroborated the inhibitor studies and suggested
that NaDC-1 is a possible therapeutic target in DGA toxicity. In a toxicity study of
DEG in rats, only about half of the animals given the same toxic dose developed
acute kidney injury (AKI). It was of interest to determine whether a difference in
NaDC transporters in the kidneys might explain a differential susceptibility to DGA
uptake and toxicity. Kidney RNA was extracted and mRNA levels of NaDCs were
confirmed via qRT-PCR. There was a difference found between the mRNA levels
of the AKI animals compared to animals treated with the same dose of DEG but
without AKI, which suggests that the reason that some animals had DEG-induced
AKI may be related to the amount of NaDC-1 present and hence to the amount of
DGA uptake. Supported by research agreement with the American Chemistry Council.

4462

Long Chain Omega-3 Fatty Acid Supplementation and
Soluble Epoxide Hydrolase Inhibition Suppress Triggering of
Glomerulonephritis by Rough Lipopolysaccharide in LupusProne NZBWF1 Mice

O. K. Favor, P. S. Chauhan, J. G. Wagner, R. P. Lewandowski, J. R. Harkema, J. P.
Pestka, and K. S. Lee. Michigan State University, East Lansing, MI.
Lipopolysaccharide (LPS, endotoxin) reportedly triggers early onset and accelerated progression of glomerulonephritis (GN) in lupus-prone female NZBWF1 mice,
suggesting this model could be valuable for studying interventions against GN.
Gram-negative bacteria can synthesize LPS with variable polysaccharide lengths
due to environmental stimuli or genetic mutations—a process known as outer
membrane remodeling. The purpose of this investigation was to 1) clarify how
polysaccharide length of LPS influences GN severity in the lupus-prone NZBWF1
model and 2) evaluate two interventions against LPS-triggered GN: omega-3
fatty acid supplementation and soluble epoxide hydrolase (sEH) inhibition. Study
1 compared the effects of subchronic intraperitoneal (i.p.) injection (2x/wk
for 5 wks) with 1) 0.8 µg smooth LPS (S-LPS, long polysaccharidic chain) from
Salmonella minnesota, 2) 0.8 µg rough LPS (R-LPS, short polysaccharidic chain)
from Salmonella minnesota Re 595, or 3) saline vehicle (VEH). R-LPS induced
robust elevations in BUN, proteinuria, and hematuria that were not evident in VEHor S-LPS-treated mice. Microscopic examination further revealed more robust
hypertrophy, hyperplasia, thickened membranes, and glomerular IgG deposition in
R-LPS-treated mice but not VEH- or S-LPS-treated mice. Thus, R-LPS, which reportedly forms larger aggregates and have a higher hepatic uptake rate compared to
S-LPS, was superior for triggering GN in this model. Study 2 compared the preventive effects of consuming long-chain omega-3 docosahexaenoic acid (DHA) at 5 g/
kg diet (low DHA) and 10 g/kg diet (high DHA) and/or the sEH inhibitor TPPU (23
mg/kg diet) on triggering of GN by subchronic i.p. injection (2x/wk for 5 wks) of 0.6
µg R-LPS. Relative rank order of GN severity among experimental groups based
on proteinuria, hematuria, histopathologic scoring, and glomerular IgG deposition
was: Veh/CON < LPS/high DHA ≈ LPS/TPPU <<< LPS/CON ≈ LPS/low DHA ≈ LPS/
low DHA+TPPU ≈ LPS/high DHA+TPPU diet. Therefore, prophylactic intervention
by increasing omega-3 tissue content via DHA feeding or inhibiting sEH activity
with TPPU suppressed R-LPS-induced GN; however, these preventive effects were
lost upon combining the two treatments. Supported by NIH grants ES027353 and
T32GM092715, and NSF 1761320.

4463

PODO/TERT256: A Promising Human Immortalized Podocyte
Cell Line and Its Potential Use for In Vitro Research at Different
Oxygen Tensions

N. Schlichenmaier, S. Beneke, and D. R. Dietrich. Universität Konstanz,
Konstanz, Germany.
Podocytes are a critical part of the glomerular filtration barrier (GFB) responsible for
size- and charge selective filtration of the blood in the renal glomeruli. Destruction
of the GFB by nephrotoxins or disease results in proteinuria, glomerulosclerosis
and end-stage renal disease. Consequently, a reliable and robust predictive in vitro
model system is critical for better detection and characterization of glomerulotoxicity in humans. Three factors are key for a predictive in vitro system i) cell-cell
interactions, ii) dimensionality and iii) O2 tension. Routine atmospheric O2 (21%), at
which routine in vitro experiments are run, exceeds physiological O2 tensions (10%
O2) encountered in the human renal cortex in vivo, by two-fold. Accordingly, the
question was raised whether excessive O2 tensions leads to adaptive responses
and thus to false negative and/or false positive results following exposure to
glomerulotoxins. Therefore, the objective was to phenotypically, genotypically and
functionally characterize a human podocyte cell line (PODO/TERT256) cultured
under both atmospheric and physiological O2 conditions with the focus to determine
its suitability as a predictive in vitro model. PODO/TERT256 were cultured at 10%

(PhysOx) and 21% O2 (AtmOx) in transwells that would also support the polarity of
the cells and facilitate the formation of a functional filtration barrier. Morphology,
cell proliferation and expression levels of a panel of podocyte markers (both at
the mRNA and the protein level) were assessed. To prove in vivo like functionality,
size-dependent permeability of the cell layer and its response to the known glomerulotoxin doxorubicin was analyzed. PODO/TERT256 formed a contact inhibited
layer of cells that expressed several podocyte specific markers and were kept in
culture ≥ 30 days without apparent increased cell death when cultivated at 21% O2.
Cells cultured at 10% O2 reacted comparably to cells at 21% O2 with regard to cell
death levels and podocyte marker expression. Culturing cells at 10% O2 resulted in
larger cells with a more rounded morphology and cytoplasmic protrusions (filipodia). The latter resembled the in vivo like phenotype in relation to their functional
tasks. Under both 10% and 21% O2 PODO/TERT256 established a size-selective
filtration barrier and reacted to the known glomerulotoxin doxorubicin with loss of
barrier integrity and increased cell death.

4464

Role of Folic Acid-Induced Oxidative Stress in Acute
Cytotoxicity and Long-Term Effect of Fibrogenic Changes in
Kidney Epithelial Cells

R. Kandel1, N. Achaeya1, I. Warraich2, and K. P. Singh1. 1Texas Tech University, Lubbock,
TX; and 2Texas Tech University Health Sciences Center, Lubbock, TX.
Kidney fibrosis is one of the diseases having approximately 45% morbidity and
affecting around 10 % population worldwide. Failed repair of nephrotoxicants-induced repeated acute kidney injury leads to fibrosis. The mechanism of fibrogenic
changes in kidney is not fully understood. Oxidative stress is a common property
of many nephrotoxicants. The folic acid-induced kidney fibrosis model is an
established model to study kidney fibrosis in mice, but the mechanism is poorly
understood. Therefore, in this study, the role of folic acid-induced oxidative stress
in fibrogenic changes was evaluated by using both in vitro renal proximal tubular
epithelial cell culture and in vivo mice model. HK-2 cells derived from normal
human kidney epithelium were treated with folic acid for both acute and long-term
durations. Similarly, C57/BL6 strain of mice were treated with folic acid for fibrosis
development. Our data of MTT assay revealed that folic acid induced cytotoxicity can be protected by antioxidant NAC suggesting the role of folic acid-induced
oxidative stress in causing cytotoxicity. DCF assay further confirmed the increased
levels of ROS in folic acid treated cells. Gene expression analysis revealed changes
in the expression of marker genes for fibrosis and oxidative stress in both, folic
acid treated cultured cells and mice models. In summary, the findings of this study
suggest the involvement of folic acid-induced oxidative stress in cytotoxicity as
acute effect and fibrotic changes as long-term effect in kidney epithelial cells.
Acknowledgment: This work was partially supported by NIH (NIDDK) grant award
#1R15DK121362 to KPS.

4465

Lead (Pb2+) Induces Cytotoxicity in Mouse Inner Medullary
Collecting Duct (mIMCD-3) Cells In Vitro

S. Sheth, and G. Landry. Massachusetts College of Pharmacy and Health Sciences,
Boston, MA.
The extensive use of Pb2+ in the United States throughout the 20th century has
caused significant persistence of Pb2+ levels in the environment. Substantial
research exists characterizing the effects of Pb2+-induced nephrotoxicity showing
deleterious effects of Pb2+ exposure in the proximal tubule, including generation of
reactive oxygen species (ROS) with subsequent depletion of antioxidant reserves,
which induces substantial DNA damage, and subsequently leads to proximal tubule
cell apoptosis. However, there have been no studies assessing the effects of Pb2+ in
the collecting duct as a potential contributor to overall Pb2+-mediated renal dysfunction. Therefore, we chose to assess Pb2+-mediated collecting duct cell death in vitro
utilizing the immortalized mIMCD-3 cell line as a model. Mouse IMCD-3 cells were
treated with increasing concentrations of lead acetate (PbAc) (5-1000 µmol/L) for
24 or 48 hours. Cell death was assessed by measuring ethidium homodimer (EtHD)
uptake, lactate dehydrogenase (LDH) release, and ATP production at indicated time
points. At 48 h, PbAc significantly increases EtHD uptake at 50 and 250 µmol/L,
as well as significantly decreasing ATP production at 25, 75, and 100 µmol/L
with no changes in LDH release indicating a concentration dependent increase in
PbAc-induced mIMCD-3 cell necrosis. At 24 h, PbAc induced no significant changes
in cell death markers assessed. Our results indicate that PbAc significantly
increases mIMCD-3 cell death at later time points in a concentration dependent
manner, which could exacerbate overall Pb2+-mediated renal dysfunction. As
Pb2+ exposure induces proximal tubule cell apoptosis, future studies will assess
apoptotic cell death in mIMCD-3 cells, as well.
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4466

Comparative Nephrotoxicity of the Six Dichlorophenol Isomers
in Isolated Kidney Cells from Male Fischer 344 Rats

G. O. Rankin, C. Carter, A. Torres, D. Vidrine, and D. K. Anestis. Marshall University,
Huntington, WV.
Dichlorobenzenes (DCBs) are used as chemical intermediates in the manufacture of dyes, pesticides, pharmaceuticals and many organic chemicals. DCBs are
nephrotoxicants in vivo and in vitro, with 1,4-DCB being the most potent nephrotoxic DCB isomer. DCBs are metabolized to dichlorophenols (DCPs) as their major
metabolites, but the role of DCPs in DCB nephrotoxicity in vitro is unknown. The
purpose of this study was to determine the comparative nephrotoxic potential of
the six DCP isomers using freshly isolated kidney cells (IKC) from male Fischer 344
rats. Briefly, IKC were isolated using a collagenase perfusion technique, and IKC
(~4.0 million cells/ml; 3 ml) were exposed to a DCP isomer (final bath concentrations of 0.25, 0.5 or 1.0 mM) or vehicle (DMSO, 30 µl) for 30 or 60 min. Cytotoxicity
was determined by lactate dehydrogenase (LDH) release assays, with LDH release
reported as percent of total. With a 30 min exposure, DCP isomers with a chloro
group ortho to the phenolic hydroxyl group were the most cytotoxic. However, by 60
min, all DCP isomers increased LDH release in the 20-30% and 30-40% range at 0.5
and 1.0 mM (P>0.05 vs controls, ~10% LDH release), respectively. Further studies
with 2,5-DCP demonstrated that antioxidant pretreatment (ascorbate, glutathione)
attenuated 2,5-DCP cytotoxicity. These results indicate that while having a chloro
group next to the hydroxyl group in DCPs enhances nephrotoxicity at 30 min, over
time there is little difference in cytotoxic potential among the DCP isomers. These
results also do not correlate well with the in vitro order of DCB cytotoxicity. Whether
these differences are due to differences in cell penetration, altered metabolism
or other mechanisms remains to be determined. In addition, free radicals appear
to play a role in DCP nephrotoxicity. This work was supported in part by NIH grant
P20GM103434 to the West Virginia IDeA Network of Biomedical Research Excellence.

4467

The Role of Organic Anion Transporters in the Toxicity of
Aristolochic Acid

H. Bastek, G. Mucic, T. Zubel, A. Mangerich, S. Beneke, and D. R. Dietrich. Universität
Konstanz, Konstanz, Germany.
The phytotoxin Aristolochic Acid I (AAI), found in various traditional medicines
and contaminated grain products, is considered to be the major cause of Chinese
Herbal Nephropathy (CHN) and Balkan Endemic Nephropathy (BEN). Both diseases
are associated with renal fibrosis and upper urothelial cancer. The mechanism
how the nephrotoxicity of AAI occurs is still under debate, however, the carcinogenic potential is attributed to the formation of AAI-DNA adducts. Renal fibrosis is
thought to be attributed to the AAI-induced sustained loss of renal proximal tubular
epithelial cell (RPTEC). Organic anion transporters (OAT) found on the basolateral side, OAT1 and OAT3, and OAT4, potentially expressed on the luminal side,
are assumed to be responsible for the increasing concentration of AAI inside the
PTECs. As HEK293 cells do not express OATs they are a well suited system for
investigation of the individual properties of each single channel. The aim of this
work was to overexpress OAT1, 3 and 4 in HEK293 cells, respectively, and investigate their transport activity towards a subset of different substrates, especially AAI,
by competition analysis. For this, HEK293 cells were transfected successfully with
expression plasmids containing the specific OAT variant coupled to a fluorescent
protein, which was confirmed by western blot analysis. Functional transport was
investigated using 6-carboxyfluorescein as reporter substrate, which was tested
singly and in competition with probenecid, estrone sulphate and aristolochic acid.
OAT1 and OAT3 show a high affinity for AAI in comparison to other common OAT
substrates, resulting in IC50 values for 6-CF uptake of 1.9 and 1.2 µM, respectively,
while probenecid and estrone sulphate were less effective. OAT4 displayed a lower
transport activity for 6-CF. Ongoing competition experiments data suggest that
estrone sulphate is well transported by OAT4, whereas probenecid is not. The high
affinity of AAI to OAT1 and OAT3 could indicate that even AAI minimal exposures
of RPTECs could result in a site specific accumulation and thus lead to toxic
concentrations.

4468

Role of OAT4 in the Disposition of Anionic Drugs and Toxicants
by the Human Kidney

L. J. Martinez-Guerrero, S. H. Wright, and N. Cherrington. University of Arizona,
Tucson, AZ.
Human Organic Anion Transporter 4 (hOAT4/SLC22A11) is a membrane transporter
expressed in the apical membrane of renal proximal tubules with the capacity to
transport endogenous metabolites, drugs or toxicants that are negatively charged
at physiological pH, referred to as organic anions (OA-). Transport includes the
exchange of either organic (e.g. α-ketoglutarate) or inorganic (e.g. Cl-) anionic
substrates. The purpose of this study was to clarify the role of hOAT4 in OAsecretion of drugs and toxicants into the tubular filtrate for urinary elimination.
An in vitro approach was followed using OAT4 expressed in Chinese hamster
ovary (CHO) cells. The fluorescent probe 6-carboxyfluorescine (6-CF) was used to
asses transport function. To assess the time dependent uptake of 6-CF, cells were

exposed to 25 µM 6-CF for 0.5, 2, 5 and 10 minutes, uptake into OAT4-CHO cells was
linear for 10 minutes, therefore 5-minute uptakes were used to provide estimates of
the initial rate of transport in subsequent studies of the kinetics of OAT4-mediated
transport. To determine the kinetics of 6-CF transport by OAT4, uptake of increasing
concentrations of 6-CF (1-1000 µM) were measured into OAT4-CHO cells, and data
was analyzed with the Michaelis-Menten equation to generate the affinity (Kt). IC50
values were determined for inhibition of 6-CF transport into hOAT4-CHO cells for
several clinically important drugs and toxicants (e.g. ochratoxin, 2,3-Dimercapto1-propanesulfonic acid (DMPS), 2,4-D, diclofenac, hydrochlorothiazide, etc.). The
resulting IC50 values range from 1.5 µM for the endogenous steroid estrone sulfate
to ~1.5mM for the diuretic hydrochlorothiazide. These data support the conclusion
that the broad selectivity of hOAT4 indicates a key role in the renal disposition of
several diverse anionic drugs and toxicants.

4469

Modulation of Renal Profibrotic Signaling in Diabetic Kidneys
and TGF-β-Treated HK-11 Cells Is Associated with Altered
Expression of KLF 5 Isoforms 1 and 3

J. Li, W. Wang, Q. Lin, M. T. Barati, Z. Zheng, Y. Tan, L. Cai, and M. Rane. University of
Louisville, Louisville, KY.
Transcription factor Krüppel-like factor 5 (KLF5) is known to have disparate roles
in regulating proliferation, inflammation, fibrosis, and angiogenesis in control and
diseased tissues. This study examined the role of KLF5 in modulating profibrotic
signaling in type 1 and type 2 diabetic kidneys and in transforming growth factor
beta (TGF-β) treated human renal proximal tubule (HK-11) cells. Type 2 diabetic
db/db mice and high fat diet (HFD) mice treated with streptozotocin (STZ), and
type 1 diabetic OVE26 mice, and their respective control mice of varying ages were
sacrificed, and kidneys were harvested for immunoblotting or Sirius Red staining.
HK-11 cells were treated with vehicle or varying concentrations of TGF-β for varying
times and cell lysates were immunoblotted for KLF5, fibronectin (FN), connective
tissue growth factor (CTGF), plasminogen activator inhibitor 1 (PAI-1), TGF-β, and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) antisera. Effects of KLF5
over-expression on TGF-β-induced profibrotic signaling was evaluated in HK-11
cells. KLF5 isoform 1 was expressed in the kidneys of control mice [db/m, FVB,
and normal diet fed mice (ND)] while its expression was significantly decreased
in db/db (10 weeks, and 4 or 9 months (M)), HFD+STZ (3 M and 6 M), and
OVE26 (1 M, 3 M, 6 M and 9 M) diabetic mice. In contrast, KLF5 isoform 3 was
significantly increased in these diabetic mouse kidneys along with increases in
FN, PAI-1, CTGF and TGF-β expression. Sirius Red staining was increased in a time
dependent manner in diabetic mouse kidneys compared to their respective control
mouse kidneys. KLF5 isoform 1 over-expression inhibited TGF-β-induced FN, CTGF
and PAI-1 expression in HK-11 cells suggesting its anti-fibrotic role. KLF5 isoform 3
was not expressed in TGF-β treated HK-11 cells suggesting its expression in other
renal cell types in mouse kidneys. Therefore, KLF5 isoforms 1 and 3 are differentially expressed in the kidneys of type 1 and 2 diabetic mice. An antifibrotic role
for KLF5 isoform 1 was demonstrated in TGF-β treated HK-11 cells. A possible
profibrotic role for KLF5 isoform 3 induction in diabetic kidneys remains to be
determined. KLF5 isoforms 1 and 3 may serve as therapeutic targets to alleviate
diabetes-induced renal fibrosis.

4470

Evaluating the Role of NRF2/KEAP1 in Ochratoxin-A-Induced
Nephrotoxicity

A. Mahadeo, J. Yang, T. Imaoka, C. K. Yeung, and E. J. Kelly. University of Washington,
Seattle, WA.
Chronic kidney disease of unknown etiology (CKDu) is a condition that is a significant health burden for tropical, developing regions such as Sri Lanka and Central
America. The causes of CKDu are unknown; it is thought to involve several environmental factors such as exposure to agrochemicals, heat stress, and ochratoxin-A (OTA), a carcinogenic and nephrotoxic mycotoxin found in food products
worldwide. Chronic exposure to OTA is unavoidable, and as such, toxicity is a
serious concern. Hence, determining the mechanism(s) of OTA-dependent nephrotoxicity may provide key insights into CKDu development and mitigation. Previous
work suggests that OTA may hinder the nuclear translocation of the antioxidant response transcription factor NRF2 from its cytosolic binder KEAP1, thus
downregulating numerous oxidative-stress responses regulated by NRF2. GSTP1,
a NRF2-regulated enzyme, is responsible for detoxifying a toxic OTA metabolite
pair, ochratoxin quinone/ochratoxin hydroquinone (OTQ/OTHQ), through glutathione conjugation. OTA-mediated antioxidant dysregulation via the NRF2 pathway,
specifically GSTP1 downregulation, is hypothesized to facilitate oxidative damage
through intracellular accumulation of OTQ/OTHQ. To investigate this mechanism,
primary human proximal tubule epithelial cells (hPTECS) were cultured and treated
first with 5 uM of NRF2-activators, sulforaphane (SFN) or tert-butylhydroquinone
(tBHQ), for 48 hours to induce antioxidant response genes before being challenged
with 10 uM OTA for 72 hours. mRNA was isolated, sequenced and analyzed to
identify differentially expressed genes between treatment groups and controls.
RNA-seq analysis revealed a number of differentially expressed genes between
cells treated with control media, OTA only (7192), tBHQ only (1017), and tBHQ
+ OTA (7276). GSTP1, as well as other NRF2-regulated genes such as HMOX1
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and GPX4 were significantly downregulated following OTA treatment. Furthermore,
while these NRF2-target genes were upregulated with tBHQ treatment alone,
OTA + tBHQ co-treatment significantly downregulated these genes. Interestingly,
several unexpected genes involved in notch signaling and the hypoxia-response
pathway including WNT16, HIF1A, ARNT, and VEGFA were highly dysregulated after
treatment with OTA. This work provides evidence for NRF2-antioxidant downregulation in OTA-mediated nephrotoxicity and identifies novel potential pathways for
further studies to investigate.

4471

In Vitro Assessment of Ochratoxin A and Transient Heat Stress
as Risk Factors for CKDu in a Microphysiological System

J. Yang1, W. Chen1, T. Imaoka2, C. K. Yeung1, and E. J. Kelly1. 1University of Washington,
Seattle, WA; and 2Daiichi Sankyo Company Limited, Tokyo, Japan.
Chronic Kidney Disease of Unknown Etiology (CKDu) has subtle differences in
etiopathology and presentation in different geographic regions. CKDu patients lack
common risk factors for CKD (diabetes and hypertension) and often live in warm,
tropical climates. There is an urgent need to understand the causative factors and
pathogenic mechanism of CKDu. We hypothesize that there is a synergistic effect
between exposure to Ochratoxin A (OTA), a fungal mycotoxin originating from
Penicillium and Aspergillus species present in many food products, and transient
heat stress. To test this hypothesis, primary human proximal tubule epithelial
cells (PTECs) were cultured in the presence of OTA and heat stress (24 hr at 39ºC,
followed by 24 hr recovery at 37ºC) in both 2D culture and 3D microphysiological
systems (MPS). The effect of heat and OTA on PTECs was analyzed using RNA
sequencing to examine global changes in gene expression. From transient heat
exposure alone in 3D MPS, we found no differentially expressed genes, but over
7,000 differentially expressed genes when comparing control and 1µM OTA treated
cells for each respective heat condition. Of the many differentially expressed genes,
CDKN1A and CDKN2A were of particular interest due to their role in regulating cell
cycle progression at the G1/S checkpoint, and G2/M checkpoint in the case of
CDKN1A. CDKN1A and CDKN2A, which encode for p21 and p16, respectively, are
inhibitors of cyclin-dependent kinases that have been shown to cause cell cycle
arrest with accumulation. While protective in nature, arrest in the cell cycle can
become chronic and lead to cells that resist apoptosis and secrete proinflammatory/profibrotic factors, ultimately accelerating organ dysfunction. For both genes,
there was an increase in expression with 1µM OTA treatment (p< 0.001 for CDKN2A
and p approaching significance for CDKN1A) in 3D MPS, and notably a larger
positive log fold change in the presence of heat, providing evidence that OTA and
transient heat stress may synergistically promote nephropathy. In addition, we are
investigating the effect of first pass metabolism of OTA using a linked liver-kidney
MPS (given that ingested OTA is subject to phase I/II metabolism) and changes in
kidney injury biomarkers after hepatic metabolism. A clearer understanding of the
pathophysiology of CKDu will provide insight into potential interventions to prevent
or decrease the rate of disease progression in patients with CKDu.

4472

Cultivation of RPTEC/TERT1 and PODO/TERT256 Cells on Silk
Fibroin Wafers at Atmospheric and Low Oxygen Tension

G. Mucic, S. Beneke, N. Schlichenmaier, and D. R. Dietrich. Universität Konstanz,
Konstanz, Germany.
Cell morphology in conjunction with proteome expression is an important denominator for cell function, and both can often not be properly recapitulated in standard
2D cell culture. Thus, adaption of the cellular environment to a more physiological
setting is mandatory to achieve this. We explored the latter with two renal cell
types (glomerular podocytes (PODO), renal proximal epithelial tubule cells (RPTEC),
where structure is an intrinsic part of their functionality. PODO are characterized by
interdigitating foot processes that form together with endothelial vessel cells the
glomerular filtration barrier, facilitating retention of large and charged molecules in
the blood. RPTEC build a tight layer of cells forming an apical brush-border-membrane characterized by microvilli to excrete waste products and take up nutrients
from the primary urine. The two factors we investigated were the application of
physiological oxygen tension to cells of the respective tissue and the substitution of
standard cell-culture plastic by introduction of a stable but biodegradable matrix the
cells grow on. The latter is important in co-cultures, where cell interaction is a part
of functionality. Therefore, PODO and RPTEC were cultured at both atmospheric
and physiological (10%) oxygen tensions on wafers fabricated from silk fibroin (SF),
including an additional coating for podocytes. Morphology was assessed using
scanning electron microscopy (SEM) and transmission electron microscopy (TEM).
Gene expression was assessed by qPCR. Our results show that RPTEC attach and
grow on SF wafers. SEM and TEM demonstrated the formation of microvilli and
tightness of the cell layer (cell-cell junctions). PODO, in contrast, did not attach
on untreated silk but required coatings with human collagen I. Indeed, when
human collagen I coating was included in wafer production podocytes displayed
the characteristic interdigitating foot processes present in vivo. Overall morphology was independent of oxygen tension in culture for both cell types. However, a
significant increase (P<0.0001) of GLUT1 mRNA (qPCR) was observed in RPTECs
cultured on SF wafers at physiological oxygen tension. Both cell lines could be

cultured for >70 days at both conditions on the SF wafers, which suggests that
the material is suitable for use in prolonged co-culture necessary for investigating
long-term effects of toxins.

4473

Magnetic Resonance Imaging Contrast Induces Acute Tubular
Damage and Gadolinium Nanoparticle Accumulation in Renal
Cortex

J. DeAguero1, T. Howard1, D. Kusewitt1, A. Brearley2, S. Jett3, J. Watt4, G. Escobar1,
and B. Wagner1. 1University of New Mexico Health Science Center, Albuquerque,
NM; 2University of New Mexico, Albuquerque, NM; 3Sandia National Laboratories,
Albuquerque, NM; and 4Los Alamos National Laboratory, Albuquerque, NM. Sponsor: J.
DeAguero, American Physiological Society
Gadolinium-based contrast agents (GBCAs) are widely used to enhance tissue
contrast in magnetic resonance imaging (MRI). The advent and overuse of
GBCAs lead to consequent iatrogenic systemic fibrosis and subsequent long-term
retention of gadolinium, a toxic, rare earth metal in every vital organ. Gadolinium
has known pathologic effects clinically. In our preclinical model GBCA treatment
induces pathology in the kidney and liver and alters cardiac physiology. Permanent
gadolinium retention is of tantamount concern as patients demonstrate intracellular gadolinium-rich electron deposits in neurons. Similarly, we report that GBCA
treatment leads to the in vivo formation of intracellular nanoparticles, however, the
chemical composition of these nanoparticles is unknown. We sought to chemically
characterize these nanoparticles in renal cortex tubule epithelium. Male and
female C57/BL6 mice were randomized by age and weight to untreated (n = 20) or
GBCA-treatment (n = 20) (Omniscan, 2.5mmol/kg, intraperitoneally, 20 doses over
4 weeks). Kidneys were isolated, fixed in glutaraldehyde, sectioned at 200nm, and
placed onto carbon holey support grids. Scanning electron microscopy and elemental analysis by energy-dispersive x-ray spectroscopy (XEDS) were performed using
JEOL 2010F FEGSTEM (200 kV) microscope with an XMax 80N 80mm2 silicon
drift detector and the FEI Tecnai G(2) F30 S-Twin (300kV) transmission electron
microscope equipped with an EDAX ECON x-ray detector. Electron-dense spiculated
nanoparticles and lipids rimmed with electron-dense material were identified in
renal proximal tubule cells of GBCA treated animals. XEDS line scanning reveal that
the electron densities are composed of gadolinium, phosphorous, and calcium.
2D EDS elemental mapping confirm line scan data; gadolinium, and phosphorous
co-localize within the electron densities. Systemic magnetic resonance imaging
contrast treatment leads to the self-assembly of gadolinium-rich nanostructures
in kidney tubular cells. These in vivo findings demonstrate that transmetallation
is occurring, and may indicate a mechanism for resultant disease. Speciating the
gadolinium-rich precipitates may aid in prophylactic strategies and therapies for
gadolinium-induced diseases.

4474

Adaptation of Human Podocytes and Renal Proximal Tubule
Epithelial Cells to Physiological Oxygen Conditions

N. Schlichenmaier, A. Zielinski, S. Beneke, and D. R. Dietrich. Universität Konstanz,
Konstanz, Germany.
The past decade of research demonstrated that conventional cultivation of cells
cannot recapitulate their physiological environment, thereby altering the cellular
phenotype. The latter limits the usefulness of in vitro approaches in e.g. drug
testing for adverse or off target effects due to limited or lack of predictivity. To
overcome this, research is focusing on providing cells with conditions that mimic
their physiological environment, whereby one key factor that has to be considered
is O2 tension. Routine atmospheric O2 (21 %), at which nearly all in vitro experiments are carried out, exceeds physiological O2 tensions (10% O2) encountered in
the human renal cortex in vivo, by two-fold. Accordingly, the question was raised
whether excessive O2 tension, by triggering oxidative stress dependent pathways,
leads to adaptive responses that influence key cellular functions like metabolism
thereby leading to misleading results in conjunction with the exposure to nephrotoxins. Consequently, characterization of the adaptation of renal proximal tubular
epithelial cells (RPTEC) and podocytes (PODO) to physiological O2 conditions incl.
any phenotypical changes was considered key prior to any further testing. RPTEC/
TERT1 and PODO/TERT256 were cultured at 10% (PhysOx) and 21% O2 (AtmOx).
To study the adaptation processes both short and long term, cells were transferred
into 10% O2 and analyzed either after 0.5, 1, 3, 6 and 24 h (short term) or 2, 7 and 14
days (long term). For comparison, cells that had been constantly cultivated at 10%
O2 for at least 4 weeks were considered fully adapted. The adaptation process was
analyzed using metabolic parameters (incl. glycolytic rate, oxygen consumption
and ATP levels) and the expression levels of markers for hypoxia and oxidative
stress as well as downstream effectors, at the mRNA and protein level. In both
RPTECs and PODOs, HIF1A expression/abundance was increased within 30 min
at 10% O2, leading to a significant increase in its downstream effector GLUT1 in
fully adapted cells. Both cell lines showed decreased oxygen consumption rates
when fully adapted which, however, was not reflected in ATP levels that remained
stable for PODOs and even increased for RPTECS. The latter suggests metabolic
compensation via different pathways and indeed, fully adapted RPTECs show a
higher glycolytic rate. The analysis of glutaminolysis and production of reactive
oxygen species is ongoing.
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Modeling of Cyclosporine A-Induced Acute Kidney Injury with
RENAsym

4477

Role of Kidney-Derived Extracellular Vesicles Containing
Mitochondrial Proteins and Splicing Factors in Renal Fibrosis

P. Bhargava1, C. Battista1, V. Lukacova2, J. L. Woodhead1, and B. Howell1. 1Simulations
Plus, Research Triangle Park, NC; and 2Simulations Plus, Lancaster, CA.

K. P. Maremanda1, I. Paul2, A. K. Ajay1, C. R. Chowdhury1, and V. S. Sabbisetti1. 1Harvard
Medical School, Boston, MA; and 2Boston University, Boston, MA.

Cyclosporine A (CsA) is an immunosuppressant commonly used to prevent organ
rejection and can treat other diseases such as rheumatoid arthritis, atopic dermatitis, and psoriasis. However, the use of CsA can cause tubular damage leading to a
decline in renal function as indicated by increases in serum creatinine levels and
decreases in glomerular filtration rate (GFR) (Acta Derm. Venereol. 95, 963-967
(2015)). Low (2-8 mg/kg) and high (10-17 mg/kg) doses have the potential to cause
lasting renal injury. This work uses RENAsym®, a quantitative systems toxicology (QST) model of acute kidney injury (AKI), to recapitulate clinical outcomes
following low and high CsA administration in humans. To define to the potential
for CsA-induced nephrotoxicity, the effects of CsA on mitochondrial function and
reactive oxygen species (ROS) production were determined. Human renal proximal
tubule epithelial cells (RPTECs) were treated with CsA and its effects on mitochondrial respiration as well as ROS production were measured. The Seahorse XFe96
Analyzer was used to measure mitochondrial respiration and high content screening was used to measure ROS production after RPTECs were exposed to dihydroethidium staining. According to these in vitro data, CsA inhibited the mitochondrial
election transport chain flux and induced ROS production. Together with these
kidney toxicity parameters and with physiologically-based pharmacokinetic (PBPK)
simulations of low and high clinical CsA exposures, created in Gastroplus®, kidney
injury was predicted in RENAsym. RENAsym predicted CsA-induced kidney injury
such as a decrease in kidney average ATP when simulated with 4 mg/kg administration for 24 hours. CsA administration, 4 mg/kg, was simulated for 6 months in
RENAsym where an average of 1.5 to 3% decrease in GFR and a 1.5 to 2.5% increase
in serum creatinine was predicted. Moreover, a 17 mg/kg treatment followed by 10
mg/kg, was also simulated in RENAsym for 6 months where an average of 4 to
7% decrease in GFR and a 4 to 6% increase in serum creatinine was predicted.
These data show qualitative agreement with clinical studies of CsA administration
showing a decline in renal function however further refinement of this representation is underway for RENAsym v2A. This work shows the potential for RENAsym
to accurately predict clinical outcomes and nephrotoxicity for future compounds.

Extracellular vesicles (EVs) are lipid bilayer nanoparticles enriched with biomolecules such as DNAs, RNAs, protein and lipids. They help in cellular communication and have potential theranostic applications based on their nature and origin.
Organ-specific EVs have been shown to play a pathophysiological role in fibrosis.
Here we describe the role of kidney specific EVs in initiating and promoting kidney
fibrosis in mouse models. Kidneys were isolated from three mechanistically different animal models of chronic kidney injury which includes mice treated with Folic
acid (FA), aristolochic acid (AA), and unilateral ureteral obstruction (UUO). kidney
specific EVs were isolated by restricted enzymatic digestion followed by differential
centrifugations. Isolated EVs were characterized using TEM and by western blotting
for enrichment of different exosomal protein markers, including CD63, flotillin-1,
and alix. Enriched EVs from kidneys isolated from untreated and FA-treated mice
were used for differential gene expression and proteomic studies. Gene expression
analysis showed that these EVs were enriched in various splicing factors, including SRp40 along with its interacting lncRNA partners such as NEAT1, which are
shown to be upregulated in fibrotic conditions. We also found that EVs isolated
from fibrotic kidneys are enriched with various pro-fibrotic signaling molecules
including EDA+ Fn, Col1A1 and TGF-β1. Proteomic analysis showed several differentially expressed proteins in various EVs isolated from fibrotic kidneys. Especially,
mitochondrial proteins belonging to both inner and outer mitochondria were found
to be enriched in EVs. Levels of OPA1 (sole inner mitochondrial fusion protein), a
previously described protein in other fibrotic organs is decreased in both EV and
whole tissue fractions of FA-treated mice. In conclusion EVs from renal tissue
showed some novel pathways to better understand and target renal fibrosis.

4476

Effects of Microgravity on an MPS Model of the Proximal Tubule

K. Jones-Isaac, K. Lidberg, C. Yeung, E. Kelly, and J. Himmelfarb. University of
Washington, Seattle, WA.
Kidney dysfunction impacts systemic calcium homeostasis. The kidney regulates
both bone remodeling and circulating calcium levels by facilitating the bioactivation
of the vitamin D3 to its active form. Chronic kidney disease (CKD) is associated
with altered bone remodeling and mineral regulation and it is common for CKD
patients to also develop osteoporosis. Elevated calcium levels in the urinary filtrate
increase the risk for kidney stone disease (KSD). Epidemiological studies have
reported that history of KSD is a potential risk factor in the development of CKD.
Disruption of kidney regulated mineral homeostasis is common in both osteoporosis and KSD. We designed two microgravity studies to investigate potential interrelatedness between these two diseases. Static models of kidney proximal tubule
epithelial cells (PTEC) cannot reproduce the dynamics of in vivo function and are
thus unsuitable for probing the connection between CKD, osteoporosis and KSD.
Our microphysiologic (MPS) model of the proximal tubule cultures human PTECs
within a microfluidic chip. MPS cultured PTECs have demonstrated physiologic cell
structure and polarization, characteristic transport of substrates, and bioactivation
of vitamin D3. This MPS model allows us to investigate kidney function, pathophysiology, and injury response to toxic exposure. We studied the impact of microgravity
on PTEC mediated bioactivation of vitamin D3 and on a MPS of early KSD. PTECs
exposed to 25(OH)D3 for 48 hours, expression of CYP24A1 increased by 10-fold
and 15-fold for the ground and flight groups respectively. RNAseq identified 1822
and 1560 differentially expressed genes in the ground flight group respectively.
A subset of these genes relate to extracellular matrix remodeling and immune
cell recruitment. Disruption of these pathways also occurs in the progression of
KSD. In the KSD model, PTECs were treated with 1mg/ml calcium oxalate (CaOx)
microcrystals, precursors of kidney stones, for 48 hours. Testing our model of KSD
in microgravity allowed us to observe PTEC response to dynamic, flow-mediated
CaOx microcrystal exposure. CaOx treated PTECs showed modestly increased IL-6
secretion, but no morphological changes were observed. Transcriptomic analysis is
still ongoing for this project. Joint analysis of the results generated by RNAseq in
each experiment can identify dysregulated pathways common to each experiment.

4478

Modeling of Indinavir-Induced Crystal Nephropathy in RENAsym

J. L. Woodhead, P. Bhargava, S. Tallapaka, and B. Howell. Simulations Plus, Research
Triangle Park, NC.
Indinavir, a protease inhibitor used to treat patients with HIV/AIDS, is known to
induce crystal nephropathy. This is predominantly due to the precipitation of
Indinavir in kidney tubules because of its low solubility at tubular luminal pH (pH
= 5.5 to 7), approximately 30 to 35 µg/mL. Crystals can cause injury to neighboring tubular cells and can lead to tubule obstruction or crystal nephropathy.
Indinavir was modeled in RENAsym®, a quantitative systems toxicology (QST)
model of acute kidney injury (AKI). RENAsym contains a sub-model representing
crystal formation and subsequent toxicity. Indinavir was modeled as an exemplar
compound for the validation and accuracy of the crystal nephropathy sub-model.
The crystal nephropathy model within RENAsym, including crystal dynamics and
tubular injury caused by crystals, was originally parameterized to an abundance of
in vivo experiments for ethylene glycol due to a lack of preclinical data for indinavir treatment. Specific precipitation dynamics for indinavir were parameterized
in human using in vitro precipitation experimental results (AIDS, 15, 1079-1080,
2001). A physiologically-based pharmacokinetic (PBPK) model for indinavir was
constructed within GastroPlus®, and two weeks of indinavir treatment (800 mg
given every 8 hours) was simulated. The predicted kidney tubule concentration-time
profile was imported into RENAsym, and the RENAsym crystal nephropathy
sub-model predicted a crystal aggregate size of 27 µm. A longer indinavir treatment
was simulated for 6 months, and RENAsym predicted a crystal aggregate size of 71
µm. These crystal aggregate size predictions are within the literature range, which
reports a crystal aggregate size range from 27 µm to 103 µm (Arch Pathol Lab
Med, 124, 246-250, 2000). The crystal nephropathy model in RENAsym accurately
predicted clinical outcomes related to indinavir-induced crystal nephropathy, which
demonstrates the potential for RENAsym to predict the potential crystal nephropathy liability of future compounds.

4479

Renal Toxicology Study of Heated Tobacco Product and
Cigarette Smoke in Rats

H. Chen1,2,3, H. Wang1,2,3, Y. Tian1,2,3, Y. Fu1,2,3, S. Han1,2,3, W. Wang1,2,3, X. Xu1,2,3, S. Ma1,2,3,
X. Li1,2,3, F. Lu1,2,3, T. Liu1,2,3, H. Hou1,2,3, and Q. Hu1,2,3. 1China National Tobacco Quality
Supervision and Test Center, Zhengzhou, China; 2Key Laboratory of Tobacco Biological
Effects, Zhengzhou, China; and 3Joint Laboratory of Heated Tobacco Product Safety
Evaluation, Zhengzhou, China. Sponsor: Q. Meng
Cigarette smoke has been reported to induce many diseases. It has been proved
that cigarette smoke combined with other substances could lead to negative
impact on kidney damage. With the development of new tobacco products, heated
tobacco product (HTP) is one of the representative products that its system toxicology reported was obviously reduced. Up to now, whether the renal damage of HTP
is existed or not is unknown. Therefore, further study was needed to evaluate the
potential toxicology of kidney. In our experiment, rats were exposed with HTP
aerosol, and the air control group was treated with air. After exposure, the kidney
weight of rats was measured and urea and creatinine were also measured. At the
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same time, the indicators of kidney damage were detected. The results showed that
in male rats, the kidney organ coefficient was no significant difference between the
control group and HTP group. Compared with the Sham group, the organ coefficient
of Cig-23 did not change significantly. The results of the ELISA experiment showed
that IL-18, Kim1, and Ngal related to kidney injury in male rats were significantly
up-regulated in HTP group. The urea in female rats of different group exerted different changes. In the high dose group, there were no obvious change, which was not
observed in male group and low dose group, indicating that HTP may have no toxic
effect on urea. All these above results showed that long time inhalation may lead
to the early damage of kidney after exposure with highest concentration of aerosol.

4480

Comparison of Canine Plasma and Dried Blood Spot Biosamples
for Kidney Function Endpoints

D. Harris1, C. Procell2, H. Funke3, H. Robinson2, S. B. Mullaney4, E. Venn5, D. Hoffman6,
A. Gerardo7, and L. A. Holden2. 1Oak Ridge Institute for Science and Education, Oak
Ridge, TN; 2US Army Public Health Center, Aberdeen Proving Ground, MD; 3United States
Military Academy West Point, West Point, NY; 4US Military Academy, West Point, NY; 5US
Army Institute of Surgical Research, Fort Sam Houston, TX; 6US Army Medical Research
Institute of Infectious Diseases, Fort Detrick, MD; and 7Department of Defense Military
Working Dog Veterinary Services, Joint Base San Antonio-Lackland, TX.
Blood sample analysis is one of the most common techniques for clinical assessment of health status. Traditional venous blood samples require laboratory
equipment to collect and process, whereas dried blood spots (DBS) only require
a single-use sample collection device and storage at ambient temperatures. DBS
have been used for the diagnosis of lysosomal storage via enzymatic activity,
detection of antibodies against pathogens, and analgesics quantification in blood
in canines. This study aims to determine whether DBS can provide a basic kidney
function assessment via two biomarkers: blood urea nitrogen (BUN) and creatinine
(CREA). Both urea and CREA are nitrogenous end products of metabolism and
their blood levels serve as indicators of renal function. BUN:CREA ratio is useful for
differential diagnoses of acute or chronic renal disease. To validate DBS analysis,
we used commercially available colorimetric kits for BUN and CREA. Inter-assay
samples were run in triplicate across a minimum of three experiments and intra-assay samples were run in replicates of 20 to determine the coefficient of variation
(CV). In our lab, inter-assay CV = 11.90 and intra-assay CV = 4.78 for BUN and
inter-assay CV = 4.82 and intra-assay CV = 3.96 for CREA. Healthy ranges of these
analytes in canines are 6-31 mg/dL BUN, 0.5-1.4 mg/dL CREA in serum or plasma,
and BUN:CREA ratio of 4-27. Standard clinical samples had average BUN:CREA =
17.25 ± 4.04 (mean ± standard deviation) and DBS samples had average BUN:CREA
= 1.78 ± 0.21. As such, DBS BUN values were 10x higher than in serum or plasma
and DBS CREA values were 100x higher than in serum or plasma. Correspondingly,
BUN:CREA ratios were 10x lower in DBS than in serum or plasma. The order of
magnitude difference in analyte values between serum or plasma and DBS samples
is likely due to enzymatic reactions within the hemolyzed fraction of whole blood,
and it is unknown if the relative values of BUN and CREA in DBS will correlate to
serum or plasma values across a healthy population. To test this, a matched set
of serum or plasma and DBS samples will be compared across a cohort of military
working dogs (n=102) to establish correlation coefficients between the two sample
types and validate DBS as a relevant method of detection for impaired kidney
function in canines.

4481

Mass Spectrometry Imaging Visualization of the Spatial
Intensity and Tissue Distribution of Acetaminophen, Its
Metabolites, and Selected Lipids

J. Y. Akakpo1, A. Ramachandran1, A. Artigues1, A. Midey2, H. Olivos2, M. Palmer2, B.
Shrestha2, and H. Jaeschke1. 1University of Kansas Medical Center, Kansas City, KS; and
2Waters Corporation, Milford, MA.
Acetaminophen (APAP) overdose is the major cause of acute liver failure in the
USA and patients also develop kidney injury leading to renal failure. Although, liquid
chromatography mass spectrometry can quantify the abundance of APAP metabolism, tissue homogenates lack the spatial information relevant to understanding regional variations in APAP metabolism. Mass spectrometry imaging (MSI)
is invaluable to toxicological studies because it is the only tool that can provide
insights into the molecular distribution of a broad range of drugs and their metabolites within biological tissues. Thus, to investigate where APAP or its metabolites
accumulate in tissue, we employed Desorption Electrospray Ionization (DESI)
which is an ambient ionization technique that ionizes analytes directly on the
tissue surface through electrospray ionization. Fasted male C57Bl/6J mice were
administered 300 or 600 mg/kg APAP overdose. Then, liver and kidney samples
were collected at 0.5 and 2 h after APAP and 12 µm cryosections were subjected
to DESI analysis on a Synapt G1 and Synapt XS mass spectrometers (MS). Limit of
detection were compared between MS instruments and ion images were generated
for analytes of interest. After Initial experiments on the Synapt G1, APAP and
its metabolites were undetectable due to a low signal to noise ratio. The lack of
sample cleanup resulting in high biological variability or lack of better separation
strategies prior to introduction of analytes in the mass spectrometer, which may
be in turn not sensitive enough, needed to be addressed. Thus, ion mobility separa-

tion was performed on the much more sensitive Synapt XS MS. This significantly
improved ions signal resulting in successful identification and spatial localization
of APAP, APAP-glucuronide, APAP mercapturate and endogenous phospholipids
in both the liver and kidney after APAP treatment. Unfortunately, most oxidative
metabolites were still undetectable and could not be mapped. In conclusion, to
reduce potential interference from endogenous compounds, more selectivity in
MSI instrument is required. We are currently conducting experiments on a SELECT
SERIES MRT which is a high mass resolving power (200,000 FWHM) and accuracy
(<500ppb) MS equipped with a DESI-XS with heated inlet at ~150oC to improve
signal for small metabolites and ~450oC for phospholipids. Alternatively, we are
using multiple reaction monitoring on a targeted DESI MSI platform. This has the
potential to improve ion signal by decreasing interference with background ions
due to nearly 100 % selectivity.

4482

Screening a Nephrotoxicant Library in Human Renal Proximal
Tubule Epithelial Cells for Cytotoxicity and Glutathione
Reactivity

P. E. Dunlap, S. Ramaiahgari, S. S. Ferguson, and B. A. Merrick. NIEHS, Research
Triangle Park, NC.
A wide spectrum of environmental and pharmaceutical compounds can be
effectively screened for potential nephrotoxicity using immortalized human renal
proximal tubule epithelial cells (hRPTEC). Here, we screened a commercially
available nephrotoxicant chemical library of primarily DMSO solubilized agents
causing interstitial nephritis, glomerulopathy, proximal and distal tubulopathy,
acute renal failure, chronic kidney disease and other adverse renal events. The
aim of this study was to determine the relationship between chemical-induced
cytotoxicity and potential cellular detoxification by glutathione (GSH) measured
in high-throughput compatible 384-well screening assays. Buthionine sulfoximine,
an enzymatic inhibitor of GSH synthesis was used as a positive control to reduce
GSH levels. hRPTEC cells were exposed to various nephrotoxicants for 6 (50 µM)
and 24 hrs (10 µM) measuring glutathione levels and cell viability, and a 3-day
repeated dose study was also performed to study cytotoxicity effects. After 6 hr,
bromobenzene, lithium carbonate, lapatinib, sodium diatrizoate hydrate, phenacetin, showed a 2-fold increase in GSH content without any signs of cytotoxicity. Lead
acetate, 4-nonylphenol, potassium dichromate, and arsenic trioxide showed a 50%
reduction in cell viability compared to vehicle control with 1.5 to 2-fold increase
in GSH levels. At 24 hr, sunitinib, lapatinib, cyclosporine A, vinblastine, colchicine
showed 2 to 4-fold higher GSH levels without any cytotoxic response. However,
we found a repeated dosing regimen was needed to adequately show hRPTEC
cytotoxicity (e.g. viability loss) curves; these data showed sensitive cytotoxicity
responses to puromycin-2HCl (IC50 - 2.8 µM); troglitazone (IC50 - 24.3 µM); camptothecin (IC50 - 1.1 µM); sunitinib (IC50 -33.2 µM); potassium dichromate (IC50-4.5 µM)
and sorafenib tosylate (IC50- 3.01 µM). GSH levels were not analyzed in repeated
dosing regimens due to higher cytotoxicity interference, where changes in GSH
levels, as either increase or decrease, could not be interpreted as a sign of GSH
involvement in chemical detoxification. Our study indicates greater value in early
measurement of GSH prior to cytotoxicity onset in high throughput screening of a
mechanistically diverse nephrotoxicant library. Further, more careful time course
and mechanistic exploration of test toxicants are needed to show GSH involvement
in detoxification processes.

4483

Ex Vivo Exposures to Arsenite and Its Methylated Trivalent
Arsenicals Alter Gene Transcription in Mouse Sperm Cells

B. Shang, A. Venkatratnam, H. Hartwell, C. Douillet, P. Cable, F. Ideraabdullah, R. Fry,
and M. Styblo. University of North Carolina at Chapel Hill, Chapel Hill, NC.
Chronic exposure to the naturally occurring toxicant inorganic arsenic (iAs) has
been linked to diabetic phenotypes in humans and mice. Prenatal exposure to iAs
could be a significant risk factor for development of diseases during adolescence
or adulthood, pointing to altered epigenetic mechanisms as drivers of this risk. A
previous study from the Styblo lab has suggested that preconception iAs exposure
may contribute to the development of diabetic phenotype in mouse offspring by
altering gene expressions in paternal sperm. However, individual contributions of
iAs and its methylated metabolites, monomethylated arsenic (MAs) and dimethylated arsenic (DMAs), to changes in sperm transcriptome cannot be determined
using in vivo exposure. The goal of this study was to assess transcriptomic
changes in mouse sperm in response to acute exposure to trivalent iAsIII, MAsIII and
DMAsIII, using an ex vivo model. Freshly isolated mouse sperm cells were exposed
to low concentrations of the three trivalent arsenicals (0.1 or 1 µM) for 4 hours,
and analyzed by RNA-sequencing to identify differentially expressed genes and
the corresponding pathways. Functional protein networks associated with expression of these genes were analyzed with Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING). Exposure to low concentrations of the trivalent arsenicals (0.1 µM) had greater effects on gene expression than exposures to 1 µM,
with the most robust effect being associated with exposure to 0.1 µM MAsIII. 41
identical genes were differentially expressed in sperm exposed to either of the
three arsenicals at 0.1 µM level, 26 genes upregulated and 15 downregulated. ATP
binding was the most significantly enriched pathway in sperm exposed to iAs and
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MAs; pathways associated with DNA binding and transcription were most enriched
in sperm exposed to DMAsIII. While there was no overlap between gene transcripts
altered by ex vivo exposures and those altered in sperm in the published study, two
pathways found to be significantly enriched in the preconception exposure study,
namely focal adhesion and extracellular matrix receptor interaction pathways, were
among the significantly enriched pathways in the sperm exposed ex vivo to 0.1 µM
iAsIII and MAsIII. Protein networks associated with these pathways included those
with known roles in diabetes, such as AP-1 and NF-kB signaling pathways. Analysis
of arsenic species indicated little conversion of arsenic species during incubation,
suggesting that the transcriptomic changes in sperms could be mostly attributed to
the single arsenic species in the corresponding exposure group.

4484

Placental Activation of lincRNA-TUNA in Response to Cadmium
Exposure and Its Association with Placental Insufficiency and
Fetal Growth Restriction

M. Simmers, and M. Cowley. North Carolina State University, Raleigh, NC.
Cadmium (Cd) is a toxic heavy metal found throughout the environment and one
of the top ten toxicants of major health concern identified by the World Health
Organization. In utero Cd exposure causes fetal growth restriction, malformation,
and spontaneous abortion; however, the mechanisms by which its actions impact
birth outcomes are poorly understood. Cd is inefficiently transported to the fetus,
rather it accumulates in the placenta, suggesting that these negative outcomes are
a consequence of disrupted placental function. To understand the impact of Cd on
gene expression within the placenta, we developed a mouse model of Cd-induced
fetal growth restriction and performed RNA-seq on control and Cd exposed placentae. The top differentially expressed transcript was the long non-coding RNA Tcl1
Upstream Neuron-Associated (Tuna), which was up-regulated 24-fold in Cd exposed
placentae. Tuna is a poorly characterized lncRNA, shown to be critical for neural
stem cell differentiation and a contributor to both oncogenic and tumor suppressive mechanisms. However, within the placenta, there is no evidence that Tuna
is normally expressed or functional at any developmental stage. To determine
the spatial expression of Cd-activated Tuna within the placenta, we used in situ
hybridization as well as placental layer specific RNA isolation and analysis. Both
methods confirmed the absence of Tuna expression within control samples and
determined that Cd-induced Tuna expression is specific to the junctional zone of
the placenta. Our primary hypothesis is that the activation of Tuna in the junctional
zone of the developing placenta leads to the formation of protein complexes
capable of disrupting gene expression, contributing to impaired placental function
and fetal growth restriction. To test this hypothesis, we over-expressed Tuna in
cultured choriocarcinoma cells and compared gene expression profiles to that of
control and Cd exposed cells. We demonstrated significant overlap between the
genes activated by Tuna over-expression and genes activated by Cd exposure,
with enrichment in pathways relevant to oxidative phosphorylation, mitochondrial
dysfunction, and NRF2-mediated oxidative stress response, suggesting that Tuna is
a key mediator of Cd-induced gene expression changes. We are currently performing experiments using siRNA knockdown to determine the contribution of Tuna to
Cd-induced placental dysfunction to further understand the molecular mechanisms
linking Cd exposure to negative birth outcomes.

4485

Links between Medication Use during Pregnancy, Placental
Epigenetic Aging, and Child Cognitive Outcomes and in
Extremely Low Gestational Age Newborns (ELGANs)

K. K. Huff, K. R. Roell, J. S. Clark, T. M. O’Shea, and R. C. Fry. University of North Carolina
at Chapel Hill, Chapel Hill, NC.
Maternal use of medications during pregnancy has been associated with fetal brain
development. While placental dysfunction has been previously associated with
these perinatal exposures, the molecular mechanisms remain unknown. Aberrant
placental methylation and epigenetic aging have been associated with pregnancy
complications and could act as potential biomarkers for disease. As compared to
chronological age, epigenetic age based on DNA methylation is thought to better
reflect an individual’s biological age. In the present study, we set out to examine the
associations between epigenetic aging in the placenta and two major factors: 1)
medication use during pregnancy (antibiotics, acetaminophen, aspirin, non-steroidal anti-inflammatory drugs (NSAIDs)) and 2) child cognitive outcomes including
autism spectrum disorder (ASD), attention-deficit hyperactivity disorder (ADHD),
general anxiety, and depression. For epigenetic aging, we specifically examined
gestational age acceleration (GAA) as well as the methylation of individual clock CpG
loci. Extant placental CpG methylation data was utilized from 408 subjects enrolled
in the Extremely Low Gestational Age Newborns (ELGAN) study to estimate epigenetic GAA in the placenta utilizing the Robust Placental Clock (RPC) model by Lee et
al. Mixed linear regression models showed that aspirin use during pregnancy was
significantly (p≤0.05) associated with GAA and methylation of two RPC CpG loci,
including cg00307685 which annotated to the bromodomain testis specific (BRDT)
gene. Additionally, methylation of RPC CpG locus cg17313945 was significantly
associated with ADHD among ELGAN children at age 10. This locus annotated to
major histocompatibility complex, class II, DO alpha (HLA-DOA), an immune-related
gene that has shown association with neurodevelopmental disorders. Overall, our

findings suggest that aspirin use during pregnancy and ADHD are associated with
CpG methylation of the placental epigenetic clock. Further work in vitro is necessary
to validate the mechanistic underpinnings for these associations.

4486

Building a Comprehensive Search of Epigenetic Studies as
Part of the Ten Key Characteristics of Carcinogens (KCCs):
Experience from the Report on Carcinogens (RoC)

S. C. Garner1, W. Arroyave1, R. Kalsch1, R. Lunn2, S. Atwood1, W. Bisson1, M. Verma3,
and A. Wang2. 1Integrated Laboratory Systems Inc., Research Triangle Park, NC; 2NIEHS/
NTP, Research Triangle Park, NC; and 3National Cancer Institute, Rockville, MD.
KCCs are used for RoC cancer hazard evaluations to unbiasedly search and
organize mechanistic information. We use pre-defined KCC-based search terms
and substance terms for literature searches. All references are screened by title and
abstract (TA) inclusion criteria, and those passing TA screening (TAS) are screened
in full text. References meeting full text inclusion criteria are used in the RoC evaluation. Due to extensive progress in epigenetics research, in 2021 we updated the RoC
epigenetics literature search terms developed in 2016. Epigenetic changes fit into
six major topics: 1) general epigenetic concepts, 2) DNA methylation, 3) non-coding
RNAs, 4) histone modifications, 5) chromatin remodeling/organization, and 6) RNA
nucleotide modifications. Search terms were developed for reactions and molecular targets in each topic. More new search terms were added in topics 4-6 than in
1-3. To determine if the new epigenetic search terms yield useful references, we
performed literature searches on six carcinogens with old and new search terms,
TAS on up to 50 references per carcinogen and topic, and full-text screening on
references identified only by new search terms. Inclusion criteria were unchanged.
Three of the six carcinogens (aflatoxin B1, benzo[a]pyrene, and arsenic) are widely
associated with epigenetic changes, while the others (ethylene oxide, 2-naphthylamine, and cyclophosphamide) are not. For each epigenetic carcinogen, < 20 to
> 600 references were found per topic, and 47%-65% of the references per topic
passed TAS. New search terms for topics 4-6 contributed 43%-67% increases in
references passing TAS per topic. 71% of references identified through the new
search terms and passing TAS met full-text inclusion criteria, showing updated
search terms helped identify additional relevant, and likely informative, references.
Two non-epigenetic carcinogens, as expected, found few new references. For
cyclophosphamide, however, 100-200 references per topic were found for topics
4-6, although the percentage of references passing TAS (less than 30%) was
much lower than those for the three epigenetic carcinogens (47%-65%). The large
increase in epigenetic references that met inclusion criteria indicates the new
search terms are effective at identifying studies on epigenetic mechanisms. These
updated epigenetic search terms will be used for all new RoC evaluations.

4487

Detecting Epigenetic Effects of Polyaromatic Hydrocarbon
Exposure in Mouse Bone Marrow with DNA Methylation Array
Analysis

K. V. Embury, S. N. Martos, M. R. Campbell, X. Wang, A. K. Merder, H. Cho, D. R.
Germolec, C. V. Rider, L. Wharey, V. J. Johnson, E. Mutlu, K. E. Gerrish, O. A. Lozoya,
and D. A. Bell. NIEHS, Research Triangle Park, NC.
Polyaromatic hydrocarbons (PAHs) are carcinogenic components of tobacco
smoke that result from incomplete combustion. It is hypothesized that PAHs in
smoke drive altered DNA methylation profiles in the blood cells of tobacco smokers.
However, the connection between DNA methylation and transcriptional changes
that lead to deleterious effects is largely unknown. Our goal was to detect effects of
a known carcinogen, benzo[a]pyrene (B[a]P), and a mixture of PAHs on bone marrow
DNA methylation and compare these with known smoking effects in human cells
as a means to identify biological pathways and functions with potential implications for disease. Bisulfite-converted mouse bone marrow DNA from an NTP PAH
mixture study (seven PAH-exposed groups (n=6/dose), one B[a]P-exposed group
(n=8), and one vehicle group (n=8)) was applied to Illumina mouse methylation
arrays (~280,000 CpGs.) The mixture was comprised of 11 PAHs, one substituted
PAH, and one heterocyclic PAH. The ratio of PAHs in the mixture was based on
their individual 50% effect level for suppression of the humoral immune response
to sheep red blood cells (SRBC) following 28 days of oral exposure. Comparing
the methylation profiles of the B[a]P (10mg/kg) and high dose mixture (equivalent
to approximately 25mg B[a]P) groups to the vehicle control, we found 195 B[a]P
CpGs and 1647 high dose PAH CpGs were significantly differentially methylated
(FDR<0.05) with 55 shared sites. The majority (81% for B[a]P, 92% for high dose)
of altered sites had increased methylation suggesting widespread suppression of
gene expression. Differentially methylated CpGs were located in genes encoding
cytochrome P450s, chemokine receptors, cytokines, proto-oncogenes, and hematopoietic markers. Surprisingly, gene annotations among differentially methylated
CpGs had little overlap with homologous human genes strongly associated with
smoking tobacco. Bulk RNA-seq analysis of select samples is ongoing to dissect
correspondence of these epigenetic changes with gene expression. In conclusion,
exposure to PAHs resulted in significant changes in methylation levels in bone
marrow DNA of mice.
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4488

Toxic Effects of Cosmetic Products through Epigenetic
Reprogramming of Dermal Stem Cells

M. Das1, G. S. Rodriguez2, M. Salem3, S. Das4, L. Escandell1, A. Martin1, G. Jimenez1,
S. Parra1, and J. K. Das1. 1Miami Dade College, Miami, FL; 2Arizona State University,
Phoenix, AZ; 3Stony Brook University, Stony Brook, NY; and 4Miami Coral Park Senior
High School, Miami, FL.
The toxic effects of several ingredients of cosmetic products on dermal cells have
been reported by recent scientific studies as first-line tissue exposure on human
skin. These ingredients of cosmetic products include triclosan, bisphenol A (BPA),
parabens, erionite, formaldehyde, aflatoxin, dioxane, benzophenone, and diethyl
phthalate. However, there was no such analysis for explaining the mechanism of
the toxic effects and epigenetic reprogramming of dermal stem cells. In this study,
we analyzed the toxic effects of these cosmetic ingredients and the mechanism
of epigenetic reprogramming using NIH Toxicology Data Network (TOXNET)
Comparative Toxico-genomics Database (CTD), database of Environmental Health
Perspectives (EHP), National Institute of Environmental Health Sciences (NIEHS),
and other bioinformatics methods (Cytoscape, BioGrid, mentha, BAR database).
We observed from CTD analysis that the chemical gene interactions as risk factors
showed highly expressed of, 2928 common genes with CDKN2A, CD93, MIR134, by
triclosan, bisphenol A from total 26841 genes, 2 (AR, FSHB) common genes with
CDKN2A, MIR15A by parabens, triclosan, from total 3294 genes; 20 common genes
with CDKN2A, MIR503 from total 3370 genes by erionite, triclosan, 29 common
genes with CDKN2A, CD86 from total 4014 genes by erionite, formaldehyde, 2 (TP53,
XRCC1 ) common gene with CDKN2A, CD44 from total 3938 genes by aflatoxin
and formaldehyde, 253 common genes with CDKN2A, CD74A, from total 3938
genes by dioxane and formaldehyde, 2 (ESR1, NQO1) common gene with CD86,
MIR17 from total 5186 genes by benzophenones and formaldehyde, 52 common
genes with ESR1, CDKN2A, MIR184, from total 4152 genes by diethyl phthalate,
formaldehyde. The epigenetic mechanism of histone modifications (H3K9me3,
H3K27me3, H3K27ac, H3K4me3 of CD56+, CD184+ ectoderm, fibroblast, melanocyte keratinocyte of skin01, skin02, skin03, breast myoepithelial, variant human
mammary epithelial/vHMEC cells), miRNAs and these toxicants have been revealed
by NIH Roadmap Epigenomics Mapping Consortium. The heterogenic adult stem
cells reprogramming is regulated by epigenetic bivalent histone modifications at
transcript starts sequences (TSS) of target genes and our current study revealed
that CD86 and EZH2 are epigenetically reprogrammed with close interaction of
22 other genes by these toxicants. This work was part of the honors option project
(HOP) of students of BSC2010 and ToxMSDT mentored by Professor Madhumita Das
and Dr. Jayanta K. Das at MDC EJ Padrón Campus.

4489

Exploring the Role of piRNA in Neural Differentiation and Its
Susceptibility to Lead Exposure

R. K. Morgan, K. M. Polemi, L. K. Svoboda, J. A. Colacino, and D. C. Dolinoy. University
of Michigan School of Public Health, Ann Arbor, MI.
Early life neurotoxicant exposures can have long-lasting implications for cognition
and health, due in part to impacts on epigenetic mechanisms governing neurodevelopment. In addition to the classically studied epigenetic mechanisms of
DNA methylation and histone modifications, small, non-coding RNA serve as an
epigenetic link between environmental exposures and adverse health outcomes.
PIWI-interacting RNA (piRNA) associate with PIWI proteins to silence transposable
elements (TEs), and this complex has been shown to interact with DNA methylation machinery as a part of TE regulation. While piRNA were long thought to be
exclusively expressed in the germline, work from our group has overturned this
conclusion with somatic studies in both mice and humans. In early developmental
human tissue (gestational day 90-105), PIWIL1 and 2, while expressed to a lesser
degree than in the germline, showed some of the highest relative expression in
the brain when normalized to the gonads. The relative expression of PIWIL3 and
4 in the brain exceeded that of the germline, with 182% and 294% normalized to
the gonads, respectively. Our group has demonstrated that perinatal lead (Pb)
exposure disrupts TEs within the mouse brain, with 3.86%, 2.83%, and 1.77% less
DNA methylation at intracisternal a particles (IAPs) 110, 236, and 506, respectively.
Given the presence of the piRNA system as well as Pb-associated hypomethylation at TEs in the brain, we hypothesized that piRNA plays a mechanistic role
in this relationship. We tested this in the SH-SY5Y cell model, wherein we found
PIWIL1 and 4 expression increased significantly during the course of neural differentiation, 323% and 299% on Day 15 relative to Day 3, suggesting an active role in
neurodevelopment. While PIWIL expression did not change with Pb exposure under
static conditions, we are assessing if Pb exposure disrupts the baseline changes
in PIWIL1 and 4 during differentiation. Understanding the mechanisms of early
epigenetic programming and those of Pb-induced epigenetic disruption will provide
opportunities for targeted therapeutics and will produce valuable data for future
models of toxicity.

4490

Examining the Transgenerational Effects of Environmental Cues
in C. elegans

L. Truong, Y. Chen, J. Camacho, K. Shuck, and P. Allard. University of California Los
Angeles, Los Angeles, CA.
In sexually reproducing organisms, germ cell development is vital for the faithful
transmission of the genome and epigenome across generations. Recent studies
have shown that germ cell development is affected by different environmental toxicants, resulting in a decrease in germ cell health and number. Here, we
examine the transgenerational impact and mechanisms of two prevalent toxicants,
the plastic manufacturing chemical Bisphenol A and ethanol, in Caenorhabditis
elegans. Both have well-described impacts on the developing fetus; however, their
effects on developing germ cells and subsequent generations are less explored.
We hypothesize that exposure disrupts the epigenetic machinery in germ cells,
causing changes in histone modifications, fertility defects, and germline dysfunction in a transgenerational manner. First, we show that BPA exposure causes a
transgenerational two-fold increase in germline chromatin desilencing with p≤0.01
coupled with a reduction and redistribution of histone H3K9me3 and H3K27me3.
We show that the alteration of repressive histone levels is required for the observed
transgenerational 43% increase in germline apoptosis with p≤0.01 and 85%
increase in embryonic lethality with p≤0.001. An increase in apoptosis suggests
possible perturbations in the germline checkpoint machinery. To understand which
checkpoint BPA perturbs, we used mutants of each checkpoint to rescue the effect.
This revealed that BPA perturbs the synapsis checkpoint since a pch-2 mutant
decreased BPA induced apoptosis by two-fold with p≤0.0001 whereas mutants
of the DNA damage checkpoint, spo-11 and cep-1, did not. Furthermore, visualization of the synaptonemal complex (SC) using a SYP-3::GFP strain revealed
perturbations in proper SC assembly and aggregation of SC proteins resulting
from ancestral BPA exposure. The formation of these aggregates was associated
with increases in embryonic lethality transgenerationally at the F3. In parallel, we
are also exploring another common toxicant, ethanol, but instead we are currently
building the complete transgenerational transcriptional map of ethanol using single
cell RNA-seq approaches. Together, my work identified the molecular drivers of
environmental transgenerational effects on the germline machinery and reproductive health. We hope to further understand how it induces germline dysfunction,
carrying important implications for human reproductive health in the context of
environmental exposures.

4491

TCDD Induces Transgenerational Alterations in the Thymocyte
Genes through Epigenetic Modifications in microRNA and
Histones

N. P. Singh, X. Yang, M. Nagarkatti, and P. Nagarkatti. University of South Carolina
School of Medicine, Columbia, SC.
TCDD, a potent AhR ligand, is an environmental contaminant and a highly toxic
compound that is known for transgenerational toxicity, the mechanisms of remain
to be elucidated. In the current study, we investigated the effect of administration
of TCDD into gestational pregnant mothers (P) mice and subsequent its impact
on subsequent generations (F1 and F2) by examining epigenetic modifications of
microRNAs (miRs) and histones. To this end, pregnant mice (GD 14) were exposed
with TCDD (10 µg/kg bw). The thymi of mothers (P), F1, and F2 generations were
harvested and miR arrays for miR profile and CHIP DNA sequencing for histone
methylation were performed. Out of 3200 miRs, 160 miRs were common to and
dysregulated greater than 1.5-fold in thymocytes of all three generations of mice
post TCDD exposure, when compared to controls. Analysis of dioxin response
elements (DRE) present in the promoter of selected miRs reveal the presence of
DRE in all the miRs analyzed indicating regulation miRs might have taken place
through DREs present in their promoters. Also, changes in miR profile affected
expression of genes that may regulate signaling, toxicity, apoptosis, thymic atrophy,
cancer, immunosuppression, and other physiological pathways. The data obtained
from CHIP DNA sequencing for histones revealed TCDD-mediated changes in all
the three generations, when compared to control. The current study suggests that
TCDD triggers long-term and transgenerational effects by alterations in miR profile
as well as histone modifications that together regulate genes expression. The
results obtained from this study support the concept of fetal basis of adult disease
following exposure to environmental pollutants. Supported in part by NIH grants
R01ES030144, R01AI123947, R01AI129788, P20GM103641, and P01AT003961.

4492

Tobacco Smoke Exposure Alters CD8 T Cell Composition toward
Immune Dysfunction and Aging

M. R. Campbell, S. N. Martos, A. K. Merder, K. V. Embury, and D. A. Bell. NIEHS,
Research Triangle Park, NC.
Tobacco smoke exposure impacts blood DNA methylation, gene expression,
leukocyte subtypes, and immune response. We previously characterized gene
expression profiles and cell surface markers from primary peripheral blood
mononuclear cells (PBMCs) by single-cell RNA sequencing (scRNAseq) and mass
cytometry (CyTOF). Composition shifts from naïve towards terminally differenti-
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ated states seen in the transcriptomes of smokers’ CD8 T cells were confirmed
with CyTOF immunotyping. DNA methylation modeling of age acceleration and
telomere length reduction indicated T cell aging, a hallmark of immunosenescence,
suggesting memory T cell inflation (reduction of naive and increased memory T
cells) and immune dysfunction in smokers. To determine if smoking-associated
functional decline in the immune system mimics the cellular and molecular characteristics of aging, we further characterized CD8 T cells in an additional group of
healthy smokers and nonsmokers using scRNAseq with surface protein labeling
in parallel with CyTOF. We developed a 37 marker CyTOF panel to immunotype
CD8 and CD4 T cells and quantify functional markers and differentiation state.
Specifically, we can differentiate among naïve, central memory, effector memory,
and end-stage effector memory T subsets and quantify cytolytic effector proteins
(Granzyme B and Perforin) and exhaustion-associated proteins (PD-1, TIM-3, and
CTLA-4). The intranuclear transcription regulator FOXP3 was also included to
confirm our observation of smoking-associated increased frequency of CD4 regulatory T cells. Using UMAP to cluster CyTOF CMV+ CD8 T cell profiles, we observed
significant increases in protein expression of CXCR3, ITGA4, and CD95 in smokers
which play a role in inflammatory response. scRNAseq showed elevated CDKN2A
(gene encoding p16) and downregulation of E2F target genes in CD8 T cells of
CMV+ smokers, suggestive of senescence. Bulk RNAseq will be used to validate
increased pro-inflammatory gene expression in CD8 T cells. Taken together, our
results suggest smoking shifts the composition of CD8 T subpopulations from
naïve to differentiated states indicating immunosenescence and immune dysfunction which may contribute to smoking-mediated pathologies.

4493

Perinatal Lead and Phthalate Exposures Alter Age-Related
Cardiac DNA Methylation in Mice

K. Wang, M. A. Sartor, D. C. Dolinoy, and L. Svoboda. University of Michigan, Ann
Arbor, MI.
Epigenetic changes contribute to cardiac aging and disease risks. DNA methylation
(DNAm), one of the most well-characterized epigenetic modifications, regulates
gene expression, transposon silencing, and genome stability. Although several
studies have characterized DNAm changes associated with cardiac aging, the
effects of perinatal environmental exposures on the normal trajectory of age-related cardiac DNAm have not been investigated. Here, we used a mouse model to
investigate the effects of perinatal exposure to lead (Pb) and diethylhexyl phthalate
(DEHP) on age-related cardiac DNAm. Dams were randomly assigned to control,
Pb (32 ppm in water), or DEHP (25 mg/kg chow) groups. Exposures started two
weeks prior to mating and continued until weaning at post-natal day 21 (PND21).
Approximately one male and one female offspring per litter were followed to PND21,
5 months, or 10 months of age, at which time whole hearts were collected (n≥5 per
sex per exposure). Enhanced reduced representation bisulfite sequencing was used
to assess the cardiac DNA methylome. Differentially methylated regions (DMRs)
were identified across age within each exposure group, as well as in exposure vs.
control for each time point using methylSig with an FDR<0.05 and a DNAm difference >10%. We identified thousands of aging associated DMRs (6,439 in male and
7,855 in female) in control animals. When comparing exposure vs. control group
at each time point, the most DMRs were identified at 5 months for both Pb (754
in male and 719 in female) and DEHP (619 in male and 909 in female). Gene set
enrichment analysis was performed based on DMR clustering across all three time
points for aging and exposure-control comparisons, respectively. Heart formation,
cardiac muscle tissue morphogenesis, muscle cell apoptosis, and heart process
related GO terms were significantly enriched in female aging DMRs, while cardiac
septum development and muscle organ development were significantly enriched
in male aging DMRs. Notch signaling and Wnt signaling pathway related GO terms
were significantly enriched with male Pb and DEHP exposure, respectively. Overall,
our data show sex-specific age-related DNAm changes in control animals and that
perinatal Pb and DEHP exposures result in sex-specific alterations in pathways
associated with age-related DNAm.

4494

Assessment of Associations between Environmental Toxicants
and piRNA Epigenetic Machinery Using the Comparative
Toxicogenomics Database

K. M. Polemi, R. K. Morgan, B. P. Perera, L. K. Svoboda, D. C. Dolinoy, and J. A.
Colacino. University of Michigan, Ann Arbor, MI.
In the US, there are over 85,000 chemicals in use and only 3% of those are fully
tested for human safety. On average, people are exposed to thousands of chemicals
daily. How these chemicals interact with our epigenome may play an important role
in disease development and progression. Epigenetic mechanisms such as DNA
methylation and histone modifications have been extensively studied in the context
of environmental exposures and disease; however, small, non-coding RNAs have,
by comparison, been relatively understudied. PIWI-interacting RNA (piRNA) are
one such class known for their regulation of transposable elements (TEs). piRNA
transcripts associate with PIWIL (P-element induced wimpy testis like) proteins
(PIWIL1-4) to direct the silencing of TEs via DNA methylation. piRNA are also
differentially expressed in cancer, neurodegenerative diseases, and cardiovascular
disease. While PIWILs play a role in both piRNA biogenesis and function, they are

not the only machinery associated with piRNA transcripts. A comprehensive literature review of the broader piRNA biogenesis and activities pathways resulted in a
gene list of piRNA associated machinery that was then used to query the publicly
available Comparative Toxicogenomic Database (CTD). CTD provides extensive
amounts of information on gene-chemical interactions and relative disease states.
We found that aldehydes, metals, personal care and consumer product compounds
(PCCPCs), pesticides, and volatile organic compounds (VOCs) were linked to significant changes in piRNA-associated genes. Notably, bisphenol A (BPA) accounted
for many of the PCCPCs-associated changes, including changes in gene expression
and alterations in DNA methylation of genes encoding for Tudor domain containing
proteins as well as PIWILs. Additionally, the VOCs furan and trichloroethylene were
associated with increases in DNA methylation at several piRNA-associated genes.
Future analysis will assess what chemical exposures are associated with significant changes in PIWIL and associated machinery expression in CTD. This analysis
will allow us to better prioritize chemicals of interest to investigate piRNA dysregulation by toxicants in numerous diseases.

4495

Effects of Developmental Pesticide Exposure on Epigenetic
Aging in the Mouse Midbrain

J. Kochmanski, N. C. Kuhn, S. L. Boyd, and A. I. Bernstein. Michigan State University,
Grand Rapids, MI.
Existing studies indicate that exposure to the organochlorine pesticide dieldrin is
associated with increased risk of Parkinson’s disease (PD). In a recent paper, we
showed that developmental dieldrin exposure in C57BL/6 mice induces sex-specific changes in DNA methylation at genes related to PD. However, this previous
study only investigated the effects of dieldrin on the epigenome at a single time
point in early murine adulthood: 12 weeks of age. Here, we test the hypothesis that
developmental exposure to dieldrin will lead to longitudinal changes in DNA methylation throughout the life course. Starting at 8 weeks of age and prior to mating,
female C57BL/6 mice were exposed to 0.3 mg/kg dieldrin by feeding (every 3 days)
throughout breeding, gestation, and lactation. At birth, 6 weeks, 12 weeks, and 9
months of age, developmentally exposed male and female offspring (n=8-10 per sex
per timepoint) were sacrificed and the ventral mesencephalon was microdissected.
DNA methylation was assessed at previously identified differentially methylated
regions using targeted capture hybridization-sequencing. The DSS R package was
used to test for differentially methylated CpGs (DMCs) by developmental dieldrin
exposure. Differential testing was stratified by sex and age group, and significance
was defined as a false discovery rate (FDR) < 0.05. At birth, we identified n=47
dieldrin-associated DMCs in females and n=6 DMCs in males. These sex-specific
epigenetic effects of dieldrin exposure were not stable in exposed littermates at 6
weeks, 12 weeks, or 9 months of age. However, we did identify sex- and age-specific DMCs at 6 weeks (n= 2 female, n=5 male), 12 weeks (n=11 female, n=2 male),
and 9 months of age (n=2 female, n=3 male). These results suggest that developmental dieldrin can have long-term consequences on the epigenome, even after
the removal of exposure. Furthermore, in female animals, we identified a CpG in
the Ephb2 locus that showed significantly accelerated epigenetic aging in dieldrin
exposed mice compared to control (FDR=0.02). These data suggest that developmental dieldrin exposure can alter trajectories of epigenetic aging at a specific gene
throughout the life course.

4496

Epigenetic Effects of Maternal House Dust Mite Exposure on
Mice Placenta

Y. Sun1, J. Pulczinski2, M. Watfa1, and W. Tang1. 1University of Pittsburgh, Pittsburgh,
PA; and 2Johns Hopkins University, Baltimore, MD.
Asthma is a chronic airway disease currently affecting 330 million people
worldwide. A broad list of risk factors has been identified and points to the
importance of maternal and early life exposures on asthma development. We
have recently reported that maternal exposure to house allergen, house dust mite
(HDM), induced epigenetic changes and airway hyperresponsiveness in mouse
offspring. Additionally, it is postulated that alterations in immunity, endocrine
nexus, and trophoblast migration during pregnancy at the maternal-fetal interface
may reprogram the pregnancy outcome and influence offspring health. In particular, the mRNA and miRNA expression in maternal placenta has shown utility in
discriminating time of gestation and infant birth weight. In the present study, we
further explored the unrecognized relationship between maternal exposure, placental function, and offspring lung health. Female C57B1/6J mice were sensitized
to HDM or saline through intraperitoneal injection two weeks before conception,
followed by intratracheal stimulation of HDM or saline three times a week during
pregnancy. At gestation day 14, placenta tissues were collected and subjected for
transcriptomic analysis. RNA-seq analysis on placenta identified 247 genes being
differentially expressed upon HDM exposure. Ingenuity pathway analysis showed
that the differentially expressed genes (DEGs) were highly enriched in inflammatory
responses and immune cell trafficking. In addition, NF-κB signaling is shown to
be the top network linking DEGs including alcam, cxcl6, egr2, hdc, il18 and lcn2.
Pathway analysis also revealed the possible interaction between NF-κB signaling
and miRNAs (miR-21, miR223, miR146 and let-7). We validated the abovementioned
DEGs and miRNAs in placenta and maternal serum by qPCR and ddPCR respec-
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tively. Strikingly, the HDM-induced changes in mRNA/miRNA expression were
reversed by the maternal methyl-donor enriched diet. In summary, we demonstrated
that exposure to HDM activates the placenta inflammatory responses through
the mediation of miRNAs while co-administration with methyl-donor enriched
diet abolished these inflammatory gene signatures. Our findings suggest that
the epigenetic changes in placenta were associated with offspring’s asthma risk,
although future study is required to demonstrate the direct link between placental
functions and epigenetic regulation of asthma.

4497

miRNA Profile of Rat Cardiac Tissue following Exposure to
World Trade Center Dust

H. Rosen, H. Sun, M. Costa, S. Park, C. Prophete, L. Horton, M. Sisco, J. Zelikoff, and M.
Cohen. NYU School of Medicine, New York, NY.
First Responders (FR) exposed to World Trade Center (WTC) dusts at Ground Zero
have shown an increased incidence of illness (specifically heart disease) relative
to unexposed FR over the 20 years since the disaster. It remains unclear if WTC
dusts could cause this increased incidence of heart disease, as well as any underlying molecular mechanisms. The goal of this study was to evaluate changes in
microRNA (miRNA) in cardiac tissues following WTC dust exposure. Here, spontaneously hypertensive rats (SHR) were exposed to WTC dust at 33 mg/m3 via
intratracheal inhalation under isoflurane (ISO) anesthesia for 2 hr/d on 2 consecutive days. Control rats were exposed to air/ISO (positive control) or air only (negative
control). miRNA was extracted the left ventricle of rats at Day 360 following the
exposures and used for miRNA profiling via microarray. Analysis identified 48 WTC
dust specific differentially expressed miRNA (DEM) with 27 up- and 21 down-regulated (p < 0.05). Using public miRNA databases, 3271 and 2453 potential targets
of up- and down-regulated DEM, respectively, were collected. Gene Ontology (GO)
and KEGG Pathway analysis were performed to explore the biological relevance of
WTC dust altered miRNA and their targets. Both GO and KEGG analysis showed the
enrichment of WNT signaling pathways in potential target genes of down-regulated
miRNA. WNT signaling is crucial for heart development and is active after injury due
to myocardial infarction, a common pathology reported in WTC FR. Investigation of
potential target genes of up-regulated miRNA showed positive regulation of neuron
projection development and axon guidance, suggesting that WTC dusts may affect
the nervous system in a manner that leads to heart disease. This is the first study
to evaluate the miRNA profile of cardiac tissue following host WTC dust exposure
and will help elucidate if exposure to WTC dust causes an increased incidence of
heart disease.

4498

Prenatal Lead Exposure Is Associated with Differential
Placental DNA Methylation and Hydroxymethylation in a Human
Population

P. Tung, A. Burt, K. Hermetz, E. Kennedy, and C. J. Marsit. Emory University, Atlanta, GA.
Sponsor: Q. Zhang
Lead (Pb) is an environmental toxicant and exposure during the prenatal period has
been associated with adverse neurodevelopmental outcomes. Epigenomic studies
are important to understanding the biological mechanisms of toxicants, such as
Pb, that contribute to child health outcomes. Early Pb exposure has been linked to
differences in epigenetic marks, such as DNA methylation and hydroxymethylation,
an intermediate in the demethylation process. However, little is known about the
associations between distinct Pb biomarkers and placental epigenetic alterations
or the pathways impacted by Pb-associated epigenetic changes. Thus, we hypothesized prenatal Pb exposure is associated with placental DNA methylation and
hydroxymethylation, and identified the affected biological functions and pathways
potentially linked to childhood developmental outcomes. In Rhode Island Child
Health Study (RICHS) participants, placenta (n=114), maternal toenail (n=165), and
infant toenail (n=170) biomarkers of prenatal Pb exposure were obtained through
inductively couple plasma mass spectrometry. DNA methylation and hydroxymethylation analyses were conducted using standard and oxidative bisulfite modification
preparations, respectively, via the Illumina MethylationEPIC Beadarray. Epigenomewide association study (EWAS) methodologies was applied to identify differential
methylation and hydroxymethylation associated with Pb exposure biomarkers. The
biological functions of the differentially methylated and hydroxymethylated CpGs
were determined by over-representation analysis of the top 250 sites derived from
EWAS using ConsensusPathDB. Pb quantified from placenta, maternal toenail and
infant toenail were associated with 2, 477 and 27 differentially methylated sites
(q<0.05), respectively. Alternatively, there were 17 differential hydroxymethylated
sites linked to placental Pb, and 2 and 1 site(s) for maternal and infant toenail
Pb. Significantly enriched pathways (q<0.1) included nervous system development, hedgehog signaling, neuronal activity, and calcium transport and regulation.
Evaluating epigenetic alterations upon early-life Pb exposure is crucial, as this study
identified multiple modified biological processes that may lead to adverse developmental outcomes. More work is needed to better understand the variety of epigenetic mechanisms disturbed by Pb and other environmental toxicants.

4499

Integrated Analysis of Target Genes, Networks, and Pathways
Regulated by miR-31 in Human Bronchial Epithelial Cells

H. Sun, H. Rosen, Q. Chen, Y. Zhu, T. Kluz, and M. Costa. NYU School of Medicine,
New York, NY.
MicroRNAs (miRNAs) are endogenous small noncoding RNAs (18-25 nt) that
negatively regulate gene expression in a sequence-specific post-transcriptional
manner. miR-31 is involved in many different biological processes, including embryo
implantation, bone formation, myogenic differentiation, and immune function.
Aberrant expression of miR-31 has been found in a number of human cancers and
autoimmune diseases. While it exhibited an oncogenic activity in colorectal and
breast cancers, miR-31 has been reported to be tumor suppressive in glioblastoma, ovarian, and bladder cancers. In human lung cancers, miR-31 displayed the
distinct expression patterns and the diverse functions in different cancer subtypes.
To identify lung cell-specific targets of miR-31, we performed whole transcriptome profiling analysis on miR-31 overexpressed or depleted human bronchial
epithelial BEAS-2B cells. Our results revealed that modulating miR-31expression
led to extensive changes in genes related to cell proliferation, migration, invasion,
angiogenesis and tumor metastasis, etc. In addition, top canonical pathway analysis
revealed that multiple pathways such as Oxidative Phosphorylation and Cancer
Metastasis Signaling were significantly activated in miR-31 overexpressing cells,
but inhibited in miR-31 depleted cells. Moreover, pathways important for tumor
progression and metastasis are highly activated in miR-31 overexpressing cells,
including NFkB Signaling, Angiogenesis, Vasculogenesis and Cell Transformation.
Consistently, HIF1a signaling, Invasion of tumor cell lines, and Formation of actin
stress fibers are significantly inhibited in miR-31 deficient cells. Taken together,
our study identified many novel target genes as well as the networks and pathways
that were regulated bymiR-31, further supporting an oncogenic activity of miR-31 in
human lung cells.

4500

Tris(1,3-dichloro-2-propyl) Phosphate Disrupts the Normal
Trajectory of Cytosine Methylation within Developing Zebrafish
Embryos

S. G. Avila-Barnard, S. Dasgupta, V. Cheng, A. Reddam, J. L. Wiegand, and D. C. Volz.
University of California Riverside, Riverside, CA.
Tris(1,3-dichloro-2-propyl) phosphate (TDCIPP) is an organophosphate ester-based
flame retardant widely used within the United States. Within zebrafish, initiation
of TDCIPP exposure at 0.75 h post-fertilization (hpf) reliably disrupts cytosine
methylation from cleavage (2 hpf) through early-gastrulation (6 hpf). Therefore,
the objective of this study was to determine whether TDCIPP-induced effects on
cytosine methylation persist beyond 6 hpf. First, we exposed embryos to vehicle
or TDCIPP from 0.75 hpf to 6, 24, or 48 hpf, and then conducted bisulfite amplicon
sequencing of a target locus (lmo7b) using genomic DNA derived from whole
embryos. Within both vehicle- and TDCIPP-treated embryos, CpG methylation was
similar at 6 hpf and CHG/CHH methylation were similar at 24 and 48 hpf (relative
to 6 hpf). However, relative to 6 hpf within the same treatment, CpG methylation
was lower within vehicle-treated embryos at 48 hpf and TDCIPP-treated embryos at
24 and 48 hpf - an effect that was driven by acceleration of CpG hypomethylation.
Similar to our previous findings with DNA methyltransferase, we found that, even
at high µM concentrations, TDCIPP had no effect on zebrafish and human thymine
DNA glycosylase activity (a key enzyme that decreases CpG methylation), suggesting that TDCIPP-induced effects on CpG methylation are not driven by direct interaction with thymine DNA glycosylase. Finally, using 5-methylcytosine (5-mC)-specific
whole-mount immunochemistry and automated imaging, we found that exposure
to TDCIPP increased 5-mC abundance within the yolk of blastula-stage embryos,
suggesting that TDCIPP may impact cytosine methylation of maternally loaded
mRNAs during the maternal-to-zygotic transition. Overall, our findings suggest that
TDCIPP disrupts the trajectory of cytosine methylation during zebrafish embryogenesis, effects which do not appear to be driven by direct interaction of TDCIPP with
key enzymes that regulate cytosine methylation.

4501

The Use of Recovery Animals across Monoclonal Antibody
Development Packages: Opportunity for Further Optimization
Remains

H. Prior, and F. Sewell. NC3Rs, London, United Kingdom.
It is a regulatory requirement that recovery of adverse findings is assessed during
pharmaceutical development, but flexibility is provided for when and if recovery
animals are warranted to do so. In packages for monoclonal antibodies (mAbs)
following ICHS6(R1) guidance, if inclusion of recovery animals is warranted, this
need only be in one toxicology study. We have used data shared within a recent
collaboration between the NC3Rs, the Netherlands Medicines Evaluation Board and
14 pharmaceutical companies (funded by the European Partnership for Alternative
Approaches to Animal Testing) to review current practices for the use of recovery
animals during mAb development. Companies submitted anonymized data by
survey, including study design details (start date, species, recovery animal group
number and sizes) on first-in-human (FIH)-enabling and chronic toxicity studies. To
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establish any changes in approach compared with previous data1, only mAbs with
at least one study started in 2015 or later were used in this analysis; there were 52
mAbs with 84 non-rodent (NR, 99% non-human primate, 1% minipig) and 11 rodent
studies in total. For 48 mAbs with both FIH and chronic NR studies, 4 mAbs did not
include recovery groups on any study. Notably, 25 mAbs (52%) included recovery
groups on studies in both phases, whilst 12 or 7 mAbs (25% or 15%) included
recovery groups on one phase (FIH or chronic phase respectively). There were only
8 mAbs that used two species within packages; 4 mAbs included recovery groups in
studies for both species and both phases, 3 mAbs included recovery groups in both
species but for only one phase and 1 mAb included recovery animals on the FIH NR
study only. Overall, recovery groups were included in 27 of 38 NR and 4 of 6 rodent
FIH studies (71% and 67% respectively) and in 29 of 46 NR and all 5 rodent chronic
toxicity studies (63% and 100%). Recovery was often restricted to control + one
treatment group (29 of 65 studies, 45%), usually the high dose (25 studies, 38%).
A third (20 of 65 studies, 31%) included recovery on all groups (control + 3 or 4
treatment groups) whilst two studies included recovery on just one group (NR high
dose; rodent low dose only). A recovery group size of 2M+2F was used in 82% of
NR studies and 5M+5F in 56% of rodent studies. These data indicate that minimized
designs and case-specific approaches are applied within mAb packages. Although
there are examples of no recovery animals included for a phase or species, evaluating recovery within a single study and species is not widely adopted. These data
suggest an opportunity to further optimize recovery animal use without impacting
human safety. 1Sewell et al, 2014 RTP 70: 413-429.

4502

Evaluating Optimal Toxicity Study Designs with Monoclonal
Antibodies: Results from a MEB/Industry/NC3Rs Survey

H. Chien1, H. Prior2, F. Sewell2, K. Schutte3, L. Weir4, and P. van Meer1. 1Medicines
Evaluation Board, Utrecht, Netherlands; 2NC3Rs, London, United Kingdom; 3European
Commission Joint Research Centre, Brussels, Belgium; and 4GlaxoSmithKline plc,
Hertfordshire, United Kingdom.
Safety testing of therapeutic monoclonal antibodies (mAbs) follows ICH S6(R1)
guidance. Experience with mAb development suggests a safety profile that is often
based on pharmacology and/or immune responses. When safety findings can be
anticipated based on pharmacology, animal studies may not yield clinically-relevant data and so their use should be carefully considered. Under the auspices of
the European Partnership for Alternative Approaches to Animal Testing (EPAA),
a consortium of14 pharmaceutical companies, the Medicines Evaluation Board
and NC3Rs conducted a study to re-evaluate whether a 6-month study is still
optimal to evaluate the long term safety of mAbs, and to identify study designs
that minimize animal (in particular non-human primate) use. Companies submitted anonymized data by survey, including product information, species selection
and pharmacologic relevance, study details and comparison of findings between
first in human (FIH)-enabling vs. chronic studies. The entire dataset consisted of
142 mAbs submitted by 11 companies, representing a diverse range of therapeutic areas. Study durations were variable (1 day to 13 weeks FIH-enabling; 13 to
52 weeks supporting later development), with 41% of studies conducted post-ICH
S6(R1) revision. An average of 3 species per mAb were tested for pharmacologic
relevance, with 96% of mAbs using cynomolgus monkey for at least one phase (73%
as the only species used). Of mAbs using rodents and nonrodents in FIH-enabling
studies (23% of dataset), half of these (13% of total) also used both species in
studies for later development whilst 8% reduced to non-rodent and 2% to rodent
only. Study designs were also variable, with non-rodent main test group sizes of
3M+3F mostly used in short-term studies (82%) whilst 4M+4F was used for 59%
of chronic studies. For 71% of mAbs no or no new toxicities were noted in chronic
studies. When novel toxicities were identified, these were considered of human
concern in under half of cases. Increasing the duration of the FIH-enabling study
resulted in better prediction of new toxicities. Opportunities to reduce the number
of animals in studies already exist within ICH S6(R1) but are not fully leveraged.
Factors influencing the overall risk for a mAb to cause toxicity should provide an
evidence-based justification enabling 3-month studies to support late-stage clinical
development and registration.

4503

Use of Benzene Measurements to Evaluate the Role of Setback
Distances to Protect Public Health from Oil and Gas Wellpad
Emissions in Colorado

T. McMullin, A. Bamber, and M. Lumpkin. CTEH, Golden, CO.
Currently, state regulations in Colorado (CO) require that all new upstream oil and
gas (OG) well or production facilities must be located between 500-2,000 feet from
building units, depending on the building type. Previous published evaluations of
ambient air data collected across Colorado since 2008 have indicated that OG
operations OG related VOC levels measured in areas near OG pre-production and
production activities were consistently below acute or chronic non-cancer and
cancer health guideline values. The main data gaps identified in these assessments
included 1) limited wellpad-specific data, especially during pre-production phases
that can produce highly variable VOC emissions and 2) short duration air measurements used to assess acute health risks. Additionally, a pivotal modeling study
conducted by the State of Colorado in 2019 estimated that maximum benzene

concentrations could exceed acute health guideline values at distances up to
2,000 feet from a wellpad during different pre-production phases, with the greatest
exceedances occurring during flowback. Since then, state and local public health
agencies and operators have generated thousands of new data points collected at
varying distances from specific wellpads during different pre-production activities
(drilling, hydraulic fracturing, flowback). This study analyzed these new air data to
estimate potential exposures and acute health risks of benzene as a function of
distance from wellpads and distinct pre-production phases. Over 6,500 benzene
measurements collected across 23 different wellpads during each pre-production
phase were identified from these studies. The maximum benzene concentration
across all samples was compared to acute guideline values. Apart from a single
measurement at 1,100 feet from a wellpad during flowback, all benzene measurements were below acute guideline values. The data from this study provides important information for evaluating the role of setback distances in public health protection from upstream OG operations in CO.

4504

A Framework for Chemical Safety Assessment Incorporating
New Approach Methodologies within REACH

B. van Ravenzwaay1, N. Ball2, P. A. Botham3, R. Bars4, A. Cuciureanu5, M. T. Cronin6,
J. E. Doe6, T. Dudzina7, T. W. Gant8, and M. Leist9. 1BASF SE, Ludwigshafen, Germany;
2Dow Europe GmbH, Horgen, Switzerland; 3Syngenta, Bracknell, United Kingdom;
4Bayer Crop Science, Sophia Antipolis, France; 5European Centre for Ecotoxicology
and Toxicology of Chemicals (ECETOC), Brussels, Belgium; 6Liverpool University,
Liverpool, United Kingdom; 7Exxon Mobil Corporation, Machelen, Belgium; 8UK Health
Security Agency, Harwell Science Campus, United Kingdom; and 9Universität Konstanz,
Konstanz, Germany.
Toxicology in the 21st century provides a vision of how animal testing can be
reduced, while increasing the relevance of results from new approach methodologies (NAMs). The long-term investment in NAMs within the EU and other parts of
the world has resulted in an emerging consensus on how to use information from
in silico, in vitro and targeted in vivo studies to assess the safety of chemicals.
The adoption of NAMs for regulatory purposes has been slow. In the EU this is
partly related to the particular focus on Classification and Labelling (C&L). Here, we
present a framework incorporating in silico, in vitro and in vivo methods in which
both hazard and exposure can be assessed using a tiered approach. The outputs
from each tier are classification categories, safe doses, and risk assessments.
Progress through the tiers depends on the output from previous tiers. We have
exemplified the use of the framework with three examples. The outputs from the
framework were the same, or more conservative, than parallel assessments based
conventional studies and addressed C&L requirements. For vinclozolin, the tier 2 (in
vitro) outcome was 4x lower than the conventional Derived No Effect Level (DNEL),
for tier 3 (targeted in vivo) the outcome was within a factor of 2 of the conventional DNEL. For coumarin, the tier 2 lower bound outcome was within a factor
of 2 of the conventional DNEL. For phenoxyethanol, the tier 2 outcome was ca.
100-fold lower than the conventional DNEL. If, the risk assessment would have
indicated a non-acceptable margin for phenoxyethanol, then targeted in vivo studies
could have been performed. The framework takes REACH Annex XI criteria into
account although some changes in the legal framework may be needed for its full
implementation. A phased introduction of NAMs in chemical safety assessment
and science-based safety decisions which provide at least the same level of safety
using fewer animals, taking less time, and using less financial and expert resource
appears to be achievable. It would allow new methods to be incorporated as they
develop through continuous selective evolution rather than revolution.

4505

Guidance to Support the Use of Evident Toxicity in Acute Oral
Toxicity Studies (OECD TG 420)

F. R. Sewell1, D. Andrew2, M. Corvaro3, T. Holmes4, I. Manou5, B. Mueller6, T. Rowan5,
and G. Horgan7. 1NC3Rs, London, United Kingdom; 2ERM, Harrogate, United Kingdom;
3Corteva Agriscience, Rome, Italy; 4ADAMA, Cologne, Germany; 5EPAA, Brussels, Belgium;
6Symrise AG, Holzminden, Germany; and 7BioSS, Aberdeen, United Kingdom.
In vivo toxicological testing designed to assess acute oral toxicities of substances
is still required by regulatory authorities for purposes such as classification and
labelling, risk assessment and management, in support of public health protection. Traditionally, these tests were based on determination of the LD50 (lethal
dose to 50% of animals) to give an indication of potency, based on a simple point
estimate numerical comparison between substances. Today there is a choice of
three test guidelines (TGs 420, 423 and 425) for acute oral toxicity studies by the
Organisation for Economic Co-operation and Development. Whilst TG 423 and TG
425 use death as an endpoint, TG 420 replaces death with ‘evident toxicity’, defined
as clear signs that exposure to a higher dose would result in death. Thus, TG 420
avoids the need to carry out testing at higher doses. However, the subjective nature
of ‘evident toxicity’ appears to be preventing wider uptake of TG 420 in regulatory
submissions. The NC3Rs and the European Partnership for Alternative Approaches
to Animal Testing have collaborated to provide evidence and guidance on the
recognition of ‘evident toxicity,’ to make the decision more objective. Historical data
on individual animal clinical signs recorded for acute oral studies were collected
from 11 companies (250 substances). Inclusion criteria were applied (e.g., at
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least two doses per substance, no death at lower dose, death at higher dose) and
pairs of studies (males or female rats) with at least a 6-fold ratio between doses
(higher, lower dose) were analysed to determine if any signs at the lower dose
could have predicted death at a higher dose. The results from 165 pairs of data
(80 substances) show that signs such as ataxia, labored respiration and tremors,
if seen at least once in at least one animal, are highly predictive of death at the
next highest dose (Positive Predictive Value (PPV) = 100%). Signs such as lethargy
(PPV >90%), decreased respiration, nasal-ocular lacrimation and hunched posture
were also very predictive (PPVs >85%). Decreasing the dose ratio to 2.5-fold had
little impact on PPV. Combinations of signs such as nasal-ocular discharge and/or
labored respiration and/or ataxia and/or tremors were also highly predictive (PPV
= 100%). The data will enable development of guidance for recognition of ‘evident
toxicity’ for integration more broadly as the study endpoint, to reduce the suffering
and numbers of animals used when in vivo acute oral toxicity studies are required.
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Electronic cigarettes (ECs) remain unregulated even though fluid formulations
have continued to change in the last decade. While JUUL™ still dominates the EC
market share in sales, projections show that disposable ECs such as Puff Bar will
continue to increase through 2028. In 2021, the Food and Drug Administration
banned flavored cartridge-based ECs such as JUUL™. Consumers quickly moved
to disposable products like Puff Bar, which were not affected by the ban, even
though little is known about the chemical composition and toxicity of Puff ECs.
The study objectives were to compare flavor chemicals, coolants, and nicotine in
flavored disposable Puff ECs and previously evaluated JUUL™ pods, determine the
cytotoxicity of Puff fluids, assess the cytotoxicity of the coolants, and perform
risk assessments for the coolants in Puff products. Chemicals were identified and
quantified in Puff ECs using gas chromatography/mass spectrometry. Cytotoxic
fluids were identified using the MTT, NRU, and LDH assays. The effects of EC
fluids and coolants on cell growth and morphology were observed using live-cell
imaging analysis. The hazard analysis of coolants was performed using the Margin
of Exposure (MOE). At least 1 of 16 dominant flavor chemicals (> 1 mg/mL) was
present in 13 of 16 Puff products evaluated. The concentrations of two coolants,
WS-3, and WS-23, were higher in Puff ECs than in JUUL™, and WS-23 was cytotoxic
in the MTT assay at concentrations 90 times lower than those in Puff fluids.
Products containing one or both coolants induced similar cytotoxic responses and
cell growth inhibition in MTT and live-cell imaging assays. Nicotine, WS-3, WS-23,
and ethyl maltol concentrations were high to moderately correlated to toxicity. The
risk for harm (MOE < 100) was greater for Puff products than JUUL™ and greater for
WS-23 than WS-3. The restriction of JUUL™ flavors may have inadvertently caused
a migration of users to a potentially more harmful product (Puff). While both Puff
and JUUL™ products produced adverse effects in bioassays, the increased toxicity
of Puff fluids was attributable to higher concentrations of coolants. The elevated
levels of WS-23 in Puff products may present a health risk and require regulation.

4507

Comparison of State-Level Regulations for Cannabis
Contaminants and Implications in Public Health

M. Leung1, L. Jameson1, K. Conrow1, D. Pinkhasova1, H. Boulanger1, H. Ha1, N.
Jourabchian2, S. Johnson3, M. Simeone4, I. Afia2, T. Cahill1, and C. Orser3. 1Arizona State
University, Glendale, AZ; 2CannaSafe, Van Nuys, CA; 3CLIP Laboratories, San Diego, CA;
and 4Arizona State University, Tempe, AZ.
Currently, over 200 million US citizens live in areas with legal access to recreational
cannabis, medical cannabis, or both. Since cannabis is still considered an illicit
Schedule I substance at the federal level, there are no unified regulatory guidelines
mitigating the public health risk of contaminant exposure in cannabis. Pesticidal,
metal, solvent, and microbial contaminants pose a potential health hazard not
only to recreational cannabis users, but also to patients with vulnerable medical
conditions. This study aimed to examine the current landscape of state-level
contaminant regulations, the prevalent categories of cannabis contaminants, as
well as the susceptible patient population in the US We examined the regulatory
documents for medical and recreational cannabis in all legalized US jurisdictions
and compiled a complete list of regulated contaminants. We analyzed 5,654 cured
flower samples in California to identify the most prevalent categories of cannabis
contaminants. We reviewed the publicly available medical cannabis use reports to
tabulate the susceptible patient populations. As of June 30, 2021, thirty-three states
and the District of Columbia listed a total of 678 cannabis contaminants, including
552 pesticides, 71 solvents, 12 inorganics, 20 microbes, 7 mycotoxins, and 16 other
contaminants. Different jurisdictions showed large variations in regulated contaminants and action levels that ranged up to four orders of magnitude. The contamination rate of the analyzed flower samples was 2.5%. Insecticides and fungicides
were the most prevalent categories of detected contaminants, with the insecticide
chlorpyrifos and the fungicide myclobutanil being the most common. The contaminant concentrations fell below the regulatory action levels in some of the legalized
jurisdictions, indicating an elevated risk of contaminant exposure. Cannabis use

reports indicate usage in several medical conditions susceptible to contamination
toxicity, including cancer (44,318 patients) and seizures (21,195 patients). While
individual jurisdictions can implement their own policies and regulations, this study
demonstrates the urgent need for federal guidelines to provide consistency and
mitigate contaminant exposure through cannabis use. Further studies will examine
the scale of contamination issues in cannabis extracts, including oil extracts and
vape liquid.

4508

An Agricultural Use and Human Exposure-Driven Toxicology
Data Generation Strategy That Minimizes Animal Testing for
Risk Evaluation of Pesticides

M. Aggarwal1, T. Ramanarayanan2, E. Freeman3, and R. Weidling4. 1CLI EBT, Newark,
DE; 2CLI EBT, Greensboro, NC; 3Exponent, Washington, DC; and 4Exponent, Harrogate,
United Kingdom.
Human health risk assessment (HHRA) involves characterization of both exposure
and hazard. The traditional approach defines the hazard from mammalian toxicity
studies, many of which do not contribute data to the HHRAs, only then evaluating exposure to determine risk. To address this challenge, we have explored ways
of making the best use of exposure and hazard data for existing pesticides to
identify toxicity studies relevant for HHRA of a new pesticide. The premise is that
exposure can be predicted based on the use scenario, regardless of the chemistry
or pesticidal mode of action. The use scenarios were defined based on registered
agricultural uses for fungicides, insecticides, and herbicides as they are applied
in the USA. Exposure prediction was based on the use scenario and utilisation
of existing crop residue data for substances with comparable use on the same
or similar crops. Predictions were made for acute and chronic dietary exposure
with consideration given to contributions from drinking water. Occupational
exposure was also predicted for use scenarios. To provide a point of comparison for the exposure predictions, data were collated for dietary and occupational
reference doses (RfD) concluded by USEPA as part of regulatory decision making
for pesticides registration. RfD ranges were defined for pesticide classes in order
to provide a point of comparison for the predicted range of exposures to allow for
an initial judgement on (un)acceptability of the potential risks to human health. To
visualise and contextualise the level of potential concern for the exposure prediction, the exposure predictions and range of RfD were compared using RISK21 plots
(www.risk21.org). In addition, an approach is proposed to categorise the likelihood
of acceptability of risk based on where the exposure sits relative to the distribution
of RfD. The approaches proposed here allow for exposure prediction based on
pesticide use scenarios in conjunction with the existing hazard data to determine
(un)acceptability of risk and identify only the key toxicological studies necessary for
HHRA. This exposure lead approach is protective of human health while substantially decreasing the need for whole animal studies. This work is sponsored by CLI
EBT to Exponent and the manuscript is accepted as Parsons et al., 2021.

4509

Safer Products for Washington: Identifying Safer, Feasible,
and Available Alternatives to Phthalates in Vinyl Flooring and
Personal Care and Beauty Products

S. Stump1, M. N. Smith1, S. van Bergen1, C. Manahan1, R. Eaton1, H. Davies2, E.
Fanning2, and C. Niemi1. 1Washington State Department of Ecology, Olympia, WA; and
2Washington State Department of Health, Tumwater, WA.
In 2019, the Washington State Legislature passed the Pollution Prevention for
Healthy People and Puget Sound Act. The Act aims to reduce hazardous chemicals
in consumer products to protect human health and the environment. Ecology
implements this law through our Safer Products for Washington program. The
law requires us to identify priority chemicals and products and make regulatory
determinations. Safer Products for Washington focuses on reducing the use of
classes of priority chemicals, rather than conducting single chemical and product
risk assessments. This focus on source reduction enables us to reduce impacts of
hazardous chemicals across the product lifecycle. In order to restrict a chemical
class in a product, we must determine that alternatives are safer, feasible, and
available; among other criteria. As part of this approach, we developed our ‘Criteria
for Safer,’ a framework to evaluate priority chemical classes identified under the law
and compare them to alternatives. ‘Safer’ in the law is defined as less hazardous
to humans or the environment than the existing chemical or chemical process. Our
approach views safer as a spectrum ranging from hazardous chemicals to optimal
chemicals. Along this spectrum, we define a set of minimum and additional criteria
to assess priority chemical classes and alternatives. Our Criteria for Safer builds
on existing hazard assessment methodologies and is used to determine whether
alternative chemicals are safer than the priority chemical class. This presentation
will describe our approach and draft results for identifying safer, feasible, and
available alternatives to phthalates in vinyl flooring and in personal care and beauty
products. The state Legislature listed phthalates as one of five priority chemical
classes in the law. Phthalates are associated with endocrine disruption as well as
reproductive and developmental toxicity. We identified vinyl flooring and fragrances
used in personal care and beauty products as significant sources or uses of
phthalates, and as a result, listed them as priority products. In our draft report, we
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outline our analysis that determined alternatives to phthalates in vinyl flooring and
in fragrances used in personal care and beauty products are safer, feasible, and
available.

4510

Quality Assurance for Nanomaterial Inhalation Toxicity Testing

S. Lee1, M. Jo2, H. Kim2, J. Kim3, and I. Yu4. 1Korean Society of Quality Assurance,
Gwangmyung, Korea, Republic of; 2HCTm, Icheon, Korea, Republic of; 3Chonnam National
University, Gwangju, Korea, Republic of; and 4HCT, Icheon, Korea, Republic of.
The recent revision of OECD inhalation toxicology test guidelines 412 and 413
presents new challenges for both the study director (SD) and quality assurance
(QA) personnel when conducting GLP (good laboratory practice) studies. In the
case of nanomaterial inhalation exposure studies, GLP has rarely been applied, yet
the new revisions are applicable to soluble and insoluble nanomaterials, as well
as conventional chemicals. For example, the new guidelines require an additional
bronchoalveolar lavage (BAL) fluid assay and lung burden measurement during
the post-exposure observation (PEO) period, plus nanomaterial physicochemical
characterization before and after nano-aerosol generation when exposing experimental animals. Implementing these revised guidelines will prove especially
challenging for QA measures related to the physicochemical characterization
and aerosolization of test nanomaterials. Therefore, this review examines the key
elements involved in nanomaterial inhalation GLP testing under the revised OECD
guidelines, suggests an alternative to the increased animal numbers, in consideration of animal welfare and with scientific merits, and discusses the limitation of
toxicokinetic estimation using the new testing guidelines.

4511

Estimation of Screening No-Significant-Risk-Level and Product
Exposure to 3,3ʹ,4,4ʹ-Tetrachloroazobenzene (TCAB)

K. Morris-Schaffer, and M. Bolotaolo. Exponent, Sacramento, CA.
3,3ʹ,4,4ʹ-tetrachloroazobenzene (TCAB; CAS 14047-09-7) is an unwanted byproduct from the commercial manufacturing of aniline herbicides. The chemical is
currently listed as a carcinogen under the State of California’s Proposition 65,
which requires companies to provide a warning if exposure to the chemical is
above a No-Significant-Risk-Level (NSRL). An NSRL is a risk level which represents
a lifetime exposure in the general population resulting in one excess case of cancer
in a population of 100,000. California’s Office of Environmental Health Hazard
Assessment (OEHHA) has not currently derived an NSRL for TCAB. Using available
data from the National Toxicology Program (NTP) on TCAB, Exponent ran a quantitative risk assessment, drawing on regulatory and scientific considerations to a
derive screening-level NSRL for TCAB. Further, a screening exposure assessment
was generated based on common use patterns and expected exposure to relevant
aniline herbicides to calculate a potential maximum TCAB concentration in those
products that would be below the derived screening-level NSRL. This screening-level NSRL for TCAB as well as the maximum product chemical concentrations
can be used to inform Proposition 65 evaluations.

4512

Evaluation of the Assessment Criteria Applied in the In Vitro
Steroidogenesis Assay Test Guidelines

C. Gomes1, C. Rülker1, N. Hambruch1, T. Walk2, M. Herold2, N. Honarvar1, H. Kamp2,
D. Funk-Weyer1, and R. Landsiedel1. 1BASF SE, Ludwigshafen, Germany; and 2BASF
Metabolome Solutions GmbH, Berlin, Germany.
The in vitro steroidogenesis assay described in the OECD TG 456 and US EPA
OPPTS 890.1550 is used to evaluate interference of test substances with the
production of estradiol and testosterone. A disadvantage of these TGs is that the
evaluation criteria are based only on statistical significance and that the 1.5-fold
threshold used in the validation of the assay [1] was not included in the TGs. To
address this issue, negative chemicals (benomyl, ethanedimethanesulfonate
(EDS), and dinitrophenol (DNP) were tested according to the validation study. The
sensitivity of the test system was demonstrated with the positive test chemicals
prochloraz, forskolin, atrazine, aminoglutethimide and bisphenol A as required by
the TGs. Our goal was to evaluate the response of these proficiency chemicals
in the steroidogenesis assay and to compare the resulting conclusions, based on
either the evaluation criteria of the TGs or those of the assay validation study. [1].
Hormone concentrations were measured using online-SPE-HPLC-MS/MS. In each
experiment a quality control plate was tested including the positive controls forskolin (inducer) and prochloraz (inhibitor). The positive proficiency chemicals were
classified correctly, and the Lowest Observed Effect Concentrations (LOECs) were
within the TG acceptance criteria for both assessments. However, for negative
chemicals benomyl, EDS and DNP statistically significant effects were found at
relative fold-change below 1.5-fold. Following the current TG criteria benomyl,
EDS and DNP would have been incorrectly classified as positive or equivocal.
The concentration response curves of all tested substances were very similar to
the ones observed during assay validation. The results of this study demonstrate
that the presence of statistically significant changes as a sole criterion for overall

evaluation of a test substance is not appropriate. Inclusion of the magnitude of
change (threshold 1.5-fold) and scientific judgment (e.g., concentration-dependent effects, borderline cytotoxicity) are imperative to obtain a correct classification without compromising sensitivity of the test system. Therefore, adoption of
these criteria used in assay validation into the TGs is necessary. [1] https://doi.
org/10.1007/s11356-010-0396-x.

4513

Can the Default Dermal Absorption Factor for US EPA Human
Health Risk Assessments Be Revised?

E. Freeman1, C. Schlosser2, K. Morris-Schaffer3, and E. Scollon4. 1Exponent, Pittsburgh,
PA; 2LabCorp, Greenfield, IN; 3Exponent, Sacramento, CA; and 4Valent USA LLC, San
Ramon, CA.
Dermal risk assessments (DRA) are required by the US EPA and conducted for
pesticides registered for occupational and/or residential uses. A DRA commonly
uses endpoints from subchronic duration toxicity studies conducted via the dermal
or oral route. Oral studies are used in DRAs if the critical endpoint is not evaluated
in the dermal study, such as developmental effects, or when a dermal study is
not available, or if a dermal study is deemed unacceptable for use. When an oral
endpoint is used for DRA, the EPA uses a default dermal absorption factor (DAF)
of 100%, an overly conservative assumption as it assumes dermal absorption is
equivalent to that of oral absorption. The purpose of our evaluation is to determine
if a lower default DAF is supported based on existing data. Prior to 2021, EPA
required an in vivo dermal absorption study in rats to refine the default DAF and in
vitro dermal absorption through rat and human skin data could be used to further
refine the in vivo rat DAF in what is referred to as the “triple pack”. In 2021, the
Retrospective Analysis of Dermal Absorption Triple Pack Data published by Allen
et al. [ref: ALTEX 38(3)2021)], determined that in vitro data with human skin can
be used alone to refine a DAF. For our evaluation, the dermal absorption potential
from in vitro studies with human skin from Allen et al. (2021) (n=30) and Aggarwal
et al. [refs: Reg Tox Pharm Apr 68(3) 2014 and Jun 72(1) 2015] (n=361) were
reviewed. These studies were conducted with multiple formulation types and in use
dilutions. The results of our evaluation support a default DAF of 30%. In addition, we
conducted an analysis of DAFs used in EPA published human health risk assessments from the last 5 years which supported the refinement of the default DAF to
30% as a conservative approach protective of human health. The use of the 30%
DAF will encourage registrants to use endpoints from oral studies for DRAs, in place
of subchronic dermal toxicity studies. If endpoints from oral studies with the 30%
DAF provide adequate margins of safety in DRAs, then waivers from the testing
requirements for the subchronic dermal toxicity study can be successful, thus
leading to a reduction in animal use, consistent with the 3Rs approach. Additionally,
a default DAF of 30% may potentially reduce the number of in vitro and potentially
in vivo dermal absorption studies (when a triple-pack is needed to refine an in vitro
result) that need to be conducted.

4514

Retrospective Analysis for Waiving Acute Dermal Toxicity Tests
for Adjuvant Registration in California

X. Cheng, X. Wang, N. Verma, T. Moore, and P. Leung. California Environmental
Protection Agency, Sacramento, CA.
Adjuvants are exempt from federal pesticide registration by the US Environmental
Protection Agency (US EPA) but require registration in California. The Department
of Pesticide Regulation (DPR) requires submission of acute toxicity data to evaluate
the adequacy of the signal word, precautionary statements, and first-aid statements
on all adjuvant labels. DPR is committed to the Three Rs (3Rs) of reducing, refining
and replacing as guiding principles for more ethical use of animals in science.
To reduce unnecessary animal testing, DPR conducted a retrospective analysis to
support waiving acute dermal toxicity study requirements for adjuvant registration
in California. Results from in vivo acute oral and acute dermal LD50 toxicity studies
were analyzed for 63 adjuvants registered from 2010 to 2020. These adjuvants
include buffering agents, acidifiers, deposition agents, defoamers, nonionic surfactants, sticker-spreaders, and water conditioners. The principal functioning agents
in these products represent a variety of chemicals, such as citric acid, glycerol, and
esters. For 55 of 63 adjuvants, the paired oral and dermal studies are in the same
US EPA acute toxicity category. For four adjuvants, the oral study resulted in a lower
category (more protective) than the dermal study, and for the other four adjuvants,
the oral study resulted in a higher category (less protective) than the dermal study.
The predictive capability of the oral toxicity category for dermal hazard is 93.7%.
When the toxicity categories were assigned using a different classification system,
the Globally Harmonized System, the paired oral and dermal studies for 61 of 63
adjuvants are in the same toxicity category. The acute oral study resulted in a lower
(more protective) category for two adjuvants than the dermal study. The accuracy
of prediction using the oral toxicity category for dermal hazard was 96.8%. This
analysis indicates that if no acute dermal study is available, a toxicity category
can be assigned for acute dermal hazards based on the toxicity category for the
acute oral hazards. Although this analysis is limited by the relatively small sample
size, the high level of agreement between the acute oral and acute dermal toxicity
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categories strongly supports the proposal that waivers may be granted for acute
dermal toxicity studies for adjuvant registrations when the acute oral study on the
same product has been performed.

4515

A Unifying Framework for Public Health Risk-Based DecisionMaking in Upstream Oil and Gas Sector

M. Lumpkin1, U. Blake2, P. Gann3, and T. McMullin1. 1CTEH, Golden, CO; 2American
Petroleum Institute, Washington, DC; and 3CTEH, San Antonio, TX.
To date, increasingly stringent technology-based regulations have been the primary
way regulators are managing public health risks from upstream oil and gas (OG)
sector. Despite an increase in these regulations, public concern about the potential
cumulative health risks from OG continues to increase. This disconnect is largely
due to the lack of a unifying risk-based public health framework from which
decision makers can evaluate residual risk following implementation of technology-based regulations and prioritize risk management decisions. Without such a
framework, increased regulations will never directly address the public concerns
about health risks. The goal of this work was to develop a framework that connects
the existing technology-based regulatory paradigm to the public health sourceto-health outcome continuum (SHOC) to answer the question - Do current regulations generate data adequate for assessing chemical exposure and cumulative
human health risks across each OG operational phase? The framework provided
a systematic way to compare regulations to each step in the SHOC, conduct a gap
assessment and identify and prioritize data needs to inform risk-based decision
making. Using Colorado as a case study, this analysis demonstrated that existing
regulations are effectively minimizing OG related chemicals measured in well and
groundwater near OG wellpads to levels that are not expected to cause adverse
health risks. Although comprehensive technology-based regulations exist to
reduce air emissions of criteria air pollutants at the source, air data from which to
estimate exposures to other hazardous air pollutants were moderately sufficient
to estimate long-term risks from regional air quality. Additionally, there were
minimal community level air data applicable for estimating exposures and health
risks to people living in proximity to individual OG wellpads. At the other end of
the SHOC, observational epidemiology studies show mixed findings of a positive
association between proximity to OG wellpads and adverse health outcomes. Like
the environmental data, these studies are significantly limited by a lack of quantitative exposure estimates from which to directly link source emissions to health
outcomes. By applying this framework, community-level air exposure studies were
identified as a high priority data gap that must be filled to complete the SHOC
and the effectiveness of technology-based regulations to minimize health risks to
people living near OG operations.

4516

Policy Initiatives for Integrating New Approach Methodologies
for Pharmaceutical Testing

E. Anderson, and E. Baker. Physicians Committee for Responsible Medicine,
Washington, DC.
New approach methodologies (NAMs) that utilize human cells and tissues are
expected to better protect human health than traditional nonhuman animal-based
approaches by providing toxicity information that more accurately predicts human
health outcomes. Drug development stakeholders, regulators, and Congress have
expressed the desire for improved NAM integration to achieve scientific benefits
and address ethical concerns. Policy change that provides regulatory certainty
around NAM acceptance will play a crucial role in NAM integration. The current
policies outlining drug testing requirements and expectations that require animal
testing must be changed to explicitly allow for NAM use. Otherwise, animal experiments will continue because traditional animal studies are otherwise ingrained in
regulatory policy and industry practice. FDA’s Innovative Science and Technology
Approaches for New Drugs (ISTAND) pilot program provides a pathway for regulatory certainty for qualified methods. Methods qualified via ISTAND can be included
in regulatory submissions for the qualified context of use without the need for
FDA to reconsider and reconfirm its suitability. Opportunities remain for updating
the regulatory framework, as many regulations require nonclinical animal data
and many Guidance recommend animal studies. To account for evolving NAM
development, regulatory language should be changed, with references to animal
data removed. Guidance should reflect flexibility for NAM use, with contradictory
language removed.

4517

California Pesticide Residue Monitoring Program: Best
Practices for Evaluating Acute Health Risk from Exposure to
Pesticide Residues on Fresh Produce

L. D. Scanlan, P. R. Dodmane, B. Brown, Q. Dong, M. C. Geier, A. A. Kalashnikova, A.
L. Rubin, K. M. Truong, P. N. Lohstroh, S. E. Koshlukova, and S. DuTeaux. California
Department of Pesticide Regulation, Sacramento, CA.
The California Pesticide Residue Monitoring Program (CPRMP) monitors fresh
agricultural commodities for illegal pesticide residues. The Department of Pesticide
Regulation (DPR) determines if residues on specific lots of produce pose potential
acute health risks to consumers. DPR uses a standard operating procedure (SOP) to
analyze risk by using the maximum safe exposure level (acute reference dose, aRfD)
for each pesticide and commodity-specific consumption rate estimates. Because
policies and the best available data change over time, the SOP was updated to use a
data-driven approach. The new SOP incorporates a tiered approach to consumption
rate derivation based on data from the National Health and Nutrition Examination
Survey (2003-2018). Refinement in the selection of the most sensitive populations
were implemented, combined with streamlined considerations for derivation of
surrogate commodities, toxicity adjustment factors for metabolites, and processes
for establishing aRfD values when regulatory aRfDs are not previously established.
Sensitivity testing identified children aged 1-2 years as a subpopulation with a
higher consumption rate. The new consumption data dashboard allows for quicker
analysis and report generation. Moreover, aRfD values for 171 pesticides and
consumption rates for 74 commodities were updated. Cases studies are discussed
(for example, blackberry and non-bell peppers) where a revised consumption rate
was driven by the food form most commonly consumed. DPR now assesses risk
using a more rapid and transparent process, which allows increased case handling
ability and better protection of the most vulnerable Californian populations from
acute risks associated with dietary exposure. This work incorporates the best
available data and practices into easily reportable and reproducible analyses, and
demonstrates the use of dashboard-like tools for rapid risk assessments. *LDS and
PRD contributed equally to this work.

4518

Variation in Prevalence Estimates of ENDS Use in the US across
Nationally Representative Surveys

K. A. Keeton1, A. Hernandez2, O. Leleck3, A. Blakney4, H. Allen3, E. Sutherland1, L.
Marshall3, and S. Benson3. 1Cardno ChemRisk, Chicago, IL; 2Cardno ChemRisk,
Houston, TX; 3Cardno ChemRisk, Pittsburgh, PA; and 4Cardno ChemRisk, Arlington, VA.
Sponsor: A. Madl
As with traditional tobacco products such as combustible cigarettes, estimates of
electronic nicotine delivery system (ENDS) use in the population are important to
evaluate its impact on public health. Nationally representative surveys represent one
of the primary approaches to evaluate tobacco product use behaviors. Therefore,
this study sought to estimate and compare the prevalence of ENDS use from
several nationally representative surveys [i.e., Behavioral Risk Factor Surveillance
System (BRFSS), Monitoring the Future (MTF), National Adult Tobacco Survey
(NATS), National Health and Nutrition Examination Survey (NHANES), National
Health Interview Survey (NHIS), National Youth Tobacco Survey (NYTS), Population
Assessment for Tobacco and Health (PATH), Tobacco Use Supplement of the
Current Population Survey (TUS-CPS), and Youth Risk Behavior Surveillance System
(YRBSS)]. Prevalence estimates were compared across years and age groups,
including youth (<18 years), young adults (18-24 years), and adults (≥25 years).
Youth data were available between 2011 and 2020 from four nationally representative surveys (i.e., YRBSS, MTF, PATH, and NYTS). While the prevalence of ever
use increased over time across surveys, there were differences in the prevalence
estimates for surveys within the same year (variation range: 15.09-20.70%). Overall,
the highest and lowest ever use prevalence was generally observed in YRBSS
(e.g., 44.89% in 2016) and PATH (e.g., 16.84% in 2016), respectively. Both young
adult and adult data were available between 2012 and 2019 from four nationally
representative surveys (i.e., BRFSS, NATS, NHIS, TUS-CPS, and PATH). Similar to
youth, prevalence of ever use among these age groups increased over time, with
differences in prevalence estimates ranging from 1.23-29.48% for young adults and
2.10-10.76% for adults between surveys for the same year. For both age groups,
the highest and lowest ever use prevalence was generally observed in PATH (e.g.,
50.67% for young adults and 24.22% for adults in 2016) and NHIS (e.g., 24.47% for
young adults and 13.79% for adults in 2016), respectively. Overall, this analysis
demonstrates variation in prevalence estimates for ever use across surveys, years,
and age groups, which could be a result of how the variable is defined in each
survey, as well as differences in survey and sampling methods. Future research
will be conducted to compare additional relevant variables to further evaluate the
source of variation between surveys.
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A Baseline Water Quality Assessment for Private Wells Located
in Chester County, Pennsylvania, US

A. N. Ricci1, B. Patel1, M. M. Mathew1, A. Abdelbary1, C. J. Oriente1, C. Pistos1, J. Stolz2,
R. Stone1, and N. Sunger1. 1West Chester University, West Chester, PA; and 2Duquesne
University, Pittsburgh, PA.
Private water-wells are not regulated in Pennsylvania, with the primary responsibility for quality assurance left to the landowner. Though abundant information on
well-water safety is available from both the US EPA and PA DEP, routine monitoring
is not required. The increase in natural gas extraction and associated activities,
namely pipeline construction, as well as natural events resulting in flooding, has
prompted an effort to evaluate well-water quality in Southeastern Pennsylvania.
Residents from the six townships neighboring the Marsh Creek State Park area,
Chester County were recruited for the study to evaluate watershed health and to
educate private well owners on their water quality in response to ongoing pipeline
drilling activities and other potential environmental changes. Participants were
recruited via social media, township meetings and queried, using an IRB approved
survey. Well water samples were collected and analyzed for anions, cations, light
hydrocarbons (methane, ethane, ethene, propane), coliforms and E. coli, using US
EPA methods. A total of 17 water wells were evaluated. Total dissolved solids
(TDS) based on specific conductivity, and total coliforms were found to exceed
EPA drinking water standards (Maximum Contaminant Level) in 30% and 42% of
the samples, respectively. Of all anions and cations tested, only iron, manganese
and aluminum exceeded EPA MCLs in one or more well water samples. Almost half
of the tested wells had iron concentrations above the MCL of 0.3 ppm (max- 24.83
ppm). E. coli and light hydrocarbons were not detected in any samples. Houses
with TDS exceedance have been selected for additional study in an effort to identify
potential sources of contamination.

4520

Evaluation of the Chemical Composition of Hookah Charcoal

A. Charette. SUNY College of Environmental Science and Forestry, Syracuse, NY.
Although hookah smoking takes its roots from Eastern Mediterranean, Middle East,
and Arab cultures, hookah water pipes are readily available for sale worldwide. Due
to its growth in popularity, many studies have been conducted on the toxicity of
hookah particles. In these studies, researchers have generally focused on particles
emitted from one individual charcoal and/or tobacco brand. These studies were run
under the assumption that the chemical composition of the charcoals is the same
between charcoals coming from different lots of the same brand, or even between
pieces coming from the same box. Therefore, we ran a quality control study to
investigate whether there were differences in trace elemental composition between
hookah charcoal pieces from two different types of charcoal: synthetic/quicklight
and natural. For this work, three boxes of each charcoal brand, and three charcoal
pieces per box, were obtained, microwave digested, and analyzed for trace elemental concentrations (aluminum, chromium, copper, iron, lead, manganese, nickel,
vanadium, and zinc). In particular, with respect to differences between the two
brands of synthetic charcoals, a significant difference in trace elemental concentration was found for each element studied (p < 3.2x10-5). For the natural brands,
the only element not significantly different between the two brands was copper (p
= 0.79). Then, for each brand, differences between the different brand lots were
assessed. For the two synthetic brands, concentrations for eight (p < 8.1x10-3)
and five (p < 2.4x10-3) of the nine elements were significantly different between at
least one of the boxes examined. For the natural brands, concentrations of seven
(p < 0.02) and six (p < 0.05) of the elements were significantly different between at
least one box of the same brand. Lastly, different charcoal samples taken from the
same box were examined. We found that all the elemental concentrations between
the charcoals within the same box were significantly different (p < 0.01) from each
other, except for vanadium in one box of a synthetic (p = 0.3) and natural (p = 0.06)
charcoal. From this data, we can conclude that there are significant differences
between brands, boxes, and briquettes of hookah charcoal. This result is troubling
for researchers that are studying the toxicity of hookah particles if they are routinely
switching between different charcoal samples and brands, even if they come from
the same box and/or lot. Future work on this project involves examining the polycyclic aromatic hydrocarbon content of each brand to determine whether differences
exist for these toxic chemicals as well.

4521

The Use of Antidote in the Management of Digoxin Poisoning

Jackson1,

G.
V. A. Eagling1, R. H. Thanacoody2, L. A. Gray3, S. Bradberry4, and E. A.
Sandilands1. 1NPIS Edinburgh, Edinburgh, United Kingdom; 2NPIS Newcastle, Newcastle
upon Tyne, United Kingdom; 3NPIS Cardiff, Cardiff, United Kingdom; and 4NPIS
Birmingham, Birmingham, United Kingdom.
Digoxin immune Fab (ovine) protein (DigiFab) is indicated for the treatment of
life-threatening digoxin toxicity. A retrospective search of the UK NPIS Poisons
Information Database (UKPID) was performed (01/01/2015-31/10/2020) to
evaluate the use of antidote in the treatment of digoxin toxicity reported to the
UK National Poisons Information Service (NPIS) via telephone enquiries. A total
of 1234 patients were discussed with the NPIS; 605 following exposure to digoxin

alone, treatment with DigiFab was discussed in 170 cases (13.8%). In 68 patients
antidote had been administered prior to telephoning NPIS and the use of DigiFab
was recommended following discussion in an additional 102 patients. Poisoning
severity scores1 (PSS) at the time of the call were as follows: asymptomatic, 2/144
(1.4%); minor, 10/72 (13.9%); moderate, 77/211 (36.5%); severe, 74/150 (49.3%);
and unknown, 7/28 (25.0%). In 150 (88.2%) patients, the reason for toxicity related
to digoxin accumulation due to renal impairment. Therapeutic error (additional
doses on a background of therapeutic use) accounted for 7 cases (4.1%); deliberate self-harm 4 cases (2.4%); there was 1 case (0.6%) of accidental ingestion in a
treatment naïve child. In 8 cases (4.7%) the reason was unclear (all were receiving
digoxin therapeutically). The number of vials of DigiFab discussed was recorded
for 128 patients (128/170; 75.3%); the median number of vials administered or
recommended was 2 (range 0.5-20 vials). In the majority of patients the dose of
DigiFab was recorded as 2 vials or less in 87 patients (87/128; 68.0%). 37 patients
received between 3 and 5 vials (37/128; 28.9%). Doses of 8, 10, 17 and 20 vials
were discussed in 4 separate patients. In 27 cases the reason for the enquiry was
to discuss an elevation in digoxin plasma concentrations following treatment with
DigiFab. Approximately 18 cases of digoxin toxicity a month were discussed with
NPIS, and the use of DigiFab was discussed in 13.8% of these cases. In cases
where treatment with antidote was discussed, the primary reason for toxicity was
due to adverse effects in patients on long-term treatment with digoxin. Interestingly
around 16% of enquiries in relation to DigiFab were to discuss increases in digoxin
plasma concentrations following treatment. 1Persson H, et al. Poisoning Severity
Score: Grading of acute poisoning. J Toxicol Clin Toxicol 1998; 36: 205-213.

4522

Prenatal Exposures to Polybrominated Diphenyl Ethers and Birth
Outcomes

A. Reddam1, W. Cowell2, S. Wang1, F. P. Perera1, J. B. Herbstman1, and A. Kupsco1.
1Columbia University Mailman School of Public Health, New York, NY; and 2Icahn School
of Medicine at Mount Sinai, New York, NY.
Polybrominated diphenyl ethers (PBDEs) are a class of compounds that were widely
used as flame retardants in furniture, insulation, and electronics. In these products,
PBDEs are only loosely associated with the matrices and can leach out to accumulate within indoor environments. This may result in exposures to pregnant women
with potential adverse effects on the developing fetus. While animal and human
studies have shown that prenatal exposure to PBDEs may result in abnormal birth
outcomes, research has mainly focused on birth weight and gestational age and
may miss other potential important indicators of newborn health, such as ponderal
index, birth length, and head circumference. The sample included a cohort of
Dominican and African American mother-child pairs from New York City recruited
from 1998 to 2006. PBDE congeners (BDE-47, BDE-99, BDE-100, and BDE-153) were
measured in cord plasma at birth and dichotomized into low (<80th percentile) and
high (>80th percentile) exposure categories. Weight, birth length, head circumference, and gestational age were measured at birth from which the ponderal index
(birth weight/length x 100), size for gestational age (using Fenton growth charts
as reference sample), and population-based z-scores for weight, length, and head
circumference were calculated (n = 313). Separate multivariable linear regression
analyses were conducted to estimate associations between log-transformed PBDE
congeners (ng/g lipid) or PBDE sum (ng/g lipid) in cord plasma and birth outcomes.
Adjusting for relevant covariates (maternal age, ethnicity, BMI, completion of high
school, previous birth, environmental tobacco smoke exposure, receipt of public
assistance, reports of financial hardship, and marital status), higher BDE-153 was
associated with lower birth weight z-score (β = -0.25, 95% CI: -0.5, 0.0) and longer
gestation (β = 0.43 weeks, 95% CI: 0.07, 0.79). Moreover, higher BDE-99 was associated with lower birth length z-score (β = -0.55, 95% CI: -0.98, -0.12). These results
suggest that prenatal exposures to BDE-153 and BDE-99 may be associated with
birth outcomes in a cohort of Dominican and African American newborns.

4523

Proposing Known Respiratory Sensitizers as Reference List for
Researching Novel Approaches on Respiratory Sensitization: A
Focus on Low Molecular Weight Chemicals

N. Sadekar, and A. Api. Research Institute for Fragrance Materials, Woodcliff Lake, NJ.
The induction of immunological responses that trigger bio-physiological symptoms
in the respiratory tract following repeated exposure to a substance, is known
as respiratory sensitization. The inducing compound is known as a respiratory
sensitizer. While respiratory sensitization by high molecular weight (HMW) materials is recognized and extensively studied, much less information is available regarding low molecular weight (LMW) materials as respiratory sensitizers. Variability of
symptoms presented in humans from such exposures, limited availability of (and
access to) documented reports, and the absence of standardized and validated test
models, hinders the identification of true respiratory sensitizers. This review aims to
sort suspected LMW respiratory sensitizers based on available compelling, reasonable, inadequate, or questionable evidence in humans from occupational exposures
and use this information to compose a reference list of reported chemical respiratory sensitizers for scientific research purposes. A list of 97 reported respiratory sensitizers was generated from 6 sources, and 52 LMW organic chemicals
were identified, reviewed, and assigned to the 4 evidence categories. Less than
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10 chemicals were confirmed with compelling evidence for induction of respiratory sensitization in humans from occupational exposures. Here we propose the
reference list for developing novel research on respiratory sensitization.

4524

Digoxin Poisoning Reported to the UK National Poisons
Information Service

V. A. Eagling1, G. Jackson1, M. Klatka1, R. H. Thanacoody2, L. A. Gray3, S. Bradberry4,
and E. A. Sandilands1. 1NPIS Edinburgh, Edinburgh, United Kingdom; 2NPIS Newcastle,
Newcastle upon Tyne, United Kingdom; 3NPIS Cardiff, Cardiff, United Kingdom; and
4NPIS Birmingham, Birmingham, United Kingdom.
Digoxin is a cardiac glycoside with a narrow therapeutic index. A retrospective
search of the UK Poisons Information Database (UKPID) was performed to evaluate
telephone enquiries relating to oral digoxin exposures (01/01/2015-31/10/2020).
A total of 1234 cases were discussed; 605 following exposure to digoxin alone.
The ages of patients were as follows: <5 years: 14 (2.3%); 5-34 years: 0; 35-69
years: 93 (15.4%); 70 years and over: 486 (80.3%) and unknown: 12 (2.0%). There
were 389 (64.3%) enquiries relating to adverse effects of digoxin in patients on
long-term treatment (e.g. accumulation due to renal impairment). Therapeutic
error (e.g. additional doses on a background of therapeutic use) accounted for 159
cases (26.3%); deliberate self-harm 18 cases (3.0%); 8 cases (1.3%) of accidental
ingestion in treatment naïve patients (7 in children). In 31 cases (5.1%) the reason
was unclear. There were 11 fatalities, all followed long-term treatment. Median
age was 77 years (60-93 years) and all had co-morbidities including renal failure,
cardiac failure and sepsis. Poisoning severity scores1 (PSS) associated with type of
exposure were determined. In cases of adverse reaction: asymptomatic 12 (3.1%);
minor 44 (11.3%); moderate 183 (47.0%); severe 137 (35.2%); and unknown 13
(3.3%). Following therapeutic error: asymptomatic 122 (76.7%); minor 18 (11.3%);
moderate 8 (5.0%); severe 4 (2.5%) and unknown 7 (4.4%). Accidental exposure:
asymptomatic 5 (62.5%) and one patient (5.6%) presenting at PSS minor, moderate
or severe. PSS following self-harm were as follows: asymptomatic 3 (16.7%) minor
4 (22.2%), moderate 9 (50.0%), severe 1 (5.6%) or unknown 1 (5.6%). Bradycardia
was reported in 296 patients (44.5%) and ECG abnormalities in 130 (21.5%).
Impaired renal function in 218 (36.0%) and hyperkalaemia in 100 (16.5%). Digoxin
exposures were most frequently reported in adults aged 70 years and over. Adverse
effects caused by the accumulation of digoxin was the predominant reason for
enquires, more than 80% of these cases were associated with moderate and severe
PSS; this highlights the need to be aware of this as a common cause of digoxin
toxicity. Reassuringly, following therapeutic error most patients were asymptomatic or reported minor features only. 1Persson H, et al. Poisoning Severity Score:
Grading of acute poisoning. J Toxicol Clin Toxicol 1998; 36: 205-213.

4525

Transcriptome Profiling of Genes Conferring Risk to TNBC
among the African American, European American, and Hispanic
Population

K. Chitrala, and T. Skorski. Temple University, Philadelphia, PA.
Triple-negative breast cancer (TNBC) constitutes the most aggressive breast
cancer subtype lacking the targeted-based therapies. Only limited tools are
available to risk-stratify TNBC. Among the several factors conferring risk to TNBC,
race plays a key role with non-Hispanic black women being at higher risk compared
to the non-Hispanic white women. In this study, we assessed the differences in the
transcriptomic profiles among African American (AA) (n=43), European American
(EA) (n= 25), and Hispanic (Hisp) (n=8) population. We have downloaded the
gene expression profile datasets for the TNBC samples from the Gene expression Omnibus (GEO) database. Differentially expression analysis across the races
was performed using the codes in GEO2R at a p-value<0.01 and using Benjamini
& Hochberg’s false discovery rate method with default settings. A list of significant differentially expressed genes (DEGs) between AA vs EA, AA vs Hisp, EA
vs Hisp were subjected to pathway analysis using the Ingenuity pathway analysis
(IPA) core pathway and upstream regulator analysis (Qiagen Ingenuity Systems).
Gene ontology (GO) enrichment for the significant DEGs was analyzed using the
gseGO function in clusterProfiler package. Our results demonstrated that the
genes ARHGAP11A, B3GALT5, CEP152, FAM192B, HIC2, MCAT, MPV17L2, MYCL,
NUP50, OR7A5 were top differentially expressed between AA and EA, the genes
CFAP300, COX7B, EFHD2, FIBP, GAK, GPBAR1, IL36RN, LHX3, LRCH4, LYL1 were
top differentially expressed between AA and Hisp and the genes CELF-5, CFAP300,
DENND6B, EFHD2, FIBP, GAK, GPN2, GRAMD1C, MXD4, NKAP were top differentially
expressed between EA and Hisp population at a p-value <0.01. We identified the
top ten canonical pathways for significant DEGs followed by the functional annotation using the GO terms. The identified significant DEGs, pathways, and functional
annotations may be useful in further studies on elucidating the disparities in TNBC
that underlie AA, EA, and Hisp populations.

4526

Quantifying Causal Contributions: Benzene-Induced Leukemia
Case Example

B. Kerger1, A. Loccisano2, and E. Chang3. 1Exponent, Irvine, CA; 2Exponent, Alexandria,
VA; and 3Exponent, Menlo Park, CA.
A well-established conceptual framework for disease causation, known as the
sufficient/component cause model or causal pie model, enables quantification of
proportional contributions of each causal factor for a given disease. Under this
framework, the relative contribution of each component cause can be estimated
based on an understanding of the exposure history at issue, combined with robust
relative risk estimates for each known contributing cause in that exposure history.
The relative risk estimates can be used to quantify the proportional impact of
each component cause on disease risk. We present a case study for benzene
(BZ) exposure and acute myeloid leukemia (AML). Causal exposures are assumed
to result from age, sex, smoking, ambient air benzene, and occupational use of
benzene-containing products. For contributions of age and sex, we use current
population-based cancer registry data from the US Surveillance, Epidemiology, and
End Results Program. The relative risk of AML for ages 65-69 vs. 60-64 years is 1.5.
For males vs. females, the age-adjusted relative risk is also 1.5. For the smoking
contribution, we use a smoking history of 20 pack-years, which was found in a
recent meta-analysis to confer a relative risk of 1.4 for AML. For the contribution of
occupational BZ exposure, we use an updated estimate of BZ-related risk of AML
from the seminal Pliofim cohort, which corresponds to a relative risk of 1.0048 for
70 ppm-years of occupational BZ exposure. For the contribution of ambient air BZ,
we apply this unit risk estimate to the US Environmental Protection Agency Total
Exposure Assessment Methodology studies estimate of 0.53 ppm-year BZ for the
general US population. Combining all estimates, we find that age (36%), sex (36%),
and smoking (all components of cigarette smoke; 28%) are the largest contributors
to AML risk, even in assuming 70 ppm-years of benzene exposure (0.3%). Ambient
air benzene contributes negligibly (0.003%). For cigarettes, BZ and hydroquinone,
the bone marrow toxic metabolite of BZ, also contribute minimally (0.4%) to AML
risk. Our case study demonstrates that age, sex, and total cigarette exposure are
strong contributors to AML risk while benzene exposure under 70 ppm-years is a
negligible contributor. This method can illustrate that certain purported risk factors
can be considered negligible when other strong, known risk factors have been
established.

4527

Secondary Acute Myeloid Leukemia/Myelodysplastic Syndrome
(AML/MDS) following Radiotherapy Treatment for Primary
Tissue Cancer

D. D. Alexander1, A. S. Riordan2, C. A. Rygiel2, and D. L. Weed3. 1MetaMethod, San Diego,
CA; 2MetaMethod, Ann Arbor, MI; and 3DLW Consulting Services, Salt Lake City, UT.
Prior radiation treatment for primary malignancies is associated with secondary risk of AML/MDS. However, the window of elevated risk has not been fully
demarcated. Thus, we analyzed data from the US Surveillance, Epidemiology, and
End Results (SEER) program (2000-2016) to estimate the risk window of secondary
AML/MDS following prior radiation treatment for a primary solid tissue cancer. Over
three million individuals (N=3,148,354) were included in the analysis, making this
the largest dataset addressing this topic. The median study population age was
65 years (only adults ≥40 years were included), and the cohort was 63.5% female.
Radiation treatment for primary solid tissue cancer was received among 33.6% of
the study population. There were 3,073 secondary incident cases of AML and 3,768
cases of MDS. Cox proportional hazard ratios (HRs) were generated, adjusting for
sex, age and year of diagnosis, race, and prior chemotherapy. Risk of secondary
AML/MDS (combined) was statistically significantly increased among those who
received radiation treatment for a primary malignancy, compared to those without
prior radiation treatment (HR = 1.19, 95% CI: 1.13-1.26). However, risk elevations
were only observed within 12 years of prior radiation treatment. The strongest
associations were observed within two years of prior radiotherapy (AML/MDS HR
= 1.28, 95% CI:1.17-1.41; AML HR = 1.24, 95% CI:1.09-1.41; MDS HR = 1.35, 95%
CI:1.18-1.55), but statistically significant increased risks persisted within 10 years
of radiation treatment (HR AML = 1.21; HR MDS = 1.24). The risk of AML/MDS was
increased further among patients who received radiation in addition to chemotherapy (AML/MDS HR = 2.09, 95% CI: 1.92-2.28; AML HR = 2.44, 95% CI: 2.15-2.76; MDS
HR = 1.81, 95% CI: 1.61-2.04) compared to those who received radiation without
chemotherapy. These findings show that prior radiation therapy for a primary solid
cancer is associated with an increased risk of AML/MDS. However, the elevation
in risk may only occur within 12 to 15 years of prior radiation treatment, with the
strongest risk window occurring within 10 years of prior treatment.
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4528

Risk of Secondary Acute Myeloid Leukemia/Myelodysplastic
Syndrome (AML/MDS) following Chemotherapy Treatment for
Primary Cancer

C. A. Rygiel1, A. S. Riordan1, and D. D. Alexander2. 1MetaMethod, Ann Arbor, MI; and
2MetaMethod, San Diego, CA.
Prior chemotherapy treatment for primary malignancies is associated with secondary risk of AML/MDS. However, the window of elevated risk has not been fully
demarcated. Thus, we analyzed data from the US Surveillance, Epidemiology, and
End Results (SEER) program (2000-2016) to estimate the risk window of secondary
AML/MDS following prior chemotherapeutic treatment for a primary solid tissue
cancer. Over three million individuals (N=3,148,354) were included in the analysis,
making this the largest dataset that has addressed this topic. The median study
population age was 65 years (only adults ≥40 years were included), and the cohort
was 63.5% female. Approximately 36% of the cohort received chemotherapy for
their primary cancer, with female breast, lung, and colon cancers identified as the
cancer types with the greatest frequency of treatment. There were 3,073 secondary
incident cases of AML and 3,768 cases of MDS. Cox proportional hazard ratios
(HRs) were generated, adjusting for sex, age and year of diagnosis, race, and prior
radiation treatment. Risk of secondary AML/MDS (combined) was statistically
significantly increased among those who received chemotherapy treatment for
a primary malignancy, compared to those without prior chemotherapy treatment
(AML/MDS HR =1.83, 95% CI: 1.73-1.93; AML HR = 2.08, 95% CI: 1.93-2.25; MDS
HR = 1.63, 95% CI: 1.51-1.76). The strongest associations were observed for the
two-to-10-year risk window following chemotherapy treatment (AML HR = 2.33,
95% CI: 2.12-2.58; MDS HR = 1.78, 95% CI: 1.62-1.96). Risk of AML/MDS remained
statistically significantly elevated among patients who received chemotherapy in
addition to radiation treatment (AML/MDS HR = 1.30, 95% CI: 1.20-1.41; AML HR
= 1.29, 95% CI: 1.16-1.44; MDS HR = 1.31, 95% CI: 1.17-1.48), compared to those
who received chemotherapy without radiation. The risk window disappeared after
15 years of post-chemotherapy follow-up. No association was observed within the
two-year period after initial treatment, which likely reflects the longer timeframe
for treatment with chemotherapeutic agents following a cancer diagnosis.
Based on analysis of this large and nationally representative patient cohort, prior
treatment with chemotherapy for primary solid tissue cancers was associated with
subsequent increased risks of AML and MDS, with the strongest and statistically
significant associations observed within two to 10 years of initial treatment.

4529

Secondary Peritoneal Mesothelioma following Radiation
Therapy for Primary Cancers of the Peritoneal Cavity

A. Riordan1, C. A. Rygiel1, and D. D. Alexander2. 1MetaMethod, Ann Arbor, MI; and
2MetaMethod, San Diego, CA.
Slightly more than 3,000 cases of mesothelioma are diagnosed annually in the US,
with approximately 1 in 10 diagnosed as peritoneal mesothelioma. While many
cases, such as pleural mesothelioma among men, are attributable to past exposure
to commercial amphibole asbestos fibers, many cases occur spontaneously,
particularly peritoneal mesothelioma among men and women. Furthermore, some
cases may be attributable to erionite exposure and radiation. Thus, we conducted a
retrospective cohort study using three database registries from the US Surveillance,
Epidemiology, and End Results (SEER) program (1973-2016) to examine the risk of
secondary peritoneal mesothelioma following radiotherapy treatment for primary
non-mesothelioma cancers located in the peritoneal cavity. Hazard ratios (HR) and
95% confidence intervals were calculated, using cox proportional hazard regression models adjusting for sex, age and year of diagnosis, race, cancer directed
surgery treatment, and geographic mesothelioma rates as an indirect surrogate for
possible asbestos exposure. The cohort consisted of 1,360,793 individuals, 71% of
whom were males, 83% were white race/ethnicity, with an average age of 64. There
were 48 incident cases of secondary peritoneal mesotheliomas identified, and
31% of these cases received prior radiotherapy for a primary non-mesothelioma
cancer of the peritoneal cavity, with bladder, colon, and prostate cancers identified
as the cancer types with the greatest frequency of treatment. History of radiation
treatment was associated with a statistically significant increased risk of secondary peritoneal mesothelioma (HR = 2.14, 95% CI: 1.04-4.40). When accounting for a
minimum 10-year latency period, the association was stronger (HR = 4.68, 95% CI:
1.82-12.02) but less precise. The HR for peritoneal mesothelioma among men who
received prior radiation treatment was 2.24 (95% CI:1.01-4.99), which increased in
magnitude (HR = 5.22, 95% CI: 1.66-16.39) following a minimum 10-year latency.
The HR of secondary peritoneal mesothelioma among men and women aged 60
and under was 4.95 (95% CI: 1.55-15.78). These results support a conclusion that
prior radiation treatment for a primary non-mesothelioma malignancy in the peritoneal cavity increases the risk of secondary peritoneal mesothelioma.

4530

Genome-Wide DNA Methylation Profiles in Policemen Working
in Cities with Various Types of Air Pollution

K. Honkova, A. Rossnerova, I. Chvojkova, A. Milcova, H. Margaryan, A. Pastorkova, P.
Rossner Jr., R. Sram, and J. Topinka. Institute of Experimental Medicine Czech Academy
of Sciences, Prague, Czech Republic.
Long-term exposure to air pollutants in industrial localities has adverse health
impact and affects genome and epigenome. The DNA methylation is the most
studied epigenetic mechanism which regulates the gene expression and can serve
as a useful biomarker of prior environment exposure and also as a biomarker
of future health outcomes. The presented study was focused on DNA methylation profile in the groups comprised of 125 nonsmoking city policemen living
and working in Prague, Ostrava and Ceske Budejovice (the Czech Republic), who
spent the most of their working time outside in streets. Main characterization of
the localities was defined by air pollution of PM2.5, B[a]P and NO2 measured by
stationary stations during 90 days before blood sampling in two rounds (spring
and autumn). A DNA methylation was analyzed by gene-specific genome-wide
microarray method (Infinium MethylationEPIC BeadChip). A season-specific DNA
methylation pattern did not find, however, a total of 13,643 differentially methylated
CpG loci (DML) between Prague and Ostrava groups were identified. Only 31 DML
were found between Ostrava and CB groups and three DML between Prague and
CB groups. The most significant DML in Ostrava-Prague groups was cg10123377
(log2FC = -1.92, p = 8.30E-04) and two DML in CpG island annotated to GSTT1
which encodes xenobiotic metabolizing enzyme (cg11478607, log2FC = 0.76, p =
8.62E-03; cg26946806, log2FC = 0.81, p = 8.37E-03). Groups of DML annotated to
the same gene are linked to nutrient and insulin levels (RPTOR), diabetes mellitus
(KCNQ1), respiratory diseases (PTPRN2) and dopaminergic system of the brain
and neurodegenerative diseases (NR4A2). The most significant possibly affected
pathway was Axon guidance (hsa04360) with 86 potentially deregulated genes
nearby DML. The cluster of gene sets that could be affected by DNA methylation in
Ostrava group compared to Prague includes mainly neuronal functions and biological processes of cell junctions and adhesion assembly. The study demonstrates
the differences in the type of air pollution between localities can affect an unique
changes in DNA methylation profile across human genome. This study was
supported by the European Regional Development Fund under Grant Healthy Aging in
Industrial Environment HAIE (CZ.02.1.01/0.0/0.0/16_019/0000798).

4531

Prenatal Exposure to Polybrominated Diphenyl Ethers and
Trajectories of BMI from 5 to 14 Years

A. Kupsco1, W. Cowell2, S. Oberfield3, S. Wang1, L. A. Hoepner1, D. Gallagher4, A.
Baccarelli1, J. Goldsmith1, A. G. Rundle1, and J. B. Herbstman1. 1Columbia University
Mailman School of Public Health, New York, NY; 2Icahn School of Medicine at Mount
Sinai, New York, NY; 3New York-Presbyterian Morgan Stanley Children’s Hospital, New
York, NY; and 4Columbia University Irving Medical Center, New York, NY.
Polybrominated diphenyl ethers (PBDEs) are a class of flame-retardant compounds
that were widely used in household products until 2004. PBDEs are endocrine
disruptors and are suggested to influence signaling related to weight control.
Prenatal exposures to PBDEs may alter childhood adiposity, yet few studies have
examined these associations in human populations. In the present analysis, data
were collected from a birth cohort of Dominican and African American mother-child
pairs from New York City recruited from 1998 to 2006. PBDE congeners BDE-47,
-99, -100, and -153 were measured in cord plasma (ng/uL) and dichotomized into
low (< 80th percentile) and high (>80th percentile) exposure categories. Height and
weight were collected at ages 5, 7, 9, 11, and 13.5 years (n=289). Mixed-effects
models with random intercepts for participant were used to assess associations
between levels of individual PBDE congeners or the PBDE sum and child BMI
z-scores. To assess associations between PBDEs and growth trajectories, models
including interactions between PBDE categories and child age and (child age)2
were fit. Quantile g-computation was used to investigate associations between BMI
z-score and the total PBDE mixture. Models were adjusted for: maternal ethnicity,
age, education, parity, marital status, receipt of public assistance, and child sex,
age, and cord lipids. The prevalence of children with obesity at age 5 was 24.2%
and increased to 30% at age 11. Neither cord levels of individual PBDEs nor the total
PBDE mixture were associated with overall BMI z-scores in childhood. BMI z-score
trajectories were not different between children with low or high PBDEs. Results
were similar when adjusting for postnatal PBDE exposures. In conclusion, prenatal
PBDE exposures were not associated with child growth trajectories in a cohort of
Dominican and African American children.

4532

Creating a Social Vulnerability Index for Uganda and
Determining the Spatially Varying Relationship between PM2.5
Exposure and Social Vulnerability

K. A. Clarke, and K. Ash. University of Florida, Gainesville, FL. Sponsor: T. Sabo-Attwood
Particulate matter 2.5 (PM2.5) is a ubiquitous air pollutant that is harmful to
human health, especially in vulnerable groups of individuals. Social vulnerability
indices (SVI) are calculated to determine where the most vulnerable populations
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are located. The SVI is typically paired with natural hazards such as flooding,
hurricanes, and other hazards; however, there is limited research linking SVIs with
air pollution hazards, such as PM2.5. The area of study, Uganda, is an area that has
high levels of PM2.5 exposure and high social vulnerability. The social vulnerability
index was calculated following the CDC SVI methodology, using data for 121 of
the 135 districts in Uganda from the most recent 2014 census. The data were
grouped into four themes: age, education, health, and housing. The age theme had
individuals who were aged <5 years and 65+ years old. The education theme had
illiterate persons aged 18+ years, and children 6-12 years who were not in school.
The health theme had persons who consume <2 meals per day, and those who
live more than 5 km from a health facility. The housing theme had persons who
live in temporary dwelling units, and who use kerosine lantern as main source of
lighting. To construct the SVI, the 8 census variables were ranked from highest
to lowest across the 121 districts in Uganda. A percentile rank was calculated for
each district over each variable, a percentile rank was calculated for each of the
four themes based on a sum of percentile ranks of the variables within that theme,
and an overall percentile rank was calculated as the sum of the theme percentile rankings. The mean PM2.5 for each district was calculated using global PM2.5
estimates in the same year, 2014. A local indicator of spatial association (LISA)
was done to determine where significant clusters of vulnerability are located. A
geographically weighted regression (GWR) was done to identify where significant
associations are between SVI and annual PM2.5 mean concentrations. The LISA
results showed significant clustering of high SVI in the northern and eastern regions
of the country. The GWR analysis showed positive significant (> 1.96 SD) associations of high SVI and high PM2.5 concentration in 5 districts in the southwestern
region of the country. These districts are more prone to chemical pollutant health
effects and further research needs to be conducted to explore the toxic effects of
pollutants in these and other vulnerable communities.

4533

Type 2 Diabetes Risk Prediction in a Multi-ethnic Cohort
Supports the Potential of Polyexposure Risk Scores

D. T. Lloyd1, F. S. Akhtari1, A. Burkholder1, J. S. House1, E. Y. Lee1, J. Buse2, S.
H. Schurman1, D. Fargo1, C. P. Schmitt1, J. E. Hall1, and A. A. Motsinger-Reif1.
1NIEHS, Research Triangle Park, NC; and 2University of North Carolina at Chapel Hill,
Chapel Hill, NC.
There is evidence that environmental exposures may have greater predictive
power for type 2 diabetes than polygenic risk scores. Studies examining environmental risk factors have been limited to individuals of Caucasian ancestry, limiting
their applicability. To address this, we conducted an exposome-wide association
analysis (ExWAS) to assess the effects of environmental factors on type 2 diabetes
risk using data from the multi-ethnic Personalized Environment and Genes Study
(PEGS). Analysis was done using logistic regression, with the covariates of age, BMI,
race and income. From this single-exposure analysis of 367 exposures, we identified 76 significant associations with type 2 diabetes, including novel associations
of asbestos [β = 1.44, 95% CI = (1.1,1.87)] and coal dust exposure [1.66, (1.08,2.49)].
To compare cumulative genetic and environmental effects, we computed clinical
risk scores (CRS), environmental risk scores (ERS), and polygenic risk scores (PRS).
We computed CRS as a weighted sum of BMI, prediabetes, hypertension, and high
cholesterol status and ERS as a weighted sum of 15 environmental variables. Using
UK Biobank data, we developed a trans-ethnic PRS and calculated it for PEGS participants. All risk scores were significantly associated with type 2 diabetes. ERS had
moderate power to determine associations with type 2 diabetes, with a larger effect
size and greater improvement in reclassification compared to PRS. Additionally, the
combination of ERS and CRS had greater power than CRS alone for association with
type 2 diabetes. There were racial differences for all risk scores, highlighting the
need for genetic and exposome-wide studies in diverse populations. Our findings
provide insights into how type 2 diabetes risk can be attributed to clinical, genetic,
and environmental factors and emphasize the need to include exposome data in
disease-risk association studies.

4534

Combining NHANES and Toxicity Forecast Dashboard Data
to Compare Pesticide Exposure and Bioactivity by Farmwork
History and US Citizenship

C. Forte, J. Millar, and J. Colacino. University of Michigan, Ann Arbor, MI.
Pesticides, especially those persistent in the environment have been associated
with endocrine disruption that leads to perturbations in metabolism, puberty, and
birth defects. Farmworkers, especially migrant workers, face unique barriers to
healthcare, personal protective equipment, and often have increased pesticide
exposure. The National Health and Nutrition Examination Study (NHANES) data
was queried from 1999-2014 for pesticide exposure biomarker concentrations
among farmworkers and non-farmworkers by citizenship status. NHANES data
was then combined with toxicity assay data from the US Environmental Protection
Agency’s (EPA’s) Toxicity Forecast Dashboard (ToxCast). By linking human
population exposure data in NHANES to dose-response data from ToxCast, we
estimated adverse biological effects that occur across a range of human population-relevant pesticide doses. In total, 1,137 people with any farmwork history and
20,205 non-farmworkers were included in this study. Of the 14 detectable chemical

biomarkers in NHANES, trans-nonachlor (p=0.037), oxychlordane (p= 8.87x10-5),
4-nitrophenol (p=7.5x10-10), -hexachlorocyclohexane (p= 1.48x10-4), and p,p’-DDT
(p=1.49x10-3) were significantly higher in farmworkers than non-farmworkers. For
chemicals present in NHANES and ToxCast, cell cycle (N=487), nuclear receptor
(N=318), cytokine (N=143), DNA binding (N=172), and cell adhesion molecules
(N=65) were the most frequently intended targets of the pesticides included in the
study. Moreover, NHANES participants had biomarker concentrations of heptachlor
epoxide, chlorpyrifos, 24D acid , 2,4-D, and 3-PBA high enough for bioactivity in at
least one ToxCast assay. When looking at overall bioactivity by person we found
farmworkers were 1.37 times more likely to have a bioactive pesticide biomarker
measurement in comparison to non-farmworkers (adjusted OR=1.37, 95% CI:
1.10, 1.71). Next, we narrowed to farmworkers only and found farmworkers living
without US citizenships were 1.31 times more likely to have a bioactive measurement compared to farmworkers with US citizenship (adjusted OR 1.31, 95% CI: 0.75,
2.30). Additionally, non-citizens were 1.46 times more likely to have a bioactive
measurement of Dieldrin (OR=1.46, 95% CI: 1.30, 1.63). Future research will incorporate in vivo and in vitro modeling of meiotic development and pesticide exposure.

4535

Declining Urinary Bisphenol-A Concentrations in American
Children from 2003-2016

A. Arvind, M. Boland, and J. Field. University of Pennsylvania, Philadelphia, PA.
Bisphenol A (BPA) is used in polycarbonate plastic and epoxy resin production and
is present in many consumer products, including food packaging, personal care
product packaging and thermal paper. BPA is an endocrine disruptor and has been
associated with cardiovascular disease, obesity, and insulin resistance. In 2009,
many plastic manufacturers reduced their use of BPA and in 2012, the FDA banned
BPA from baby bottles and children’s drinking cups. The National Health and
Nutrition Examination Survey (NHANES), a survey conducted every two years, has
measured BPA levels in the urine from 2003 to 2016 and has measured Bisphenol F
(BPF) and Bisphenol S (BPS) (which are used as substitutes for BPA) in from 2013
to 2016. We used urine levels of BPA as a marker of exposure and found a steady
decrease in urinary levels throughout the NHANES dataset over time. Most significantly, BPA levels in children (aged 6-11 years old), which were elevated compared
to other age groups in the earliest surveys, dropped to about the same levels as
the other age groups in later surveys. The drop in BPA levels in children was not
completely correlated with increases in BPF and BPS, though the total BPA/BPF/
BPS levels in adults were about the same. These data suggest that BPA exposure is
reduced, especially in children, as a result of increased public awareness, manufacturing changes and federal regulation.

4536

Environmental Injustice in Estimated Cancer Risks from
Modeled Airborne Toxics Exposure across US Communities

P. Hurbain, D. Li, Y. Liu, and M. Strickland. University of Nevada Reno, Reno, NV.
Environmental justice is the fair treatment of all people regardless of race, income,
and religion with regards to their health and the environment. Negative environmentally-linked health outcomes have been associated with socio-demographic status
(SDS) factors in different regions of the United States. However, analysis over the
entire country for multiple years is lacking. US Census Bureau SDS factors including
race, income, education status, and rural-urban status were matched to US EPA
National Air Toxics Assessment cancer risk estimates by census tract for years
2011 and 2014. Spearman correlations were used to show associations with various
factors and cancer risk estimates, both nationally and stratified by state. multivariate linear regressions were performed to related Z-scored cancer risk estimates
with multiple SDS factors. In multivariate regression analyses across the United
States, increases in the number of Census tract households comprised of Black,
Hispanic, and Other racial groups (relative to the number of White households) was
positively associated with increased estimated cancer risk (p <0.0001). Increases
in the number of Asian household (relative to the number of White households) was
associated with decreased risk (p <0.0001). Higher incomes and increasing high
school completion were negatively associated with cancer risk. Living in metropolitan areas was positively associated with cancer risk estimates. The Z-score
comparisons between 2011 and 2014 show environmental justice conditions may
be improving broadly, although this effect is not statistically significant for Asian,
Hispanic, and Other populations (p= 0.6223, p=0.1518, and p=0.1813, respectively)
and only marginally significant for Black populations (p=0.0648). Results of this
study supports previous bodies of research that suggest racial distributions in a
lived environment are significant in estimated air toxics exposures. Further analysis
using time series data and modern population estimates could improve precision
and better demonstrate areas of significant environmental justice issues.
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Electronic Cigarette Use among Young Adults in Birmingham,
Alabama

D. A. Jacob, S. Stowe, and M. Vilcassim. University of Alabama at Birmingham,
Birmingham, AL.
Electronic cigarette (e-cigarette) use has steadily grown in popularity, particularly
among teens and young adults in the United States; now estimated to be over 13
million users. This method of delivering nicotine via vaporized liquid (“vaping”) has
been shown to be associated with adverse health impacts, including serious lung
injury. While overall US and state-wide estimates of vaping have been reported,
we are unaware of any studies that have investigated the prevalence and factors
influencing vaping among young adults in Birmingham - the largest city in Alabama,
particularly among college students. With a history of high rates of regular cigarette
smoking, young adults in Alabama are susceptible to the current trend of vaping.
Therefore, the main goal of this project was to study the prevalence of e-cigarette
use, among young adults in Birmingham, AL, with a special focus on the student
population of the University of Alabama at Birmingham (UAB). We also evaluated
the types of e-cigarettes used, and reasons for vaping. An electronic smart-phone
compatible survey was employed using the Qualtrics survey program, where participants could scan a code on a flyer via a smartphone camera to access the survey.
Responses were automatically uploaded to a secure platform which were then used
for analyses. Data were analyzed to obtain prevalence estimates by age group,
education status, and device types, among many other parameters. Data collection
began in August, 2020, and currently includes responses from 506 participants. Of
the total respondents, 70.4% were UAB students with most in the 18-24 age group
(67%). Among UAB students, the prevalence of exclusive e-cigarette use was 16.8%,
while 19.7% of the total sampled population said they were exclusive users. The
most commonly used device type was disposable e-cigarettes (39.8%) followed
by ‘Tanks’ & ‘Mod’ type devices (23.5%), and with Juul use at 12.5%. Influence
from friends was the most selected reason for use (50.0%) followed by curiosity/
need to experiment (27.6%). Importantly, over 33% of e-cigarette users said they
started vaping before they were 18 years of age. Our findings indicate that vaping
among young adults and particularly college students is a growing public health
concern with a high rate of prevalence. Further comprehensive analyses are being
conducted using this survey data to study the frequency of use of each device
types, use and influence of other tobacco products, and prevalence of adverse
respiratory health outcomes among users.

4538

Meta-Analyses of Glyphosate and Non-Hodgkin’s Lymphoma:
Expert Panel Conclusions and Recommendations

C. R. Kirman, and S. Hays. SciPinion, Bozeman, MT.
The goal of this work was to conduct an independent review of published meta- and
pooled analyses for the exposures to glyphosate and non-Hodgkin’s lymphoma. A
panel of six experts in epidemiology and meta-analysis was assembled to support a
review of a series of recent publications using a modified Delphi format. This review
was double-blinded: the review sponsor was blinded to the panelists’ identities;
and the panelists were blinded to the identity of the sponsor and to the identities
of fellow panel members. Seven meta- or pooled analyses were identified from the
published literature. These publications were scored based on a consideration of
confidence in their methods, results, conclusions, and applicability to risk-based
decision making. Mean confidence scores for the papers reviewed ranged from
53 to 74 (maximum score=100), and key strengths and concerns were identified.
This expert panel review highlights the need for transparency in meta-analyses.
Different conclusions were reached in available meta-analyses because of varying
criteria used to select studies, selection of different risk estimates within the same
study, and study availability. The expert panel concluded that confidence in a causal
relationship between glyphosate exposure and NHL was considered low.

4539

The Development of a LC-MS/MS Method to Detect SpeciesSpecific Snake Venom Toxins in Human Plasma

A. Lermer, K. S. Petersen-Ross, Y. S. Powrie, C. Smith, C. J. Marks, N. M. Vlok, and T. A.
Kellermann. Stellenbosch University, Cape Town, South Africa.
Snakebite envenomation in sub-Saharan Africa significantly threatens human
health. Snake venoms are complex multifunctional mixtures of peptides and
proteins that can act synergistically to induce harmful neurotoxic, cytotoxic and/
or haemotoxic effects. A major complication for hospital management of snakebite
patients is the positive identification of species that caused envenomation. The aim
was to develop a rapid LC-MS/MS method to detect species-specific snake venom
toxins from human plasma. An epidemiological study on the incidence of snakebite
in South Africa as reported to Poisons Information Helpline of the Western Cape
(PIHWC) was done to provide rationale for the study. Analytical techniques including proteomics and a Zebrafish model was used to identify species-specific venom
proteins and study toxicity of venom fractions. PIHWC elucidated the need for
diagnostic tools to diagnose envenomation in South Africa. In 44% of the recorded
snakebite cases the snake species that caused the bite was unidentified. The snake
species Naja nivea, Bitis arietans and Bitis atropos were identified as the most

medically significant species in South Africa and the venom of these species were
included in the study. Behavioural changes in Zebrafish larvae were observed after
exposure to sub-lethal concentrations of fractionated N. nivea venom toxins. Two
fractions showed significance compared to the control group. A triple quadrupole
LC-MS/MS method was developed to positively detect cytotoxin 1 from the species
N. nivea when spiked into human plasma. Time constraints due to sample preparation were addressed by two protocols to manipulate trypsinization conditions to
decrease time-to-diagnosis, however the intensity of the detected toxin was lower.
Snake venom contains species-specific peptides that can be used in the development of diagnostics for envenomation. This study could aid medical personnel and
pathologists in diagnosis and potentially decrease morbidity and mortality associated with snakebite envenoming. This is a proof of concept for future work that will
include the development of a lateral flow assay to detect venom from envenomed
plasma as well as the production of species-specific antivenom.

4540

Weight-of-Evidence Assessment for Head Trauma and Multiple
Sclerosis Onset

A. Stock1, C. Chan2, and L. Diener2. 1J.S. Held, New Orleans, LA; and 2J.S. Held,
Redmond, WA.
Multiple sclerosis (MS) is a multifactorial disease with significant immunogenetic
contributions. The possibility of a causal association between head trauma and
MS has been the subject of scientific interest for decades. It is postulated that
breakdown of the blood-brain barrier associated with physical trauma, particularly
involving the spinal cord and/or the brain could constitute an early event in the
development of MS lesions. An updated review of the literature is needed. This
weight of evidence assessment determines whether the association between head
trauma and MS met the criteria for causation. A systematic review of epidemiology
studies was conducted, and the data was evaluated with respect to Bradford-Hill
guidelines for presence or absence of a cause-effect relationship between head
trauma and MS, 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. Two
meta-analyses have synthesized and incorporated cohort and case-control studies
with results pointing towards an absence of a causal association. Cohort studies
that prospectively follow individuals with head injury consistently demonstrate no
association between the injury and onset of MS. The source of a suggestion of
evidence for a positive association between head injury and onset of MS has historically stemmed from case-control studies. However, case-control studies overall
have generated inconsistent results due in part to study design limitations and a
vast spectrum of definitions for “head injury.” Collectively, existing data did not
satisfy Bradford-Hill guidelines for causality. A need for epidemiology research
remains to further explore the temporality of head injury and MS risk, particularly as
head trauma/injury in early childhood or adolescence may be a significant factor.
We conclude that based on Bradford-Hill guidelines, existing data does not support
a causal relationship between head trauma and onset of MS.

4541

Meteorological Parameters and Cases of COVID-19 in Brazilian
Cities: An Observational Study

A. S. Olak1, W. S. Santos1, A. M. Susuki1, H. Pott-Junior2, A. V. Skalny3, A. A. Tinkov4, M.
Aschner5, J. P. Pinese1, M. R. Urbano1, and M. M. Paoliello1,5. 1Universidade Estadual
de Londrina, Londrina, Brazil; 2Universidade Federal de São Carlos, São Carlos, Brazil;
3K.G. Razumovsky Moscow State University of Technologies and Management, Moscow,
Russian Federation; 4IM Sechenov First Moscow State Medical University, Moscow,
Russian Federation; and 5Albert Einstein College of Medicine, Bronx, NY.
Meteorological parameters modulate transmission of the SARS-Cov-2 virus, the
causative agent related to coronavirus disease-2019 (COVID-19) development.
However, findings across the globe have been inconsistent, attributed to several
confounding factors. The aim of the present study was to investigate the relationship between reported meteorological parameters from July 1st to October 31st,
2020, and the number of confirmed COVID-19 cases in 4 Brazilian cities: São Paulo,
the largest city with the highest number of cases in Brazil, and the cities with greater
number of cases in the state of Parana during the study period (Curitiba, Londrina
and Maringa). The assessment of meteorological factors with confirmed COVID-19
cases included atmospheric pressure, temperature, relative humidity, wind speed,
solar irradiation, sunlight, dew point temperature, and total precipitation. The 7and 15-day moving averages of confirmed COVID-19 cases were obtained for each
city. Pearson’s correlation coefficients showed significant correlations between
COVID-19 cases and all meteorological parameters, except for total precipitation, with the strongest correlation with maximum wind speed (0.717, <0.001)
in São Paulo. Regression tree analysis demonstrated that the largest number of
confirmed COVID-19 cases was associated with wind speed (between >=0.3381
and <1.173m/s), atmospheric pressure (<930.5mb), and solar radiation (<17.98e+3).
Lower number of cases was observed for wind speed <0.3381m/s and temperature
<23.86ºC. Our results encourage the use of meteorological information as a critical
component in future risk assessment models.
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4542

Application of Control Strategies against the Spread of COVID19 in an Industrial Operation

M. R. Godin-Cuadrado1, B. S. Godin-Arroyo2, and B. J. Arroyo-Salgado2. 1Universidad
Autónoma de Occidente, Cali, Colombia; and 2Universidad de Cartagena,
Cartagena, Colombia.
Toward the crisis generated by COVID 19, companies in the industrial sector
implemented business continuity plans for guaranteeing delivery of critical products
and services for their operations and to be able to control the spread of SARS-CoV2. Those included biosafety protocols, epidemiological surveillance and wellness
programs, analysis of organizational and operational changes, hazards and risk
matrix updating, daily sanitary survey, sanitization of frequent contact surfaces,
updating of personal protective equipment, viral detection active searches, frequent
communications through newsletters, and use of social networks, among others.
Using the report of an industrial company, some strategies were documented. In the
period from 03/2020 to 09/2021, more than 15000 daily symptoms survey forms
were completed, and 2465 tests were performed, of which 18.90 % were by RT- PCR
in symptomatic individuals. 38.49 % in active preventive searches using serological/antigens and 42.60 % in active searches during maintenance turnarounds using
antigen test. Additionally, employees, contractors and visitors received antibacterial
gel, antiseptic alcohol, disposable masks (KN95 or equivalent), field sinks, footwear
cleaning trays, and preventive visual management applications. A total of 1,382
people participated in the wellness and support program (70 people per activity).
Additionally, they adopted a vaccination plan complementary to the governmental.
These strategies contributed to maintain a cumulative infection rate in the plant of
11.5 % respect to the total population and 50 % less respect to the country rate; thus
ensured to minimizing the spread and avoiding the generation of contagion foci on
site, ensuring operational and administrative continuity.

4543

Gut Microbiota-Mitochondrial Cross Talk in Mediating
Susceptibility to Environmental Exposures

C. M. Bergemann, and J. N. Meyer. Duke University, Durham, NC.
The gut microbiome affects host health in numerous ways including supporting
mitochondrial function and modulating xenobiotic metabolism. However, given
the complexity of the gut microbiome, mechanisms through which gut microbiota
can alter susceptibility to mitochondrial toxicity are not well characterized. This
project aims to identify mechanisms behind how gut microbiota impact mitochondria and if these interactions can modify susceptibility to chemical pollutants.
While many commensal species of bacteria produce beneficial compounds that
aid in mitochondrial function, non-commensal or pathogenic bacteria can produce
detrimental compounds such as reactive oxygen species (ROS). I hypothesize that
bacterial strains that produce higher ROS will cause more mitochondrial dysfunction, leading to increased susceptibility to mitochondrial toxicants. To investigate
this, I am using the model organism Caenorhabditis elegans, which has well-conserved mitochondrial biology and can be cultured on single strains of bacteria,
allowing for mechanisms to be easily determined. I am utilizing the C. elegans
microbiome kit CeMbio, which consists of 12 bacterial strains that were isolated
from wild C. elegans. Preliminary results show that the CeMbio strains produce
varying amounts of ROS. In the laboratory bacterial standard, OP50, I observed
low levels of ROS. The strain CEN2ent1 demonstrates similarly low levels of ROS,
while the MYb71 strain had a 2.9-fold increase (p=0.03). Nematodes grown on
CEN2ent1 and MYb71 throughout larval development had 40% and 33% lower
ATP levels compared to OP50, respectively (p<0.001). Interestingly, nematodes
grown on CEN2ent1 bacteria had a comparable number of offspring to OP50 while
MYb71 worms reproduced 50% less (p<0.001). To determine if these changes were
associated with altered mitochondrial toxicant susceptibility, nematodes were
co-exposed to bacteria and the mitochondrial inhibitor Antimycin A. Worms fed
CEN2ent1 showed higher sensitivity in reproduction when exposed to a 2.5 µM
Antimycin A, with a 42% reduction in offspring (p<0.001). Worms fed MYb71 had a
27% reduction (p=0.4) and worms fed OP50 had a 33% reduction at the same dose
(p=0.002). These data suggest that bacterial diets can produce varying ranges of
ROS, can have large impacts on mitochondrial function, and may alter susceptibility to mitochondrial toxicants. Ongoing experiments include quantifying additional
mitochondrial endpoints including respiration, unfolded protein response, DNA
copy number, and catalase rescues.

4544

Gut Microbiota Mediates Benzo(a)pyrene (BaP) Developmental
Toxicity in Zebrafish Larvae

P. Ranasinghe1, N. Jayasundara1, T. R. Catron2, and R. T. Di Giulio1. 1Duke University,
Durham, NC; and 2BASF Corporation, Research Triangle Park, NC.

colonized (CC), microbe-free axenic (AX), or axenic colonized on day 1 with adult
zebrafish gut homogenate (AXC). At 6dpf, behavioral analysis, neurotransmitter
profile, mitochondrial function and CYP1 A inductions were evaluated. AX larvae
demonstrated hypoactivity with BaP exposure whereas CC group demonstrated
hyperactivity with BaP exposure. Similarly, AXC larvae displayed a similar increasing trend of activity with the chemical exposure. Lower basal metabolic rates were
observed for the AX zebrafish compared to the CC cohort; however, metabolic
rate in the AXC cohort was comparable to the CC cohort. Interestingly, metabolic
rate was increased with the BaP exposure in the AX cohort, whereas decrease
in metabolic rate was observed in colonized cohorts (CC and AXC). Exposure to
BaP decreased ATP production in colonized cohorts but increased ATP production
was observed in the AX group. Despite that, dose dependent induction of CYP1A
activity was observed in larvae exposed to BaP and higher induction was observed
in the AX larvae compared to the CC larvae. Taken together, these data suggest
that the gut microbiota harbor the capacity to mediate BaP toxicity suggesting that
microbial colonization is required for the normal physiological functioning of an
organism. More broadly, these data support the concept the gut microbiome plays
a key role in mediating toxicity of environmental contaminant in an organism.

4545

Consumption of Contaminated Aquatic Species Alters the
Mammalian Gut Microbiome

R. Kim, and T. Gordon. New York University Langone Health, New York, NY.
Strong evidence suggests that fish and crabs inhabiting the Passaic River/Newark
Bay area, a superfund site in NJ, are contaminated with toxic agents including
heavy metals and polycyclic and polychlorinated aromatic hydrocarbons (PAHs and
PCBS.) Despite published warnings for susceptible populations to avoid consumption of contaminated fish, this practice continues in high numbers, particularly
amongst anglers and their families in low-income communities. We hypothesized
that consumption of “dirty” fish produces alterations in the GI tract microbiome. The
GI tract microbiome encompasses metabolic, immune, and endocrine communication and function in the host. They contribute to the maintenance of health,
and when altered, can significantly influence susceptibility to, and phenotypes of
diseases like CVD, obesity, and diabetes. While microbiota disruption is common
in humans, understanding the response to environmental stressors like dioxin,
PCBs, and heavy metals has not been well characterized. To test this, we utilized
mice that were fed a 7-day baseline diet followed by 10 days of autoclaved diets
supplemented with a 2.5% or 7.5% “contaminated” or “clean” eel, sourced from
the Passaic River or pristine Upper Delaware River, respectively. 16s ribosomal
RNA was collected from feces and sequenced at ~10,000 reads per sample using
Illumina MiSeq. Principal Component Analysis (PCA) was used to examine the
effect of diet and sex on GI tract microbial diversity in the mice. On day 1 of the dirty
eel supplement, the community structure began to diversify, and by day 9, a significant difference in microbiota makeup was seen in male mice fed the 7.5% dirty eel
diet. This data demonstrates that consumption of contaminated aquatic species
alters the microbiome in the mammalian gut. This suggests that everyday environmental exposures can result in significant changes in one of the key communities
of organisms that contribute to the maintenance of health.

4546

Cell Death Mechanisms of DEHP (Di-ethylhexyl phthalate)
Exposure on Neural Cells from Zebrafish (Danio rerio)

A. Acevedo Roman. Universidad Ana G. Méndez, San Juan, PR.
Nowadays, we’re in a constant state of exposure to biological and chemical
environmental contaminants that can be found in a multitude of places. Phthalates
are among the most persistent toxic chemicals. Phthalates belong to a family of
chemical compounds that are heavily used in global plastics manufacturing. These
compounds are distinguished for being able to provide durability and elasticity to
plastics products, hence their prolonged presence in the environment. The main
purpose of our study has been to assess the neurotoxicity of phthalates. This
project implements the zebrafish (Danio rerio) model to determine the cell death
induction DEHP on brain cells. To determine the neurotoxicity, brain tissue from
zebrafish was extracted via dissection, and primary neural cells, dissociated to
obtain primary cell subcultures. The neural cells are subsequently exposed to DEHP
(Di-ethylhexyl phthalate) at concentrations from 10µM to 100µM for a 48-hour
period to observe cell growth inhibition (IC-50). Preliminary results demonstrate
that cell growth inhibition is present after 48 hours of phthalate exposure. These
results indicate neural cell death at 48 hours with an average IC50 of 55uM. Further
apoptotic cell death assays such as Annexin V and Caspases Activation analysis,
are being implemented to understand the mechanism towards DEHP neurotoxicity.

Benzo(a)pyrene (BaP) is a ubiquitous environmental contaminant that can
perturbs organismal development as well as stability of microbial communities
in an organism. However, there is paucity of information on the role of early-life
gut microbiota in mediating these toxicities. To examine the consequences of
the presence of a commensal microbiome on BaP toxicity, we exposed zebrafish
embryos at 1 day of post fertilization (1dpf) to 5 and 10 µM of BaP to conventionally
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Triphenyl Phosphate-Induced Pericardial Edema Is Associated
with Elevated Epidermal Ionocytes within Zebrafish Embryos

J. L. Wiegand, V. Cheng, A. Reddam, S. Avila-Barnard, and D. C. Volz. University of
California Riverside, Riverside, CA.
Triphenyl phosphate (TPHP) is an organophosphate ester-based plasticizer and
flame retardant that is used worldwide and detected at elevated levels within
environmental media such as surface water. The objective of this study was to
identify the potential role of epidermal ionocytes in mediating TPHP-induced
pericardial edema formation within zebrafish embryos. In addition to increased
pericardial edema and decreased body length, exposure to TPHP from 24 to 72 h
post fertilization (hpf) resulted in a significant increase in the number of ionocytes
at 72 hpf relative to time-matched embryos treated with vehicle (0.1% DMSO).
We also found that co-exposure of embryos to mannitol (an osmotic diuretic)
from 24-72 hpf blocked TPHP-induced pericardial edema as well as effects on
ionocyte abundance, suggesting that increased ionocytes were strongly associated with TPHP-induced edema formation. However, initiation of exposure at 30
hpf (vs. 24 hpf) mitigated TPHP-induced effects on ionocyte abundance at 72 hpf
even though the magnitude of TPHP-induced pericardial edema and body length
was similar following exposure from 24-72 hpf and 30-72 hpf, suggesting that
1) 24-30 hpf represents a critical window of exposure for TPHP-induced effects
on ionocyte abundance and 2) an increase in ionocyte abundance may not be
required for pericardial edema formation. Interestingly, we found that knockdown
of ATPase1a1.4 - an abundant Na+/K+-ATPase localized to epidermal ionocytes in
zebrafish embryos - mitigated TPHP-induced effects on ionocyte abundance (but
not pericardial area), whereas co-exposure of embryos to ouabain - a broad-spectrum Na+/K+-ATPase inhibitor - from 24-72 hpf enhanced TPHP-induced effects on
pericardial area (but not ionocyte abundance). Overall, our findings suggest that
TPHP may have multiple mechanisms of toxicity leading to an increase in ionocyte
abundance and pericardial edema within developing zebrafish embryos.

4548

Phenanthrene Exposure Alters Lipid Distribution and Profile in
Zebrafish Embryos at Multiple Stages of Development

V. McGruer, A. Bhatia, and D. Schlenk. University of California Riverside, Riverside, CA.
Polycyclic aromatic hydrocarbons (PAHs) are pervasive pollutants, and exposure
has been linked to developmental toxicity in the early life stages of many species.
Oil spills can result in a large and concentrated release of PAHs directly into
aquatic ecosystems. Previous studies have demonstrated that exposure to crude
oil or phenanthrene (phe) (a reference PAH in oil) produces an array of morphological abnormalities in developing fish embryos. However, our understanding
of the molecular mechanisms that lead to these phenotypes is limited. Recently,
studies utilizing transcriptomic analysis in several oil-exposed fish species found
significant changes in the abundance of transcripts involved in cholesterol and
lipid biosynthesis. Given the vital role of cholesterol and lipid availability during
embryonic development, we hypothesized that disruption of these metabolic
pathways following exposure to PAHs may contribute to the abnormal development of fish embryos. To test this hypothesis, zebrafish embryos were exposed
to 12 µM phe beginning at 6 hours post-fertilization (hpf) until a maximum of 72
hpf. Fixed whole-mount embryos were stained with Oil Red O for neutral lipids at
several time points throughout development. Lipid staining was reduced in the
embryo body at 48 hpf (3.3% ±SE 0.4) and 72 hpf (7.6% ±SE 0.6), notably after the
initiation of substantial circulation. Additionally, these reductions corresponded
with increased yolk size. To identify metabolic pathways altered by phe exposure,
non-targeted metabolomics was conducted on embryos at 24 hpf and 72 hpf after
phe treatment. Before analysis, the unused yolk sac was separated from the larval
body to capture the nutrient environment available to the embryo and utilization
of maternal deposits to the embryo, separately. In total, profiling across sample
types generated 7,563 metabolites, of which 702 were identified. Of the identified
metabolites, there were 22 altered metabolites (p < 0.05) in the bodies of embryos
at 24 hpf, 103 altered metabolites in the 72 hpf organisms, and 91 altered metabolites in the yolk isolated from the 72 hpf embryos. Subsequent investigations of
the data will include pathway analysis of significantly altered known metabolites
to determine if there is a relationship between altered lipids and developmental
toxicity associated with phe.

4549
Langan1,

Changes in Protein Expression following Anatoxin-a (±)
Exposure in Zebrafish (Danio rerio)
Lovin1,

Taylor1,

Chambliss1,

Chatterjee2,

Scott1,

L. M.
L.
R.
K.
S.
T. J.
and B.
Brooks1. 1Baylor University, Waco, TX; and 2University of South Carolina, Columbia, SC.
Anatoxin-A and its analogues are potent neurotoxins produced by several genera
of cyanobacteria. To date, toxicity studies have not differentiated between the
enantiomerically or chemically pure anatoxin-a with over 54 % (18 of 33 studies)
reporting the use of the racemic mixture that is apparently not naturally produced.
This reality is not surprising as anatoxin-fumerate (±) is more accessible then the
enantiomerically or chemically pure anatoxin-a (+), which has only recently become
commercially available. As proteins are the executors of most biological functions,

the study of the proteome is fundamental for understanding underlying biological mechanisms in response to environmental stressors or toxicants. Thus, the
present study represents a logical first step in understanding biological responses
to HAB exposure in zebrafish (Danio rerio). Using a data independent acquisition
approach, proteome changes were identified and quantified in larval zebrafish
exposed for 96 h to anatoxin-fumarate (0.01-3 mg/L anatoxin-fumerate (±) and
caffeine [positive control]). Experimental treatment levels, which were analytically
verified by LC-MSMS, were chosen based on an environmental exposure distribution (EED) calculated from available literature for anatoxin-a. Proteins were
extracted and digested using a modified FASP approach and proteins separated
using a quadrupole time-of-flight (Q-Tof) Synapt G2. Compared to the negative
control, there was minimum overlap (~19 %) in protein identifications observed.
However, when compared to caffeine, overlap in protein identifications increased
to 69-77 % dependent on concentration range, suggesting the sharing of similar
pathways of action. Differentially expressed proteins (DEPs) were predominantly
up regulated with respect to negative control samples (85-90 %), with pathways
analysis broadly grouping genes into groups such as Nictonic acetylcholine
receptor signaling pathways, angiogenesis, inflammation mediated by chemokine
and cytokine signaling pathways and Wnt signaling pathways. Pathway over-representation identified enriched terms; however, these were not the same across all
concentrations, suggesting different mechanisms dependent on treatment level.
The data suggests protein and genes associated with heart function and the central
nervous system are significantly affected by exposure to anatoxin-a (±). Given that
pure anatoxin-a (+) is reported to be up to 20 X more potent then anatoxin-a (±),
the results suggest potential long term side affects could be associated with even
moderate exposure to this cyanotoxin.

4550

Does Age Really Matter? Examining Age-Specific Behavioral
and Proteomic Responses of Zebrafish (Danio rerio) to a Model
Toxicant

A. N. Henke, L. Langan, and B. W. Brooks. Baylor University, Waco, TX.
Toxicological safety data for compounds used in both industrial and domestic
settings is necessary to characterize and mitigate risk to both human and ecological health, yet is deficient for up to 86% of existing chemicals. These deficiencies,
coupled with the significant time and monetary costs of traditional toxicity testing,
have prompted a shift away from historically used methods towards those that
reduce the number of animals, leverage existing data, and implement high throughput screening (HTS) techniques. Zebrafish (Danio rerio) share a high degree of
genetic similarity with humans (over 70%), making them a popular model for both
human health and toxicological studies such as the fish embryo toxicity (FET) test.
Previous research in our lab has shown that larval fish exposed to the antihistamine
diphenhydramine (DPH) demonstrate increased mortality, uptake, and behavioral
toxicity when compared to their embryonic counterparts. However, the dispositional or molecular initiation events that influenced such age-specific differences
were not identified. The current research engages behavior and protein expression
of zebrafish across 72hr exposures to DPH at sublethal concentrations through
embryonic and early larval life stages. We hypothesized that toxic response was
influenced by changes in treatment level and age. Analysis of photolocomotor
behavior identified age-specific and treatment-level changes in response to DPH
exposure. Proteomic investigations using data independent acquisition (DIA)
analysis across a range of DPH exposures identified over 3200 proteins (at a 1 %
FDR) resulting in differential expression of proteins implicated in morphogenesis,
angiogenesis, and neural development compared to unexposed fish. In age specific
functional comparisons, genes associated with chemoattraction, neuron generation, cardiac development, and ion gated channel activity showed differences in
expression across developmental timepoints. By contrasting observed changes
in whole-body protein expression across different developmental and treatment
level conditions, this study presents implications for the common presumption that
younger zebrafish life stages are the most sensitive and protective life stage for
toxicity testing.

4551

Isomeric Metabolism and Toxicity of Hydroxychrysenes in
Embryos of Japanese Medaka (Oryzias latipes)

P. Tanabe1, D. M. Pampanin2, K. Jørgensen2, and D. Schlenk1. 1University of California
Riverside, Riverside, CA; and 2University of Stavanger, Stavanger, Norway.
Oxygenated polycyclic aromatic hydrocarbons (oxy-PAHs) are ubiquitous contaminants that can be formed through the photochemical or biological oxidation of
parent PAHs. The polar properties of oxy-PAHs increase their mobility within the
environment which increases the risk of exposure to fauna and flora compared to
parent PAHs. Oxy-PAHs can be more toxic compared to their parent compounds
and the location of the oxygen on a specific PAH can have dramatic impacts on
the toxicity of the oxy-PAH, as well as the oxidation states (i.e. quinone, carboxylic
acid, phenol). Our previous studies have found 2-hydroxychrysene (2-OHCHR) to be
significantly more toxic to embryos of Japanese medaka than 6-hydroxychrysene
(6-OHCHR). We have also previously identified a sensitive window of development
to 2-OHCHR toxicity in Japanese medaka embryos that closely coincided with liver
development, leading us to hypothesize that differences in metabolism may play
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a role in the regioselective toxicity. To test this hypothesis, embryos were treated
with each isomer for 24 h during liver development. 6-OHCHR was taken up and
eliminated as a glucuronide conjugate at a significantly greater rate than 2-OHCHR.
Treatments with the putative hydroxychrysene metabolites, 1,2-chrysenequinone
and 5,6-chrysenequinone did not result in toxicity. However, pretreatment with a
general cytochrome P450 inhibitor, ketoconazole, greatly reduced the toxicity of
2-OHCHR, indicating that phase I metabolism may play a role in its toxicity. These
results imply that 2-OHCHR may be metabolized to a toxic metabolite and has a
lower rate of conjugation and/or elimination from embryos.

4552

Comparison of Apical Points of Departure to Transcriptomic
Points of Departure in Fathead Minnow Exposures

M. Le1, K. Bush1, K. Santana Rodriguez1, M. Hazemi1, D. Villeneuve2, and K. Flynn2. 1Oak
Ridge Institute for Science and Education, Duluth, MN; and 2US EPA, Duluth, MN.
Each year, as the sheer amount of chemicals readily available to the market
increases, so does the need for short-term and cost effective high-throughput assays that can be used to evaluate chemical potency and infer potential
hazards to human health and/or ecosystems. Over the past decade, a number
of mammalian studies have indicated short-term transcriptomics-based points
of departure (PODs) are predictive of apical potency, often providing a POD
that is within a factor of 10 of those derived from much longer-term tests. The
present study generated transcriptomics-based points of departure (tPODs) for
ten chemicals in fathead minnows (FHM). Larval FHM (6 days post-fertilization)
were exposed to 12 concentrations per chemical, in a ½ log dilution series, for
24h in a 96 well plate format. Whole body RNA was extracted and then sequenced
to evaluate whole transcriptome gene expression. Transcripts that exhibited a
concentration-dependent response were subsequently fit to concentration-response models using BMDExpress2 software to determine benchmark doses. A
tPOD was then calculated based on the 10th centile of the distribution of benchmark
doses. Transcriptomics-based PODs for three metals: CuSO4, NiSO4, ZnSO4; three
selective serotonin reuptake inhibitors: fluoxetine, sertraline, paroxetine; and four
neonicotinoid(like) insecticides: clothianidin, flupyradifurone, imidacloprid, and
thiacloprid were compared against available apical effect data from the ECOTOX
knowledgebase, focusing on impacts on survival, growth, and reproduction. FHM
tPODs were uniformly lower than in vivo effect concentrations reported for fish, with
tPODs being up to 2 orders of magnitude lower (i.e., health protective). In contrast,
FHM tPODs were not always lower than apical effect concentrations reported for
invertebrates, suggesting the need to include additional taxa in a high-throughput
transcriptomics-based screening program. On-going research is extending these
comparisons to additional chemicals and additional species to evaluate the hypothesis that high-throughput transcriptomics assays with aquatic organisms may be
a viable alternative to traditional aquatic toxicity tests for ecological safety evaluations. The contents of this abstract neither constitute, nor necessarily reflect, official
US EPA policy.

4553

Examining Multigenerational Impacts on Behavior Resulting
from Exposure to the Flame Retardant, BDE-99, in Atlantic
Killifish

N. McNabb1, B. Clark2, T. Burke2, M. Francoeur3, H. Schrader3, S. Jayaraman2, L.
Mills2, D. Nacci2, and A. Whitehead1. 1University of California Davis, Davis, CA; 2US EPA,
Narragansett, RI; and 3Oak Ridge Institute for Science and Education, Narragansett, RI.
To truly estimate the long-term effects of environmental pollution, it is critical to
assess multigenerational impacts. Exposure to environmental toxicants may cause
adverse health effects in subsequent generations through a variety of mechanisms,
including altered maternal provisioning, maternal contaminant transfer, and epigenetic transgenerational inheritance. Using Atlantic killifish (Fundulus heteroclitus) as
a vertebrate model system, we tested whether exposure to a ubiquitous polybrominated diphenyl ether (PBDE) flame retardant, BDE-99, has negative effects that
propagate across generations. Direct exposure to BDE-99 has been linked to various
adverse impacts on development, neurobehavior, and reproduction, but multigenerational effects and their mechanisms are poorly understood. To address this,
adult wild-caught killifish were exposed through diet for 64 days during breeding
season to two concentrations of BDE-99, 37.5 and 150 ng/g fish wet weight/day.
The exposed (F0) fish were manually spawned to produce the F1 generation,
which was raised under uncontaminated conditions and subsequently spawned
to produce the F2 generation. No significant differences in reproduction or fertilization rate were observed between treatments in either the F0 or F1 generations.
To evaluate neurological impairment in the F1 and F2 generations, larval locomotor activity was measured in response to alternating light/dark conditions at early
and late larval time points. Parentally exposed F1 fish from some of the BDE-99
lineages expressed significant hypoactivity, while preliminary results suggest that
behavior is not altered in F2 larvae. At juvenile stages, novel tank diving tests were
conducted to assess anxiety-like behavior in the F1 generation. Results indicate an
anxiolytic effect in the F1 fish parentally exposed to BDE-99, and the persistence
and propagation of this effect to F2 is being tested. Archived juvenile and adult
tissues are being analyzed for gene expression and DNA methylation changes to
infer mechanisms associated with observed phenotypic effects.

4554

Spatial and Temporal Evaluation of Oxidative Stress and Growth
in Fish Species along Pollution Gradients of the Lagos Lagoon

G. E. Ajani. Nigeria Institute for Oceanography and Marine Research, Lagos, Nigeria.
Prevailing growth rate patterns in local fish populations are strongly dependent
on the trade-off between growth and other life-history parameters under a given
environmental condition and surplus energy. This study examined the relationship
between toxicant-induced oxidative stress and growth function of ecologically
important species Ethmalosa fimbriata (Bonga shad) and Polydactylus quadrifilis
(Giant threadfin) from lagoon sites (Apapa, Iddo, Makoko, Ibeshe and Egbin) with
unique anthropogenic pressure. Metal levels in surface water, sediment and fish
measured across sites and seasons from January to December 2014 were used
to estimate the bioconcentration factor (BCF) and biota-sediment accumulation
factor (BSAF). Fulton condition index (k) and oxidative stress responses were
measured for both species, while age and growth parameters were estimated using
the von Bertalanffy growth function for asymptotic length (L∞) and growth coefficient (K). Water and sediments showed higher concentrations of metals during
the wet season, compared to dry, while metal BCFs for both species was generally
higher than BSAF, indicating that metal uptake from surface water was greater
than uptake from sediment. E. fimbriata from more polluted areas (Apapa, Iddo
and Makoko) exhibited a higher growth coefficient (K>0.50, fast growth) and lipid
peroxidation, while the lesser polluted site (Ibeshe and Egbin) showed a smaller
coefficient (K<0.50, slow growth) and lipid peroxidation. The Giant threadfin did
not show marked site-specific patterns for growth coefficients. Our findings
indicate that increasing metal uptake results to higher growth rate in pelagic fish.
Relating oxidative stress patterns to the life-history theory, a bigger investment in
growth may be occurring at the expense of other physiological processes (such as
reproduction) for E. fimbriata.

4555

Effect of the Herbicide Atrazine, Tested as Both an Experimental
and a Commercial Formulation, on the Ovarian Growth of the
Estuary Crab Neohelice granulata

G. Silveyra, I. Canosa, D. Medesani, and E. Rodríguez. INIBIOMA, Buenos Aires,
Argentina.
The herbicide atrazine (AT) is intensively applied to control weeds in corn, sorghum
and sugar cane crops. This herbicide has been detected in areas adjacent to fields,
reaching water courses by runoff and thus affecting the associated fauna. Prior
studies in invertebrates, particularly crustaceans, have reported reproductive
alterations linked to exposure to this herbicide. The present study was aimed at
evaluating the in vivo effect of AT on ovarian growth, total content of vitellogenic
proteins (Vg) and main energy reserves in Neohelice granulata crabs. Adult females
collected from the Samborombón Bay (Province of Buenos Aires, Argentina) were
used during the pre-reproductive period, when the ovarian growth peaks. Animals
(n=15) were chronically exposed (90 days) to three sublethal concentrations (0.05,
0.5 and 5 mg/L) of AT, either as active principle of a commercial formulation
(Gesaprim 90 WDG®; 90% active principle + 10% of not declared excipients), or as
part of an experimental AT formulation (96% purity). A control group only maintained
in saline water was also run. Every crab was isotaled in a glass container, under
controlled conditions of feeding, aeration, temperature, and photoperiod. At the end
of the assay, animals were anesthetized on ice water, and both the ovary and chelae
muscle were dissected to measure different variables. We observed a significant
decrease in total content of Vg, pre-vitellogenic and vitellogenic oocyte size, as well
as a lower proportion of vitellogenic oocytes, in animals exposed to 5 mg/L of the
commercial formulation, indicating a delay in ovarian maturation. A decrease in
glycogen and protein levels in muscle was also observed, likely due to a compensatory effect of the stress induced by the exposure to the herbicide. Surprisingly, these
results were not observed in females exposed to the experimental AT formulation.
This differential toxicity between both formulations was likely associated with the
presence of excipients in the commercial AT formulation. Taking together, our
results could help to establish a baseline for predicting the effects produced by
exposure to the Gesaprim 90 WDG® formulation, therefore being useful to revise the
recommended guidelines for commercial AT formulations.

4556

Developing a Comparative Understanding of the Aquatic
Toxicology of (±) Anatoxin-a and (+) Anatoxin-a in Two Common
Fish Models

L. M. Lovin1, L. Langan1, S. Kim1, R. Taylor1, K. Scarlett1, K. Chambliss1, S. Chatterjee2,
T. Scott1, and B. Brooks1. 1Baylor University, Waco, TX; and 2University of South Carolina,
Columbia, SC.
Harmful algal bloom toxins present risks to public health and the environment.
The cyanobacterial toxin, anatoxin-a, has been detected in the waters of over 30
countries and is a potent nervous system toxin. It is capable of inducing seizures
and muscle spasms which can be deadly, especially when affecting breathing. Also
called ‘very fast death factor,’ rats have died within minutes of being injected. The
responses shown in fish, however, are inconsistent and biochemical mechanisms
are not well understood, especially sublethally. Therefore, after performing
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probabilistic hazard assessments, we studied larval fathead minnow and zebrafish responses following exposure to (±) anatoxin-a at environmentally relevant,
analytically verified concentrations. We found duration and distance of fathead
minnows swimming at the highest speed (>20 mm/s) was significantly lowered
(ANOVA, α = 0.1) by (±) anatoxin-a in 0.1, 1, and 1.5 mg/L treatments, while the
opposite occurred with zebrafish, which showed increased distance, duration, and
changes in movement at the highest speed, though not significant. We examined
gene expression focusing on genes related to neurotoxicity, oxidative stress, and
DNA damage. While there was little change in zebrafish, fathead minnows showed
upregulation in many neurotoxicity related genes, though only elavl3 was significant
(ANOVA, α = 0.05) as well as downregulation of gst and cyp3a126. This suggests
fathead minnows may be more sensitive to this toxin based on these endpoints.
These studies have been repeated with (+) anatoxin-a, previously reported as the
only enantiomer produced by cyanobacteria. We observed differential sensitivities among endpoints and between organisms with high mortality in fathead
minnows >0.5 mg/L (+) anatoxin-a and a largely refractory response in zebrafish.
Comparative understanding of cyanotoxins is necessary to support robust assessments and management of algal blooms and to anticipate related health concerns.

4557

Bioaccumulation and Depuration of Zinc in the Tissues of
Heterobranchus longifilis Exposed to Zinc Oxide Nanoparticles

S. I. Abdulkareem. University of Ilorin, Ilorin, Nigeria.
Among the factors that cause great decline in fish population are the emergent
nano-particles like zinc oxide nano-particles (ZnO-NPs) which are used in the
production of most commercial and medicinal goods as a result of their unique
physico chemical properties such as photostability and rigidity, but indiscriminate discharge of their waste materials into the aquatic environment may cause
degradation of the natural spawning ground for fish species in water bodies.
This may greatly affect fish production thereby reducing fish species diversity.
Bioaccumulation of zinc in tissues of Juveniles Heterobranchus longifilis was
investigated after exposure to sub-lethal concentrations of ZnO-NPs for 60 d
and depurated for 30 d. At the end of each experiment, fish were sacrificed and
analyzed for bioaccumulation. The increasing order of concentration of zinc was
as bone< muscle < blood < skin < kidney < liver < GIT < gills having 0.068mg/g to
0.263 mg/g from muscle to gills which was above the permissible limits (0.050
mg/g) in fish tissues, except in the bone with 0.054 mg/g, which was still within the
acceptable limits. Gills accumulated the highest (0.263 mg/g) content of zinc and
bone has the lowest (0.054 mg/g). After the depuration period, the content of zinc
in the tissues decreased in all the tissues but, still remained above the maximum
permissible limits in gills, GIT, kidney, liver and skin (0.175 mg/g, 0.162 mg/g, 0.066
mg/g, 0.071 mg/g and 0.073 mg/g respectively). However, the bone, blood and
muscle were able to depurate the zinc content to values (0.031 mg/g, 0.034 mg/g,
and 0.044 mg/g respectively) below the acceptable limits of Zn in fish tissues. The
results indicated that ZnO-NPs is toxic to H. longifilis, but the fish were capable
recovering naturally from the adverse condition, however, the ability to recover is
time dependent.

4558

First Data on Metals in Skin Biopsies of Whales from Atacama
Coast (Northern Chile): A Metal Contamination Hot Spot

E. Martínez-López1,2, and A. M. García-Cegarra3,4. 1Universidad de Murcia, Murcia, Spain;
2Biomedical Research Institute of Murcia, Murcia, Spain; 3Universidad de Antofagasta,
Antofagasta, Chile; and 4Centro de Investigación de Fauna Marina y Avistamiento de
Cetáceos, Mejillones, Chile. Sponsor: Y. Rodriguez Carrasco
Mejillones Bay, located in Atacama Desert coast, has an environmental pollution
known worldwide due to the intense mining activity in the area, which sustains
the country’s economy. Thus there is an increase the susceptibility of marine
species such as cetaceans to be affected by heavy metals. These pollutants can
produce endocrine cycle disruption, failure of the reproductive process, immune
system suppression and metabolic disorders that could generate cancer and
genetic defects. We assess for the first time the presence of non-essential metals
and semimetals (THg, Cd, Pb, As, TCr*) and essentials (Cu, Zn, Se) in fin whales
(Balaenoptera physalus, n=22) and humpback whale (Megaptera novaeangliae, n=4)
inhabit the marine ecosystem of Mejillones Bay. We collected skin biopsies from
adults free ranging in the austral summer of 2020 and 2021. The detection rate
was 100% for As, Cr and Se; >80% for Hg, Zn and Cu and >60% for Pb and Cd. The
highest levels were found in essential metals Zn (x̄=11.58µg/g, nd-23.20µg/g) and
Se (x̄=3.92µg/g, 0.92-7.74µg/g) following by Cr (x̄= 3.32µg/g, 0.64-10.15 µg/g). Only
differences between two species were found in As, higher in the fin whale (0.24 vs
0.063 µg/g.). In general, our data are similar to, or slightly below (for some metals),
to those found in others areas with significant anthropogenic pressure, except in
the As where the levels in fin whales from Northern Chile are higher. The comparison with other areas of the southern hemisphere show higher levels in our whales
for most of the metals analysed. Although it is difficult to interpret the risk these
metal levels pose to the health of whales, some of our results have been found to
be responsible for toxic effects at different levels, so we cannot underestimate the
concentrations found and we should continue evaluating metal loads in whales
from this area to better understand and predict how metals will affect health for

whales inhabiting in these hotspot area. *It was not technically possible to identify
which valence of Cr the animal was originally exposed and therefore differentiate
essential and non-essential Cr.

4559

Trace Elements and Clinical Health Parameters in Grey Seal
Pups (Halichoerus grypus grypus) from Latvia

E. Martínez-López1,2, A. Di Marzio1,3, S. Salcedo1, L. Puchades1, A. Díaz1, I. Galindez1,
and S. E. Gallego R1,4. 1Universidad de Murcia, Murcia, Spain; 2Biomedical Research
Institute of Murcia, Murcia, Spain; 3Riga National Zoo, Riga, Latvia; and 4Universidad de
Antioquia, Medellin, Colombia. Sponsor: Y. Rodriguez Carrasco
Baltic Sea has low water exchange, especially in semi-enclosed areas such as
the Gulf of Riga (Latvia). Anthropogenic activity in the Riga urban area and the
discharge into the sea of important rivers that cross the agricultural areas creates
accumulation of pollutants (e.g. metals), endangering ecosystems and the species
that inhabit them. The grey seal (Halichoerus grypus grypus) is one of the four
marine mammals of the Baltic Sea. The population, almost extinct in the recent
past, is increasing although presenting low reproductive and nutritional levels.
We analyzed, for the first time, the concentration of Hg, As, Pb, Cr and Se (due to
its importance in the Hg detoxification process) in blood and tissues (hair, liver,
muscle, brain and bone) of 28 grey seal pups stranded on the shores of the Gulf
of Riga during the breeding season in 2019 and 2020. Besides, we assessed the
influence of metal pollution on the health status of the seals using hematology
and serum biochemistry profiles. The distribution pattern and the concentrations
of metals detected, were similar to those detected by other authors in pinnipeds
of the northern hemisphere. Hair was the sample with highest levels for all metals;
Hg the metal with the significantly higher concentrations (Hg 4.78±5.30 µg/g ww;
As 1.55 ± 1.75 µg/g ww; Cr 1.17 ± 1.35 µg/g ww; Pb. 0.66 ± 0.95 µg/g ww). The
Hg:Se molar ratio was <1 in brain and blood and =1 in muscle, indicating that Se
was sufficient to counteract Hg toxicity. The Hg:Se molar ratio was >1 in hair and
bone. Results of our blood analysis (hematology and biochemistry) are consistent with results reported in the literature for stranded grey seal pups. The significant correlations observed between Hg-LDH, Se-ASAT, Se:Hg-ASAT, Se-WBC and
banded Se-Neutrophils were weak; they could be related to the protective effect of
Se against Hg toxicity. Further investigations on this aspect are needed. Our data
are below the hepatotoxicity and neurotoxicity thresholds cited in the literature for
other species of marine life, although we cannot rule out effects at other levels due
to interspecific differences and the age-ranges evaluated.

4560

Monitoring and Assessment of Population, Reproductive, and
Health Effects in Colonial Waterbirds Breeding at Contaminated
Great Lakes Sites in Michigan

K. Grasman1, A. Triemstra1, S. Oosterhouse1, L. Williams2, M. Annis2, and C. Eakin2.
1Calvin University, Grand Rapids, MI; and 2US Fish and Wildlife Service, East Lansing, MI.
Ongoing immunological, reproductive, and population effects consistent with
exposure to polychlorinated biphenyls (PCBs), dibenzo-p-dioxins, and dibenzofurans (PCDD/Fs) were found in fish-eating birds in the Saginaw River and Bay and
River Raisin Areas of Concern (AOCs) and Grand Traverse Bay during 2010-2019.
Reference sites were in the lower St. Marys River (herring gulls and Caspian
terns), eastern Lake Superior (terns), and eastern Lake Huron (black-crowned
night herons). Relative risk ratios for embryonic nonviability (from both infertility
and mortality) in gull embryos were 2-3 fold higher than the reference site in both
AOCs and Grand Traverse Bay. Deformities associated with PCBs and PCDD/Fs
were observed in embryos and chicks only at contaminated sites. Productivity of
4 week old tern chicks in Saginaw Bay was 35% lower than at reference sites. In
the River Raisin AOC, productivity of 4 week gull chicks was poor in 7 of 10 years.
Numbers of breeding herring gulls decreased significantly in the River Raisin AOC,
and breeding Caspian terns, a state-threatened species, declined in the Saginaw
River and Bay AOC. The mean phytohemagglutinin skin response (T cell-mediated
immunity) was suppressed 50-56% in gull chicks in both AOCs and Grand Traverse
Bay, and 49% in terns and 39% in herons in Saginaw Bay. Antibody responses in gull
chicks in the River Raisin AOC and Grand Traverse Bay were 1.6-2 fold lower than
reference. Time trend analyses showed no significant improvements in reproductive and immune endpoints in either AOC or Grand Traverse Bay over the study
period. Embryonic death increased with time in gull eggs in lower Saginaw Bay, and
antibody responses decreased in terns in outer Saginaw Bay.
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Associations between Organic Contaminants and Thiamine
in the Blood of Pre-fledging Great Lakes Double-Crested
Cormorants

A. Triemstra1, K. Grasman1, S. Oosterhouse1, M. Annis2, C. Eakin2, D. Tillitt3, and J.
Ludwig4. 1Calvin University, Grand Rapids, MI; 2US Fish and Wildlife Service, East Lansing,
MI; 3US Geological Survey, Columbia, MO; and 4Consulting Ecotoxicologist, Duart,
ON, Canada.
Thiamine (vitamin B1) plays essential roles in energy metabolism, growth, development, immunity, and antioxidant defenses. Vitamin tissue concentrations can be
influenced by tissue type, diet, age, health status, metabolism, and contaminants.
Thiamine deficiency has been identified in Great Lakes salmonids and fish-eating
birds in other areas. This study’s objectives were to determine whether whole blood
concentrations of thiamine, thiamine diphosphate (TDP), thiamine monophosphate
(TMP), and these vitamers’ sum (sum T) differed in pre-fledgling double-crested
cormorants (Phalacrocorax auritus) at or near Great Lakes Areas of Concern (AOCs)
compared to less contaminated sites and whether thiamine concentrations were
associated with organic contaminants. Blood samples were collected from 361
cormorant chicks in 2016 and 2017 from 19 colonies across all five Great Lakes.
At colonies in or near AOCs, thiamine (49-70%), TDP (24-36%), TMP (42-53%), and
sum T (39-58%) were lower compared to less contaminated sites outside of AOCs
or in recovered AOCs (t-test P values<0.0001 except P<0.0011 for TDP in 2016).
Contaminant concentrations in plasma pooled by site ranged from 4.0-91.9 ng/g for
sum PCBs, 0.18-4.6 pg/g for PCB TEQs (2016 only), 1.6-11.9 ng/g for DDE, 0-2970
ng/g for sum PBDEs, and 0.12-4.5 ng/g for PAHs. Plasma DDE had strong negative
associations with all thiamine variables in both years (Jonckheere trend tests P
values<0.01 except P<.032 for thiamine in 2017). Sum PCBs (both years) and PCB
TEQs (2016) had strong negative associations with thiamine, TMP, and sum T (P
values<0.001). TDP had negative associations with PCBs in 2017 (P<0.004). PAHs
had strong negative associations with thiamine in both years (P values<0.0001)
and with TDP, TMP, and sum T in 2017 (P values<0.002). PBDEs had significant
negative associations with all thiamine variables in 2016 (P values<0.039). Strength
of associations between multiple contaminant and thiamine variables and consistency upon replication (spatially and temporally) indicate organic contaminants
play a role in influencing thiamine concentrations in young cormorants. No ecological or dietary factors were apparent as strong explanations for the differences in
vitamin concentrations among colonies.

4562

Associations between Organic Contaminants and Vitamins
A and E in the Plasma of Great Lakes Pre-fledgling DoubleCrested Cormorants

S. Oosterhouse1, K. Grasman1, A. Triemstra1, M. Annis2, C. Eakin2, D. Tillitt3, and J.
Ludwig4. 1Calvin University, Grand Rapids, MI; 2US Fish and Wildlife Service, East Lansing,
MI; 3US Geological Survey, Columbia, MO; and 4Consulting Ecotoxicologist, Duart,
ON, Canada.
Vitamin A plays essential roles in vision, immunity, and development. Vitamin E is
an antioxidant and supports immune function. Concentrations of vitamins in tissues
are influenced by diet, tissue type, age, cellular/physiological metabolism, health
status, and contaminants. Dioxin-like contaminants such as planar PCBs have
been associated with reduced vitamin A in wild and experimental animals, such
as Great Lakes waterbirds. Vitamin E interacts with contaminants like PAHs and
dioxins that induce oxidative stress. The objectives of this study were to determine
whether plasma concentrations of vitamins A and E differed in pre-fledgling doublecrested cormorants (Phalacrocorax auritus) at or near highly contaminated Great
Lakes Areas of Concern (AOCs) compared to less contaminated sites and whether
vitamin concentrations were associated with organic contaminants. Across the
Great Lakes, blood samples were collected from 355 chicks at 16 colonies in
2016 and 15 colonies in 2017. When colonies in or near AOCs were combined,
plasma vitamin A was 38-42% lower and vitamin E 45-49% lower compared to sites
outside of or in recovering AOCs (t-test P values<0.0001 both years). Contaminant
concentrations in plasma pooled by site ranged from 4.0-91.9 ng/g for sum PCBs,
0.18-4.6 pg/g for planar PCB TEQs (2016), 1.6-11.9 ng/g for DDE, 0-2970 ng/g for
sum PBDEs, and 0.12-4.5 ng/g for PAHs. Vitamin A had moderate negative association with planar PCB TEQs (P<0.013) and no association with other contaminants.
Vitamin E showed strong negative associations with PCBs in both years, planar
PCB TEQs and PAHs in 2016 (P values<0.0001); moderate negative associations
with PAHs (2017, P<0.029) and DDE (both years, P values<0.039); and no associations with sum PBDEs. Causation criteria, including replication (multiple years and
sites), biological coherence (known mechanism for vitamin A, previous studies for
vitamin E), and strength of association (extremely low p values, magnitude of dose
response), suggested contaminants can alter vitamin homeostasis. Vitamin A was
associated with planar PCBs and vitamin E was associated with PCBs, PAHs, and
to a lesser extent DDE in young cormorants at and near highly contaminated AOCs
in the Great Lakes.

4563

Determining the Phytotoxicity of Perfluoroalkyl Acids to Joshua
Tree Species

M. Gonzalez, G. Soberanes Rodriguez, and T. Cahill. Arizona State University,
Glendale, AZ.
Short-chain perfluoroalkyl acids (PFAA) are products of hydrofluorocarbons that are
used extensively in human activity. These persistent compounds are ionized under
environmental conditions causing them to be highly water-soluble and non-volatile. These characteristics may facilitate uptake and retention in the xeric plant
species, Yucca brevifolia (Joshua tree). The potential for bioaccumulation of PFAAs
in Joshua trees increases the risk for phytotoxicity. By determining the effects
of short-chain PFAAs in Joshua trees over a period of time, an understanding of
phytotoxicity can be established. The bioaccumulation and toxicity of nonafluoropentanoic (PFPeA) and trifluoroacetic (TFA) acids was evaluated by constructing
a dose-response relationship for Joshua tree seedlings. It was hypothesized that
short-chain PFAAs would accumulate in plant tissues and result in lethality. The
study determined the lethal dose (LD50) of TFA and PFPeA to Joshua tree seedlings
over time. After five months of exposure, the LD50 for TFA and PFPeA were 106.3
and 94.11 mg of chemical/kg of soil, respectively.

4564

Phytotoxic Effect of the Antiparasitic Ivermectin on Phaseolus
vulgaris, a Warning of the Impact of the Use of Reused Drugs
against SARS-CoV-2 in the Environment

S. I. Lorduy1, C. A. Castellon2, and L. P. Tejeda-Benitez2. 1University of Florida,
Gainesville, FL; and 2Universidad de Cartagena, Cartagena, Colombia.
Repurposed drugs have been tested against the SARS-CoV-2. Ivermectin is
a macro-cyclic lactone, used as an antiparasitic agent against gastrointestinal roundworms, lungworms, mites and lice and as an antiparasitic in pets and
livestock. This drug has been tried in several studies to combat the SARS-CoV-2,
increasing its use without a prescription and bringing on its release into the environment, however its effect on agricultural products is unknown. In this work, the
phytotoxic effect of ivermectin was evaluated in Phaseolus vulgaris, an herbaceous
plant used as food in Latin America, due to its high protein content. The experiment
was set up using soil contaminated with ivermectin in concentrations between
0.1 and 0.5 μg/kg. Phaseolus vulgaris seedlings were sown and observed for 6
days. The results showed that ivermectin caused chlorosis and necrosis in leaves,
decreased plant growth and decreased number of leaves compared to the negative
control. The effect on all observed parameters was concentration dependent.
It is important to conduct more studies on the impact of drugs used to combat
SARS-CoV-2 in agricultural products, mainly those that are used for food.

4565

Effects on Germination and Growth of Lactuca sativa Seeds
Exposed to Bezafibrate, Hydrochlorothiazide, Losartan, and
Ranitidine

R. Perez-Balan1, C. Agraz-Hernández1, E. Gutiérrez Alcántara1, B. Ake-Canche1,
D. Tirado-Torres2, B. Saravia-Alcocer1, P. Maldonado-Rivas1, and C. Chan-Keb1.
1Universidad Autónoma de Campeche, Campeche, Mexico; and 2Universidad de
Guanajuato, Guanajuato, Mexico. Sponsor: A. DeVizcaya
Pharmaceutical industry has provided an extraordinary variety of drugs that have
improved human health; however, inadequate final disposal of drugs has caused
their dispersion in the environment. The aim for this study is to evaluate toxicity
indicator in seed germination and root elongation in lettuce seeds exposed to four
pharmaceuticals such as bezafibrate, hydrochlorothiazide, losartan, and ranitidine.
For acute toxicity determination, 5 treatments to exposure per drug were performed
(in triplicate) at concentrations of 0.01, 0.1, 1, 10 and 1000 mg/L that were obtained
from successive dilutions. Mineral water was used as a negative exposure control
for seed growth., for a total of 80 experimental units. For each unit, 25 seeds of
Lactuca sativa (Vita - Los Molinos) were placed in a 90 mm in diameter polyethylene containers (Petri dish), with filter paper (Whatman® No. 3) in the bottom as
support, afterward, 10 mL of each one different exposure concentrations were
applied. All units were kept in controlled ambient temperature of 24°C ± 1 for 120
hours (5 days) in accordance with EPA provisions for phytotoxicity testing. At the
end of exposure period, the number of germinated seeds was counted, and length
of root and hypocotyls were measured. As response variables, mean and standard
deviation of length of radicle and hypocotyl were determined in the negative control
and the different treatments (exposure concentrations). The four pharmaceuticals
used in this bioassay caused inhibitory effects on Lactuca sativa seed germination,
root growth and hypocotyl elongation the greatest inhibition effect was presented
from 10 to 1000 mg/L, likewise significant differences and interaction (p≤0.05) were
observed between the exposure concentrations and each drugs. Ranitidine showed
the greatest phytotoxic effect in inhibiting germination and root growth of Lactuca
sativa. These results indicate that further studies of toxicity are necessary because
this type of pharmaceuticals concentrations could are rising in the environment.
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Toxicity of Copper Nanoparticle against a Representative
Agricultural Crop: Tomato

4568

Improving the Efficiency of Literature Identification for the
ECOTOXicology Knowledge Base Using Deep Learning

S. Shikha1, T. Ameh1, C. Collom1, E. Braswell2, and C. Sayes1. 1Baylor University, Waco,
TX; and 2US Department of Agriculture, Edinburg, TX.

B. Howard1, C. Norman1, A. Tandon1, R. Shah1, J. Olker2, and D. Hoff2. 1Sciome LLC,
Research Triangle Park, NC; and 2US EPA, Duluth, MN.

Development of cities and towns around the world include now, more than ever,
the very close proximity of plants/crops grown, and animals raised for food in and
around cities near residential areas. Production, delivery, processing, and marketing of products is part of urban agriculture and has become an integral part of
economic, social, and ecological systems. Chemicals, pesticides, and metalloids
from anthropogenic sources have been used in agriculture for centuries to increase
productivity, protection of crop losses, vector-borne disease control, and fortification. Now, with micronutrient applications, such as the use of copper nanoparticles in agricultural settings near human habitats, there is an increased need to
detect, identify, and measure the impact of pesticides and metalloids in all four
environmental compartments, i.e., air, water, soil, and biota. Although copper is an
essential element, due to the immense use in its nanoparticulate form, environmental health concerns about copper nanoparticle impacts on crops and eventually to
human health due to its consumption are warranted. Terrestrial plant species may
be contaminated with copper nanoparticles via roots. In this study, foliar exposure,
and soil enrichment of copper nanoparticles to Solanum Lycopersicum (tomato)
were evaluated. The effects of the copper exposure were evaluated based on root
length, shoot length, fresh weight and dry biomass, chlorophyll and carotenoid
content, and fruit production. The effects of copper translocation and accumulation in plant parts were evaluated via inductively coupled plasma-mass spectrometry and transmission electron microscopy. Copper nanoparticle transfer rates
were estimated from the total copper concentrations measured within leaves and
roots. Most copper accumulation was found in leaves as compared to roots. Some
accumulation was also found in fruit. These results will help to understand the fate
and physiological effects of copper nanoparticles in fruit-bearing crops.

The ECOTOXicology Knowledgebase (ECOTOX) is a comprehensive, publicly
available resource providing single chemical environmental toxicity data on aquatic
life, terrestrial plants and wildlife. The database is updated quarterly, and to identify
relevant references and extract pertinent data, the ECOTOX data curation pipeline
employs a methodical process similar to initial stages of systematic review. This
labor-intensive workflow requires curators to regularly evaluate tens of thousands
of candidate references, the majority of which are then rejected as not relevant.
After the careful review of hundreds of thousands of articles, the ECOTOX database
currently (as of November 2021) contains data for 12,386 chemicals and 13,621
species extracted from 52,551 references. The availability of this extensive dataset
of historical screening decisions provided us with the opportunity to develop
state-of-the-art neural network classifiers to partially automate title and abstract
screening and to categorize (e.g. human health, fate, chemical methods) rejected
references. We used this data to develop two deep learning models which were
then integrated into a modified version of the SWIFT-Active Screener software, a
collaborative web-based reference screening platform. The first model is a neural
language-model classifier that predicts the relevance of candidate references.
When used to augment the standard SWIFT-Active Screener document prioritization model, this method provides a mean improvement of 6.5% Work Saved
over random Sampling (WSS) compared to the standard approach. The second
model uses a separate deep learning network to conduct multi-class classification
of excluded documents to predict the reason for exclusion. This model achieves
F-scores in the 65-75% range for the most frequent classes and has been integrated
into Active Screener to provide intelligent “default choices” for capturing exclusion
reason. Using extensive simulations, we demonstrate that this modified version
of Active Screener results in more than a 50% reduction, on average, in time spent
screening ECOTOX references, with larger savings for the datasets having the most
articles. Models have now been integrated into the literature curation pipeline at
EPA and our focus is now to further refining them according to ongoing feedback
obtained during the screening of new datasets.

4567

Predicting Freshwater Ecotoxicological Concentrations for
Chemicals in Household Products Using Linear Regression and
Random Forest

M. Suppiger1, P. Fantke2, B. Zhao1, J. Colacino1, L. Huang1, and O. Jolliet1.
1University of Michigan, Ann Arbor, MI; and 2Danmarks Tekniske Universitet, Kongens
Lyngby, Denmark.
Empirical ecotoxicological data is limited for many chemicals and species. Thus,
predictive models can be utilized to estimate toxic concentrations when experimental data is lacking. Linear regression and random forest models were developed
to predict chronic freshwater hazardous concentrations (HC20) of the specieslevel chronic NOAEL for chemicals in the US EPA Chemical and Product Database
(CPDAT). When acute HC50 data was available, chronic HC20 were predicted
using simple linear regression (N=4,887; R2=0.89). The univariate linear model
performed similarly to a random forest model with the same input (R2=0.88). To
generate HC20 predictions for chemicals lacking acute HC50 values, chemical
toxicity parameters from the OPERA and TEST models were entered into a random
forest model. All 29 toxicity and chemical property inputs were ranked by variable
importance (increase in mean squared error) and added to the model sequentially,
until model performance was optimized. Only six inputs generated from the TEST
consensus QSAR prediction method and four OPERA chemical properties were
needed to maximize test R2. Specifically, oral rat toxicity (LD50) predictions, 96-hour
fish toxicity (EC50) predictions, 48-hour Daphnia toxicity (LD50) predictions, algae
ecotoxicity predictions (IC50), bioconcentration (both TEST and OPERA predictions), water solubility (from TEST only), mass, and density were used in the random
forest model (N=1,828; R2=0.59). This random forest model significantly outperformed a multi-linear regression with the same inputs (R2=0.394). Finally, when
TEST model predictions were missing for a chemical, chemical properties from
only the OPERA model were entered in a separate random forest model (N=4,251;
R2=0.373). Only nine out of the twelve OPERA chemical properties were needed to
achieve maximum model performance (water solubility, bioconcentration, octanolair partition coefficient, boiling point, Henry’s law coefficient, octanol-water partition
coefficient, vapor pressure, fish biotransformation half-life, and biodegradation).
Once the models were built and trained, HC20 values were predicted for 700,000
chemicals, with the highest performing model being used in priority per chemical.
HC20 predictions can be combined with chemical fate, transport, and exposure
data to quantify freshwater ecosystem impacts. Quantifying ecotoxicological
damages is a necessary step towards successful ecosystem conservation efforts
and thus, the applicability of predictive modeling should continue to be a focus of
ecotoxicological research.

4569

AOP Development: Aromatase Inhibition and Androgen Receptor
Agonism Lead to Male Biased Sex Ratio via Impacts on Gonad
Differentiation

K. J. Santana Rodriguez, D. L. Villeneuve, G. T. Ankley, and D. H. Miller. US EPA,
Duluth, MN.
In teleost fish, the balance between steroidal estrogens and androgens is essential
during sexual differentiation and this balance is in turn dependent on the availability and activity of steroid synthesizing enzymes such as aromatase, the enzyme
responsible for the conversion of androgens to estrogens. Given the important role
that steroid hormone signaling plays in sexual differentiation, it is not surprising that
exposure to some types of endocrine active substances during critical periods of
development can result in skewed phenotypic sex ratios. The present study utilized
the adverse outcome pathway (AOP) framework to organize available evidence
linking aromatase inhibition and androgen receptor agonism to male-biased sex
ratios in fish. A literature search was conducted using ‘aromatase inhibition’, ‘male
biased sex ratios’ and ‘androgen sex reversal’ in combination with ‘fish’ as the
main keywords. Publications describing exposures or experimental treatments of
teleost fish during the critical period of sexual differentiation and including both
gonadal histology and an indicator of final population sex ratio were included as
relevant. Additionally, a novel mathematical model linking male biased sex ratio to
projected alterations in population trajectories was developed. Collectively, there
was moderate to high scientific support for the causal linkages between aromatase
inhibition or androgen receptor agonism and male biased sex ratios in fish. These
two AOPs, focused on impacts during the period of sexual differentiation (i.e.,
early life stages), complement a broader network of AOPs documenting potential
hazards that endocrine active chemicals pose to fish, thereby further supporting
predictive approaches to hazard and risk assessment. The contents of this abstract
neither constitute, nor necessarily reflect, official US EPA policy.

4570

Proteomics Reveal That Lactate Dehydrogenase Has Prognostic
Value in Acetaminophen-Induced Acute Liver Failure Patients

J. H. Vazquez1, S. Kennon-McGill1, S. D. Byrum1, S. G. Mackintosh1, D. K. Williams1, W.
M. Lee2, J. A. Dranoff1, and M. R. McGill1. 1University of Arkansas for Medical Sciences,
Little Rock, AR; and 2University of Texas Southwestern Medical Center, Dallas, TX.
Acute liver failure (ALF) is a rare yet serious condition with a high rate of mortality (~30%). Unfortunately, there are currently no biomarkers that have sufficient
prognostic value to determine if a patient is unlikely to survive without a liver
transplant. We obtained early and later serum samples (study days 1s and 3,
respectively) from patients with Acetaminophen (APAP)-induced ALF in the Acute
Liver Failure Study Group biorepository, divided into transplant-free survivor (n=28)
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and non-survivor (n=30) groups, and from volunteer controls. We then selected
samples (n=10/group) from patients for whom ALT was lower on day 1 than day
3, indicating an early timepoint in injury, and ran untargeted proteomics on their
day 1 samples. We could quantify 1,682 proteins across all 30 samples, with 79 of
those proteins elevated ≥4-fold in ALF patients vs. control and 23 further elevated
≥4-fold in non-survivors vs. survivors. Among the latter 23, lactate dehydrogenase
(LDH) appeared to have the highest prognostic value. We then tested LDH in all day
1, day 3, and control samples from our subjects. LDH was significantly elevated in
non-survivors compared to survivors on both day 1 and day 3, and receiver operator
characteristic (ROC) curve analysis showed that LDH performs similar to the
model for end-stage liver disease (MELD) score, while a combination of LDH and
MELD derived from multiple logistic regression outperforms either one alone. An
upstream analysis of our proteomics data also revealed that LKB1-AMPK signaling
is important in liver regeneration, which we confirmed using a mouse model of
APAP overdose. We conclude that LDH can predict death in APAP-induced ALF,
and that LKB1-AMPK signaling may be a valuable target for therapy in ALF patients.

4571

Airway Extracellular Vesicles: Biomarkers of Exposure to ENDS
Aerosols

T. Corsello, S. Widen, Y. Qu, K. Thomason, A. Casola, and R. P. Garofalo. University of
Texas Medical Branch at Galveston, Galveston, TX. Sponsor: R. P.Garofalo, Society for
Pediatric Research
The use of electronic nicotine delivery systems (ENDS) has gained popularity
among adults and teenagers, because ENDS are perceived as a safe alternative to
traditional combustible tobacco cigarettes. Bystanders can be exposed to ENDS
chemicals through inhalation. Due to the recent emergence of ENDS product
usage, there is a lack of accurate biomarkers for differentiating the exposure
to ENDS aerosols from tobacco smoke (TS), especially in bystanders such as
children. Biomarkers of ENDS exposure are necessary for the identification and
assessment of ENDS use close to bystanders, both for clinical and regulatory
reasons. Extracellular vesicles (EVs), a type of secretory vehicle have emerged
as valuable biomarkers in healthy and disease conditions due to their structural
stability and stimulus-inducible changes of their molecular cargo. Small noncoding RNAs (sncRNAs) are an important class of RNA involved in the regulation of
gene expression, RNA processing, cell proliferation, and are enriched in EVs. We
investigated the cargo (sncRNAs) of EVs derived from airway epithelial cells (AECs)
and nasopharyngeal secretions (NPS) of children (< 2 years of age) exposed to
TS or ENDS aerosols as potential biomarkers of TS or ENDS aerosol exposure.
We purified and characterized EVs by particle sizing (size and concentration)
and Western blot for the EV markers. We extracted RNA from control- or TS- or
ENDS- EVs by the phenol/chloroform method. Using Next Generation Sequencing
(NGS) analysis, we identified significant differences in sncRNA levels, including
microRNA (miRNA), piwi-interacting RNA (piRNA) and transfer RNA (tRNA) between
NPS-derived EVs from children exposed or not to TS. Among piRNAs, we found that
piR-36511, piR-40926, piR-49645, piR-32679 and piR- 53263 were all significantly
enriched in EVs derived from NPS of children exposed to TS compared to those
not exposed. We selected the most abundant up/downregulated miRNA and piRNA
related to TS or ENDS exposure and lung diseases and validate their expression by
RT-PCR. Future studies will focus on confirming targets of the identified sncRNAs in
TS- or ENDS- EVs, to uncover novel roles of EVs in ENDS-associated lung diseases.
Therefore, ENDS-EVs could represent future accurate biomarkers for differentiating
the exposure to ENDS aerosols from TS, especially in bystanders such as children.
The proposed study will provide advanced biomarker assessment in bystanders
exposed to ENDS aerosols and tobacco-associated respiratory diseases in children.

4572

Omega Muricholic Acid: A Novel Ligand for Pregnane X
Receptor

M. Dutta1, S. Sathyanaryna1, H. Li2, H. Gu3, S. Mani2, and J. Y. Cui1. 1University of
Washington, Seattle, WA; 2Albert Einstein College of Medicine, Bronx, NY; and 3Florida
International University, Port St. Lucie, FL.
Pregnane X receptor (PXR), a major xenobiotic-sensing nuclear receptor that is
highly expressed in the liver and intestine. We have previously demonstrated a lower
expression of PXR-target gene cytochrome P450 (Cyp) 3a in an age-dependent
fashion in germ-free mice as compared with conventionally reared mice, implying
that microbes/microbial products are important for PXR target gene expression.
The microbially derived secondary bile acid (BA) lithocholic acid (LCA) has been
shown to activate PXR in mouse liver, however, the endogenous LCA levels are well
below the concentrations required to activate PXR. The goal of this study was to
explore the microbial metabolites that contribute to the constitutive PXR-signaling.
Three-week old wild-type C57BL/6 GF mice were orally gavaged either vehicle
(sterile PBS) or one of the 4 fecal microbiomes from healthy human donors of the
following 4 age groups: 1 week-6 months, 7-24 months, 3-5 years, and 5-12 years
of age (pooled from n= 8-12 per age group). Liver, serum, and intestinal content
were collected one-month post fecal microbiome transplant (FMT). The richness
of the gut microbiome of exGF mice was increased with the age of the human
donors (16S rDNA sequencing) associated with an upregulation of Cyp3a in liver
and intestine, and with the peak Cyp3a mRNA expression was observed in exGF

mice inoculated with feces from human donors aged 3-5 years. Interestingly, the
FMT-mediated restoration of Cyp3a was absent in PXR-null mice. Among various
aqueous metabolites quantified using LC-MS, omega muricholic acid (ωMCA) the most abundant rodent-specific secondary BA, displayed the highest positive
correlation (r > 0.90) in both liver and intestine. Luciferase assays showed that
ωMCA is a strong activator towards mouse PXR and a weaker activator towards
human PXR. In summary, we have identified that ωMCA from rodent bile is a novel
microbially derived PXR ligand that may be harnessed therapeutically for diseases
involving PXR modulations.

4573

Metabolomics Study of Mini Pig Growth and Aging Using
1H-NMR

H. Kim1, J. Lee1, H. Kim1, Y. Kim1, S. Kim2, and K. Kim1. 1Dankook University,
Chungcheongnam-do Cheonan, Korea, Republic of; and 2Pusan National University,
Pusan, Korea, Republic of.
Aging is the result of various factors such as environmental, genetic factors, and
lifestyle, and it is difficult to confirm the specific effect of each factor. Analysis
and understanding endogenous metabolites changes with aging can help early
diagnosis and treatment of age-related diseases. This study was aimed to suggest
metabolomics biomarkers for aging using mini pigs. Mini pigs are recognized to be
similar physiological and genetic characteristics to humans. From 1 to 10 years,
male and female MICROPIG serum samples were collected every year, and analyzed
to determine the change of endogenous metabolites using 1H-NMR. Global profiling
showed evident classification between age groups and trajectory plot also provided
age-dependent metabolites change. After target profiling, metabolites related to
age-related metabolic pathways were suggested as biomarkers: threonine, isoleucine, valine, leucine, alanine, citrate, 2-oxoglutarate, glutamate, glutamine, anserine,
histidine, histamine, formate, serine and, acetoacetate. It was confirmed that these
metabolites increased in the growth phase and decreased in the aging phase.

4574

Integrative Analysis of Hepatic microRNA Expression Profiles
for Anti-Depressant-Induced Liver Injury in Rats

D. Li, B. Knox, W. Tong, and B. Ning. US FDA/NCTR, Jefferson, AR.
Imipramine and clomipramine are two tricyclic antidepressants that share similar
chemical structure but vary in drug induced liver injury (DILI), a major consideration in drug development and post-market monitoring. Reliable biomarkers are
critical to predict the outcome of liver injury and distinguish similar drug candidates
for hepatotoxicity at early stages of drug discovery and development; however,
current standard biomarkers for DILI are limited to meet such needs. Accumulating
evidence shows that microRNAs (miRNAs) display drug-specific responses and
play important roles in DILI by regulating drug metabolism and toxicity. However,
reliable miRNA biomarker candidates for DILI remain to be identified with underlying mechanisms further elucidated. To that end, we utilized a systematic approach
to analyze hepatic miRNA expression profiles in association with hepatotoxicity
induced by imipramine and clomipramine at multiple doses and time-points in rats.
Differentially expressed miRNAs (DEMs) in response to drug treatment were identified and compared regarding differences in liver injuries for the two compounds.
Our analyses of liver histology data revealed that hypertrophy and cytoplasmic
vacuolization, typical liver injury phenotypes, were observed in rats treated with
imipramine but not with clomipramine. Moreover, we found that rno-miR-183-5p
was significantly upregulated by imipramine and that this upregulation was associated with imipramine-induced hypertrophy; however, this toxicity-associated
miRNA response was absent in rats treated with clomipramine. In addition, toxicological function and pathway enrichment by DEMs indicated compound-specific
functions and pathways involved in the mechanisms of hepatotoxicity. Our findings
suggested that imipramine and clomipramine not only show different pathological manifestations but also engage in diverse toxicological functions by altering
miRNA expression. We conclude that miRNA expression responses may help differentiate structurally similar drugs for their risks of causing DILI.

4575

Profiling Secreted miRNA Biomarkers of Chemical-Induced
Neurodegeneration in Human iPSC-Derived Neurons

D. You1, O. Pustovalova2, L. Lewis3, L. Shen3, and J. D. Cohen1. 1Takeda Development
Center Americas Inc., San Diego, CA; 2Clarivate, Philadelphia, PA; and 3Takeda
Development Center Americas Inc., Cambridge, MA.
Elucidation of predictive fluidic biochemical markers to detect and monitor
chemical-induced neurodegeneration has been a major challenge due to a lack of
understanding of molecular mechanisms driving altered neuronal morphology and
function, as well as poor sensitivity in methods to quantify low-level biomarkers
in bodily fluids. Here, we evaluated five neurotoxicants (acetaminophen [negative
control], bisindolylmaleimide-1, colchicine, doxorubicin, paclitaxel, and rotenone)
in human iPSC-derived neurons to profile secreted miRNAs at early and late stages
of chemical-induced neurodegeneration. Dose-dependent decreases in cell viabil-
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ity (ATP) and morphology (neurite outgrowth parameters) of human iPSC-derived
neurons followed neurotoxicant exposure, and there was a strong correlation
across these apical endpoints. Based on evaluation of these morphological and
viability changes, two concentrations of each chemical were selected for analysis
in a human 754 miRNA panel: a low concentration with no/minimal effect on cell
viability but a significant decrease in neurite outgrowth, and a high concentration
with a significant decrease in both endpoints. A total of 39 miRNAs demonstrated
significant changes (fold-change ≥1.5 or ≤0.67, p-value < 0.01) with at least one
exposure. Further analyses on targets modulated by these miRNAs revealed 38 key
mRNA targets with roles in neurological dysfunctions, and identified key pathways,
most notably TGF-β signaling, that were commonly enriched by these mRNA and
miRNAs. Five miRNAs, three down-regulated (miR-20a, miR-30b, and miR-30d)
and two up-regulated (miR-1243 and miR-1305), correlated well to morphological changes induced by multiple neurotoxicants and were notable based on their
relationship to various neurodegenerative conditions and/or key pathways, such
as TGF-β signaling. These data sets reveal miRNA candidates that warrant further
evaluation as potential safety biomarkers of chemical-induced neurodegeneration.

4576

Environmental Phenol and Paraben Chemicals Are
Environmental Risk Factors for Breast Cancer in the US Women
Population

D. Alwadi, A. Deoraj, Q. Felty, and D. Roy. Florida International University, Miami, FL.
Exposure to Environmental Phenols (EPs) and Paraben (PBs) through various
exposure routes is well documented. However, there is a lack of information on
the risk assessment of these environmental hazards on Breast Cancer (BC). We
aim to apply a risk assessment approach to investigate the association between
EPs and PBs exposure and 17-epidemiological covariates on BC in the US women
population. We used comprehensive NHANES (2005-2015) data to analyze EPs
and PBs levels in the urine samples of women ≥ 20 years of age (n=4472). We also
selected categorical confounders (age, BMI, income, race/ethnicity, education level,
alcohol use, smoking status, US birth, physical activity, eating frozen food, liver,
and kidney diseases) and numerical confounders (weight, LDL, HDL, total cholesterol, and Triglycerides). A statistical analysis (arithmetic means, One-way ANOVA,
R2, rs, and ORs: 95% CI) to estimate the associations between EPs, PBs levels in
the urine samples, confounders, and BC was applied. The study determined that
mean levels of EPs (except 4-Tert-Octyl Phenol) and PBs in the urine samples
were significantly higher in the women with self-reported BC (n=158). All numerical
confounders (except HDL) were also significantly higher in BC cases. The multiple
linear regression among numerical variables risk of having BC showed BPA (R2 of
0.95), Triclosan (R2 of 0.90), and Methylparaben (R2 of 0.89) better fit for the model.
Methylparaben (R2 of 0.7; rs of 0.86) and BPA (R2 of 0.7; rs of 0.8) showed the highest
positive correlation with weight, LDL, cholesterol, and Triglycerides. After adjusting
for numerical variables, BPA [OR of 1.7, 95% CI: 1.56-1.74] and Ethylparaben [OR of
1.4, 95% CI: 1.33-1.45] showed the highest association with self-reported BC. The
unadjusted model estimates that the relative risk (ORs) for BPA [OR of 1.9, 95% CI:
1.39-2.12] and Ethylparaben [OR of 1.4, 95% CI: 1.36-1.74] were highest than an
adjusted model [OR of 1.5, 95% CI: 1.29-1.70], [OR of 1.5, 95% CI: 1.23-1.90], respectively, in ≥ 70 years old women. The results suggest a significant association of
higher EPs and PBs levels in women’s urine samples and categorical and numerical
confounders with self-reported BC cases in the US women population during the
NHANES study period (2005-2015).

4577

Immunoaffinity LC-MS/MS Method Development for Detection
of Drug-Induced Pancreas Injury Biomarkers Trypsinogen
Activation Peptide, Carboxypeptidase A1 and A2

A. E. Steinhilber1, K. Vlasakova2, H. Haag1, Z. Erdos3, W. Cai4, B. L. Ackermann5,
W. Bailey2, R. Sutton4, W. E. Glaab2, and O. Poetz1. 1SIGNATOPE GmbH, Reutlingen,
Germany; 2Merck & Co. Inc., West Point, PA; 3Merck & Co., Inc., West Point, PA;
4University of Liverpool, Liverpool, United Kingdom; and 5Eli Lilly and Company,
Indianapolis, IN.
Drug-induced pancreatic injury (DIPI) is an issue in drug development identified
by measurement of elevations in blood amylase and/or lipase, both in nonclinical
and clinical contexts. Elevations of both enzymes lack sensitivity and specificity,
however, as there are other causes for such elevations and the extent of elevation
does not correlate with the severity of clinical injury. Although alternative protein
DIPI biomarkers are lacking, several enzymes and/or enzyme activation peptides
have been shown to have potential. Protein biomarker candidates currently under
investigation for DIPI are trypsinogen activation peptide (TAP, cleavage product
of trypsinogen), and carboxypeptidases A1 (CPA1) and A2 (CPA2), all proteases
contributing to food digestion. In collaboration with IMI TransBioLine Consortium
members, we developed an immunoaffinity-based liquid chromatography mass
spectrometric assay (IA-LC-MS/MS) to quantify TAP, CPA1, and CPA2 in rat plasma.
This method is based on the enzymatic fragmentation target proteins to generate
peptides, immunoprecipitation of the peptides with motif-specific antibodies,
and LC-MS/MS detection. This multiplex assay was fit-for-purpose validated and
showed sensitivity in the pg/mL range for TAP and lower ng/mL range for CPA1 and
CPA2. Reproducibility was within 100 +/- 20 % and parallelism was confirmed up to

8-fold dilution. Analytes showed stability up to 3 freeze/thaw cycles, 24 h at room
temperature, and 72 h in the autosampler. Performance of the multiplex assay was
evaluated in plasma samples from two in-vivo rat studies with histopathologically
confirmed pancreas injury: (1) MRK-X (internal development compound discontinued due to pancreatic acinar cell injury in rodents) and (2) dibutylin dichloride
(DBTC) known to induce pancreatic injury. In the MRK-1 study TAP, CPA1, CPA2
were increased early at 6 h post dose and TAP and CPA1 were still elevated at
study day 3, outperforming amylase and lipase. In the DBTC study TAP and CPA1
outperformed amylase. In conclusion, we have developed a novel multiplex quantitative assay for TAP, CPA1 and CPA2 in rat plasma and demonstrated utility in the
detection of DIPI, paving the way for translation to humans and potential use in
clinical trial settings to further ensure patient safety.

4578

Research of FSH as a Biomarker of Susceptibility for
Reproductive Damage Induced by Vinyl Chloride

B. Li, X. Chen, J. Xiao, Y. Zhang, J. Lv, H. Yang, and Y. Li. Chinese Center for Disease
Control and Prevention, Beijing, China.
To investigate the effect of vinyl chloride exposure on the damage of male
reproductive endocrine system, and the changes of various reproductive hormone
with the damages. Methods: (1) Experimental survey: male rats were randomly
divided into high-dose and low-dose treatment groups, and control group. 28 days
after exposure, serum and testis samples were collected for testing testosterone
(T), follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2) and
inhibin (InhB) levels. (2) Epidemiological studies: 22 TCE exposed workers and 22
non-exposed controlled subjects were enrolled in the study. The serum levels of
FSH, LH, E2, T and InhB were analyzed using enzyme-linked-immunosorbent-assay (ELISA). Results: (1) Experimental survey: Compared with the control group,
after 14-day exposure serum levels of T and inhibin B were decreased (P>0.05),
E2 and LH levels were increased (P>0.05), and testis level of T was decreased
(P>0.05); after 28-day exposure, serum levels of T and inhibit B were decreased
(P<0.05), FSH was increased (P<0.05), testis level of T and inhibit B were decreased
(P<0.05). It was found that Leydig cell and Sertoli cell were damaged according to
histopathological examinations. (2) Epidemiological studies: Adjusted by age, work
age, gender, smoke and drink adjusted, serum E2 levels were decreased (P<0.05)
in of VCM-exposed workers, whereas FSH and LH levels were increased (P<0.05)
compared with unexposed workers. In addition, E2 level in exposed workers
younger than 38 yr-old was lower than that of unexposed workers at the comparable age (P<0.05). FSH and LH levels of exposed workers older than 38 yr-old were
higher than those of unexposed workers older than 38 yr-old (P<0.05). Both results
of experimental studies and occupational epidemiology survey indicated that VCM
had reproductive and endocrine toxicity on male rats and male human subjects.
Although changes of serum effect indexes in the two stages were not uniformly the
same, FSH might be a sensitive and effective early warning indicator for reproductive function damage.

4579

Detection and Characterization of Naphthalene Adducts with
Human Serum Albumin in Naphthalene-Treated Serum AlbuminHumanized Mice

X. Wu1, W. Han1, L. Yin1, W. Yang1, Q. Zhang1, J. Sheng2, R. Turesky3, L. Van Winkle4, and
X. Ding1. 1University of Arizona, Tucson, AZ; 2American University of Health Sciences,
Signal Hill, CA; 3University of Minnesota, Minneapolis, MN; and 4University of California
Davis, Davis, CA.
Naphthalene (NA) is a ubiquitous environmental pollutant and a possible human
carcinogen that contributes to tumor formation in the respiratory tract of rodents.
The reactive metabolites of NA, including naphthalene-1,2-oxide (NAO) and
1,2-naphthoquinone (1,2-NQ), which are produced via cytochrome P450-mediated
bioactivation, can form adducts with cysteine thiols, leading to depletion of cellular
glutathione (GSH) and covalent modification of proteins. The aim of this study is to
identify the human serum albumin (SA) adducts formed in vivo following exposure
to NA in an albumin-humanized mouse model and assess their utility as protein
biomarkers of environmental exposure to NA. This model produces human SA, but
not mouse SA. Adducts of a human albumin-specific peptide (LQQCPF) with NAO
or 1,2-NQ were synthesized and used as standards for identification and quantification of adducted peptides in human SA isolated from the plasma of NA-treated
mice. Adult mice were exposed to NA by intraperitoneal injection at 200 mg/kg.
Plasma was obtained at various times after NA injection for adduct analysis using
liquid chromatograph-tandem mass spectrometry. Qualitatively, human SA adducts
with NAO, but not 1,2-NQ, were detected in the plasma samples from NA-exposed
mice, though both adducts were formed in vitro in incubations of human SA with
NA and mouse liver microsomes. Quantitatively, maximum plasma concentration
(Tmax) of NAO-SA adducts was observed at 8 h after NA dosing and the apparent
half-life (t1/2) of the adduct was ~19 h. Conversely, the Tmax and t1/2 for adducts
of NAO with GSH (NA-GSH) in the same sets of plasma samples were both ~2 h.
These novel findings suggest that NAO adduct formation with human SA may be a
relatively persistent biomarker of naphthalene exposure in humans. Supported in
part by NIH grant ES020867.
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Pharmacokinetics and Biomarker Identification of Dermal
Exposure to Permethrin Using Accelerator Mass Spectrometry
(AMS)

B. Buchholz1, K. Ahn2, H. Huang2, S. Gee2, B. Stewart1, T. Ognibene1, and B. Hammock2.
1Lawrence Livermore National Laboratory, Livermore, CA; and 2University of California
Davis, Davis, CA.
Impregnating military uniforms and outdoor clothing with the insecticide permethrin
is an approach to reduce exposure to insect borne diseases and to repel pests and
disease vectors such as mosquitos and sandflies, but the practice exposes wearers
to prolonged dermal exposure to the pesticide. Key metabolite(s) from a low dose
dermal exposure of permethrin were identified using accelerator mass spectrometry. Metabolite standards were synthesized and an HPLC elution protocol to
separate individual metabolites in urine was developed. Six human subjects were
exposed dermally on the forearm to 25 mg of permethrin containing 1.0 µCi of 14C
for 8h. Blood, saliva and urine samples were taken for 7d. All samples were analyzed
using accelerator mass spectrometry (AMS). Absorption/elimination rates and
metabolite concentrations varied by individual. Average absorption was 0.2% of the
dose. Serum concentrations rose until 12-24h post dermal application then rapidly
declined reaching predose levels by 72h. Maximum saliva excretion occurred 6h
post dosing. The maximum urinary excretion rate occurred during 12-24h; average
elimination half-life was 56h. 3-Phenoxybenzyl alcohol glucuronide was the most
abundant metabolite identified when analyzing elution fractions, but most of the
radioactivity was in still more polar fractions suggesting extensive degradative
metabolism and for which there were no standards. Analyses of archived urine
samples with the UPLC-AMS-MS system isolated a distinct polar metabolite but it
was much diminished from the previous analyses a decade earlier. Our data support
literature conclusions that parent permethrin in saliva and urine are not adequate
indicators of permethrin exposure but that the glucuronides, other conjugates
and aglycones dichlorovinyl chrysanthemic acid and meta-phenoxybenzoic acid
are adequate indicators of short-term human exposure to permethrin. Because of
dramatic differences in absorption and excretion rates as well as metabolite distribution the saliva and urinary levels are only semi quantitative estimates of previous
levels of permethrin exposure. Support was provided by DOD DAMD17-01-1-0769,
NIH P42ES004699, R35 ES030443-01, and R24GM137748. LLNL-ABS-827610.

4582

Evaluation of Symmetric Dimethylarginine (SDMA) in Rat, Dog,
and Monkey Blood as a Biomarker of Drug-Induced Kidney
Injury

T. Philip, and W. Glaab. Merck & Co. Inc., West Point, PA.
Symmetric Dimethylarginine (SDMA) is an emerging marker of renal function in
veterinary medicine. SDMA is produced by all nucleated cells at a constant rate,
freely filtered through the glomerulus and is not reabsorbed in renal tubules.
Therefore, increases of SDMA levels in blood indicate an impaired glomerular filtration rate (GFR). SDMA is less affected by the extrarenal factors such as age, body
mass, and disease state than blood urea nitrogen (BUN) or serum creatinine (SCr),
supporting its use in monitoring kidney function non-clinically. The objective of
our analysis was to evaluate the performance of SDMA in non-clinical species as
a biomarker to monitor kidney injury, with perhaps added sensitivity to BUN and
SCr and comparable sensitivity to urinary kidney injury biomarkers. We identified
approximately 40 dog and 40 monkey plasma/serum samples and 100 rat plasma
samples from in vivo studies treated with a variety of known kidney toxicants.
The results obtained from these test samples were compared to histopathology,
BUN, SCr and urinary biomarker kidney injury molecule 1 for rat and monkey and
clusterin for dog. The SDMA increases in dog and monkey correlated well with BUN
and serum creatinine (average R-squared values of approximately 0.95). However,
in rat SDMA did not correlate with BUN and serum creatinine increases and was
only increased in one study with the most severe kidney tubule degeneration. In
all species the urinary kidney injury biomarkers outperformed the blood-based
markers in monitoring drug-induced kidney injury. In summary, our assessment of
blood SDMA demonstrated high correlation with BUN and SCr in dog and monkey
but did not prove to be a sensitive biomarker of kidney injury in rat. Overall, SDMA
did not add additional value to urinary biomarkers of drug-induced kidney injury.

4583

Evaluation of Syzygium aromaticum (L) Extract on Oxidative
Stress Biomarkers, Lipid Dynamics, and Reproductive Hormones
of Excitotoxicity-Induced Rat

O. O. Ogunrinola1, O. O. Fajana1, R. I. Kanmodi1, O. O. Ogunrinola1, L. E. Ezeala1, and M.
A. Ogunrinola2. 1Lagos State University, Lagos, Nigeria; and 2Ajayi Crowther University,
Oyo, Nigeria.
Excitotoxicity is a hallmark in many neurological diseases and metabolic disorder
that the bioactive compounds consisted in the medicinal plants might manage,
ameliorate and prevent. This study was designed to investigate the effect of
medicinal plant- Syzygium aromaticum (S. aromaticum) aqueous extract on
oxidative stress biomarkers enzymes, lipid dynamics and reproductive hormones in
rats administered with Monosodium glutamate (MSG). Twenty female Wistar rats

were randomly divided into four groups (n=5) namely: control; the S. aromaticum
aqueous extract; the MSG, and MSG + Syzygium aromaticum aqueous extract. At
the end of the MSG administration (21 days) and treatment with aqueous extract
of S. aromaticum (7 days), rats were sacrificed, blood (serum) and brain were
collected for analysis. While the oxidative stress biomarkers enzymes (catalase
(CAT) and superoxide dismutase (SOD)), and lipids (cholesterol, triglyceride (TAG)
and phospholipid (PL)) concentrations were analyzed spectrophotometrically,
the reproductive hormones (estradiol, progesterone, prolactin and testosterone)
concentrations were determined by immunoassays. The decrease in the oxidative
stress biomarker enzymes activities is the hallmark of MSG as observed in this
study but treatment with S. aromaticum aqueous extract significantly (p<0.05)
increased the serum and brain CAT, SOD activities. The hyperlipidemia was
observed with MSG in all the groups except those administered with S. aromaticum
aqueous extract. The significant (p<0.05) increased of high density lipoproteins
(HDL) lipids and estradiol concentrations by MSG was significantly reduced with
aqueous extract S. aromaticum. However, the treatment with aqueous extract of S.
aromaticum revealed decreased in serum progesterone concentration by 1.06 fold.
The data further shows that administration of MSG resulted in significant (p<0.05)
reduction of prolactin and testosterone concentrations and administration of S.
aromaticum increased concentrations. In conclusion, administration of aqueous
extract of S. aromaticum ameliorate the excitotoxicity effect of MSG.

4584

A Collaborative Initiative to Establish Molecular Biomarkers for
Assessing Risk of Chemical Carcinogenesis to Reduce Reliance
on Conventional Rodent Carcinogenicity Studies

V. Cheng1, C. Corton2, J. Bushel3, H. Ellinger-Ziegelbauer4, H. Estrella5, M. Gosink6,
A. Podtelezhnikov7, K. Q. Tannis7, C. A. Mitchell8, P. Shankar9, and F. D. Sistare10.
1University of California Riverside, Riverside, CA; 2US EPA, Research Triangle Park, NC;
3NIEHS, Durham, NC; 4Bayer AG, Wuppertal, Germany; 5Pfizer Inc., Groton, CT; 6Takeda,
San Diego, CA; 7Merck & Co. Inc., West Point, PA; 8HESI, Washington, DC; 9US EPA,
Duluth, MN; and 10University of North Carolina at Chapel Hill, Chapel Hill, NC.
There is increasing recognition among the scientific community that the use of
genomic biomarkers has the potential to reduce the need for rodent carcinogenicity
studies of chemicals through a weight of evidence approach. Evidence suggests
that application of gene signatures that measure molecular initiating events (MIEs)
linked to tumorigenesis in short-term rodent studies can identify both tumorigenic
hazards and thresholds for chemical-induced carcinogenicity. In this collaboration, we collected, quality-controlled, processed and harmonized existing publicly
available transcriptomic data and selected prototype chemicals linked to each MIE
(DNA damage, cytotoxicity, activation of AhR, CAR, ER, PPARa, and PXR). We will
identify and optimize transcriptomic biomarker panels for each MIE, identify activation levels (thresholds) associated with tumorigenicity for each biomarker, define
the strengths and limitations for each biomarker, test and publicly disseminate
performance metrics justifying applications and consensus interpretations of data
from in vivo rat studies. Across 5 publicly available databases, 370 compounds’
transcriptomic data were processed, QCed, and annotated for their MIEs. Using
PPARa as a case, 19 compounds with transcriptomic data in rat liver were selected
for further analysis of PPARa activation based on expert annotation and supported
with existing literature. Among 19 suspected PPARa activators, 12 compounds
had clear evidence of downstream activation based on phenotypic studies such
as receptor binding assays, histopathology, and increased expression of proteins
induced by PPARa. Doses from the phenotypic studies ranged from 10-1000 mg/
kg-day. Using the 12 compounds and controls, transcriptomic biomarkers will be
developed. Success from these efforts will facilitate the transition from the current
heavy reliance on 2-year rodent carcinogenicity studies to more rapid animal-,
resource-sparing approaches for mechanism-based carcinogenicity evaluations
supporting internal and regulatory decision-making.

4585

Validation of Inductively Coupled Plasma-Optical Emission
Spectrometry to Analyze Metals in Toenails

C. Lee, J. Lee, S. Liu, U. Dydak, and J. Park. Purdue University, West Lafayette, IN.
Welders are exposed to welding fumes containing a high concentration of different
metals, some of which are known to be neurotoxic in chronic exposure settings.
However, the exact dose-response relationship in humans is not yet fully understood,
stressing the importance of an exact assessment of exposure to these different
metals. Our group, amongst others, has shown that manganese (Mn) concentration
in toenails is a promising biomarker of Mn exposure and body burden, which can
be expanded to other metals in welding fumes. Typically, toenail metal levels are
being analyzed via inductively coupled plasma (ICP) -mass spectrometry (-MS), a
relatively cost-intensive method that provides a low detection limit (>0.001-0.01
ppb). This work explored and validated the use of ICP-optical emission spectrometry (-OES) as an alternative, more cost-efficient analysis method of toenail clippings
as a biomarker of metal exposure. ICP-OES was compared to ICP-MS by Pearson
Correlation in analyzing toenail clippings from a healthy volunteer for six metals
(Mn, iron (Fe), copper (Cu), nickel (Ni), zinc (Zn), and chromium (Cr)). Further, the
reproducibility of ICP-OES was tested by repeating the analysis of a sample from
the same stock solution three times and the coefficient of variance (CV) was
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calculated for each metal. Toenail clippings from a non-welder were chosen as test
samples because they contain lower concentrations of toenail metals than welders’
toenail clippings. Results showed a strong agreement between ICP-OES and
ICP-MS results for the six metals (Pearson correlation coefficient = 1.00, 0.78, 1.00,
1.00, 0.84, 0.99 for Mn, Fe, Cu, Ni, Zn, and Cr, respectively). Differences in metal
levels in µg/g (%) between ICP-OES and ICP-MS were 0.49 (11%, Mn), 1.14 (4%, Fe),
0.61 (4%, Cu), 0.25 (22%, Ni), 8.41 (3%, Zn), and 0.03 (1%, Cr). The CVs demonstrating reproducibility were 2%, 2%, 3%, 4%, 1%, and 8% for the same metals. These
results demonstrate that in the context of measuring metals in toenail clippings of
welders as biomarker of exposure, ICP-OES may be used instead of ICP-MS. Next
goals include validating this method also for the metal measurement in personal
air samples and understanding the intrinsic longitudinal inter- and intra-subject
variations of toenail metals by measuring toenail clippings at regular intervals over
a longer time. Supported by NIEHS R01 ES032478 and the International Manganese
Institute.
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Determination of Mycotoxins and Metabolites in Human Urine
by LC-Q TOF MS

N. Pallares, E. Ferrer, M. Ruiz, and H. Berrada. Universitat de València, Burjassot, Spain.
Sponsor: Y. Rodríguez Carrasco
Human are exposed to a wide range of mycotoxins through dietary food intake.
Mycotoxins are fungal metabolites, mainly produced by Aspergillus, Penicillium,
Alternaria, Fusarium and Claviceps genera. They are considered as a major threat to
human and animal health, as they are related to several serious toxic effects (1)(2).
Even most of the mycotoxin exposure assessment studies are based on analysis of
foodstuffs, and evaluation of dietary intake through the food consumption patterns,
human biomonitoring methods can constitute a suitable alternative to approach
the individual exposures overcoming the limitations of the indirect dietary assessment (3). The aim of the present study was to assess the presence of mycotoxins
(AFB2, AFG2, ZEA, α-ZOL) in human urine samples and to estimate the potential
risk of exposure. For this purpose, urine samples were extracted by QuEChERS and
determined using LC-ESI-QTOF-MS. Then, the proposed methodology was applied
to determine mycotoxins presence in 56 human urine samples from 24 males and
32 females in a wide age group. Among all studied mycotoxins, only AFB2 and
AFG2 biomarkers were detected in the analyzed samples, with incidences of 32%
and 41%, respectively and levels ranging from <LOQ to 69,42 µg/L. The risk assessment revealed a potential health risk to AFB2 and AFG2 exposure, obtaining MoE
values < 10,000. However, to be highlighted that only few samples resulted contaminated. Thus, these mycotoxins are still prevalent in urine, so biomarker approaches
can constitute a suitable tool to help evaluating human exposure. References:
(1) Bezerra da Rocha, M.; Freire, F. da C.O.; Erlan Feitosa Maia, F.; Izabel Florindo
Guedes, M.; Rondina, D. Food Contr 2014, 36, 159-165. (2) Marin, S.; Ramos, A.J.;
Cano-Sancho, G.; Sanchis, V. Food Chem Toxicol 2013, 60, 218-237. (3) RodríguezCarrasco, Y.; Moltó, J.C.; Mañes, J.; Berrada, H. J Separat Sci 2017, 40, 1572-1582.
Acknowledgments: This research was supported by the Spanish Ministry of Science
and Innovation (PID2020-115871RB-I00) and by the Generalitat Valenciana (Spain)
(AICO/2021/037).
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Prospective Analysis of Circulating Inflammatory Proteins in
Lung Cancer Risk

S. Taylor1, R. Arauz1, A. Zingone1, M. Steinwandel2, and W. Blot3. 1National Cancer
Institute, Bethesda, MD; 2International Epidemiology Institute, Rockville, MD; and
3Vanderbilt Epidemiology Center, Nashville, TN.
Lung cancer accounts for more cancer deaths than colon, breast, and prostate
cancers combined. While exposure to carcinogens in tobacco smoke is still the
main risk factor for tumorigenesis, not all smokers develop lung cancer. This
creates the need for biomarkers that help predict lung cancer risk. The need for
predictive biomarkers is especially urgent as there is a disparity in the burden of
lung cancer in the African American (AA) community. Currently, AA men experience increased incidence of lung cancer compared with European Americans
(EAs). Investigation into the increased rates of lung cancer diagnosis in AAs
revealed that these differences are unlikely to be wholly attributable to differences
in smoking habits between AAs and EAs. Previous work revealed that AAs have
different inflammatory proteins associated with lung cancer diagnosis using the
NCI-UMD Case-control study, suggesting that AAs have a distinct inflammatory
signaling network during tumor development. As these proteins were higher among
AA patients at the time of diagnosis, it was hypothesized that they would also be
higher in the period before a lung cancer diagnosis and therefore be candidate risk
biomarkers for lung cancer in this population. The levels of twenty-six inflammatory proteins in the serum of patients enrolled in the PLCO (prostate, lung, colorectal, and ovarian, n = 234) and SCCS (Southern Community Cohort Study n= 576)
prospective cohorts were measured using the MSD platform. Following quality
control, absolute protein concentrations were categorized based on the median and
quartile levels of controls. Cox proportional hazard regression modeling to estimate
hazard ratios and 95% confidence intervals produced four inflammatory proteins
associated with increased risk of lung cancer in both studies both independently,
and in pooled analysis. In AA patients, IL-6 (p= 0.003, HR= 1.37), MDC (p= 0.041,

HR = 1.26), CRP (p= 0.003, HR= 1.40), and sICAM-1 (p= 0.011, HR= 1.32) were
associated with risk. These proteins are associated with pro-inflammatory signaling, immune cell recruitment, and vascular injury. These findings demonstrate that
circulating inflammatory proteins measured in serum may serve as a biomarker for
lung cancer risk. Monitoring these levels in AA patients who are at increased risk for
lung cancer may aid in early detection and subsequently, improve outcome.

4588

Cell-Free DNA Is Predictive of Cellular Differentiation Status in
Cardiac Organoids

B. Silver, K. Gerrish, and E. Tokar. NIEHS, Research Triangle Park, NC.
Drugs and other chemicals can have many damaging off-target effects, such as
cardiac injury. In addition, exposure to certain drugs or teratogens during development can cause fetal abnormalities, including heart defects. However, the cardiotoxicity of many compounds, particularly during developmental stages, remains
unclear. Advances in efficient, non-invasive monitoring strategies are therefore
needed to improve the safety, identification, and prediction of cardiotoxicants.
Liquid biopsies are valued for their potential as non-invasive diagnostic tools for
early disease detection. One component of interest is cell-free DNA (cfDNA) which
refers to free-floating DNA in the bloodstream or extracellular media, believed to be
generated largely by apoptotic cells. Several parameters including concentration,
fragment size, and sequence can be used to characterize cfDNA, and infer information about the cells from which it originated. However, to accurately deduce cellular
health from cfDNA, we need a more thorough mechanistic understanding of how
nucleic acids are released in response to events at the cellular level. Here, we used
a cardiac organoid model to identify key changes associated with cellular differentiation and cardiac development. We observed that the concentration of cfDNA
fluctuates during cardiac organoid formation. Notably, increased cfDNA concentrations did not necessarily correlate with higher levels of apoptosis, suggesting that
additional mechanisms of cfDNA release may be present during cardiac differentiation. In addition, we observed alterations in the prevalence of specific genomic
regions in the cfDNA during differentiation. Notably, the fraction of mitochondrial
cfDNA was influenced during organoid development, suggesting the possibility that
mitochondrial dynamics and maturation at the tissue level are reflected in cfDNA.
Our current efforts include identifying additional cfDNA sequences that are altered
during cardiac differentiation and understanding how drugs and toxins impact the
cfDNA profiles of mature and developing cardiac tissues.

4589

Multiplexed Cytokine Comparison across Two Species Dosed
with the Same Drug

C. Schilffarth, B. Urich, R. Karkas, K. Stout, and A. Wong. Altasciences, Everett, WA.
Sponsor: N. Makori
Preclinical studies provide a wealth of information for organizations looking to
submit their Investigational New Drug for clinical trials. Questions often asked
include which assay platform to use (Meso Scale Discovery (MSD) vs. Luminex
xMAP®), and how relatable are the results between small animals (rats) and large
animals (non-human primates, NHP). Here, we retrospectively examined two different drugs that were administered to rats and NHPs. Serum cytokine samples from
Drug A (antibody-drug conjugate) were analyzed on the Luminex LX200 for both
species, using a Millipore 23-plex assay for the NHP samples and a Millipore 27-plex
assay for the rat samples. For Drug B (enzyme Fc fusion molecule), NHP serum
cytokine samples were analyzed on the MSD SQ120 using a U-Plex 10 analyte
assay and the same Millipore 27-plex assay was used for the rat serum samples.
Our analysis revealed commonalities and differences in cytokine responses across
species as discussed below. The common analytes across all three assays were
IFN-γ, IL-1β, IL-2, IL-4, IL-6, IL-10, MCP-1, and TNF-α. For Drug A, 336 NHP and
168 rat samples were analyzed. For Drug B, 312 NHP and 304 rat samples were
analyzed. For both drugs A and B, similar time points were assessed in rats and
NHPs. For Drug A, most NHP samples were below the limit of quantitation (BLQ) for
IFN-γ, IL-1β, IL-2, IL-4, IL-10, and TNF-α, whereas the rat samples showed elevated
levels (2- to 29-fold increase) of cytokines over the course of dosing for most
animals. Both species produced responses in all animals for MCP-1 over the course
of dosing, with similar fold-changes. Some animals of each species also produced
IL-6, with NHP samples producing greater fold-change in levels when compared to
baseline. For Drug B, the NHP samples were BLQ for IFN-γ, IL-1β, IL-2, IL-4, IL-10,
and TNF-α, whereas the rat samples produced responses for these same analytes.
For IL-6, both species had animals with elevated responses over the course of
dosing, whereas all animals in both species showed elevated MCP-1 levels during
dosing. From our analysis, detectible levels of cytokines vary greatly between the
species with certain cytokines (IFN-γ, IL-1β, IL-2, IL-4, IL-10, and TNF-α), regardless
of the drug given. However, for IL-6 and MCP-1, both species had elevated levels
for both Drug A and Drug B. By using two different species and multiplexed assays,
this wealth of information provides a clearer picture of what could be expected as a
drug moves forward into clinical trials.
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Integration of Transcriptomics and Metabolomics Identifies
Biomarkers for Damage to Polyhexamethylene Guanidine
Phosphate (PHMG-p)-Induced Human Alveolar Epithelial A549
Cells

J. Lee1, H. Kim1, H. Kim1, Y. Kim1, J. Kim1, H. Kim1, S. Kim2, and K. Kim1. 1Dankook
University, Cheonan, Korea, Republic of; and 2Pusan National University, Pusan, Korea,
Republic of.
Polyhexamethylene guanidine phosphate (PHMG-p) induced severe pulmonary
fibrosis in Koreans. In a previous study of intratracheal instillation of PHMG-p in
Wistar rats, ARG1, LCN2, glutamate and choline were suggested as major biomarkers of pulmonary damage. Therefore, we aimed to validate candidate biomarkers for diagnosing PHMG-p-induced pulmonary damage through transcriptomics
and metabolomic studies using human alveolar epithelial A549 cells. In this study,
to investigate PHMG-p-induced cytotoxicity. IC50 of PHMG-p was determined to
7.56 μg/mL in A549 cells for 24 h incubation. After confirming the cytotoxicity,
A549 cells were applied with PHMG-p at 0, 5, 10 μg/mL for 24 h. Next generation
sequencing (NGS) was performed for transcriptome profiling after mRNA isolation
from A549 cells. And, also metabolomics analysis was performed using 1H-NMR.
As a result, the mRNA-sequencing revealed 2,815 differentially expressed genes
between PHMG-p treated and control groups for selecting biomarkers of transcriptomics. A total of 582 DEGs were commonly up-regulated in both high and low
dose groups of PHMG-p whereas 495 DEGs were commonly down-regulated. To
understand cellular processes associated with these shared DEGs, enrichment
analysis of gene ontology biological process (GOBPs) was performed. Top GOBPs
related with the shared up- and down-regulated DEGs included positive regulation
of multicellular organismal process, response to external stimulus, regulation of
response to stimulus, cell death, and response to stress. In metabolomics study, 40
metabolites (VIP> 0.5) were determined in A549 cells of high and low dose groups.
Among them, 18 metabolites were significant differences compared to the control
group. As a result of transcriptomics and metabolomics using A549 cells, 4 DEGs
(TLR3, IL13, EGR1, Arg2) and 5 metabolites (glutamate, choline, glycerol, glutathione, taurine) were identified as major biomarkers. Glutamate and choline were
identified as major metabolites of pulmonary damage in vitro as well as in vivo. On
the other hand, ARG1 and LCN2 confirmed in vivo were not expressed in A549 cells
treated with PHMG-p. Overall, it was suggested that the genes and endogenous
metabolites presented above can provide valuable information on biomarkers and
molecular mechanisms for PHMG-p-induced damage to A549 cells.

4591

Translocator Protein 18 kDa (TSPO) Gene Deletion Alters Basic
Microglia Function in a Sex-Dependent Manner

J. L. Vasquez, D. J. Azzam, J. L. McGlothan Dziedzic, and T. R. Guilarte. Florida
International University, Miami, FL.
TSPO has been widely used as a biomarker of neuroinflammation resulting from
brain injury in preclinical and clinical neuroimaging studies. Under pathological
conditions, TSPO levels increase in glial cells (microglia and astrocytes) in a
disease-specific and disease-stage dependent fashion. However, despite its wide
use as a biomarker of neuroinflammation, there is a paucity of knowledge on the
basic functions of TSPO in glial cells. Here, we present studies on the effects of
Tspo gene deletion on the function of primary microglia generated from male
and female wildtype (WT) and Tspo global knockout (KO) mice. Neonatal mice
were genotyped for Tspo and sex and primary microglia prepared from individual
brains using standardized protocols. In all experiments microglia were plated at a
density of 40,000 cells/well and allow to adhere for 16-18 hours before experiments
were performed. When compared to WT female microglia we found no significant
effect on basal proliferation in microglia from female Tspo-KO mice, nor in the
presence of 100 ng/mL LPS. There was no significant effect of genotype contributing to migration, however, a significant time x genotype interaction (p=0.034)
occurred with the Tspo-KO female microglia. Female Tspo-KO microglia exhibited a
decreased migratory capacity, as a function of time, when compared to WT female
microglia. There were no significant differences in chemotaxis when 100 µM ATP
was introduced. Lastly, primary microglia from female Tspo-KO mice had a significantly lower level of phagocytosis compared to WT (p=0.048). These differences
were abrogated when microglia were exposed to 100 ng/ml LPS. Microglia from
male Tspo-KO mice displayed a highly significant time x genotype interaction
(p< 0.001) and a significant genotype effect (p=0.05) for basal proliferation, but
this effect was abrogated with LPS exposure. No significant effect was observed
for migration or chemotaxis towards ATP or for phagocytosis in the absence or
presence of LPS. Based on these results, Tspo gene deletion in primary microglia
has a pronounced effect on basal microglia functions in a sex-dependent fashion.
These novel findings support the sexually dimorphic nature of microglia from the
developing brain and provide the first findings on the impact of Tspo gene deletion
on microglia functions. Current studies are examining the effects of Tspo gene
deletion and sex on cytokine release and mitochondrial function.

4592

Environmental Chemical-Wide Associations with Immune
Biomarkers in the US: A Cross-Sectional Analysis

L. Y. Middleton, V. K. Nguyen, J. Dou, S. Park, J. A. Colacino, and K. M. Bakulski.
University of Michigan, Ann Arbor, MI.
People are exposed to a wide range of chemicals, and exposure to environmental chemicals influence the immune system. Thus, a comprehensive analysis
across multiple chemical families and immune system biomarkers is needed. We
tested the associations between environmental chemicals and immune biomarkers using the cross-sectional National Health and Nutrition Examination Survey
(NHANES 1999-2018). Chemical biomarkers were measured in blood or urine
(196 chemicals, 17 chemical families). Immune system biomarkers included
percentages of lymphocytes, neutrophils, monocytes, basophils, and eosinophils,
counts of red blood cells and white blood cells, and mean corpuscular volume.
We conducted survey-weighted linear regressions of log2-transformed chemical
biomarker concentrations on immune measures, adjusted for age, sex, race/ethnicity, poverty-income ratio, waist circumference, creatinine (for urinary measures),
and survey cycle. We accounted for multiple comparisons using the false discovery
rate (FDR). Among 71,380 participants, the non-survey-weighted mean age was
34.1 years, 50.5% were female, and 38.8% were Non-Hispanic White. There was a
total of 166 (84.7%) chemicals associated (FDR<0.05) with at least one of the eight
immune measures. At least one association was identified across all 17 chemical
families. For example, a doubling in the concentration of isopentanaldehyde in the
serum was associated with an increase of 437.7 white blood cells per µL (95%
CI: 320.5-554.9; FDR=3.9x10-13). For comparison, a 10-year increase in age was
associated with a decrease of 136.7 white blood cells per µL (95% CI: 80.4-193.0;
FDR=2.1x10-6). Concentrations of chemicals including metals and smoking-related compounds were highly associated with immune biomarkers, with significant implications for immune function. We identified chemical exposures that, at
biologically-relevant doses, were associated with immune biomarkers. This is an
important step to understanding immune system dysregulation by the environment
and prioritizing chemicals for further toxicological and epidemiological analysis.

4593

Chemical Screening in an Estrogen Receptor Transactivation
Assay with Metabolic Competence

K. Hopperstad1, D. E. DeGroot1,2, T. Zurlinden1, C. Brinkman1, R. S. Thomas1, and C.
Deisenroth1. 1US EPA, Research Triangle Park, NC; and 2US FDA, College Park, MD.
The US EPA continues to utilize high-throughput screening data to evaluate potential
biological effects of endocrine active substances without the use of animal testing.
Determining the scope and need for in vitro metabolism in high-throughput assays
requires the generation of larger data sets that assess the impact of xenobiotic
transformations on toxicity-related endpoints. The objective of the current study
was to screen a set of 768 ToxCast chemicals in the VM7Luc estrogen receptor
transactivation assay (ERTA) using the Alginate Immobilization of Metabolic
Enzymes (AIME) hepatic metabolism method. Chemicals were screened with or
without metabolism to identify estrogenic effects and metabolism-dependent
changes in bioactivity. Based on estrogenic hit calls, 85 chemicals were active
in both assay modes, 16 chemicals were only active without metabolism, and 27
chemicals were only active with metabolism. Using a novel metabolism curve shift
method that evaluates the shift in concentration-response curves, 29 of these
estrogenic chemicals were identified as bioactivated and 59 were bioinactivated.
Human biotransformation routes and associated metabolites were predicted in
silico across the chemicals to mechanistically characterize possible transformation-related ERTA effects. Overall, the study profiled novel chemicals associated
with metabolism-dependent changes in ERTA bioactivity, and suggested routes of
biotransformation and putative metabolites responsible for the observed estrogenic
effects. The data demonstrate a range of metabolism-dependent effects across
a diverse chemical library and highlight the need to evaluate the role of intrinsic
xenobiotic metabolism in endocrine and other toxicity-related health effects. The
views expressed are those of the authors and do not necessarily reflect the views or
policies of the US EPA.

4594

Screening and Validation of Mitochondrial Inhibitors and
Uncouplers Using a Novel Toxicity Index Derived from
Mitochondrial Oxygen Consumption Rates

Y. Kam, L. Winer, G. W. Rogers, and N. Romero. Agilent Technologies Inc., Lexington,
MA. Sponsor: Y. Kam, American Association for Cancer Research
Mitochondrial toxicity is a common issue in therapeutic development, contributing to drug candidate attrition and postmarket drug withdrawals. Direct measurement of mitochondrial oxygen consumption can be used as a specific and sensitive
indicator to assess drug-induced mitochondrial toxicity. Here we introduce a
mitochondrial toxicity assay workflow using a novel parameter, Mito Tox Index
(MTI), derived from oxygen consumption rates (OCRs) measured by the Agilent
Seahorse XF Analyzer. It provides an easy and robust way to screen and validate
toxicity in vitro. There are three main modes of toxicity that alter the OCR of cells
when mitochondrial function is disturbed by chemicals or other stressors: (1)
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inhibition of protein complexes composing the electron transport chain (ETC),
(2) uncoupling of mitochondrial membrane potential, and (3) inhibition of ATP
synthase. The workflow provides two types of MTIs scoring the inhibitor effect on
the ETC and the uncoupler effect on negative and positive scales respectively. The
inhibitor MTI is designed to calculate the relative inhibitory effect on the maximal
OCR to the effect of the ETC inhibitor control, rotenone/antimycin A mix. In contrast,
the uncoupler MTI is to calculate the relative elevation in minimal OCR measured
after the oligomycin injection to the FCCP effect in the vehicle control group.
Among the compounds showing no significant score in either MTIs, potential ATP
synthase inhibitors can be identified by monitoring the basal OCR-specific suppression since ATP synthase inhibitors do not affect the maximal OCR. Experimental
trials using HepG2 cells with a panel of 8 to 20 mock drugs of known modes of
toxicity successfully validated the performance. Demonstrating highly reproducible
and sensitive toxicity screening as well as titration capability providing IC50 and
EC50 values for selected compounds. The improved assay throughput was also
successfully demonstrated using a 240-compound library. These results support
this direct mitochondrial functional assay using MTI-based toxicity comparison as
a standardized solution for in vitro screening of mitochondrial toxicity. The assay
enables robust results and actionable conclusions to be obtained quickly, with clear
insights into the mode of action, inhibitor vs. uncoupler.

4595

Evaluation of Pyrolyzer Technologies for Quantification of TRWP
in an Environmental Matrix Using Py-GC-MS

J. V. Miller1, K. Chan2, and K. M. Unice1. 1Cardno ChemRisk, Pittsburgh, PA; and 2Cardno
ChemRisk, Arlington, VA.
Microplastics are considered ubiquitous in the environment by the World Health
Organization and have been detected in numerous media, such as drinking and
marine water, food, soil, sediment, air, marine mammals, and humans. Currently, there
are several proposed policies and frameworks to reduce and mitigate microplastics pollution in the environment. Microplastics can have various physico-chemical
properties, morphology, size, shape, and color. Sources of microplastics include
laundry and textiles, plastic products, fishing, and tire and road wear. Tire and road
wear particles (TRWP) are complex particles that are produced by the abrasion and
wear of tires during use. Appropriate analytical methods to quantify the amount
of TRWP in the environment are critical to determining the environmental fate
of TRWP and ultimate ecological and human health risk of TRWP. In this study,
three pyrolyzer technologies, Curie point, microfurnace, and resistive pyrolysis-gas
chromatography-mass spectrometry (Py-GC-MS) were evaluated with three distinct
cryomilled tire tread (CMTT) samples in a sediment matrix following ISO Technical
Specification 21296:2017. The tire tread dimer markers used for quantification
were 4-vinylcyclohexene (4-VCH), which is a marker for styrene-butadiene rubber
(SBR) and butadiene rubber (BR), 4-phenylcyclohexene (4-PCH), which is a marker
for SBR, and dipentene (DP), which is a marker for natural rubber (NR) or isoprene
rubber. Precision and accuracy for each pyrolyzer technology were determined
using pure polymer and CMTT, with and without sediment matrix. The 4-VCH,
4-PCH, and DP makers were robust and precise using microfurnace and Curie
point Py-GC-MS, providing acceptable CMTT recovery with and without sediment
matrix. Overall, Curie point and microfurnace are suitable pyrolysis technologies
for quantitative Py-GC-MS of CMTT and TRWP in environmental matrices. Resistive
Py-GC-MS was more sensitive to matrix effects compared to the other pyrolyzer
technologies suggesting further research is necessary to identify potential modifications for improved performance. This study supports the utility and applicability
of ISO/TS 21296:2017 Py-GC-MS method to quantify TRWP microplastics in the
environment. Thus, inclusion of Py-GC-MS methods in microplastics research plans
should improve the quality of weight of evidence assessments of the ecological
and human health risks of microplastics.

4596

Pre-existing AAV and Cas9 Antibodies in Cynomolgus Monkeys

C. Zao, M. Djurkovic, L. Tomanek, C. Cadena, D. Pitts, R. Berger, and A. Leon. VRL, San
Antonio, TX. Sponsor: C. Chen
The RNA-guided Cas9 nuclease from the microbial clustered regularly interspaced
short palindromic repeats (CRISPR) adaptive immune system provides a programmable technology for gene editing. One of the potential applications of CRISPR/
Cas9 system is to treat human diseases, but how to deliver CRISPR/Cas9 to
targeted cell types is a big challenge. Engineering adeno-associated virus (AAV)
vector has become an emerging tool for gene delivery in non-human primate
models and AAV-mediated CRISPR/Cas9 holds a promise for therapeutic use.
However, if neutralizing antibodies to AAV vector and/or IgG antibodies against
Cas9 are pre-existing in animals before the study, the transduction of AAV-CRISPR/
Cas9 into target cell types in vivo may be inhibited and will compromise the gene
delivery process. In this study, a cell-based in vitro assay was established to test
for AAV neutralizing antibodies and a quantitative ELISA was used to measure
Cas9 antibodies in cynomolgus monkeys that were imported to the US in 2020
and 2021. Comparing the negative rates of neutralizing antibodies against various
AAV serotypes, AAV5 had the highest negative rate, followed by AAV9, AAV1,
AAV6, AAV8, AAV2 and AAV3. The Cas9 ELISA results showed detectable titers of
anti-Cas9 IgG from 14-178 ng/ml. These results provide a prevalence of anti-AAV

neutralizing antibody and anti-Cas9 IgG antibodies in cynomolgus monkeys and
will be useful to estimate the screening sample size to select desired AAV neutralizing antibody negative candidates with Cas9 antibody baseline information to be
enrolled for gene therapy study.

4597

The ’Omics Tier of the X-Species DILI Validation Consortium

C. Nury1, M. Porchet1, S. Dijon1, O. Lavrynenko1, E. Guedj1, Y. Eb-Levadoux1, I.
Loncarevic1, M. A. Choukrallah1, D. Busler2, B. Filippi2, F. Wenz2, A. Wolf2, N. V. Ivanov1,
K. Renggli1, and B. Titz1. 1Philip Morris International, Neuchâtel, Switzerland; and
2InSphero, Schlieren, Switzerland.
The X-Species DILI Validation Consortium is a precompetitive consortium of
pharmaceutical companies and technology providers. It aims to develop cross-species drug testing and validation strategies for rapid and reliable screening and
prediction of drug-induced liver injury (DILI). Active pharmaceutical ingredients with
well-documented cross-species in vivo data are evaluated using a multi-tier test
strategy in order to then compare the in vivo reaction with the in vitro reaction in
3D liver microtissues from the corresponding preclinical animal models. Where
relevant, the primary in vitro toxicology endpoints (e.g., cytotoxicity, histological
changes, and DILI-specific phenotypes) are supplemented by comprehensive
molecular profiling with transcriptomics, proteomics, and lipidomics methods. Here,
we present how these omics measurements are integrated into our multi-stage
assessment strategy and also present initial data from the application of these
methods in 3D liver microtissues. Protein changes induced in the 3D liver microtissues are quantified by mass spectrometry (MS)-based proteomics analyses using a
data-independent acquisition approach. Lipid changes are quantified by MS-based
lipidomics, both by direct injection MS (shotgun Lipidomics) and a comprehensive
liquid chromatography MS/MS panel for lipid mediators. For example, inflammatory activation of 3D liver microtissues (LPS stimulation) led to upregulation of
acute phase proteins (e.g., CRP, SAA1, and SAA2) and altered levels of various lipid
mediators. Overall, it is expected that these high-resolution molecular measurements, as part of the X-species DILI validation, will provide further insights into the
common and unique mechanisms of toxicity across different species.

4598

Advancing Innovation in Toxicology with Microphysiological
Systems

T. R. DesRochers1, B. Anson2, S. Bafti3, T. Boldrin Zanoni4, L. Curley5, V. Chichagova6, A.
Dickinson7, M. P. Graziano8, N. Hobi9, C. Hughes10, L. Koenig11, S. J. Kerns12, D. Miao13,
S. Plummer14, J. Shoemaker15, A. Wolf16, S. Visuri17, and M. R. LaFollette18. 1KIYATEC
Inc., Greenville, SC; 2Vyant Bio, Cherry Hill, NJ; 3Nortis Bio, Woodinville, WA; 4Charles
River Laboratories Montréal ULC, Senneville, QC, Canada; 5AxoSim, New Orleans, LA;
6Newcells Biotech Limited, Newcastle upon Tyne, United Kingdom; 7Alcyomics Ltd.,
Newcastle upon Tyne, United Kingdom; 8TARA Biosystems Inc., New York, NY; 9Alveolix
AG, Bern, Switzerland; 10Aracari Biosciences, Irvine, CA; 11TissUse GmbH, Berlin,
Germany; 12Emulate Inc., Boston, MA; 13ANANDA, Montréal, QC, Canada; 14MicroMatrices
Associates Ltd., Dundee, United Kingdom; 15Lena Biosciences, Atlanda, GA; 16InSphero,
Schlieren, Switzerland; 17Stem Pharm, Madison, WI; and 18North American 3Rs
Collaborative Inc., Denver, CO.
Microphysiological systems (MPS) can replicate the biological and mechanical
properties of human organs and organ systems, presenting the potential to accelerate drug safety and efficacy by advancing innovation in toxicology towards more
human-relevant biology. This potential is supported by numerous published studies
validating and applying these systems as well as sustained investment by federal
agencies such as NIH, FDA, EPA, EMA, MHRA, and DARPA. The North American 3Rs
Collaborative (NA3RsC) is a non-profit whose mission is to advance science, innovation, and research animal welfare through collaborative 3Rs efforts. To further MPS,
the NA3RsC organized an MPS initiative comprised primarily of MPS technology
providers as well as enabling technology providers and several end-users. This
initiative works to increase industry adoption and regulatory acceptance of existing
MPS technology. We also promote clinically relevant translation and standardization of these systems. Here we present examples of the complex biology replicated
by the MPS systems and why the key aspects of these engineered systems are
important for toxicology studies including biological source materials, chemical
materials and minimization of their absorption properties, and methods for
monitoring response. Case studies offer evidence of the utilization of MPS in drug
safety assessment. Furthermore, key areas for standardization are discussed for
both end-users and regulators. Continued application and standardization of these
MPS systems may reduce the number of animals utilized in drug safety while also
providing more relevant early-stage drug toxicology information prior to clinical trial
initiation.
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Bactericidal and Fungicidal Efficacy of Chlorine Dioxide in
Various Workspaces

4601

The Characterization of Liver Microphysiological Systems to
Enhance Preclinical to Clinical Translation

J. Lichterman, J. Driver, G. Lukasik, M. Bourgeois, and R. Harbison. University of South
Florida, Tampa, FL.

C. J. Schmidlin, H. Young, J. Stutz, K. Goldstein, C. James, M. Finizio, B. Ackermann, T.
Ryan, and T. Baker. Eli Lilly and Company, Indianapolis, IN.

Previously we demonstrated the virucidal efficacy of chlorine dioxide (ClO2). The
purpose of these studies was to evaluate the bactericidal and fungicidal efficacy
of ClO2. Three types of studies were conducted to determine the efficacy of ClO2
in reducing bacteria and mold in various workspaces: hard and soft surfaces
(gymnasium & equipment), aerosol (in-room), and within a laboratory environment.
Each test demonstrated the highly effective bactericidal and fungicidal reducing
abilities of ClO2. ClO2 was highly effective against both bacteria and mold ranging
from 85.0% - >99.4% reduction for bacteria and >99.4% reduction for yeast and
mold. Chlorine dioxide was effective at eliminating bacteria in all three experimental tests. Treatments on hard and soft surfaces (gymnasiums and equipment),
produced an average of 90-95% reduction in bacteria. The cleaning process was
performed overnight, and the following treatments were applied: (1) hard surface
spraying with ClO2, (2) carpet and tumbling treatments with powdered ClO2, and (3)
HVAC treatment and overall room deodorization with ClO2. The in-room study also
indicated significant efficacy, with an average of 94% reduction in bacteria after
24-hours, and 99.4% reduction in mold after 24-hours. A biological combination of
Raoultella terrigena and Staphylococcus aureus was injected as a bio-aerosol into
a 4-inch diameter pipe with flowing air at an approximate flow velocity of 1200 ft/
min. Dry ClO2 gas was introduced into the air flow to achieve an effective concentration of 5 or 10 ppmv. Air samples were collected at various pipe lengths out
to 100 ft. Testing was also conducted in laboratory settings. Air density plates
were inoculated and used to evaluate room changes in airborne bacteria and mold.
Exposed plates were covered, removed from room area, and placed in an incubator
at 25C. Laboratory testing demonstrated significant surface reductions with an
overall average 99.4% reduction in the 24-hour testing period. ClO2 was effective
as a bactericidal and fungicidal treatment providing significant reduction in both
surface and air. This treatment may be useful for disinfecting various workspaces.

In clinical trials, prime drug candidates will frequently be shelved due to an
unexpected hepatotoxicity that was not detected in preclinical or in vitro models.
Currently, early drug safety assessments utilize preclinical rodent and non-rodent
animal models to evaluate hepatotoxicity yet gaps still exist in our ability to detect
clinical drug-induced liver injury (DILI). Recent developments in microphysiological systems (MPS) address these shortcomings by use of human multicellular
complexes with continuous drug exposure via flow to better recapitulate a human
liver. Herein, genomic comparison of human primary hepatocytes in traditional
flat culture and MPS revealed distinct gene and pathway enrichments, indicating
that the addition of liver non-parenchymal cells and flow in MPS alters the genetic
profile of hepatocytes. Specifically, genes associated with drug metabolism and
efflux were upregulated in the MPS. Due to these upregulations, MPS had a more
robust and durable response when treated with various DILI pair compounds as
measured via several viability biomarkers. For example, while treatment of MPS
with troglitazone resulted in a ~70-fold increase in LDH release, no cytolethality
was detected in flat culture under the same conditions. To further elucidate the
sensitivity of MPS, cytokine levels and oxidative stress were also assessed. When
treated with LPS, hepatocytes in flat culture had a rapid and pronounced stress
response, followed immediately by cell death; however, hepatocytes cultured in
MPS demonstrated a prolonged response that is more indicative of physiological
conditions. Overall, the efficacy and relevance of MPS to enhance the detection
of biomarkers of hepatotoxicity indicate that these models could innovate current
safety standards by better predicting human response to drugs; thus, ensuring
appropriate and safe drug candidate selection for clinical trials.

4600

Development of a Novel Highly Differentiated Human Primary
Proximal Tubule MPS Model (a Proximate MPS Flo)

F. Pisapia, D. O’Brien, E. Tasinato, and C. D. Brown. Newcells Biotech Limited, Newcastle
upon Tyne, United Kingdom. Sponsor: C. D. Brown, International Society for the Study of
Xenobiotics
The proximal tubule (PT) is the key nephron segment mediating renal drug elimination and is the primary site of drug induced nephrotoxicity. However, current animal
studies have proved poorly predictive of human outcome. To address this there
has been a recent upsurge in physiological relevant microphysiological systems
(MPS) of PT to recapitulate differentiation and function in vitro. Here we present
results from our recently developed aProximate MPS Flo™ human PT platform,
in which primary human PT cells are subject to fluidic media flow and a shear
stress of between 0.1-2 dynes/cm2. Under fluidic flow conditions, human primary
PT cells formed confluent monolayers with a Transepithelial Electrical Resistance
(TEER) of between 60-90Ωcm2 by day 7 in culture, not significantly different from
the 60-120Ωcm2 of identical cells grown under static culture conditions. Similarly
measurement of barrier function using either lucifer yellow (Papp 15.6±06x10-6cm/
sec, n=6) or 14C-mannitol (Papp 14.4±0.3 x10-6cm/sec, n=6) under flow conditions
gave very similar results (Papp 16.1±1.4 x10-6cm/sec (lucifer yellow) or 15.6±2.3
x10-6 cm/sec (mannitol) to barrier function measured under static conditions. At
the mRNA level for the key renal transporters, OAT1, OAT3, OCT2 MATE1, MDR1,
megalin and cubulin. expression levels were elevated at least 5- fold compared to
cell monolayers grown under static conditions. Immunohistochemistry revealed
that flow induced a significant increase in the number of primary cilia by cells
within the monolayer. To assess impact of flow upon transport function, the flux of
14C-creatinine was measured in the absorptive (Jab) and secretory (Jba) direction.
In both cultures, a net secretion of creatinine was found. In monolayers exposed
to flow the magnitude of net secretion was >3 fold that of static cultures (Jab
203.1±12.6, Jba 398.2±19.1, Jnet 189.3±14.6 pmole/cm2/h, P<0.001, n=6). To
assess nephrotoxicity, cells were exposed to a range of cisplatin concentrations
for 48 hours. The key biomarkers; NGAL, KIM1 and clusterin were all significantly
elevated and the magnitude of release was significantly greater (P<0.1, n=3) in
monolayer under flow compared with static cultures. This dataset, suggests that
growing human PT cells on Transwell filter supports with media flow across the
apical membrane, significantly improves phenotype and function and has significant benefit to the utility and near-physiology of the model.

4602

Profiling Target Engagement and Mechanistic Signatures in
Safety-Related Cell Models by CETSA Proteomics: A Case Study
Using Palbociclib

W. Shen, T. Sung, B. P. Hirakawa, A. Sacaan, and W. Hu. Pfizer Inc., San Diego, CA.
Proteome-wide cellular thermal shift assay (CETSA) was originally developed
to measure drug target engagement in live cells. However, in addition to target
engagement, CETSA can reveal biochemical events downstream of drug binding,
including post-translational modification and protein-protein interaction changes.
In this work, we utilized CETSA proteomics to profile both target engagement and
downstream mechanistic signatures of Palbociclib, a well-characterized small-molecule inhibitor of cyclin-dependent kinase 4 and 6 (CDK4/6), in safety-related cell
models. Palbociclib is associated with hematological toxicity and to a lesser extent,
gastrointestinal (GI) symptoms in nonclinical and clinical studies. Reversible Bone
marrow (BM) suppression by Palbociclib is characterized by temporary cell cycle
arrest and is independent of cellular senescence. CETSA data confirmed that
Palbociclib is highly selective against CDK4/6 in both human BM and GI cell models
with minimal engagement towards the remaining CDK family members. In human
bone marrow mononuclear cells (BMMNCs), CETSA captured downstream protein
interactome changes that are consistent with and confirmatory to the hematological toxicity previously attributed to Palbociclib in nonclinical studies or in the clinic.
Based on the high selectivity and lack of pathway modulations that are indicative
of off-target activities, we hypothesize that hematologic toxicity of Palbociclib is
driven by on-target inhibition. Indeed, siRNA-mediated dual knockdown of CDK4
and CDK6 resulted in loss of cell viability in BM but not GI cell models. Moreover,
in a previous report, Palbociclib-mediated cellular senescence in the breast cancer
cell model (MCF7) was linked to increased 20S proteasome thermal stability and
activity. Interestingly, Palbociclib had no effect on thermal stability of 20S proteasome in BM cells, which confirms lack of Palbociclib-induced senescence in BM
cells and supports the reversibility of neutropenia upon drug cessation. Taken
together, our data suggest that CETSA proved to be a reliable method to profile
both target engagement and proteomic signatures of Palbociclib. This supports the
potential use of this methodology to prospectively characterize novel compounds
in the future.

4603

High-Throughput Phenotypic Profiling for Grouping of 68
Conazoles

J. Nyffeler1,2, F. R. Harris1,2, C. Willis1, K. Paul Friedman1, and J. A. Harrill1. 1US EPA,
Research Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, Oak
Ridge, TN.
US EPA has developed a tiered testing strategy for chemical hazard characterization. The first tier comprises in silico approaches as well as high-throughput profiling assays such as transcriptomics and imaging-based high-throughput phenotypic
profiling (HTPP). These data can be used to group chemicals based on similar
biological activity, rather than exclusively by structural similarity. In HTPP, cells are
exposed to the chemical of interest, then labeled with fluorescent probes to visualize various cell organelles (i.e., nucleus, nucleoli, endoplasmic reticulum, golgi, actin
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skeleton, mitochondria, plasma membrane). Images are automatically acquired
followed by feature extraction to obtain cell-level data. To date, US EPA has
conducted a large screen of 1199 chemicals. Human U-2 OS cells were exposed
to test chemicals at eight different concentrations for 24 h. A total of 452/1199
unique chemicals were bioactive at concentrations ≤100 uM. Phenotypic profiles
of bioactive chemicals were compared by selecting the 289 most informative
features, and similarity was evaluated using Kendall correlation. Different profiles
were obtained and several small clusters of chemicals with distinct profiles were
observed, but the majority of chemicals fell into one of two large clusters. Among
the tested chemicals were 18 conazoles, of which 16 were found to be bioactive in
HTPP. We noted that most conazoles (e.g., ketoconazole, difenoconazole) clustered
together, but diniconazole clustered away from this group. To confirm these results,
we repeated the experiment by testing these and 50 additional conazoles in HTPP.
In these experiments, 38/68 chemicals were bioactive at concentrations ≤100 uM.
The phenotype for diniconazole was confirmed; it again clustered separately from
the other active conazoles. To conclude, diniconazole had a different phenotypic
profile than all other tested conazoles in the HTPP assay. We conclude that
diniconazole acts differently in U-2 OS cells than other conazoles despite structural
similarity to other conazoles. Hence, this indicates that HTPP provides biological
information that is complementary to current in silico methods. This assay can be
used to group chemicals that act biologically similar, or identify chemicals that act
biologically different from structurally related compounds. This abstract does not
reflect US EPA policy.

4605

Developing Anti-COVID-19-Variants Vaccines: Based on
Immunogenicity, Toxicology, Biodistribution, and Enhanced
Respiratory Disease Data

N. Garimella. SOT National Capital Area Regional Chapter, Herndon, VA.
To develop vaccines and to assure their efficacy, safety and security, the concepts
of immunology, treatments, therapeutics, research, reviews, approvals and according agency, nation and world-wide managements are highly important. While
evaluating both anti-COVID-19 and anti-COVID-19-variants vaccines, the studies of
toxicology, immunogenicity, biodistribution and enhanced respiratory disease are
prerequisites. Integrally chemistry, manufacturing, and controls (CMCs), nonclinical and clinical outcomes are collectively responsible in developing and approving these vaccines. In this study, independent RNA, non-replicating-viral-vector and
protein-subunit based vaccines were keenly evaluated to tailor their new versions
in preventing the mutations or variants of COVID-19. Specifically, humoral, cellular,
and functional immune responses as appropriate for respective antigens of SevereAcute-Respiratory-Syndrome-Coronavirus2 (SARS-CoV-2) were primarily compared
for immunogenicity estimations. Altered infectivity and tissue tropism of vaccines
are taken into consideration to evaluate and compare biodistributions of vaccines.
Toxicological data that led to the first in human clinical trials of each vaccine was
evaluated to predict and correlate pertinent biomarkers of the clinical and post-clinical outcomes. Finally, vaccine linked enhanced respiratory disease comparisons
were made to predict variant specific immunopathologic lung reactions that are
characteristic of cell hypersensitivity. It was concluded that, all licensed vaccines
along with their pertinent platforms are qualified to develop newly modified or
combined versions of anti-COVID-19-variant vaccines.

4607

Identification of Off-Target Genes in the CRISPR Interference
System by a Combination of ChIP-Seq and RNA-Seq

H. Kawasaki, N. Otani, and K. Omura. Astellas Pharma Inc., Tsukuba-shi, Japan.
Gene modulation systems without genome cleavages based on the clustered
regularly interspaced short palindromic repeats (CRISPR) activation (CRISPRa) and
CRISPR interference (CRISPRi) have been attracting attention as new technologies. In these systems, gRNA first hybridize to the target genomic region. Then, a
modulator protein fused dCas9 (dCas9-modulator) binds it and regulates target
gene expression. Although CRISPRa and CRISPRi are considered to not induce
gene mutations owing to the use of nuclease-inactive dCas9, concerns remain
about off-target effects as a results of unintended gene expression modulation.
These off-target effects are thought to occur as a result of gRNA hybridization
and dCas9-modulator binding to unintended genomic regions having a similar
sequence to the target sequence (hybridization-dependent off-target). Thus, not
all hybridization-dependent off-target effects can be evaluated in animals due to
species differences in genomic sequences. Accordingly, hybridization-dependent
off-target effects which can occur in humans should be appropriately evaluated
at the preclinical stage. In this study, we hypothesized that the combination of
chromatin immunoprecipitation sequencing (ChIP-seq) and RNA-seq can reveal
accurate hybridization-dependent off-target genes by revealing dCas9 binding
regions and modulated genes. To evaluate the usefulness of ChIP-seq and RNA-seq
to accurately identify hybridization-dependent off-target genes, we conducted
ChIP-seq with anti-Cas9 antibody and RNA-seq using CRISPRi plasmid-transfected
mouse cell lines. In the CRISPRi plasmid-transfected cells, some downregulation of
genes compared to control plasmid-transfected cells were detected by RNA-seq.
Moreover, using ChIP-seq, dCas9 binding was detected near the transcriptional

region of downregulated genes. This study suggests that combination of the
state-of-the-art technologies ChIP-seq and RNA-seq is a promising method to
assess off-target effects with CRISPR gene modulation systems.

4608

An In Vitro Osteoclastogenesis Assay Developed to Drive
Mechanistic Understanding of In Vivo Fragile Bone Liabilities in
Rats

L. LeCureux, J. Price, S. Chen, and L. Armstrong. Bristol-Myers Squibb Company,
Lawrenceville, NJ.
Drug-induced alteration of bone remodeling can result in excessive replacement or
resorption of bone. Osteoclasts can mediate bone loss by increasing their resorptive activity, therefore drug-induced changes to osteoclast differentiation and
activity can contribute to fragile bone liabilities. We developed an in vitro osteoclastogenesis assay using rat bone marrow. Rat bone marrow macrophages (BMMs)
were cultured with macrophage-colony stimulating factor (M-CSF) and these
cells served as precursors to osteoclasts. With addition of recombinant RANKL
(receptor activator of nuclear factor kappa-β ligand), BMM in culture developed to
osteoclasts by day 3, as indicated by formation of multinucleated giant cells, and
secretion of tartrate-resistant acid phosphatase (TRAP). By day 3, TRAP mRNA
and secreted TRAP protein were increased 600-fold and 4-fold over non-RANKL
controls, respectively. In addition, other osteoclast-related transcripts, NFATc1,
Calcr, Mmp9, Prdm1, Ctsk, and Itbg3, were maximally expressed by day 3 of RANKL
treatment and the negative-regulator transcript, Bcl6, was significantly reduced on
days 2 and 3, as expected. Addition of 100 ng/ml osteoprotegrin (OPG), the RANKL
decoy-receptor, completely inhibited TRAP protein secretion. Therefore, determining the IC50 for osteoclatogenesis stimulation by RANKL and also inhibition by
OPG provides a measure of inhibition of osteoclast differentiation or stimulation of osteoclast differentiation with suboptimal RANKL stimulation. Cisapride,
a selective 5-hydroxytryptamine (5-HT)4 receptor agonist, significantly inhibited
TRAP secretion by 50% at 5 uM, while guggulsterone, a plant derived analogue
of progesterone, significantly induced TRAP secretion at 0.3 uM. Overall, this rat
osteoclastogenesis assay provided a method to characterize rat osteoclast differentiation relative and will enable mechanistic understanding of fragile bone liabilities identified in preclinical studies.

4610

Multiphoton Imaging of Morphine-Induced Metabolic Changes
in Mouse Brain Slices

C. A. Renteria, C. Zhang, J. Park, K. Tehrani, R. R. Iyer, and S. A. Boppart. University of
Illinois at Urbana-Champaign, Urbana, IL. Sponsor: J. Flaws
The effects of opioids on cells and tissues in the nervous system have gained
increasing interest in recent years due to the increase in opioid misuse in the
past decade. The mechanism by which opiates act on opioid receptors to induce
neurochemical signaling in the brain, and the corresponding effects on behavioral
and organism-scale changes are understood. However, local effects in the neural
microenvironment, neural connectivity within and between brain regions, and
connective effects on brain-energy metabolism is less understood. This discrepancy is due largely to difficulties in direct monitoring of metabolites associated
with neuronal energy consumption, and a lack of tools available to help facilitate
experimentation on a network-scale. Recent advances in multiphoton microscopy
(MPM) leverage the autofluorescence properties of several endogenous chromophores, along with other nonlinear optical interactions that provide insight to
cellular structures. Notably, nicotinamide adenine dinucleotide (NADH) and flavin
adenine dinucleotide (FAD) have been widely used as intrinsic fluorophores to
monitor metabolic changes in cancer, skin dynamics, and brain-energy metabolism.
MPM enables direct fluorescence imaging of these fluorophores with high-contrast,
optical depth-penetration, and signal-to-noise ratio. Here, we present the utility of
MPM for screening the effects of morphine on brain metabolism through NADH
and FAD autofluorescence. Brain slices were acquired from adult C57BL/6J mice,
and incubated with morphine-sulfate dissolved in artificial cerebrospinal fluid
(aCSF). Images were acquired with our custom-built microscope before and after
incubation. Our results show a notable change in intensity distribution of these
coenzymes in morphine-treated brain slices. Notably, the fluorescence intensity
increases brain-wide for both, indicating greater expression of these coenzymes
following morphine incubation. These findings are absent in controls, and suggest
a unique optical signature for brain-energy metabolism using MPM. Additionally,
we highlight regional changes in the distribution of these coenzymes in brain
slices following morphine incubation, and present data visualization approaches
to represent this optical imaging data to facilitate characterization of molecular
changes associated with these intrinsic optical signatures. These results provide
us with a unique picture of the metabolic state of the tissue following direct contact
with morphine, and demonstrate the utility of multiphoton microscopy for direct
investigation of energy metabolism, induced chemical toxicity, and cellular health
in neural systems.
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4611

Air-Liquid Interface Re-submersion Alternatively Regulates
Stress-Responsive Signaling, Enhances Cytokine Secretion,
and Increases Barrier Permeability in Primary Human Bronchial
Epithelial Cells

N. Mallek1, E. Martin2, and S. McCullough3. 1University of North Carolina at Chapel Hill,
Chapel Hill, NC; 2NIEHS, Research Triangle Park, NC; and 3US EPA, Chapel Hill, NC.
The in vivo functions of the bronchial epithelium can be recapitulated in vitro through
the differentiation of primary human bronchial epithelial cells (pHBEC) under air-liquid interface (ALI) culture conditions. pHBEC ALI models have rapidly gained
popularity for in vitro chemical testing and research; however, there are practical
challenges facing the delivery of many test agents to ALI cultures. These limitations
have led to the common practice of suspending test agents in aqueous solution
and dosing by re-submersion of differentiated ALI cultures. Given the physiological characteristics that develop during pHBEC ALI differentiation, we hypothesized that re-submersion alone would have a significant effect on in vitro toxicity
endpoints. To test our hypothesis, we re-submerged differentiated pHBEC ALI
cultures in basal growth medium and examined global gene expression, stress-responsive signaling pathway phosphorylation, pro-inflammatory cytokine secretion,
and epithelial barrier integrity. Re-submersion resulted in the significant alternative
regulation of 4170 and 10269 genes at 6 and 24 hours, respectively, with many
of the most dysregulated genes being involved in stress-responsive cell signaling and inflammation. Western blot analysis indicated a significant increase in the
phosphorylation of the stress-responsive signaling pathways ERK1/2, p38, and p65.
The transcriptional changes were further complemented by significant increases
in the secretion of the pro-inflammatory cytokines IL-8, IL-6, IL-1β, and TNFα. We
also observed a progressive decrease in trans-epithelial electrical resistance and
increase in small molecule permeability. Cumulatively, our findings indicate that the
use of re-submersion approaches to test agent dosing in ALI cultures is likely to be
a substantial confounding factor in chemical toxicity testing that requires further
characterization. Does not reflect US EPA policy.

4612

Evaluation of Artificial Saliva as Vehicle Control in the In Vitro
Micronucleus Assay

M. T. Farcas, K. M. Lee, and U. Doshi. Altria Client Services LLC, Richmond, VA.
The in vitro micronucleus (MN) assay, one of the genotoxicity assays in the
recommended battery of regulatory in vitro assays, routinely uses water, saline, or
dimethyl sulfoxide as the solvent of choice. However, in the context of testing oral
products containing nicotine, artificial saliva (AS) represents a more biologically
relevant extraction solvent and hence would likely be the vehicle of choice for in
vitro testing. In this study we determined enzyme-free AS’s effect as the vehicle
control with MN assay in human TK6 cells using three treatment conditions (short
term ±S9 and long term -S9) as outlined in OECD TG 487. The objectives of the
study were to 1) evaluate the effects of AS at different concentrations and identify
the maximum acceptable concentration that can be used for in vitro genotoxicity
testing of oral nicotine-containing products; and 2) monitor the baseline micronuclei frequency (%MN) using historical control data and X-bar charts at the selected
dose(s) of AS. For the concentration-response study, TK6 cells were exposed to
vehicle control (complete culture medium, CCM) or varying concentrations of AS
(1 - 50%, v/v, diluted in CCM), and cytotoxicity (measured as relative population
doubling), osmolality, and pH were measured. AS up to 20% (v/v) did not elicit
toxic effects and its pH and osmolality were within physiological range (260 - 320
mOsm), thus this concentration was considered the maximum acceptable concentration for vehicle control and was used for monitoring baseline frequency of %MN
in the in vitro MN assay. Based on the historical results from 12 studies, the average
%MN for AS in the three treatment conditions ranged from 0.40 - 0.45 and was in
line with the published values. In summary, AS up to 20% (v/v) is appropriate to use
as the vehicle control for oral nicotine-containing product testing in the TK6 based
MN assay.

4613

Workplace Environmental Exposure Levels (WEELs): An
Impactful Resource for Occupational Risk Assessment

J. Graham1, A. Maier2, and A. Parker3. 1Genentech Inc., South San Francisco, CA;
2Cardno ChemRisk, Cincinnati, OH; and 3Shepherd Chemical Company, Cincinnati, OH.
Workplace Environmental Exposure LevelsTM (WEELs) are health-based guideline
values for chemical stressors. WEELs are limits that represent “safe” [or “relatively
safe”] air concentrations that will protect most workers from adverse health
effects related to occupational chemical exposures over a lifetime. They can be
used across industries as a central tool for worker health protection. Over the
past 45 years, this volunteer committee of toxicologists and industrial hygienists
has established 182 WEELs. The WEELs provide a unique resource incorporating:
1) a process for stakeholder engagement, 2) open access to science documentation, 3) transparency in methodology through the generation of white papers,
and 4) increased coverage of occupational exposure limit (OEL) gaps including
unique chemistry and nontraditional work environments. The WEELs are derived
using state of the science health risk assessment methods including a systematic

review process, formal evidence integration and an expert elicitation approach.
An analysis of existing WEELs demonstrated the role of various contemporary
approaches including Benchmark Dose modeling, physiologically based pharmacokinetic (PBPK) modeling, read-across and mode of action assessments. Use
of WEELs is incorporated in a variety of OEL decision logics and agency guidance
documents. Newly released WEELs are available as open access publications in
Toxicology and Industrial Hygiene (TIH) have seen ~8,000 downloads with >3,000
downloads in 2020 alone. WEELs continue to benefit workers, industry and the field
of occupational health and safety.

4614

Chemical Analysis and In Vitro Toxicological Evaluation of
Aerosols from Heated Tobacco Products Compared with
Cigarette Smoke Tobacco Products

T. Hashizume, M. Tanimoto, S. Ishikawa, T. Takahashi, and T. Fukushima. Japan
Tobacco Inc., Yokohama, Japan.
Cigarette smoke (CS) contains thousands of chemicals mainly derived from
combustion of tobacco. The WHO recommends that certain chemicals in CS should
be reduced because of the health risks when inhaled. Recently, various types of
heated tobacco products (HTPs) have been introduced to the market. HTPs are
designed to generate aerosols by heating the tobacco instead of burning it, and
thus their aerosols are considered to contain reduced levels of chemical constituents compared with CS. In this study, the chemical and biological properties
of aerosols from four types of commercially available HTPs obtained at different heating temperatures and CS from a 1R6F reference cigarette are compared.
Chemical analysis was conducted for the major constituents such as nicotine and
propylene glycol as well as the ones considered harmful such as aromatic amines
and carbonyls. Biological analysis was performed on the aerosol collected mass of
the HTP aerosols and total particulate matter of 1R6F CS. An Ames test using the
standard five Salmonella strains and an in vitro micronucleus test using Chinese
hamster lung cells were conducted to determine genotoxicity, and a neutral red
uptake (NRU) test with Chinese hamster ovary cells was conducted to determine
cytotoxicity. A ToxTracker assay using mouse embryonic stem cell reporter lines
and an antioxidant response element-reporter assay with immortalized normal
human bronchial epithelial BEAS-2B cells were also conducted. Chemical analysis
confirmed that the number of constituents and amounts of those in the HTP
aerosols were lower than those from the 1R6F CS, and that they were dependent
on the heating temperature. The 1R6F was positive in the genotoxicity assays
under several experimental conditions, whereas all four HTPs were negative. In
the NRU test, three HTPs showed lower level of cytotoxicity compared to 1R6F. In
the ToxTracker assay, DNA damage, protein damage, and oxidative stress were
induced by 1R6F, and oxidative stress was also induced by the two HTPs at the
higher concentrations than 1R6F. These two HTPs also produced an oxidative
stress response in BEAS-2B cells. Overall results suggested that the chemical and
biological properties of the HTP aerosols were different from 1R6F CS. Additionally,
there were differences in the biological responses among the four HTP aerosols.

4615

Lack of Genotoxic Effect of Rhubarb (Rhizome) Extract In Vitro

G. Melzi, M. Marinovich, and C. L. Galli. Università degli Studi di Milano, Milan, Italy.
Rhubarb is commonly used as food, and in traditional Chinese medicine many
species were used as a laxative for several millennia. It possesses a natural
antimicrobial effect. In this study was performed using a rhizome extract. In its
composition are abundant anthraquinones, as emodin and aloe-emodin, that were
reported as genotoxic and attract the interest of the EFSA-ANS Panel in 2018. In
addition, rhubarb extract contains other anthraquinones such as rhein, physcion
and chrysophanol for which no genotoxic activities are described. This study aims
to evaluate the mutagenicity capacity of a rhubarb extract, through the analysis
of Ames test (OECD 471) and in vitro micronucleus assay (OECD487). The Ames
test was performed to Salmonella typhimurium strains TA1535, TA1537, TA98,
and TA100, and to Escherichia coli strain WP2 uvrA. Since mutagenic effect of
many chemicals is shown only after metabolism, the test was performed both in
presence and in absence of S9 metabolic activation. The tested concentrations
were 313, 650,1250, 2500, and 5000µg/plate using both plate incorporation method
and pre-incubation method. Plates were inverted for 72 hours and immediately
scored. The micronucleus assay was performed in human lymphocytes. Also in this
case the treatment was performed with or without S9 metabolic activation. A very
large range of concentrations was tested starting from 0 to 5000 µg/mL for 3 hours
(short-term treatment) or 31 hours (long-term treatment). Long-term treatment was
performed only in absence of S9 metabolism and dose levels were spaced by a
narrower interval. Cells were harvested for approximately 32 hours. The cytokinesis-block proliferation index (CBPI) was then calculated. A marginally weak positive
trend of increasing number of revertant colonies was noticed at the highest dose
level with TA1537, TA1537, and WP2 uvrA in presence of S9 metabolism, and with
TA1535, TA98, and WP2 uvrA strain in absence of S9 metabolism. The increase
is not considered statistically significant. No statistically significant increase was
observed for micronuclei analysis in any of the tested doses and treatments. These
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results demonstrated that rhubarb extract does not induce neither reverse mutation
in Salmonella typhimurium and Escherichia coli, nor micronuclei in human lymphocytes after in vitro treatment up to 5000 µg/mL.

4616

Mitochondrial Toxicity of Antimicrobial Agent Cetylpyridinium
Chloride

S. R. Weller, and J. Gosse. University of Maine, Orono, ME.
Cetylpyridinium chloride (CPC) is a positively-charged quaternary ammonium
antibacterial agent used widely in consumer products and in agricultural processes,
up to 3 millimolar, thus exposing humans. While human exposure to CPC has
not been quantified, except that it is retained at high levels in oral mucosa for
extended periods following mouthwash usage, humans and wildlife resume CPC
exposure. CPC effects as an antibacterial are well-studied, especially its action as a
detergent lysing microbial cells when used above its critical micelle concentration
of ~600-900 μM. However, CPC effects on eukaryotes are nearly entirely unknown.
Low-micromolar, non-cytotoxic doses of CPC inhibit the functioning of RBL-2H3
mast cells, including degranulation, an ATP-dependent process in which they
release bioactive mediators such as histamine. Thus, we measured CPC effects on
ATP production in RBL-2H3 cells under conditions, galactose media, which force
the cells to use their mitochondria for ATP production. CPC potently inhibits ATP
production, starting at 0.5 µM with a 90-min exposure. A potential mechanism
underlying CPC mitotoxicity is CPC’s interference with the key lipid phosphatidylinositol 4,5-bisphosphate (PIP2). We have discovered that multiple PIP2-protein
interactions are disrupted by low-micromolar doses of CPC in mammalian cells,
and other researchers have shown that disruption of PIP2 in the mitochondrial
outer membrane leads to mitochondrial fission. Thus, we hypothesized that
CPC causes mitochondrial fission by targeting PIP2 and utilized super-resolution
fluorescence photoactivation localization microscopy (FPALM) of Dendra2-TOM20
(outer mitochondrial membrane marker) in live mast cells, to assess nanostructural effects of CPC on mitochondria. Interestingly, the structural effects of CPC
on mitochondria are modest even under conditions that drastically inhibit ATP
function. Previous researchers have shown that increased mitochondrial Ca2+ levels
lead to mitochondrial deformation. Thus, we tested CPC effects on mitochondrial
Ca2+ (using reporter construct CEPIA2mt) and have found that CPC reduces Ca2+ in
the mitochondrial lumen by ~50%, an effect which may counter CPC’s PIP2 effects,
rendering mitochondrial structure largely unchanged. This work reveals that ubiquitous antibacterial compound CPC is a mitochondrial toxicant and suggests safety
considerations for regulators.

4617

Absence of Genotoxic Effect of Aloe ferox Juice In Vivo

G. Melzi, M. Marinovich, and C. L. Galli. Università degli Studi di Milano, Milan, Italy.
Traditional herbal medicine takes advantage from botanical extracts and plants
to treat a large spectrum of disorders. Aloe ferox is one of the plants used for
this purpose due to its antioxidant, anticancer, laxative, antimicrobial, and anti-inflammatory properties. Aloe leaf’s parenchyma is rich in hydroxyanthracenes,
which have been discussed in EFSA-ANS Panel in 2018 as possible risk factor for
colon-rectal cancer development acting as genotoxic. For this reason, the European
Commission proposed to include hydroxyanthracenes and the extracts in which
these substances are present, in Part A (ban on the use in food) of Annex III of
Regulation (EC) no. 1925/2006. In this study, Aloe ferox juice was examined for
its possible genotoxic properties by testing the induction of DNA damage through
in vivo comet assay (OECD 489). To this purpose, cells were isolated from the
colon of male Hsd:ICR (CD-1) mice after in vivo treatment by oral gavage. The
treatment was performed twice at 0 and 24 hours with the substance, the vehicle,
or the positive control (ethyl methanesulfonate). The tested concentrations are 500,
1000, and 2000 mg/kg bw/day. Animals were killed 3-6 hours after treatments. No
signs of adverse effects were observed in any animal groups. Tail moment and
tail intensity were taken into account for the analysis. The results clearly showed
how the positive control is able to increase DNA migration parameters compared
to the negative control (vehicle). Aloe ferox juice did not cause DNA damage as
shown by the not statistically significant increase in tail moment and tail intensity
observed for any dose level. These results demonstrated that Aloe ferox juice
containing hydroxyanthracenes is not in vivo genotoxic suggesting that mucosal
hyperplasia and hyperplastic changes observed after long-term administration of
Aloe vera leaf extract may be attributed to an epigenetic effect of the substance.
Acknowledgment: Special thanks to the Italian Society of Toxicology (SITOX) for
having actively participated in the sponsorship of the experimental protocol.

4618

Difference among Flue-Cured and Dark Air-Cured Shisha
Tobaccos

J. H. Lauterbach. Lauterbach & Associates LLC, Macon, GA.
There is misinformation in the public domain on contemporary shisha tobaccos.
Some regulators consider them to be combustible tobacco products. However,
such tobaccos do not burn under normal conditions of use. They are only heated at
temperatures under 200°C, and tobacco is only 10-30% of product weight with the
remainder being glycerol and/or propylene glycol (PG), sugar syrups, flavors, and
solvents such as ethanol and water. Available data were obtained using commercial products and most data were obtained on emissions, not products themselves
or the residues after heating. Two projects were started to counter this misinformation. First, we had over 30 commercial shisha products from seven manufacturers
analyzed at an ISO 17025 accredited laboratory for glycerol, PG, fructose, glucose,
sucrose, ammonia, nicotine, pH, and water. Those data confirmed that glycols,
sugars and water were over 70% of product weight. Second, we analyzed several
shishas by heating them in a Hady RYE06T electrically heated shisha bowl on a
Mya QT hookah. The Hady device had a thermocouple to measure the temperature of the tobacco sample (7g), and a regulated DC power supply set at 10 V
powered bowl heater (25 W). A constant-vacuum smoking machine (55 mL puff
every 30 s) was connected to the hookah by way of a glassmouth. The bottom of
the glassmouth contained 10 mL water to absorb constituents of the aerosol, and
a HI-1413 pH electrode connected to a Hach H260G pH meter was used to monitor
the pH of the aerosol stream. A surrogate flue-cured shisha flavored with mint,
fruit, and aromatic aldehyde flavors in PG solution was used to test the system.
After heating and puffing for 90 min, the temperature of remaining shisha in the
bowl had stabilized at 130°C, and aerosol production had stopped. The pH of the
aerosol had dropped from 5.7 to 5.3. About 35% of weight of stating shisha had
been lost. The pH of the water in the bottom of the mouth was 4.5. LC with RID
showed water, an unidentified peak, PG, and glycerol, and LC with a UVD at 280 nm,
showed nicotine and aromatic aldehyde flavors had transferred from the aerosol to
the water. Commercial shisha samples heated and puffed under same conditions
gave similar results.

4619

Achieving the Goal of Eliminating Mammalian Toxicity Studies
by 2035 for Agrochemical Assessment: Ecological Risk
Assessment

D. Dreier1, R. Currie2, H. Lu1, T. Ramanarayanan1, N. Ryan1, O. Watkins1, D. Wolf1, and
J. Abbott1. 1Syngenta Crop Protection LLC, Greensboro, NC; and 2Syngenta, Bracknell,
United Kingdom.
US EPA’s directive to reduce animal testing has implications for ecological risk
assessment, as several vertebrate tests are used to support these assessments,
namely in fish and birds. Accordingly, Syngenta is developing an approach to
generate the information necessary to address these key knowledge needs without
the use of chemical-specific vertebrate tests. We began with a case study for a new
ACCase inhibitor herbicide with read-across potential. To assess hazard across
species, we followed a tiered approach and compared acute toxicity endpoints
across several taxonomic groups, including fish, invertebrates, and plants.
Specifically, we extracted data from USEPA ecological risk assessment documents
and found that there were no significant differences across taxa for existing
ACCase inhibitor herbicides, but there were differences in toxicity as a function of
chemical class. Next, we constructed chemical toxicity distributions that quantify
the probability an ACCase inhibitor would have acute or chronic effects in fish. An
exposure distribution was also constructed using the USEPA Pesticide in Water
Calculator to estimate surface water exposure for a broad selection of GAPs that
cover various corn and soybean uses. Finally, these distributions of exposure and
effect were integrated using a joint probability curve, which indicated de minimus
risk of adverse effects in fish. This analysis, performed using only existing data
and statistical methods, was able to demonstrate extremely low risk to fish by a
new chemical, and we propose will negate the need to conduct any studies in fish
species. While this example pertains to a new ACCase inhibitor, we emphasize
this approach of making risk assessment predictions based on existing data can
be extended to other active ingredients and chemical classes, as well as other
taxonomic groups of interest.

4620

Derivation of the No Expected Sensitization Induction Level for
Dermal Quantitative Risk Assessment of Fragrance Ingredients
Using a Weight of Evidence Approach

I. G. Lee, M. Na, M. Lavelle, and A. Api. Research Institute for Fragrance Materials,
Woodcliff Lake, NJ.
Some fragrance ingredients may have the potential to induce skin sensitization in
humans but can still be safely formulated into consumer products. Quantitative risk
assessment (QRA) for dermal sensitization is required to determine safe levels at
which potential skin sensitizers can be incorporated into consumer products. The
no expected sensitization induction level or NESIL is the point of departure for the
dermal sensitization QRA. Sensitization assessment factors (SAFs) are applied to
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the NESIL to determine acceptable exposure levels at which no skin sensitization
induction would be expected in the general population. The purpose of this work is
to elucidate the key steps involved in the derivation of the NESIL for use in the QRA
of fragrance ingredients. Generally, this process involves, collating and analyzing all
available historical data on a given fragrance ingredient, determining the chemical’s
potency, and finally deriving a weight of evidence (WoE) NESIL. When a material is
determined to present a skin sensitization hazard, the WoE NESIL is set based on a
NOEL (no observable effect level) generated from a confirmation of no induction in
humans (CNIH) study. When limited or no information is available on a chemical, a
read-across may be used to fill the data gap or the dermal sensitization threshold
(DST) approach may be applied where appropriate before further testing is considered. We provide a few case studies illustrating how the WoE approach is applied
to generate a NESIL for fragrance ingredients. These case studies demonstrate
how target data, read-across, or the DST are considered when setting a NESIL and
highlight the importance of using a WoE approach to set a NESIL. We outline the
process as it currently stands at the Research Institute for Fragrance Materials
(RIFM), but it is dynamic and is bound to change with evolving science as new
approach methodologies (NAMs) are actively incorporated.

4621

Safety Assessment of Indoor Volatile Air Compounds in an
Urban Tiny Home Village

C. Y. Chan1, L. Diener1, J. Semanske1, N. Moore1, A. Stock2, and B. J. Kelman1. 1J.S.
Held, Redmond, WA; and 2J.S. Held, New Orleans, LA.
Urban tiny homes are being used throughout the United States to address homelessness. Indoor air quality (IAQ) health was assessed in a tiny home village in Seattle,
Washington. The village was built on city-owned land near a previously leaking
gasoline underground storage tank and former laundry facility. In the summer of
2018 and spring 2020, investigations were conducted to evaluate whether volatile
organic chemicals (VOCs) in ground water and impacted soils adversely affected
IAQ within the tiny homes. Air samples were collected and analyzed for select
analytes by EPA Method MA-APH or TO-15. The risk of adverse health effects was
assessed by (1) comparing analytes detected in the tiny homes to levels reported
in literature for reference (non-complaint) homes and (2) conducting a margin of
exposure evaluation. Airborne levels of compounds detected indoors in the tiny
home surveys were generally low. Of the 25 tested compounds, nine were below the
limit of detection in all samples. With the exception of trichloroethylene (TCE) and
the air-phase petroleum hydrocarbons (APH EC9-10) aromatic fraction, all analytes
were below or within the range of typical non-complaint home airborne concentrations. The highest measured levels of APH EC9-10 aromatics were 3 to 5 times the
range of concentrations in non-complaint homes. Neither an OSHA PEL nor NIOSH
REL for APH EC9-10 aromatics exists and literature searches revealed no studies
of human health effects attributed to inhalation of the APH EC9-10 aromatic
fraction. For TCE, the highest measured levels were 58 to 1,000 times the levels
in non-complaint homes, but were at least 1,000 times below the OSHA PEL or
NIOSH REL. Margins of exposure based on human NOAELs and highest measured
TCE concentration was ≥5,100, which indicated no acute adverse health effects
were expected from TCE in the tiny homes. Furthermore, TCE concentrations within
the tiny houses were 48 and 200 times less than US EPA noncarcinogenic and
carcinogenic screening levels for resident air, respectively. This analysis indicated
no adverse human health effects were likely to occur due to the assayed indoor
VOCs in the tiny home village.

4622

Critical Evaluation of Chemicals Leached from PET and
Recycled PET Beverage Containers into Beverages

K. Gibbs1, R. Hwang2, D. Dinh3, M. Donnell1, S. More4, and E. Fung1. 1Cardno ChemRisk,
Aliso Viejo, CA; 2Cardno ChemRisk, San Francisco, CA; 3Cardno ChemRisk, Brooklyn, NY;
and 4Cardno ChemRisk, Portland, OR.
Policy, corporate and consumer culture, and environmental stress have prompted
the shift from polyethylene terephthalate (PET) to recycled PET (rPET) in the
production of plastic beverage containers. The use of rPET poses new potential
human health concerns, including contamination from contents of the original
container, intentional use of additives, detergents, and catalysts during recycling,
and improper waste management and recycling practices. Therefore, the purpose
of this study was to evaluate available data regarding: 1) types of chemicals
leached from PET and rPET; 2) the concentration of these chemicals; and 3) trends
between percent recycled and the leachable concentration. We identified 711
scientific articles related to recycled plastic content, leachables, and toxicity. Of
these, three articles met our inclusion criteria: 1) the plastic was in bottle form (not
flakes or pellets); 2) the plastic was made of PET or varying percentages of rPET;
and 3) the study analyzed both PET and rPET bottles using the same methods. Our
search demonstrated that out of multiple classes of chemicals that leach from
rPET, only nine compounds, benzene, styrene, acetaldehyde, 2-methyl-1,3-dioxolane, furan, bisphenol A (BPA), 2-butanone, acetone, and limonene, have been
extensively studied. Interestingly, the concentration of benzene and styrene
increased as the percent of recycled content increased from 0% to 100% (<0.01
to 0.438 μg/l and <0.01 to 0.063 μg/l, respectively). BPA demonstrated a similar
trend where the highest concentration of BPA was found in bottles made from

100% recycled content with values ranging from <1.0 ng/g in bottles made from 0%
recycled content to 4.2 ng/g in bottles made of 100% recycled content. However,
2-methyl-1,3-dioxolane followed a reverse trend, where the concentration that
leached into water decreased as the percent of recycled content increased from
0% to 100% (0.55 to 0.18 μg/l). As the percent of recycled content increased from
0% to 100%, the concentrations of furan (0.05 to 0.13 μg/l), 2-butanone (<0.01 to
0.02 μg/l), acetone (<0.01 to 0.7 μg/l), and limonene (<0.01 to 0.26 μg/l) did not
follow any specific trend. It is evident that recycling PET can lead to changes in the
leachables profile. These findings are crucial to establishing an appropriate screening process and exposure and human health risk assessment paradigm.

4623

GARDskin and GARDpotency: A Proof-of-Concept Study
to Investigate the Applicability Domain for Agrochemical
Formulations

M. Corvaro1, J. Henriquez2, R. Settivari3, U. Mattson4, A. Forreryd4, R. Gradin4, H.
Johansson4, and S. Gehen2. 1Corteva Agriscience, Rome, Italy; 2Corteva Agriscience,
Indianapolis, IN; 3Corteva Agriscience, Newark, DE; and 4SenzaGen AB, Lund, Sweden.
In vitro methods and Defined Approaches for detection of delayed dermal sensitization have been formally validated for regulatory use in the last two decades as
animal alternatives, some reaching regulatory acceptance as OECD test guidelines.
The Genomic Allergen Rapid Detection (GARD™) is a genomic based assay platform
which is currently being assessed for inclusion in the OECD test guideline program.
GARD is available in the two variants, GARDskin and GARDpotency, addresses
Key Event 3 (dendritic cell activation) of the skin sensitization Adverse Outcome
Pathway, and provides reliably potency information for several chemical classes.
The purpose of this work is to verify the applicability domain of GARDskin and
GARDpotency, for the product class of agrochemical formulations, providing
confidence and facilitating future regulatory uptake in our industry sector. For this
proof of concept, 21 agrochemical formulations were tested using GARDskin. When
GARDskin was positive, GARDpotency assay was used to determine potency (GHS
category). The selected formulations were mostly liquids (11 water based, 9 organic
solvent based, 1 solid) with a balanced distribution (11 not classified; 8 GHS cat 1B;
1 GHS cat 1A, rare for agrochemical formulations). Tests were conducted according to the assay developer Standard Operating Procedures and a nominal average
molecular weight. GARD results were compared with in vivo data (mouse LLNA)
already available for registration purpose, in order to verify concordance (GHS
hazard and potency categories). For the 20 liquids, GARDskin was able to correctly
identify 7/11 not classified (true negatives) and 8/9 GHS1B/1A (true positives),
with 1 false negative and 4 false positives. The accuracy, sensitivity, and specificity
were 75.0% (15/20), 88.9% (8/9), 63.6% (7/11). The solid was correctly predicted
as not classified. Additionally, GARDpotency was able to correctly identify 6 GHS
cat 1B out of 8 correctly predicted sensitizer (1 underprediction and 1 overprediction occurred). GARDskin mispredictions were associated with borderline in
vivo outcomes, and genomic signatures were assessed for causal relationships.
In conclusion, GARDskin and GARDpotency, showed a satisfactory performance in
this initial proof of concept.

4624

Achieving the Goal of Eliminating Mammalian Toxicity
Studies by 2035 for Agrochemical Assessment: Regulatory
Considerations and Implications

O. A. Watkins1, R. A. Currie2, D. Dreier1, H. Lu1, T. Ramanarayanan1, N. Ryan1, D. C.
Wolf1, and J. Abbott1. 1Syngenta Crop Protection LLC, Greensboro, NC; and 2Syngenta,
Bracknell, United Kingdom.
The US EPA Administrator issued a directive that by 2035 the US EPA will no longer
fund nor request mammalian toxicity studies. The implication of this directive is
that for new agrochemical registration a significant number of required whole
animal tests will need to be replaced with alternative methods to address human
and environmental safety and risk. This desire to eliminate reliance on mammalian
tests challenges the research-led Crop Protection companies to develop new
approaches to meet regulatory requirements for new pesticide products. Currently
there is no specific guidance to meet this goal that also ensures reasonable
certainty of no harm to human health and minimum likelihood of adverse ecological effects. Dozens of mammalian toxicity guideline studies are required or
conditionally required depending on the expected use and exposure scenarios
of the pesticide in question and are used for establishing the numerous human
risk assessments and some environmental risk assessments. The US EPA issued
guidance that allows acceptance of alternative approaches or sufficient information in lieu of a guideline study thus enabling a study to be waived. The registration
process consumes a lot of resources by registrants and the US EPA to create and
evaluate mammalian toxicity data. The use of New Approach Methods (NAMs)
and other alternative methods, such as comparative assessment (read-across) or
waivers, could simplify the process and save resources, decrease animal use, and
equivalently protect human health and the environment. In order to meet the regulatory needs of the US EPA it is necessary to develop and implement a scientific
strategy that is robust and fit-for-purpose that provides deliverables of new alternative approaches that meet the needs of the US EPA for use in decision-making. The
standard pesticide registration package will be compared to a 2035 package based
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on the Administrator directive. NAMs that are currently available will be identified
as replacements. NAMs and data analytic tools that need to be developed will
be suggested. A possible structure for the registration package of the future will
be presented. This effort will provide a roadmap for what needs to be created to
achieve a registration in 2035.

4625

Prediction of Skin Sensitization Potency of Active Nail Care
Ingredients in the Kinetic Direct Peptide Reactivity Assay
(kDPRA) and Consideration of the Results for Skin Sensitization
Risk Assessment

X. J. Yin1, S. Erler2, and C. Goebel2. 1Wella Company, Calabasas, CA; and 2Wella
Company, Darmstadt, Germany.
Skin sensitization is one of the key adverse effects to be addressed in risk assessment of cosmetic ingredients for preventing contact allergy in consumers and
professionals. Exposure to nail varnish mainly occurs from unintentional application to the skin. For decades the murine local lymph node assay (LLNA) has been
key for assessing the threshold dose below which sensitization induction does
not occur in humans. Nowadays cosmetic regulation in many countries requires
industry to perform safety assessments without the use of animals. In this study,
we use the kinetic direct peptide reactivity assay (kDPRA) to estimate the sensitizing potency of nail care ingredients by measuring peptide depletion rates known
to quantitatively correlate with the sensitizing potency. Our data indicate that
peptide depletion rates allow rank ordering of nail care ingredients according to
their sensitizing potency available from historical LLNA and human data. For the
common nail care acrylates 2-Hydroxyethylmethacrylate (HEMA) and Urethane
dimethacrylate (Di-HEMA) 5 increasing concentrations were tested at 6 timepoints
ranging from 10 to 1140 min. The resulting calculated maximum logarithmic rate
constants (log kmax) indicate that HEMA has a higher depletion rate than Di-HEMA
confirming LLNA and human data. The results of this study support the use of the
kDPRA for estimating the relative skin sensitization potency of nail care ingredients.

4626

The Use and Application of Greenscreen Tool for the Hazard
Assessment of Polymers: Case Studies on Four Thermoplastic
Polymers

4627

Approaches to Support Read-Across for UVCB Substances

Rooseboom1,

M.
H. Kamp2, N. Aygun Kocabas3, N. Synhaeve4, F. Faulhammer5, E.
Rushton6, B. Ravenzwaay5, and M. Penman7. 1Shell International B.V., The Hague,
Netherlands; 2BASF SE, Berlin, Germany; 3TotalEnergies Refining and Chemicals,
Seneffe, Belgium; 4ExxonMobil Petroleum & Chemical BV, Machelen, Belgium; 5BASF
SE, Ludwigshafen, Germany; 6LyondellBasel, Rotterdam, Netherlands; and 7LOA,
Brussels, Belgium.
Read-across is a hazard characterisation tool that uses endpoint information for
one chemical to predict the same endpoint for another chemical. Utilisation of
read-across for complex and variable substances, known as “Unknown or Variable
Composition, complex reaction products or Biological materials” (UVCBs) is
challenging because the precise constituents and levels of each constituent varies
from sample to sample. Steam cracker derived UVCB streams derived from similar
manufacturing processes and described by similar physicochemical properties and
compositions were hypothesised by the Lower Olefins and Aromatics (LOA) EU
REACH Consortium to be categories of substances with similar hazard profiles for
the purpose of fulfilling the EU REACH information requirements for repeat dose,
developmental (2 species), and reproductive toxicity studies. LOA developed test
plans for these categories to generate higher tier data on representative category
members and using that data to read-across to other streams in the category.
Inherent in this process is a necessity to show the relevance of the data from one
substance to another. Typically, this is shown by chemical coherence, but LOA has
striven to include measures of biological coherence. These have included the use
of OECD 422 screening studies and, for one category of resin oils and cyclic dienes,
a pilot study using metabolomic analysis of blood sampled after 14-day oral dosing
of all the substances within the category. Standard toxicological data were also
collected and an accompanying metabolomic analysis was performed on terminal
plasma. These data are being used to critically examine the utility of metabolomics
as a new approach methodology to generate greater confidence in the read-across
approach thus saving resources and animals when generating the data required by
such regulatory initiatives as REACH. The availability of extensive data from OECD
422 screening studies enhance confidence that the individual UVCB substances in
the categories described here are sufficiently chemically and biologically coherent
to be considered within a category for the purposes of endpoint read-across. The
data from the metabolomics study and some preliminary conclusions are given
in the accompanying poster “Utility of Metabolomics to Support Read-Across and
Category Justification for UVCB substances in REACH.”

M. Zachary, and M. Whittaker. ToxServices LLC, Washington, DC.
Polymers are typically chemical mixtures consisting of a polymer substance
(polymeric macromolecules), intentionally added constituents (additives), residual
monomers, and other impurities. The polymeric components, which make up the
bulk of many polymer products, are often considered to have low toxicity due
to their large sizes which limits their bioavailability. However, the non-polymeric
components are smaller molecules that can be toxic and may affect the hazardous properties of the polymers. Therefore, understanding the hazard profiles of
these constituents is important for making informed decisions about the safety of
polymer products. The GreenScreen® for Safer Chemicals (“GS”) is a comprehensive hazard assessment tool that recently adopted criteria for assessing polymers.
These criteria collectively assess all parts of a polymer (polymer chain, residual
monomer, additive/catalyst). The GS assesses polymers for 18 human health,
environmental toxicity and fate, and physical hazard endpoints based on a methodology that incorporates aspects of the US EPA’s Design for the Environment (DfE)
polymer criteria and the Globally Harmonized System of Classification and Labeling
(GHS) mixtures criteria. A GS assessment assigns an overall Benchmark score (BM)
of 1 to 4 to identify safer polymers. Towards this, we used the GreenScreen® hazard
assessment tool to evaluate human health and environmental hazards of four
commercially available thermoplastic polymers that are widely used in cosmetic
formulations. These are polyvinyl alcohol (PVA, CAS #9002-89-5), polyvinyl pyrrolidone (PVP, CAS #9003-39-8), polylactide (PLA, CAS #9051-89-2), and ethylene
propylene copolymer (EPM, CAS #9010-79-1). Our results show that unreacted
residual monomers are usually present in these polymers at concentrations
below a level of concern (< 100 ppm). However, other impurities such as residual
solvents/catalysts (e.g. methanol in PVA) and additives (e.g. sodium benzoate in
EPM) are present at significant levels in which their hazards need to be evaluated
separately to determine the overall toxicity of the polymer product. Despite the
presence of these residuals, three polymers demonstrate low toxicity for human
health endpoints and are assigned a BM score of 3 (“Use But Still Opportunity for
Improvement”) based on very high persistence; the only hazard identified for these
polymers. To this end, this poster will outline the GreenScreen® polymer assessment methodology and present in detail the results of the GreenScreen® assessments (hazard classifications and benchmark scores) for the assessed polymers
along with their chemical constituents.

4628

Toxicity of High-Molecular-Weight Polyethylene Glycols in
Sprague Dawley Rats

J. Fang1, M. M. Vanlandingham1, F. A. Beland1, R. P. Felton1, M. P. Maisha1, G. R.
OLson1, R. E. Patton1, A. S. Rosenberg2, and G. Gamboa da Costa1. 1US FDA/NCTR,
Jefferson, AR; and 2US FDA/CDER, Silver Spring, MD.
Polyethylene glycol (PEG), a biocompatible synthetic polymer of ethylene oxide,
is present in a variety of products that are used or consumed by the US public.
Little is known regarding the tissue and cellular accumulation of injectable forms
of high-molecular-weight PEGs over time or the long-term effects resulting from
high-molecular-weight PEG accumulation in certain tissues, especially the choroid
plexus. We evaluated the toxicity of high-molecular-weight PEGs administered to
Sprague Dawley rats for 24 weeks. Groups of 12 rats per sex were administered
subcutaneous injections of 20, 40, or 60 kDa PEG or intravenous injections of 60
kDa PEG at 100 mg PEG/kg body weight (bw)/injection once a week for 24 weeks.
Saline was used as vehicle and the doses were administered in 2 ml saline/kg bw.
All rats survived the 24-week treatment period, except for two rats that became
moribund due to trauma at the injection site that was unrelated to PEG treatment.
Food consumption, body weights, organ weights, and hematologic parameters
were not substantially affected by PEG treatment. A significant decrease in the
level of triglycerides was observed in the 60 kDa PEG groups. PEG treatment led to
a molecular-weight-related increase in the levels of PEG in plasma and a low level
of PEG in cerebrospinal fluid. PEG was excreted in both urine and feces. A higher
prevalence of anti-PEG IgM was observed in PEG groups compared to the vehicle
control groups; anti-PEG IgG was not detected. PEG treatment produced a molecular-weight-related increase in vacuolation in multiple tissues and organs, including spleen, lymph node, lung, and ovary/testes, but not in kidney, urinary bladder,
or heart. Vacuolation was not accompanied by an inflammatory response. Mast
cell infiltration at the application site was noted in all PEG-treated groups. These
data indicate that, in rats, subcutaneous and intravenous exposure to high-molecular-weight PEGs produces tissue vacuolation without inflammation and induces
anti-PEG IgM antibody responses.
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Application of Defined Approaches for Skin Sensitization to
Agrochemical Products

J. Strickland1, J. Truax1, M. Corvaro2, R. Settivari3, J. Henriquez4, D. Germolec5, S.
Gehen4, D. Allen1, and N. Kleinstreuer5. 1Integrated Laboratory Systems Inc., Morrisville,
NC; 2Corteva Agriscience, Rome, Italy; 3Corteva Agriscience, Newark, DE; 4Corteva
Agriscience, Indianapolis, IN; and 5NIEHS/NICEATM, Research Triangle Park, NC.
The assessment of skin sensitization potential is one of the elements included in
international regulatory safety evaluation of pesticides. Several non-animal test
methods have been adopted as globally harmonized test guidelines that can help
to reduce animal use in these evaluations. No single assay is recommended as
complete replacement for existing animal tests, such as the murine local lymph
node assay (LLNA). Instead, defined approaches (DAs) that integrate data from
multiple methods have been proposed to replace animal use for skin sensitization testing. However, these DAs have been evaluated using mono-constituent
substances rather than mixtures or formulations (i.e., end-use products, multi-constituent substances with defined compositions). To fill this data gap, we tested 27
agrochemical formulations using the direct peptide reactivity assay (DPRA), the
KeratinoSens™ assay, and the human cell line activation test (h-CLAT). Test data
were used to evaluate several rule-based DAs that use these methods for hazard
and/or potency categorization of skin sensitization. Balanced accuracy for the DAs
for predicting skin sensitization hazard in vivo ranged from 56% to 80%. The best
performing DA for GHS potency classification had a correct classification rate of
54%. By comparison, of the individual test methods, KeratinoSens had the highest
performance for predicting in vivo hazard outcomes (balanced accuracy = 81%
vs. 62% for DPRA and 56% for h-CLAT) and had higher balanced accuracy than
any of the DAs. These results demonstrate that non-animal test methods have
promising utility for evaluating the skin sensitization potential of agrochemical
formulations. Further investigation will be required to determine whether DAs can
outperform individual assays such as KeratinoSens for predicting in vivo sensitization hazard of pesticide formulations in general. This project was funded with
federal funds from the NIEHS, NIH under Contract Nos. HHSN273201500010C and
HHSN273201400017C and Corteva funds for the DPRA and KeratinoSens testing.

4631

Investigation of Possible Species Differences in
Biotransformation of 1,1,2-trifluoroethene (HFO-1123) in
Subcellular Liver and Kidney Fractions

R. Dekant1, J. Serban1, R. Bertermann1, M. Shinohara2, Y. Morisawa2, H. Okamoto2, W. J.
Brock3, W. Dekant1, and A. Mally1. 1Universität Würzburg, Würzburg, Germany; 2AGC Inc.,
Tokyo, Japan; and 3Brock Scientific Consulting, Hilton Head Island, SC.
1,1,2-trifluoroethene (HFO-1123) is intended for use as refrigerant. Inhalation
studies on HFO-1123 in rats suggested a low potential for toxicity, with
no-observed-adverse-effect levels > 20,000 ppm. However, single inhalation
exposure of minipigs (500 ppm, 6 hours) resulted in mortality. It is assumed that
conjugation of HFO-1123 with glutathione, via glutathione S-transferase (GST),
gives rise to S-(1,1,2-trifluoroethyl)-L-glutathione (1123-GSH), which is then
transformed to the corresponding cysteine conjugate (1123-CYS). Subsequent
β-lyase mediated cleavage of 1123-CYS may result in monofluoroacetic acid (MFA),
a potent inhibitor of aconitase. Species-differences in 1123-GSH formation and
1123-CYS cleavage to MFA may explain species-differences in HFO-1123 toxicity.
In this study, in vitro biotransformation of HFO-1123 and 1123-CYS was investigated in renal and hepatic subcellular fractions of mice, rats, humans and minipigs.
Furthermore, cytotoxicity of 1123-CYS was assessed in cultured renal epithelial
cells. Quantitation of 1123-GSH formation was performed by LC-MS. Enzyme
kinetic parameters for β-lyase mediated cleavage of 1123-CYS were determined
and 19F-NMR was used to identify fluorine containing metabolites. Enzyme kinetic
studies revealed a significantly higher β-lyase activity in renal cytosol of minipigs
compared to cytosol from the other species. 19F-NMR analysis confirmed time
dependent formation of MFA in renal minipig cytosol. Also, porcine cells were more
sensitive to cytotoxicity of 1123-CYS. In contrast, rates of 1123-GSH formation
in hepatic S9 were lower in minipigs liver compared to rats and mice. Increased
β-lyase mediate cleavage of 1123-CYS to MFA in minipig kidney supports the
hypothesis that enzymatic cleavage by β-lyases may account for the species-differences in HFO-1123. However, the extent of GST mediated biotransformation in
the liver as the initial step in HFO-1123 metabolism does not fully agree with this
hypothesis, since 1123-GSH formation occurs at higher rates in rat and mouse S9
as compared to the minipig.

4632

Functional Activities of Human Cytochrome P450 2C8 Variant
Enzymes Using Mutagenesis Analysis

D. Kim1, R. Lee1, V. Kim1, and Y. Chun2. 1Konkuk University, Seoul, Korea, Republic of; and
2Chung-Ang University, Seoul, Korea, Republic of.
The human cytochrome P450 2C8 has generated research interest because it is
subject to drug-drug interactions and various polymorphic outcomes. To address
the structure and functional complexity of P450 2C8, its catalytic activity was studied
using a directed evolution analysis. Consecutive rounds of random mutagenesis

and screening using 6-methoxy-luciferin produced two mutants (D349Y and D349Y/
V237A), which displayed highly increased luciferase activity. The steady-state
kinetic analysis of paclitaxel 6α-hydroxylation showed that the mutants exhibited
a 5-7-fold increase in kcat values and a 3-5-fold increase in catalytic efficiencies
(kcat/KM). In arachidonic acid epoxidation, two mutants exhibited a 30-150-fold
increase in kcat values and a 40-110-fold increase in catalytic efficiencies. The
binding titration analyses of paclitaxel and arachidonic acid showed that the V237A
mutation had a lower Kd value, indicating a tighter substrate-binding affinity. The
structural analysis of CYP2C8 indicated that the D349Y mutation was close enough
to the putative binding domain of the redox partner; the increase in catalytic activity
could be partially attributed to the enhancement of the P450 coupling efficiency or
electron transfer.

4633

In Vivo Bioactivation of the Anti-HIV Drug Efavirenz (EFV) to
Reactive Quinoid Metabolites: Identification of a Thioether
Derivative in the Brain of EFV-Treated Rats

S. G. Harjivan1, R. Wanke1, N. Grilo1, K. Woodling2, G. Gamboa da Costa2, F. A. Beland2,
S. Azeredo Pereira3, M. Marques1, and A. M. Antunes1. 1Universidade de Lisboa,
Lisbon, Portugal; 2US FDA/NCTR, Jefferson, AR; and 3Universidade de Lisboa, Lisbon,
United Kingdom.
Efavirenz (EFV) is an anti-HIV drug associated with severe and clinically restrictive
neuropsychiatric events. Nonetheless, the global exposure to this drug is still very
high due to its chronic use as part of the first line therapy regimens for children and
pregnant HIV patients. Therefore, the chronic administration to these settings of a
potential contributor to poor long-term neurocognitive outcomes must be weighted
carefully and calls for preventive measures to identify those who should not be
exposed to EFV. The EFV-induced neurotoxicity have been consistently associated with the formation of its main metabolite, 8-OH-EFV. In fact, the formation
of reactive quinoid metabolites from 8-OH-EFV was already demonstrated in
vitro [1] and constitutes a plausible underlying mechanism for the neuropsychiatric events elicited by the parent drug. In this work a multidisciplinary approach,
involving the preparation of synthetic standards of mercapturate conjugates of
quinoid metabolites derived from 8-OH-EFV and mass spectrometry-based methodologies, was used to evidence the occurrence of this bioactivation pathway in vivo.
This approach enabled the identification of a mercapturate derivative, stemming
from the glutathione conjugation with a reactive quinone-imine metabolite derived
from 8-OH-EFV, in the liver and hippocampus of EFV-treated rats. In particular, the
presence of this 8-OH-EFV-derived thioether in the brain might have toxicological
implications, since similar conjugates derived from dopamine and ecstasy have
been associated with neurotoxic events [2,3]. These results represent an important step towards the elucidation of bioactivation/toxic EFV pathways, whose
understanding might be crucial for reliable risk/benefit estimations of EFV-based
therapeutic regimens. Supported By: FCT t through projects UID/QUI/00100/2020
(to CQE), PTDC/QUI-QAN/32242/2017, as well as contract CEECIND/02001/2017
(to A.M.M.A). References: [1] Eur J Med Chem, 2014, 74, 7; [2] Neurotox Res, 2002, 4,
663; [3] Neuroscience, 2007, 146, 1743.
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Activity of Cineole and Its Derivatives in the Major Drug
Metabolizing Enzymes of Marsupial vs. Mammalian Species

R. R. Chand, and R. Rosengren. University of Otago, Dunedin, New Zealand.
Folivore marsupials can metabolise high levels of dietary terpenes compared to
mammalian species, indicating that they possess highly efficient drug metabolising enzymes. However, two such highly efficient drug metabolising enzymes,
cytochrome P450 3A4 (CYP3A4) and UDP-glucuronosyltransferase (UGTs), are
involved in terpene metabolism, evidence for inhibitory actions by these dietary
terpenes on these enzymes is limited. Therefore, we investigated the effect of
cineole, a major component of eucalyptus essential oils, and its derivatives on
these hepatic drug metabolising enzymes in marsupial (possum) and mammalian
(mouse and rat) species. Our findings revealed no significant inhibition on these
major drug metabolising enzymes by cineole and its derivatives at concentrations
up to 50 µM. However, species-specific difference in their basal enzymatic activity
was observed. The basal hepatic CYP3A catalytic activity in possums was ~20%
lower than that in rats and mice. While possums had ~2-fold higher UGT catalytic
activity when compared to mice and rats. Thus, this may further provide an avenue
for developing future pest control strategies via catalytic activity difference.

4635

A Genetic and Phenotypic Study of Glutathione Transferase
Activity in Cat Blood

R. Dietz, B. Moore, and J. Sacco. Drake University, Des Moines, IA.
Glutathione S-transferase pi (GSTP1), the major GST in mammalian blood, catalyzes
the conjugation of electrophilic xenobiotics with glutathione (GSH). In humans,
polymorphisms in the GSTP1 gene are associated with an increased risk of disease
as well as adverse drug reactions. Despite the use of the domestic cat as a model
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of human disease and its popularity as a companion species, little is known about
this biotransformation reaction in cats. The objectives of this study were to screen
for GSTP1 variants and to determine the kinetics of GST enzyme activity in the
blood (eGST) of a small population of cats. Genomic DNA was isolated from buccal
swabs taken from 40 healthy cats. Select regions of GSTP1 were then amplified and
sequenced. Whole blood, collected from a sub group of 21 cats, was the source
of the GSTP1 enzyme. A spectrophotometric assay was used to determine the
kinetics of the two substrates involved in the GST reaction: 1-chloro-2,4-dinitrobenzene (CDNB), and GSH. The reaction was further investigated using the known
GST inhibitor ethacrynic acid. The apparent Km and Vmax for the eGST reaction using
CDNB as substrate were 0.42 +/-0.11 μM and 24.95 +/-7.27 μmol/min/g Hb (at
1 mM GSH), while the apparent Km and Vmax of GSH (at 1 mM CDNB) were 0.80
+/- 0.29 μM and 44.18 +/-12.92 μmol/min/g Hb. The interdependence of the two
reactions was demonstrated by the high correlation (R2 = 0.66, p < 0.001) between
their Vmax values. Conversely, the functional distinctiveness of the CDNB and GSH
binding sites was shown by the absence of any significant correlation (R2 = 0.01,
p = 0.64) in the Km for both reactions. Overall, eGST activity in cats is higher than
in other mammals. Ethacrynic acid was a potent inhibitor of eGST (IC50 = 4.37
+/- 0.934 μM), supporting the hypothesis that the main GST in cat blood is GSTP1.
Nineteen GSTP1 polymorphisms, 5 of them in the coding region, were found. The
variant frequency ranged from 0.013 to 0.45. Several mutations were predicted to
alter enzyme function. Cats heterozygous for the promoter -290 T>C variant had a
significantly low (p < 0.05) Vmax for both CDNB and GSH. Glutathionylation of CDNB
in cat blood is probably catalyzed by GSTP1. Several novel GSTP1 variants were
discovered, some associated with low GST activity. Taken together, the overall
high GST activity in cat blood and the observed GSTP1 polymorphisms may have
clinically significant implications for drug therapies or diseases that are regulated
by GSTP1 in cats.
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CYP1B1-Mediated Metabolism of Arachidonate and
Hypoxanthine, Two Endogenous Substates That Regulate
Retinal Endothelial Cell Capillary Morphogenesis

A. A. Alshehri1, N. Sheibani2, A. D. Patterson3, P. L. Iversen1, C. B. Marcus1, and A. J.
Annalora1. 1Oregon State University, Corvallis, OR; 2University of Wisconsin–Madison,
Madison, WI; and 3Pennsylvania State University, University Park, PA.
Cytochrome P450 1B1 (CYP1B1) is an important enzyme that plays a central role in
xenobiotic metabolism, while also regulating the biological fate of several endogenous substrates, including melatonin, retinoic acid, arachidonate, and estradiol.
CYP1B1 mutations that alter enzyme structure/function have been linked to
multiple eye diseases, including primary congenital glaucoma (PCG), but its role in
disease etiology remains unclear. Improved knowledge of CYP1B1’s tissue-specific
metabolic function in the eye is needed to guide new therapeutic strategies for PCG
and related disorders. Using untargeted metabolomics and a retinal endothelial
cell (REC) model derived from both wild-type (WT) and CYP1b1 KO mice, over 50
candidate substrates of CYP1B1 capable of regulating eye function were identified.
Two putative substrates (arachidonate and hypoxanthine), which strongly promote
REC capillary morphogenesis in a CYP1B1-dependent manner, have now been
identified. CYP1B1-mediated metabolism of arachidonate monitored via targeted
oxylipin metabolomics, has now identified several lipid metabolites that may directly
regulate capillary morphogenesis in REC, including 8(S)-, 11(S)- and 15(S)-HETE.
The purine derivative hypoxanthine was also found to strongly stimulate CYP1B1mediated capillary growth in REC, on par with arachidonate. Both compounds dock
well in the CYP1B1 active site, and hypoxanthine was found to stimulate capillary
branching with similar effectiveness (+20%) and potency as arachidonate (EC50 =
~30 nM for both compounds). Ultimately, hypoxanthine stimulated REC capillary
growth on par with all other known CYP1B1 substrates, except for estradiol, which
suppressed capillary growth (~10%). Hypoxanthine and arachidonate metabolites
appear to play an important role in regulating ocular growth and repair processes,
informing new therapeutic approaches for the treatment of PCG and ocular
disorders linked to abnormal CYP1B1 expression.

4637

Aryl Hydrocarbon Receptor (AHR) Ligand 6-Formyllindolo [3,
2-b] Carbazole (FICZ) Promotes Cytochrome P450 (CYP) 1A
Induction and Attenuates Hyperoxia-Induced Lung Injury: A
Mechanistic Study

G. XIA, C. Chu, A. Veith, W. Jiang, L. Wang, and B. Moorthy. Baylor College of Medicine,
Houston, TX.
Supplemental oxygen administration is frequently encountered in infants and adults
with pulmonary insufficiency. Hyperoxia causes lung injury in experimental animals
and contributes to bronchopulmonary dysplasia (BPD) in premature infants, and
acute respiratory distress syndrome (ARDS) in adults. Cytochrome P450 (CYP) 1
enzyme have been implicated in oxygen injury. Hyperoxia is known to induce CYP1A
enzymes, but the mechanisms are not fully understood. In this study, we tested the
hypothesis that FICZ, formed under hyperoxic conditions, is a novel endogenous
ligand of the aryl hydrocarbon receptor (AHR) that mediates induction of CYP1A
enzymes in lung and liver in vivo by hyperoxia. Adult male (8-10 week-old) wild
type (C57BL/6J, WT), Ahr-null, Cyp1a1_null, or Cyp1a2_null mice were maintained

in room air or exposed to hyperoxia (> 95%) for 6 h. In some experiments, WT mice
were exposed to vehicle corn oil (CO) (20 µl/mouse) or FICZ dissolved in CO (2 mg/
kg), i.p., once daily for 3 days, and were maintained in room air or exposed to >95%
O2. Levels of FICZ in lungs was determined by LC-MS/MS. Hyperoxic lung injury
was assessed histologically and by determining lung weight/body weight (LW/
BW) ratios. In vivo, FICZ was detectable in WT mice under room air conditions and
after hyperoxia for 6 h, and the FICZ levels were significantly increased. The Ahr-null
mice showed complete suppression of FICZ. In Cyp1a1-null and Cyp1a2-null mice,
FICZ levels were enhanced in room air compared to WT mice. FICZ caused marked
induction of hepatic and pulmonary CYP1A enzymes compared to control. WT
mice, pre-treated with CO showed severe lung injury after hyperoxia for 72 h, but the
FICZ-treated animals were less susceptible to hyperoxic lung injury. The increases
in FICZ levels after hyperoxia suggests that oxygen induces CYP1 enzymes such
as CYP1A1/1A2 through formation of FICZ, an endogenous ligand for the AHR.
The increased levels of FICZ in Cyp1a1-null or Cyp1a2-null mice suggests that both
these enzymes play a role in metabolizing FICZ. Future studies could lead to the
development of novel endogenous non-toxic ligands of the AHR in the prevention
and/or treatment of BPD and ARDS in humans.

4638

Induction of Alternative Splicing by Small Molecule Xenobiotics
in a Primary Rat Hepatocyte Model

J. L. Coburn, C. B. Marcus, P. L. Iversen, and A. J. Annalora. Oregon State University,
Corvallis, OR.
Splicing is a critical step in pre-mRNA processing, as changes in the location
of splice sites affect the sequence of the mature mRNA and translated protein,
which may result in altered signaling and function. Altered splicing patterns have
been linked to an array of adverse health conditions; splice variants in the nuclear
receptor family are associated with certain cancers, neurological conditions, cardiovascular diseases, and endocrine disorders. Splice variants are often the result of
genomic mutations, but transient alternative splicing can be initiated by exposures
such as ionizing radiation and chemicals. The contribution of alternative splicing to
the adverse effects of inherited syndromes and toxicant exposures has not been
well recognized but is receiving more attention. Previous studies in a SpragueDawley rat model showed that xenobiotic exposure could induce the expression of
an alternatively spliced CYP2B isozyme (CYP2B2v) detectable as mRNA and protein
in liver. CYP2B2v appears to be induced by several CYP2B2 substrates, allowing us
to interrogate whether its induction indicates global changes in alternative splicing
using an in vitro model. Because immortalized hepatic cell lines express most CYPs
poorly, we selected primary rat hepatocytes (PRHs) as a model. Differentiating
CYP2B2v from CYP2B2 with qPCR was not possible, so it was necessary to use
multiplexed endpoint PCR; the selection of primer sets and conditions for this
assay proved challenging. Briefly, PRHs were grown on collagen coated plates with
Matrigel overlay, then treated with DMSO (VEH), 4-n-hexylmethylenedioxybenzene
(MDB C6) or carbamazepine (CBZ). RNA was extracted from the PRHs and used in
multiplexed endpoint PCR. Fresh RPHs appear to preserve observed in vivo patterns
of splicing with greater fidelity than cryopreserved PRHs and thus may serve as a
better in vitro model. This ongoing work will inform future experiments including
full RNA sequencing comparing splicing profiles of untreated to xenobiotic treated
PRHs.

4639

Testing of Reproducibility of a High-Throughput Liver
Microphysiological System (OrganoPlate 2-Lane Plate) for
Studies of Pharmacokinetics and Toxicological Assessment of
Drugs

Y. Kato1,2, A. Lim1, C. Sakolish1, A. Valdiviezo1, H. Moyer1, and I. Rusyn1. 1Texas A&M
University, College Station, TX; and 2Shionogi & Co. Ltd., Osaka, Japan.
The Texas A&M Tissue Chip Validation (TEX-VAL) Consortium is a public-private
partnership that aims to promote the use of microphysiological systems (MPS).
The Consortium is engaged in stakeholder needs-directed applied research to
establish the functionality, reproducibility, robustness, and reliability of a wide
array of MPS. One high-throughput MPS for liver studies was recently proposed in
which induced pluripotent stem cell-derived hepatocytes (iHeps) and non-parenchymal cells (NPCs) were co-cultured in the OrganoPlate 2-lane plate containing
96 independent MPS. Our goal was to evaluate this platform using additional cell
types and conditions and characterize its utility and reproducibility. Primary human
hepatocytes (PHHs) or iHeps, with and without NPCs (vascular endothelial and
THP-1 monocytes), were cultured for up to 17 days. Imaging-based cell viability,
albumin and urea secretion into culture media, and CYP3A4 activity were assessed
using midazolam, a CYP3A4 substrate. The iHeps co-cultured with NPCs formed
cell aggregates in the gel lane and demonstrated stable cell viability and function
up to 17 days in culture in most of the experiments; however, variability was
appreciable across replicates and replicate studies. For iHeps monoculture, cells
did not form clusters and lost viability and function over time. For PHH monoculture, cell viability and hepatic function were also low and not sustained over time.
The disappearance of midazolam and the formation of its metabolites were most
efficient under the iHeps and NPCs co-culture conditions. Overall, we find that this
platform used with iHeps and NPCs is a functional liver MPS model that can be
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used to assess metabolism; however, the high-throughput nature of this MPS is
somewhat dampened by the need for replicates of each condition to compensate
for high variability. This abstract does not represent policy or product endorsement
by TEX-VAL Consortium member organizations American Chemistry Council, BristolMyers Squibb, Merck KGaA, National Institute of Environmental Health Sciences,
Sanofi-Aventis, Unilever, and US EPA.

4640

Association of Demographic Susceptibilities to Metabolic
Polymorphisms Potentially Affecting the Efficacy of the AntiMalarial Drug Artemether

S. Reddy, T. Chang, R. Herabat, A. Vehlow, Q. Nguyen, and D. E. Johnson. University of
California Berkeley, Berkeley, CA.
Malaria is a life-threatening disease caused by parasites that are transmitted to
people through female Anopheles mosquitoes, with a reported estimate of around
7.6 million deaths and 1.5 billion cases between 2000-2019. The antimalarial
activity of artemether and other artemisinin derivatives is a result of the peroxide
bridge found in the active metabolite dihydroartemisinin. This process is mediated
by two cytochrome P450 enzymes, CYP3A4 and CYP3A5. This study investigates
whether the efficacy or toxicity of the antimalarial Artemether is affected by
genetic polymorphisms in enzymes in its drug metabolic pathway and if different
demographics are more susceptible. Online databases and genomic platforms were
used to identify single nucleotide polymorphisms (SNPs) that that would potentially
affect the efficacy of Artemether by (1) lowering its enzymatic activity/function (i.e
poor metabolizer), (2) directly causing an adverse metabolic response (i.e toxic
effects), or (3) are more prevalent in certain demographic groups. These findings
were compared to those of a positive and negative control group and a graphical
demographic breakdown of population susceptibility to genetic polymorphisms
affecting the performance of Artemether was generated. The results showed that
at least seven of the CYP3A allele polymorphisms potentially decrease pharmacokinetic (PK) effects in CYP3A metabolism and in vitro enzymatic rates of artemether.
Allele polymorphisms vary between populations: polymorphism CYP3A5*3 is
prevalent among Caucasians and Asians, while polymorphism CYP3A4*1B is most
common among African populations. These results indicate that the CYP polymorphisms investigated in this study may be linked to Artemether efficacy and may
provide a better understanding of its ability to treat malaria in different populations.

4641

AhR Signaling Pathway Plays an Important Part in Cellular
Response to Oxidative Stress

Z. Kou, W. Dai, R. Yang, and B. H. Choi. NYU School of Medicine, New York, NY.
Sponsor: M. Costa
Aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor best
known for its role in mediating toxicological responses after exposure to xenobiotic
compounds. AhR also plays an essential role in normal development, metabolic
homeostasis, and immune functions. Dysregulated AhR signaling pathway is
associated with various pathological conditions including cancer. We have recently
shown that AhR was activated after cells were exposed to oxidative stress. In
particular, serum-containing medium pre-incubated with hydrogen peroxide (H2O2)
rapidly increased the AhR protein level, as well as expression of cytochrome P450
superfamily enzymes such as CYP1A2 in various cells. Expression of CYP1A2
induced by the H2O2-treated medium was AhR-dependent as the induction was
completed suppressed by CH233191, an AhR antagonist. The induction kinetics
of CYP1A2 by H2O2-treated medium was similar to that of 6-Formylindolo[3,2-b]
carbazole (FICZ), one of the most potent AhR ligands known to date. Moreover,
we have shown that hexavalent chromium [Cr(VI)] treatment induced expression
of CYP1A2 in a time- and concentration-dependent manner in HaCaT cells and
that Cr(VI)-induced expression of CYP1A2 was also AhR-dependent. Given that
Cr(VI) is known to induce reactive oxygen species (ROS) in vivo, we postulate that
superoxide, a form of ROS induced by Cr(VI) treatment, can be rapidly converted
in vivo by superoxide dismutase to H2O2, which in turn elicits the generation of an
AhR ligand(s). In conclusion, our studies suggest that AhR signaling pathway is an
integral part of cellular responses to the oxidative stress.

4642

Combined Cytotoxicity and Genotoxicity Evaluation of
Nicotine and NNK on BEAS-2B Cells Stably Expressing Human
Cytochrome P450 2A13

Y. Sun1,2, S. Han1, H. Wang1, H. Chen1, H. Hou1, and Q. Hu1. 1China National Tobacco
Quality Supervision and Test Center, Zhengzhou, China; and 2Hunan Normal University,
Changsha, China. Sponsor: Q. Meng
Nicotine is the addictive ingredient of tobacco smoke, 4-(methylNitrosamino)-1-(3-Pyridyl)-1-butanone (NNK) is formed mainly by nitrification of nicotine
during the later stages of tobacco processing, such as baking and fermentation,
both of them exist in cigarette smoke at the same time. Recent studies have shown
that nicotine can prevent NNK-induced DNA damage in liver cell lines, possibly

by inhibiting CYP enzymes. This observation raises the possibility of interaction
between nicotine and NNK bioactivation mechanisms. Therefore, in this study,
we used lentivirus system to establish CYP2A13 was stably over-expressed in
immortalized human bronchial epithelial BEAS-2B cells (B-2A13). BEAS-2B cells
that were transfected with vector (B-vector) and BEAS-2B cells were used as a
control. CCK-8 results showed that NNK dose-dependent induced b-2A13 cytotoxicity, and the increase of γH2AX fluorescence focus and micronucleus number also
indicated genetic toxicity. These effects were almost completely suppressed by
1000μM nicotine. Together, these findings suggest that CYP2A13 plays an important role in NNK-induced cytotoxicity and genotoxicity, and emphasize that nicotine
can reduce this toxicological risk by inhibiting CYP enzymes.

4643

Identification of Chemical-Single Nucleotide PolymorphismDisease Linkages Implicated in Gene-Environment Interactions

M. B. Kosnik, and P. Fantke. Danmarks Tekniske Universitet, Kongens Lyngby, Denmark.
Interactions between environmental factors and genetics underlie the majority
of chronic human diseases. However, connecting chemicals, single nucleotide
polymorphisms (SNPs), and diseases to assess how chemicals exert effects
through gene-environment (GxE) interactions often depends on highly exposed
cohorts, which are usually not available. To address this challenge, we used big
data integration to form Chemical-SNP-Disease linkages to elucidate possible
GxE interactions in human populations. Gene enrichment was used to connect
chemical activity data (e.g., Tox21/ToxCast data), to disease endpoints (e.g., from
Dose Ontology), to form significant Chemical-Disease enrichments (p < 0.001). We
postulate that, if Chemical A acts on Gene B to induce Disease C, SNPs on Gene B
and implicated in Disease C (from genome-wide association studies, GWAS) may
be acted on by Chemical A to contribute to differential disease progression in a
population. Based on this adaptation of Swanson’s ABC model, Chemical-SNPDisease linkages were formed between Chemical-Disease enrichments and SNPs
(from DisGeNET). As noncoding genetic regions are also important in disease
development, intergenic SNPs in linkage disequilibrium with the intragenic SNPs
were also curated. This integration formed 25,894,528 Chemical-SNP-Disease
linkages across 7,593 chemicals, 55,356 SNPs, and 1,332 diseases. To assess the
utility of this resource, SNPs implicated in three clusters of chemicals with different
insecticidal modes of action (MoAs) were analyzed: acetylcholinesterase inhibitors (78 chemicals), GABA-gated chloride channel blockers (18 chemicals), and
sodium channel modulators (31 chemicals). There were significant differences in
the potential for GxE interactions (based on implicated SNPs) between clusters. For
example, despite having the fewest chemicals, the GABA group implicated the most
SNPs (6846), meaning these insecticides may contribute more to GxE interactions.
Additionally, enriched pathways for each MoA (identified using SNPs) significantly
differed. This analysis demonstrates how insecticides may have different risk for
GxE interactions based on MoA, and how the resource and methods we built can
identify specific genetic regions and pathways implicated in differential population
susceptibility to characterize GxE interactions for chemical exposures, using MoA
or other chemical predictors, in support of chemical risk assessment.

4644

Towards Characterizing the Galaxies of Biosolids Chemical
Classes across the Chemical Universe

P. M. Kruse, and C. L. Ring. US EPA, Research Triangle Park, NC.
Municipal wastewater treatment in the United States produces an estimated 8
million tons of biosolids yearly. Anthropogenic chemical contaminants in wastewater may accumulate in biosolids. Screening chemicals for potential risk and prioritizing those with the greatest likelihood of adverse outcomes to human and ecological health is important for mitigating the damage associated with their presence
in biosolids. Thus, biosolids (land-applied, landfilled, or incinerated) are of interest
for high-throughput (HT) risk-based screening and prioritization of chemicals.
Risk-based screening and prioritization requires estimates of chemical-specific
exposure, which in turn requires information on the concentrations of chemicals
in biosolids. With only limited data on concentrations available, we propose to
develop an HT machine-learning consensus model to predict biosolids chemical
occurrence. With relatively limited availability of biosolids chemical concentration
data, however, the chemical domain of applicability of the model will be limited by
the chemical space represented by the training data. Here, we characterize that
chemical space as defined by chemical class. The National Sewage Sludge Surveys
(NSSS) of 1988, 2001, and 2009 are our main sources of biosolids chemical concentration data. Up to now the complete survey data from 1988 has been inaccessible
due to outdated data storage technology; we extracted this data from scans of
archived print copies. We then characterized the chemical classes represented
by the analytes from these surveys using a publicly available chemical hierarchy
tool, ClassyFire, and compared them to the chemical classes of compounds on
the Toxic Substances Control Act (TSCA) Chemical Substances Inventory and to
the “universe” of chemical classes defined by ClassyFire. The NSSS data represent
744 chemicals over 75 chemical classes. As of September 2021, these classes
represent 22.9 percent of chemical classes represented by chemicals on the TSCA
Inventory, and 9.79 percent of chemical classes in the chemical space defined
in ClassyFire. Our results are important not only for determining the domain of
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applicability for the consensus model, but also for identifying emerging trends of
chemical classes that may warrant attention in future sewage sludge surveys. The
views expressed in this presentation are those of the authors and do not necessarily
reflect the views or policies of the US EPA.

4645

A Developed Complex Network Model for Zebrafish Embryonic
Deformity Incidence following Developmental Exposure to
Tris(4-chlorophenyl) Methanol (TCPMOH)

A. V. Schwartz1,2, K. E. Sant1, and U. Z. George1. 1San Diego State University, San Diego,
CA; and 2University of California Irvine, Irvine, CA.
The compound Tris(4-chlorophenyl)methanol (TCPMOH; CAS #3010-80-8) is
a contaminant of emerging concern due to its unknown etiology and recent
detection in biological matrices including marine mammals and human breast
milk around the world. We previously showed that exposures to TCPMOH during
zebrafish development increased incidence of structural defects and mortality,
and decreased the cytochrome p450 mediated xenobiotic response in embryos.
Here, we use TCPMOH as a model toxicant to develop a complex network model
to understand the timing and incidence of morphological deformities following
embryonic exposures. Zebrafish embryos were exposed to a vehicle control (0.01%
dimethyl sulfoxide), 0.5 μM, 1 μM, or 5 μM TCPMOH (n = 20-38 embryos per group)
from 0-7 days post fertilization (dpf). Six morphological defects were assessed at
2-7 dpf: yolk edema, pericardial edema, spinal deformity, craniofacial malformation, swim bladder inflation, and mortality. The complex network encompasses
the developmental time frame for each experimental group in question with a total
of 144 nodes. Each node is representative of an assessed morphological defect
linked together in the network by statistical associations. Degree and eigenvector
centrality is used to extract the deformities having the most influence on the model.
We found that TCPMOH exposed samples experienced a statistically significant
increase in node connectivity within the model when compared to controls. Yolk
edema and pericardial edema have the most influence within the network at early
stages, inflicting the onset of further deformities at future timepoints. The complex
network model developed highlights the influence of one morphological defect on
the others and may in the future be used to explain the deformities induced by a
variety of developmentally toxic compounds. It is believed the methodologies and
tools developed can be used as a high throughput screening tool for key deformity
markers that produce a cascading developmental downfall.

4646

The Role of Expert Assessment and In Silico Predictions in
Determining Genotoxic Risk of N-nitrosamine Impurities

R. E. Tennant, and A. A. Oliveira. Lhasa Limited, Leeds, United Kingdom.
N-nitrosamine compounds are considered highly potent genotoxic carcinogens,
whereby even an intake below the conservative threshold of toxicological concern
(TTC) for impurities in pharmaceutical products under the ICHM7 guideline has the
potential to be of risk to patients. The N-nitrosamine class is therefore included in
the ‘cohort of concern’ within ICH M7 and such compounds must be controlled to
a significantly lower acceptable limit.1 Investigation of historical Ames assay and
rodent carcinogenicity data indicates that using very general alerting features to
identify cohort of concern compounds may be overly conservative. Although there
are exceptionally potent (Ames positive) carcinogens within this class, such as
N-nitrosodimethylamine (NDMA) and N-nitrosodiethylamine (NDEA), this does not
appear to be a universal property of all nitrosamines when the available evidence
is assessed.2 Analysis of an Ames data set of 282 nitrosamines found 22% were
judged to be non-mutagenic. Here we describe how a combination of in vitro data,
in vivo data, and in silico tools may aid expert review for ICHM7 impurity assessment of N-nitrosamine compounds by application of this approach to a large data
set of public and proprietary data. By identification of molecular features that
eliminate genotoxic activity or reduce carcinogenic potency, and consideration of
potential mechanistic rational, it may be possible to de-risk certain sub-classes of
N-nitrosamines that are deemed to be of lower genotoxic risk compared to NDMA
and NDEA. 1. ICH M7 Assessment and control of DNA reactive (mutagenic) impurities in pharmaceuticals to limit potential carcinogenic risk | European Medicines
Agency (2015) https://www.ema.europa.eu/en/ich-m7-assessment-control-dna-reactive-mutagenic-impurities-pharmaceuticals-limit-potential 2. Thresher et al, Reg.
Tox. Pharmacol. (2020) 116, 104749.

4647

Predicting the Binding of Small Molecules to Nuclear Receptors
Using Machine Learning

A. S. Ramaprasad1, M. T. Smith1, D. McCoy1, A. E. Hubbard1, M. A. La Merrill2, and K.
A. Durkin1. 1University of California Berkeley, Berkeley, CA; and 2University of California
Davis, Davis, CA.
Nuclear receptors (NRs) are important biological targets of endocrine-disrupting
chemicals (EDCs). Identifying chemicals that can act as EDCs and modulate the
function of NRs is difficult because of the time and cost of in vitro and in vivo

screening to determine the potential hazards of the 100,000s of chemicals that
humans are exposed to. Hence, there is a need for computational and read-across
approaches to prioritize chemicals for biological testing using in vitro and in vivo
methods. Machine learning (ML) techniques are alternative methods that could
quickly screen millions of chemicals and identify those that may be an EDC.
Computational models of chemical binding to multiple NRs have begun to emerge.
Recently, Valsecchi et al. created the NUclear Receptor Activity dataset (NURA
dataset), describing experimentally derived small molecule activity against various
NRs by curating different databases, including the Tox21 program database (DOI:
10.1016/j.taap.2020.115244). Here, we have used the NURA dataset to develop
ML-based models to predict the agonism, antagonism, binding and effector binding
of small molecules to 9 different NRs. The NURA dataset contains 15247 combined
entries for these 9 NRs. For each NR, chemicals were divided into training (80%)
and test sets (20%). Instead of training a single ML algorithm to model molecular
features for different NRs, we utilized an ensemble approach (SuperLearner) to fit
a prediction function for each outcome. We defined the applicability domain of the
QSAR model as a measure of Tanimoto similarity to the molecules in the training
set. The stricter applicability domain settings enhanced the performance of the
developed classifiers. No previous study has developed a similar prediction tool
by combining such rich high-dimensional features with cross-validated optimization among many competing algorithms for such a wide range of NRs. We further
developed a user-friendly web server named “NR-ToxPred” to predict the binding
of chemicals to each of the above NRs using the best performing models for each
receptor. This web server is freely accessible at http://nr-toxpred.cchem.berkeley.
edu. Users can upload individual chemicals in SMILES, as a CAS number or as a
sketch and predict the activity of the compound against the androgen receptor,
estrogen receptor α and β, farnesoid X receptor, glucocorticoid receptor, progesterone receptor, peroxisome proliferator-activated receptors delta and gamma and
retinoid X receptor and predict the binding mode for each.

4648

Adverse Outcome Pathways to Guide the Development of IATA

Saarimäki1,

L. A.
S. Korpilähde1, A. Pavel1, A. Federico1, M. Fratello1, and D. Greco1,2.
1Tampere University, Tampere, Finland; and 2University of Helsinki, Helsinki, Finland.
Integrated approaches to testing and assessment (IATA) are paving the way for
the next generation of chemical safety assessment. IATA integrate various lines of
evidence from existing information to newly generated data, models, and computational methods to answer specific questions of regulatory importance through
a pragmatic and science-based approach. To date, adverse outcome pathways
(AOPs) have been used as the mechanistic basis to support the development
of IATA, but current efforts have been case-specific and limited to measuring or
predicting individual key events and endpoints. Here, we present a framework for
the systematic development of new AOP-informed IATA. We collected all AOPs
applicable to humans and available in the AOP-Wiki at the time of curation, and
thoroughly annotated their key events (KEs) to biologically relevant gene sets to
allow the modeling of KEs on a molecular level. These gene sets include gene
ontologies, pathways, and human phenotypes as well as individual genes. We then
established a gene prioritization approach by adapting and supplementing the
Bradfrod Hill criteria that was used to identify the relevant layers of prior knowledge
stored in the Unified Knowledge Space (UKS). The UKS is an integrated knowledge
graph comprising dozens of data sources and totaling over 12M nodes. Finally, the
selected data layers, such as cell and tissue gene expression patterns, protein-protein interactions, and experimental data are used to rank the genes mapped to KEs
and AOPs. Through this prioritization, we can identify biomarkers that are further
applied to develop targeted assays, specific in vitro models, and data-driven predictive approaches for comprehensive AOP-informed IATA development.

4649

Development of FAIRTox, an Interactive R-Based Application for
the Exploration, Visualization, and Re-analysis of Toxicogenomic
Data

J. Dodson, R. Nault, and T. Zacharewski. Michigan State University, East Lansing, MI.
The increasing size and complexity of biological data over the past decade has
led to the need for infrastructural changes regarding the storage and sharing of
raw/meta data, analysis methods and results. Recently, the Findable, Accessible,
Interoperable, and Reusable (FAIR) data principles have been developed to
provide guidance to maximize the value and use of data. FAIR guiding principles
now serve as key components of data stewardship plans with adoption as policy
under consideration by the National Institutes of Health (NIH), other major public
funding agencies, and some publishers. Ultimately, FAIR enables new knowledge
to be derived from existing data with minimal additional investment in data generation. The Michigan State University (MSU) Superfund Research Center (SRC) has
produced vast amounts of data characterizing the mechanisms and impact of aryl
hydrocarbon receptor (AHR) ligands. To promote the FAIRness of this data, we
have developed FAIRTox, an open-source web-based data exploration, visualization, and analysis application for toxicogenomic datasets. FAIRTox is built using
a R Shiny framework, chosen due to its wide use as a tool for omics data analysis,
and its interface with the full library of R packages for enrichment and multidimensional analyses. Unprocessed and analyzed datasets are stored in a SQL relational
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database enabling querying through a user-friendly interface. Metadata filters allow
users to visualize and compare gene expression responses under various experimental conditions such as zeitgeber time, dose, and duration of exposure to various
environmental contaminants. Enrichment and advanced analysis features also
facilitate the integration of datasets facilitating the development of novel hypotheses. In addition, the implementation of FAIRTox makes publicly available MSU
SRC toxicogenomic data more accessible to investigators without transcriptomic
expertise. FAIRTox is implemented as a Docker container ensuring portability and
reproducibility for groups looking to execute their own local version. Ultimately, the
goal of FAIRTox is to improve data sharing, reuse, and reproducibility through an
intuitive interface that serves bioinformaticians and novices alike. Funded by the
Superfund Research Program P42ES004911.

4650

Quantitative Structure-Activity Relationship Model to Predict
Cardiac Adverse Effects

Z. Mou1, R. Racz1, K. Cross2, S. Chakravarti3, and L. Stavitskaya1. 1US FDA, Silver Spring,
MD; 2Instem, Columbus, OH; and 3MultiCASE, Inc., Beachwood, OH.
Drug-induced cardiotoxicity represents one of the most common causes of attrition
of drug candidates in preclinical and clinical development. For this reason, evaluation of cardiac toxicity is essential during drug development and regulatory review.
Previous efforts to develop predictive cardiac toxicity models have been challenging, due in part to a low number of positives (i.e., cardiotoxic events) described in
the public domain. As a result, these models show high specificity but low sensitivity in their predictive performance, indicating that while making reliable positive
predictions they may overlook important safety signals in some instances. In an
effort to improve their sensitivity and domain of applicability, continuous updates
to the training set must be made to accommodate new cardiac toxicity findings. In
the present study, 72,442 drug-induced adverse event combinations from the FDA
Adverse Event Reporting System (FAERS) were extracted for 2090 drugs using 243
cardiac toxicity-related preferred terms (PTs) to serve as the training set. The new
training set was expanded to include 458 new drugs containing functional groups
such as allene, amidines, dithiocarbamate, hydrazides, nitroso, quinones and
sulfonyl groups. Selected PTs were combined into 12 groups based on their clinical
relevance and optimal classification was determined by comparing Empirical Bayes
Geometric Mean (EBGM) scores to drug labeling data and published literature. A
hierarchical clustering analysis of the final training set showed representation of
an additional 71 structural clusters over which the models can make a prediction.
These new models will provide a fast and more effective evaluation of potential
drug candidates.

4651

The Use of Nonclinical Common Protocol and Report
Templates: PhaseI Pilot Results

S. Lopes1, P. R. Brinck2, M. Carfagna3, C. Nekomoto4, P. Lynch5, B. Gery5, A. Kusnierz6,
J. Ingram-Ross6, and B. Emde7. 1Pfizer Inc., Groton, CT; 2Novo Nordisk A/S, Copenhagen,
Denmark; 3Eli Lilly and Company, Indianapolis, IN; 4Shionogi & Co. Ltd., Osaka,
Japan; 5Bristol-Myers Squibb Company, New Brunswick, NJ; 6Janssen Research &
Development, Spring House, PA; and 7Boehringer-Ingelheim Pharma GmbH & Co. KG,
Biberach, Germany.
BioCelerate, an industry consortium driving initiatives to increase efficiency in
early-stage R&D, has an ongoing project that resulted in the release of a nonclinical common protocol template for repeat-dose toxicology studies and an associated nonclinical common report template. These common templates together with
supporting materials can be downloaded from the BioCelerate website. For the
protocol template development, public feedback periods and open webinars with
CROs were held. Feedback indicated that the variety and complexity of nonclinical
template formats can result in inefficient protocol/report authoring and numerous
review cycles by all stakeholders. The companion report template was developed
with feedback from both a public comment period and collaboration colleagues
at US FDA Office of New Drugs/Office of Computational Science Advantages
to using these common templates include (1) less time and effort to develop a
protocol and the associated report for a study, (2) improved overall study quality
by reducing the risk of errors due to unfamiliarity with protocol/report layout, (3)
efficiency in managing multiple studies, and (4) optimization of time spent on
critical data analysis and review. Utilizing the publicly available versions of both
templates, the team completed phase I of a two-part voluntary pilot project with
participating companies to assess the value and functionality of the BioCelerate
templates. Learnings from this experience will be shared to assist in the broader
understanding and potential adoption of the templates by industry. Publication
of V2.0 of these templates is planned to incorporate learnings from the pilot and
additional stakeholder feedback.

4652

Identifying Perturbations That Modulate ESR1 Expression with
Appyters

Z. Xie, M. Jeon, D. J. Clarke, A. Lachmann, M. Wojciechowicz, and A. Ma’ayan. Icahn
School of Medicine at Mount Sinai, New York, NY. Sponsor: A. Ma’ayan, International
Society for Computational Biology
Advances in transcriptomics profiling have facilitated the generation of massive
datasets at low cost. However, these datasets are often underutilized despite their
potential for contributing to hypothesis generation in systems toxicology. In order
to facilitate knowledge discovery from existing gene expression data, we have
reprocessed several large-scale transcriptomics datasets into gene expression
signatures. Next, to enable access to these signatures for hypothesis generation,
we developed two gene-centric reverse search Appyters. One Appyter serves over
1 million L1000 perturbational expression signatures, and the other Appyter serves
>8,000 signatures automatically extracted from RNA-seq studies deposited by the
community into the Gene Expression Omnibus (GEO). Both Appyters enable users
to query a single gene against each collection of signatures, and output volcano
plots that visualize matching signatures that up or down regulate the queried gene.
To demonstrate the utility of the Appyters, we queried the gene ESR1 to identify
perturbations that specifically and maximally impact its mRNA expression levels.
The queries returned novel compounds and genetic perturbations previously
unknown to be estrogen disruptors. The two Appyters can be accessed from the
Appyter Catalog at https://appyters.maayanlab.cloud/#/?q=volcano.

4653

Cross-Study Analyses of SEND Data: Analytical and Visual
Approaches

M. A. Carfagna1, B. Paisley1, C. Eley2, H. Hanafusa3, W. Houser4, J. Anderson5, K.
Snyder5, R. Thompson6, S. Leuenroth-Quinn5, W. Wang4, and M. Y. Ali7,5. 1Eli Lilly and
Company, Indianapolis, IN; 2Pfizer Inc., Groton, CT; 3Shionogi & Co. Ltd., Tokyo, Japan;
4Bristol-Myers Squibb Company, New Brunswick, NJ; 5US FDA/CDER, White Oak, MD;
6Janssen Research & Development, Spring House, PA; and 7Oak Ridge Institute for
Science and Education, Oak Ridge, TN.
The objective of this work, a collaborative effort between BioCelerate and FDA,
is to develop SEND data harmonization/transformation strategies and apply
analytic techniques to enable an understanding of the similarities and differences
between two or more data sets. Example use cases include understanding a single
compound’s toxicity profile across all studies performed or evaluating on- versus
off-target toxicity for multiple compounds intended for the same pharmacological target. Publicly available SEND data (PDS2014) for four studies (rodent and
non-rodent) were used to evaluate analytical approaches. The analyses involved
transformation of SEND data variables to integrate numerical data (e.g., body
weight). Initial body weight analyses involved evaluation of time dependent effects
using measured body weights versus time. This visualization enabled the assessment of growth curves and overall consistency of the data. Subsequent analyses
involved normalizing the body weight data to control and change from baseline.
Visualization of body weight relative to the control group enables identification
of dose groups with the largest decreases in body weight while change from
baseline visualizations facilitate identification of dose groups that did not gain or
lost weight. Integration of change from baseline and change from control data
into a heat map enables clustering of dose groups that meet specified changes
(e.g., dose groups with body weight loss greater than 15%). Statistical evaluations
such as component analyses are planned, and visualizations are being developed
to allow for the comparison of the clustered body weight and microscopic data
across multiple studies. Cross-study comparisons using SEND data are expected to
improve the identification of unique findings related to the intended target, species
and duration of dosing.

4654

OPERA Models for ADME Properties

Mansouri1,

K.
N. Choksi2, X. Chang2, D. Allen2, and N. Kleinstreuer1. 1NIEHS/NICEATM,
Research Triangle Park, NC; and 2Integrated Laboratory Systems Inc., Research
Triangle Park, NC.
OPERA is a free and open-source/open-data suite of QSAR models developed to
support a range of research and regulatory purposes. In addition to physicochemical and environmental fate properties, OPERA offers a number of models predicting
endpoints affecting absorption, distribution, metabolism, and excretion (ADME)
that are of high importance to physiologically-based kinetic (PBK) modeling and in
vitro to in vivo extrapolation (IVIVE) studies. The OPERA ADME related endpoints
include models for octanol/water partition and distribution coefficients (logKow,
logD), acidic dissociation (pKa), fraction unbound to plasma protein (Fu), intrinsic hepatic clearance (Clint), and the newly added Caco2 permeability (logPapp).
Like all OPERA models, the Caco2 model was built using a curated dataset (4,670
unique chemicals) split into training (75%) and test (25%) sets and molecular
descriptors resulting from standardized QSAR-ready chemical structures. The
modeling procedure was based on the five OECD principles for QSARs providing
scientifically valid, high accuracy models with minimal complexity that support
mechanistic interpretation, when possible. Existing OPERA models are also
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updated regularly when new experimental data are available. Recently, logKow, Fu
and Clint models have been updated with the latest publicly available datasets to
improve their predictivity and applicability domain coverage. For consistency and
transparency, OPERA also provides a tool for standardizing chemical structures, an
estimate of prediction accuracy, an assessment of applicability domain, and experimental values when available. Technical and performance details are described in
OECD-compliant QSAR model reporting format (QMRF) reports. OPERA predictions
are available through the EPA CompTox Chemicals Dashboard (https://comptox.
epa.gov/dashboard) and NTP’s Integrated Chemical Environment (https://ice.
ntp.niehs.nih.gov/). The OPERA application can also be downloaded from the
NIEHS GitHub repository (https://github.com/NIEHS/OPERA) as a commandline or graphical user interface for Windows and Linux operating systems. This
project was funded with federal funds from the NIEHS, NIH under Contract No.
HHSN273201500010C. The views expressed above do not necessarily represent the
official positions of any federal agency.

4655

Integrating In Silico Mechanistic Profiling, Neuroreceptor
Interaction, and Microelectrode Array Data to Identify
Interactions with the Muscarinic Acetylcholine Receptor

S. J. Wijeyesakere, D. Wilson, T. R. Auernhammer, and S. Marty. Dow, Midland, MI.
We previously described a machine-learning model for the cholinergic system to
align compounds that interact with the nicotinic (nAChR) or muscarinic acetylcholine receptor (mAChR) or acetylcholinesterase. To demonstrate the utility of an
integrated approach that combines these in silico models and available in vitro
study data, we mechanistically profiled a public database of microelectrode array
(MEA) results using the mAChR as a proof-of-concept. MEA measures changes in
current between cultured neurons in response to xenobiotics. For 1024 compounds
with MEA data, the machine learning model initially flagged 121 compounds for
interaction with mAChR. Following exclusion of outliers (compounds whose primary
modes of action are likely via a non mAChR-mediated mechanism), 43-60 identified compounds were found to be active in one or more in vitro ToxCast mAChR
binding assays, with 95%-100% having been flagged for interaction by the mAChR
model. Furthermore, most compounds flagged as acting via the mAChR showed
a decrease in signal intensity in the MEA, consistent with an antagonistic mode
of action. To better understand the ability to automate identification of potential
outliers, in silico docking binding energies were visualized for the in vitro actives
vs. inactives. Although a difference was noted, with the known actives showing
characteristically higher binding energies, no clear differentiation was observed.
Assessment of ligand efficiency (defined as the ligand binding energy relative to
molecular weight) did not demonstrate any noticeable differences between the
two groups. These results highlight the need for subject matter experts to oversee
implementation of in silico models in conjunction with assessing available in vitro
data within an integrated approach. This investigation shows that high confidence
in a muscarinic mode of action can be placed in the subset of compounds that were
identified using computational mechanistic profiling, the MEA and ToxCast results.

4656

US EPA “Concentration versus Time Database”: A Resource for
Extrapolating Toxicokinetic Parameters across Chemicals

C. Cook1,2, L. Albrecht1, G. Cary1,2, B. Edwards1, D. Haggard1, N. Hanley1, M. F. Hughes1,
A. Jarnagin1,2, T. Kodavanti1,2, E. Koral-Bexell1,2, A. Kreutz1,2, M. Ngo1,2, C. Ring1, R.
Sayre1,3, B. Sharma1, J. Wall1, H. Yamazaki4, and J. Wambaugh1. 1US EPA, Research
Triangle Park, NC; 2Oak Ridge Institute for Science and Education, Oak Ridge, TN;
3University of North Carolina at Chapel Hill, Chapel Hill, NC; and 4Showa Pharmaceutical
University, Tokyo, Japan.
The Concentration versus Time Database (CvTdb) is a public repository of
toxicokinetic (TK) data developed by the Center for Computational Toxicology and
Exposure at the US Environmental Protection Agency (EPA). The CvTdb contains
manually curated experimental time-course data of chemical compound concentrations in body fluids and tissues, along with descriptive metadata, from hundreds
of publications. The CvTdb is a “living” repository, to which new data can be
added as they become available. Recent efforts have been made to 1) Expand
the scope of in-house data curation and 2) Integrate sets of CvT data shared by
other institutions. To standardize the format of data extracted from numerous
publications, by several curators, we developed an R Shiny application that checks
completed template curation files for both format and data correctness. New data
sets include those from collaborators of Showa Pharmaceutical University with
more than 200 compounds. Standardized data reporting allows for analysis of TK
trends across studies. For example, we observe that among replicate observations
(those with common chemical/reference/dose/route/timepoint data), 85.9% are
within two-fold of the mean concentration. When the data are subset by route, we
observe that 84.0% of oral administration observations, and 89.7% of intravenous
administration observations, are within two-fold of the mean concentration. Data
are systematically analyzed using invivoPKfit, an R package that fits standardized 1and 2- compartmental TK models to all data associated with a particular compound,
including data that spans multiple references. We used invivoPKfit to fit models and
estimate TK parameters, such as volume of distribution and elimination half-life.

Overall, the CvTdb serves as a platform for assessing TK trends across a large and
standardized set of data, as well as for calibrating and validating TK models. This
abstract does not necessarily reflect US EPA policy.
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Analyzing E-cigarette Aerosol Chemicals Using the Comparative
Toxicogenomics Database

C. J. Grondin, A. P. Davis, J. A. Wiegers, T. C. Wiegers, D. Sciaky, R. J. Johnson, and C.
J. Mattingly. North Carolina State University, Raleigh, NC.
The widespread increase in electronic-cigarette use, or vaping, has created a
critical need for evaluation of the chemical constituents of e-cigarettes and their
associated health risks. We used the Comparative Toxicogenomics Database (CTD;
http://ctdbase.org), a public resource that integrates chemical, gene, phenotype
and disease data, to analyze the biological effects of nine chemicals detected in the
aerosol generated by vaping Juul e-cigarettes: 2-butenal, acetaldehyde, acetone,
formaldehyde, methacrylaldehyde, nicotine, particulate matter, pyruvaldehyde, and
reactive oxygen species. Chemical-gene, chemical-phenotype, and chemical-disease interactions from CTD were analyzed to help identify mechanisms of
action of these chemicals and consequent disease risks associated with vaping.
Collectively, these chemicals have direct marker or mechanistic relationships with
over 400 unique diseases in CTD, particularly for cardiovascular diseases, nervous
system diseases, respiratory tract diseases, cancers, and mental disorders. Next,
we integrated CTD-curated content to computationally generate Chemical-GenePhenotype-Disease (CGPD)-tetramers to construct potential detailed, progressive
mechanistic pathways linking these chemicals to pulmonary fibrosis and depression adverse outcomes. Prioritized phenotypes that are shared between the two
disease endpoints include response to oxidative stress, inflammatory response,
several cell signaling pathways, cell proliferation, and apoptosis. Integration of
CTD data and computational generation of CGPD-tetramers can help fill molecular
knowledge gaps and generate testable hypotheses to better understand the effects
of vaping aerosols generated by e-cigarettes and potential disease outcomes.

4658

The Use of Leadscope’s Skin Sensitization Alerts in the OECD
497 Integrated Testing Strategy (ITS) Defined Approach
Workflow

C. Johnson, D. Bower, K. Cross, S. Miller, and G. Myatt. Instem, Columbus, OH.
The Organization for Economic Co-operation and Development (OECD) has recently
adopted new defined approaches for the assessment of skin sensitization hazard
and potency. The Integrated Testing Strategy (ITS) defined approach which is
detailed in OECD Guideline No. 497, uses a combination of in silico analysis, Direct
Peptide Reactivity Assay (DPRA) and Human Cell Line Activation Test (h-CLAT)
assay results to assess the skin sensitization hazard or potency of a substance.
In this work, we assess the performance of Leadscope’s sensitization alerts to
predict both hazard and potency using the workflow defined by OECD 497. The
Local Lymph Node Assay (LLNA) data and human data for references substances
which were used in the validation of the ITS defined approach in OECD 497 were
used in this assessment. 94% of the LLNA refence data could be predicted with
the ITS using Leadscope’s sensitization alerts, with a balanced accuracy of 80.3%,
sensitivity of 90.6%, and specificity of 70.0%. When used to predict UN GHS 1A/1B
sub-categorization for LLNA reference data, the ITS using Leadscope’s sensitization alerts provided a correct classification (%) of 70%, 69.2%, and 73.6% for not
classified (NC), GHS 1B and GHS 1A respectively. For the 97% of human reference
substances for which a conclusive prediction could be made, the balanced accuracy
was 66.5%, sensitivity of 88.6%, and specificity of 44.4%. An evaluation of potency
indicated a correct classification % of 44.4%, 73.3% and 65% for NC, GHS 1B and
GHS 1A respectively. Substances which were underpredicted as not classified due
to absence of an alert include pyridine, benzaldehyde, aniline, and benzyl alcohol.
These results are similar to those obtained by the OECD validation studies (ITSv1,
and ITS v2), in which it was noted that the measure of specificity is more uncertain
than the measure of sensitivity given the imbalanced nature of the set (9 human
negative chemicals). These results are also comparable to the LLNA hazard and
potency prediction of the human data. The use of Leadscope’s sensitization alerts
in the Integrated Testing Strategy (ITS) defined approach that is detailed in OECD
Guideline No. 497 can be a valid approach in the derivation of sensitization hazard
and potency.

4659

Pattern Recognition in High-Dimensional Zebrafish Behavioral
Studies Using Autoencoder-Based Deep Learning

A. J. Green1, P. Thunga1, M. Hancock1, L. Truong2, R. L. Tanguay2, and D. M. Reif1.
1North Carolina State University, Raleigh, NC; and 2Oregon State University, Corvallis, OR.
Zebrafish have become an essential tool in screening for developmental neurotoxic
chemicals and their molecular targets. The success of the zebrafish is partially due
to their physical characteristics including their relatively simple nervous system,
rapid development, experimental tractability, and genetic diversity combined with
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technical advantages that allow for the generation of large amounts of high-dimensional behavioral data. These data are complex and require the implementation
of advanced machine learning and statistical techniques to be analyzed comprehensively and capture spatiotemporal responses, beyond distance moved. To
accomplish this goal, we have implemented an unsupervised deep autoencoder
trained using behavior data from unexposed larval zebrafish to extract quintessential wildtype behavior. Following training, our network was evaluated using
data from larvae that showed significant changes in behavior following toxicant
exposure (nanomaterials, aromatics, per- and polyfluoroalkyl substances, or other
environmental contaminants). The resulting model correctly classifies normal and
abnormal behavior with 98% and 89% accuracy, respectively. Resulting in a model
capable of classifying behavior of individual zebrafish with an overall accuracy of
95.9%. Further, our model identified 1-Methylphenanthrene, 2-Methylphenanthrene,
Perfluorohexanesulfonic acid, and Dibenzo[e-l] pyrene as capable of inducing
abnormal behavior at multiple concentrations, not captured using distance moved.
By leveraging this deep learning model, it will allow for better characterization of the
types of exposure-induced behavioral phenotypes, and facilitate improved genetic
and neurobehavioral analysis in mechanistic determination studies.

4660

Capturing Prenatal Developmental Toxicity Data Using the Data
Collection Tool (DCT): Pilot Curation Summary

M. Feshuk1, S. Watford2, S. Addanki1, W. Fies3, J. Wignall3, A. Singh1, and
K. Paul-Friedman1. 1US EPA, Research Triangle Park, NC; 2US EPA, Washington, DC; and
3ICF International Inc., Fairfax, VA.
The EPA’s Office of Pesticide Programs (OPP) requires registrants to submit in
vivo studies to evaluate potential human health and environmental effects. Data
evaluation records (DERs) OPP creates provide a review of studies conducted
in accordance with the 870 Series Health Effects Test Guidelines for pesticide
registration, and represent enormous time, financial, and animal resources. Each
DER summarizes methods, results, and evaluator conclusions, but the data remains
largely cached in an image-based format. In vivo study results like these have
applications beyond pesticide registration, such as to inform toxicity predictions as
training data and build scientific confidence in the performance of new approach
methodologies (NAMs). However, these efforts require NAM and animal study
data to be computationally accessible and interoperable. The Toxicity Reference
Database (ToxRefDB) aggregates in vivo data from nearly 6000 studies, primarily
from OPP DERs, for over 1000 chemicals, and was developed via manual curation.
As an application-driven curation workflow, the Data Collection Tool (DCT) was
designed to support ToxRefDB expansion of chemical and study coverage via
continued curation with enhanced quality control and data provenance capabilities. Prenatal developmental (DEV) studies represent a current data gap for NAM
development and validation. As a pilot curation project, curators used the DCT
to capture study design metadata, dose-response, treatment-related and critical
effects, and endpoint testing status information for 72 DEV DERs. Curations cover
35 rat, 34 rabbit, and 2 mouse studies for 36 chemicals, encompassing 588 dose
groups. The most common maternal effects include systemic effects (clinical
signs, weight change, food consumption) followed by reproductive effects (resorptions, abortions). Developmental toxicity is described in terms of fetal weight
reduction and skeletal variations. The maternal lowest effect level (LEL) and lowest
observed adverse effect levels (LOAEL) by study appear equal or more sensitive
than the developmental LEL and LOAEL for approximately 82% of the 72 curated
studies. As curation of additional DERs and study types with the DCT continues, this
pilot dataset will be used to construct a sustainable pipeline for loading new legacy
curations into ToxRefDB. This abstract does not necessarily reflect US EPA policy.
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Quantitative Systems Toxicology (QST) Modeling of
Cimaglermin Alfa (GGF2) Hepatotoxicity Shows the Potential of
BIOLOGXsym to Predict Biologics-Induced Liver Injury (BILI)

J. J. Beaudoin1, L. A. Vernetti2, D. L. Taylor2, A. H. Gough2, L. Clemens1, C. Battista1,
S. Q. Siler1, L. K. Shoda1, B. A. Howell1, and K. Yang1. 1Simulations Plus Inc., Research
Triangle Park, NC; and 2University of Pittsburgh Drug Discovery Institute, Pittsburgh, PA.
Biologics continue to address various unmet medical needs, but the occurrence
of BILI can terminate clinical development of otherwise promising treatments.
Phase I clinical trials of the growth factor protein GGF2 in heart failure patients
were suspended after observing elevations of the BILI biomarkers plasma alanine
aminotransferase (ALT) and total bilirubin (TB). To evaluate the clinical BILI
risk of biologics such as GGF2, a novel QST modeling platform, BIOLOGXsym™,
representing relevant liver biochemistry and mechanistic effects of biologics on
liver pathophysiology, was developed in conjunction with assay outputs from a
human biomimetic liver microphysiology system (MPS). 10-day GGF2 (10 ng/
mL) treatment of a human (vascularized) liver acinus MPS [(v)LAMPS] provided
GGF2-dependent readouts from previously validated assays. Mechanistic data
on GGF2 from (v)LAMPS and the literature, and GGF2 exposure predictions using
GastroPlus® were integrated to simulate GGF2 hepatotoxicity in BIOLOGXsym.
Compared to vehicle treatment, GGF2-treated (v)LAMPS significantly decreased
secretion of the hydrophilic bile acid taurocholate and the hepatotoxic bile acid
glycochenodeoxycholate. In addition, it was previously shown that GGF2 alters

hepatic handling of bile acids and bilirubin by transcriptional regulation of hepatic
enzymes and transporters involved in their disposition (Toxicol Sci. 2018 Feb
1;161(2):401-411). These data were used to derive mechanistic toxicity parameters
in BIOLOGXsym. Simulations furthermore incorporating interindividual physiological differences related to hepatotoxicity susceptibility reasonably recapitulated
the range of plasma ALT and TB observed in GGF2 clinical trials. In conclusion,
these proof-of-concept simulations of GGF2 show the potential of BIOLOGXsym to
predict BILI. Supported by NIH R43TR003535.

4662

Mechanism-Driven Modeling of Drug-Induced Liver Injury Using
Structural Alerts and an Oxidative Stress Screening Assay

X. Jia1, X. Wen2, D. P. Russo1, L. M. Aleksunes2, and H. Zhu1. 1Rutgers, The State
University of New Jersey, Camden, NJ; and 2Rutgers Ernest Mario School of Pharmacy,
Piscataway, NJ.
Evaluation of preclinical and clinical DILI is expensive, time-consuming, and often
requires many subjects to detect hepatotoxicity signals. In vitro testing assays,
which were used to identify relatively simple toxicity mechanisms, are not sufficient
to predict complex chemical toxicities such as DILI. As an advanced framework of
risk assessment, Adverse Outcome Pathways (AOPs) describe mechanisms that
involve complex chemical toxicities. We aimed to apply a computational framework
to developing an AOP that is predictive of DILI. For this effort, we employed complementary computational modeling and in vitro assays focusing on cytotoxicity and
oxidative stress via activation of the antioxidant response element (ARE). We
collected and curated a dataset of drug compounds (n=704) with known DILI labels
as modeling set, which were used to search PubChem for relevant assay data. The
ARE assay, which identifies chemicals that have the potential to induce oxidative
stress, shows high correlations to DILI (PPV=0.82). Next, we developed quantitative
structure-activity relationship (QSAR) models based on ARE data to predict the
oxidative stress response for compounds lacking ARE test results. Furthermore,
potential toxicity alerts were identified from chemical fragments that correlated
to DILI. The mechanistic DILI model consists of the identified structural alerts as
molecular initiating event and in vitro ARE activation as a key event. To experimentally validate the ARE QSAR model and the resulted mechanistic DILI model, 11
compounds in the modeling set and 12 new external compounds were selected and
experimentally tested using our in-house ARE screening assay. The mechanistic
model showed good DILI predictivity (accuracy = 0.78) for modeling set and new
compounds. Potential false positive DILI predictions caused by only using ARE
results can be corrected by incorporating the alerts and vice versa. This mechanistic model illustrates a potential toxicity pathway from initial chemical features to
associated cellular responses, and this strategy can be applied to develop predictive models for other complex toxicity endpoints. Supported by NIH R01ES031080
and P30ES005022.
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Identification of Chemicals Associated with Retinoid Signaling
Pathway Disturbance and Skeletal Dysmorphogenesis via New
Approach Methods’ Model and Adverse Outcome Pathway
Development

J. D. Pierro1, N. C. Baker2, B. K. Ahir3, and T. B. Knudsen1. 1US EPA, Research Triangle
Park, NC; 2Leidos, Research Triangle Park, NC; and 3Independent Partner, Lancaster, PA.
All-trans retinoic acid (ATRA) gradients determine skeletal patterning morphogenesis and can be disrupted by diverse genetic or environmental factors, leading to
fetal skeleton malformations. Adverse Outcome Pathway (AOP) frameworks for
ATRA metabolism, signaling, and homeostasis allow for the development of new
approach methodologies (NAMs) to improve predictive toxicology without animal
experimentation. Here, a data-driven model was constructed to identify chemicals
associated with both ATRA pathway bioactivity and prenatal skeletal defects. We
identified altered skeletal phenotypes in prenatal developmental toxicity studies
in ToxRefDB and/or ToxCast high-throughput screening (HTS) and identified
370 chemicals associated with the alterations. Defects were organized into four
skeletal phenotype groupings: cranial, post-cranial axial, appendicular, and other
non-specified skeletal defects. To build a multivariate statistical model, HTS results
from >8,070 chemicals in ToxCast/Tox21 across 10 in vitro assays, representing key nodes in the retinoid signaling system were evaluated and compared to
candidate reference chemicals for in vitro testing. There were 48 chemicals that
identified for constructing data-driven models to link this in vitro data with adverse
skeletal outcomes for computational modeling. These preliminary findings will
guide the development of dynamic modeling and AOPs for mechanistic validation
to strengthen evidence for causality. Furthermore, NAMs identified 20 chemicals
without previous evidence of retinoic acid pathway disturbance and skeletal defects
association. These findings shed light on potential avenues for new mechanistic discoveries related to retinoic acid pathway disruption and associated skeletal
dysmorphogenesis. This abstract does not represent the official views of US EPA or
any government agency.
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Examining the Effects of Reference Chemicals across a Variety
of Human-Derived Cell Lines Using High-Throughput Phenotypic
Profiling

C. Willis1, J. Nyffeler2, and J. Harrill1. 1US EPA, Research Triangle Park, NC; and 2Oak
Ridge Institute for Science and Education, Oak Ridge, TN.
High-throughput phenotypic profiling (HTPP) is a chemical screening method
that combines high-content imaging and image analysis to measure phenotypic
features at the single cell level and quantify chemical effects on morphology (i.e. cell
painting). This project evaluated the effects of 20 candidate phenotypic reference
chemicals (RefChem20) as plate-based controls for future screening studies.
These compounds were tested in 12 human-derived cell lines identified using a
data driven cell line selection approach and representative of a variety of tissue
types (heart, lung, etc.). Cells were plated in 384-well format and, following a 24 h
recovery period, dosed in a randomized pattern. The 20 reference chemicals were
tested at 8 concentrations (1/2-log10 spacing up to 100 µM) in duplicate across
each plate along with two negative controls and a cell viability positive control,
staurosporine. 24 h post-exposure, cells were live live-labeled with MitoTracker
(mitochondria), fixed, permeabilized and labeled with Hoechst-33342 (nuclei),
SYTO14 (nucleoli) and fluorescent conjugates of concanavalin A (ER), phalloidin
(cytoskeleton), and wheat germ agglutinin (Golgi/plasma membrane). A propidium-iodide dye exclusion cell viability assay was run in parallel to evaluate cell
number and cytotoxicity. For HTPP, confocal images were acquired using an Opera
Phenix HCS system and analyzed using Harmony software, yielding ~1300 features
per cell. Using custom R scripts, global Mahalanobis distances were calculated to
determine cell painting benchmark concentrations (BMCs) while cytostatic and
cytotoxic BMCs were derived from the cell viability results. Overall, we were able to
observe distinct phenotypic profiles across all cell lines tested. The results show
that while some cell lines display robust phenotypes in response to chemicals,
others show subtle effects. For some chemicals (actinomycin D, rapamycin),
cell line BMCs were separated by two orders of magnitude while BMC values for
other chemicals were identical (ethoxyquin, FCCP). In summary, we have identified chemicals from the RefChem20 set suitable for use as plate-based controls
for future screening studies. Results will facilitate selection of chemical controls
appropriate for use in all cell lines, or alternatively, the selection of reference
chemicals based on effectiveness in a particular cell line. This abstract does not
necessarily reflect US EPA policy.
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Robust Characterization of Nonlinear Associations between
Chemical Exposures and Cancer-Specific Mortality: National
Health and Nutrition Examination Survey 1999-2014

V. K. Nguyen1,2, C. Patel1, O. Jolliet2, and J. Colacino2. 1Harvard Medical School, Boston,
MA; and 2University of Michigan, Ann Arbor, MI.
We lack knowledge of environmental drivers (e.g. chemical exposures) of cancer
mortality, which is most often due to the development of metastatic disease. Thus,
there is a need to identify associations between chemical exposures and cancer
mortality to help prioritize chemicals for further toxicological and epidemiological
studies. We aimed to characterize the non-linear relationship between chemical
biomarker levels and cancer-specific mortality to identify concentrations associated with increased risk for death. We studied 241 toxicant biomarkers in 35,132
participants sampled from the US CDC National Health and Nutrition Examination
Survey 1999-2014. We deployed a series of Cox proportional hazard models with
mortality status and time to death as the outcome variables and the chemical
concentrations as the main predictor treated as a quadratic term to study non-linear effects. To study the robustness of these associations, we adjusted for all
combinations of covariates such as age, sex, race, poverty income ratio, smoking,
and comorbidity. If the associations remain similar across the different models,
then we deem the associations to be robust. We identified the associations to
be robust for biomarkers of lead, cadmium, and perfluorooctane sulfonamide
(PFOSA). Participants with cadmium levels above 0.63 ug/L are >78% at higher
risk for cancer mortality compared to those with the lowest levels. Cancer mortality risk is significant when blood levels are above 3 ug/dL, showing a 73% higher
risk compared to those with the lowest levels. Risk is significant for PFOSA for
levels between 0.1-0.2 ng/mL. Lead and cadmium are known carcinogens, but the
impact of these heavy metals on cancer mortality is not well known. By contrast,
the effect of PFOSA on cancer have not been well studied. Thus, our methodology
can help identify chemical contributors to cancer mortality for further mechanistic
evaluation.
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The Superfund Research Program Analytics Portal: Linking
Chemical Exposure to Biological Phenotypes and Enabling
Dissemination through Data Science and Visualization

S. Gosline1, D. Kim1, L. Truong2, M. Barton2, P. Hoffman2, R. Chau3, L. Anderson1, J.
Loftus1, A. Moran1, S. Hampton1, S. Dowson1, L. Franklin1, S. Monti3, K. A. Anderson2, R.
L. Tanguay2, and K. M. Waters1. 1Pacific Northwest National Laboratory, Richland, WA;
2Oregon State University, Corvallis, OR; and 3Boston University, Boston, MA.
The OSU/PNNL Superfund Research Program represents a longstanding collaboration to quantify Polycyclic Aromatic Hydrocarbons (PAHs) at Superfund sites in
the Pacific Northwest and assess their potential impact on human health. We have
pioneered the development of passive sampling devices to measure chemicals
in a variety of environmental matrices, including water, air, sediment and resident
organisms. To link chemical exposure to potential impacts on biological systems,
we have leveraged the zebrafish embryonic development model to provide quantitative measurements of phenotypic changes from toxicants. Toward this end, we
have identified several hundred chemicals found at Superfund sites and measured
the effect of these same chemicals in zebrafish, creating a rich dataset that links
environmental exposure to phenotype. We use chemical measurements in environmental samples to benchmark our lab studies against environmental concentrations in realistic chemical mixtures. We have implemented dose-response modeling
pipelines to calculate benchmark dose parameters that enable the comparison
of potency across chemicals and phenotypes. In this presentation, we describe a
publicly accessible data portal that provides public access to these datasets, with
dynamic, data-driven visualizations. We provide links to metadata and ontologies
associated with our measurements. We also provide quality metrics associated with
the models used to calculate benchmark dose parameters and summary metrics.
In addition, we have added links to gene expression data that are available from
the Xposome Portal for a subset of PAHs that have been tested in high throughput
transcriptomics assays through collaboration with the Boston University Superfund
Research Program. The OSU/PNNL SRP Analytics portal provides linkages between
environmental concentrations and laboratory-tested concentrations of chemicals,
using an interactive web site designed to enable exploration and re-use of this data
by the scientific community at https://srp.pnnl.gov/portal.

4667

Gene Signature Concentration-Response Modeling of HTTr Data
for Mechanistic Prediction and Potency Estimation

J. A. Harrill, L. Everett, D. Haggard, J. Bundy, L. Taylor, B. Chambers, C. Willis, I. Shah,
and R. Judson. US EPA, Research Triangle Park, NC.
US EPA has developed a tiered hazard evaluation strategy using new approach
methods (NAMs) as part of an effort to incorporate non-traditional toxicity testing
into regulatory decision-making processes. The first tier of this strategy specifies
the use of high-throughput profiling (HTP) to rapidly evaluate the biological activity
of chemicals in human-derived cell models. High-throughput transcriptomics
(HTTr) using the whole transcriptome TempO-Seq assay has been identified as an
HTP assay that can be used to: 1) identify molecular points of departure (mPODs)
for perturbation of cellular biology by chemicals and 2) generate gene expression
profiles for mechanism of action prediction. Previously, we developed laboratory
workflows for conducting large scale HTTr screens in 384-well format and data
analysis pipelines for mPOD determination based on concentration-response (CR)
modeling of transcriptomic signature enrichment scores. Here, we applied those
methods to screen 1784 chemicals in MCF7 adenocarcinoma cells (6 hr exposure,
8 concentrations up to 100 uM) using a collection of 11,037 signatures gathered
from public sources (Connectivity Map (CMAP), Molecular Signatures (MSigDB),
BioPlanet, DisGeNET and others). The R package tcplfit2 was used to conduct the
CR modeling. Overall, 99% of chemicals had at least one active signature as defined
using tcplfit2 outputs with “hitcall” >= 0.9, “top_over_cutoff” >= 1 and a benchmark
concentration (BMC) less than the highest concentration tested. There were 148
chemicals with mPOD (defined as the 5th percentile BMC of active signatures)
less than 1 uM. The distribution of signature BMCs for a subset of these chemicals
displayed a peak of biological activity at low test concentrations, followed by a
second, larger peak of biological activity at higher concentrations. Chemicals
behaving as such tended to be those with known specificity for a molecular target
that is expressed in MCF7 cells and included estrogen receptor agonists, selective
estrogen receptor modulators (SERMs), glucocorticoid receptor agonists and
retinoic acid receptor agonists. Hierarchical clustering based on signed area under
the curve (sAUC) clearly separated these chemical classes from one another and
also identified a set of polycyclic aromatic hydrocarbons (PAHs) as having similar
biological activities. This abstract does not represent US EPA policy.
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Role of a Chemoinformatics Platform in Industry Research
Programs and Risk Assessments for Cosmetics Ingredients

G. Ouedrago1, M. Cronin2, M. Dent3, A. Detroyer1, S. Gutsell3, N. Hewitt4, G. Kenna4, P.
Kern5, C. Krueger6, C. Mahony7, A. Najjar6, K. Przybylak3, J. Rathman8, M. Varçin4, and C.
Yang8. 1L’Oréal, Aulnay-sous-Bois, France; 2Liverpool John Moores University, Liverpool,
United Kingdom; 3Unilever, Bedford, United Kingdom; 4Cosmetics Europe, Brussels,
Belgium; 5Procter & Gamble, Brussels, Belgium; 6Beiersdorf, Hamburg, Germany; 7Procter
& Gamble, Bagshot, United Kingdom; and 8MN-AM, Columbus, OH.
The Long-Range Science Strategy program specifically on Systemic Toxicity
Task Force (TF SysTox) has explored mechanistic aspects of existing alternative methods, as well as New Approach Methodologies under development, to
demonstrate that safety assessment of cosmetic ingredients can be performed
using a combination of in silico and in vitro data. In parallel, the Task Force on Skin
Sensitization (TF SS) established Defined Approaches to implement several prediction models. To regroup resulting findings and reduce to practice, the TF’s adopted
ChemTunes•ToxGPS® as the foundation of a digitalized safety assessment system
and have been working to further expand the capabilities of this chemoinformatics
platform to integrate data and knowledge, and to enable toxicity predictions and
safety assessments relevant to cosmetics industries. Case studies conducted by
the TF SysTox are at the center of the system design. Two case studies exemplified
in this study guided and demonstrated the system design and capabilities, namely
safety assessment of parabens and caffeine by analyzing, for example, Threshold
of Toxicological Concern and Read-Across. To allow hypothesis generation, the
system provided data from the ChemTunes database while TF SysTox provided
additional ADME (e.g., Caco-2 cell permeability) and kinetics data. The ToxGPS
workflow offers molecular/physicochemical property calculations, Tox21/Cast
assay profiles, mode-of-action derived profilers (DNA/protein binders, structural
rules for liver and reproductive/developmental toxicity), and hepatic/dermal
metabolic reactivity profiles. For dermal toxicity, the skin sensitization models from
the TF SS workgroup have been implemented in the ChemTunes Services. The
Read-Across (RAx) approach estimates a probabilistic RAx reliability for analogue
candidates based on available evidence and reports 95% confidence bounds for the
target NOAEL or EC3 values. Our future goal is to provide an open and extendable
system including ab initio workflows that can interface with and leverage other
knowledge systems such that global cosmetics industries and regulatory bodies
can share a common assessment language and paradigm.

4669

Development of New QSAR Models for Skin Sensitization Based
on In Vivo Local Lymph Node Assay Data

S. Ashraf, C. A. Moeller, A. C. Nissen, N. G. Nikolov, and E. B. Wedebye. Danmarks
Tekniske Universitet, Kongens Lyngby, Denmark. Sponsor: T. Svingen
Skin sensitisation is a chronic disorder with potential serious consequences
on quality of life. It also has major economic consequences for society, due to
lost working capacity and health care expenses. Unfortunately, there are many
chemicals where data are either missing or insufficient in relation to assessing
possible skin sensitisation properties. In this study, a systematic and transparent approach was applied to assess Local Lymph Node Assay (LLNA) experimental data from multiple compilations for training and validation of quantitative
structure-activity relationship (QSAR) models. As far as possible, the experimental
data was assessed by the same principles as applied for the LLNA validation set
used for the OECD Defined Approaches for Skin Sensitisation (DASS). Based on this,
only the most robust positive and negative LLNA results were chosen for modelling
and validation. The main steps of the work were: 1. Search of the open literature
and retrieval of REACH registrations for experimental LLNA data; 2. Extensive data
and structure curation of the experimental results to produce training sets and
validation sets; 3. Development of a set of complementary binary QSAR models for
LLNA skin sensitisation; 4. Validation of the developed models by ten times five-fold
cross-validation and external validation with a big independent set of LLNA tests
from REACH registrations; 5. Screening of 11,096 substances registered under the
European Union chemicals regulation for Registration, Evaluation, Authorization
and Restriction of Chemicals (REACH) to identify potential skin sensitisers. The
developed QSAR models will be applied to screen 650,000 substances and the
predictions will be published in our free online Danish (Q)SAR Database. The
models will be made available in the free online Danish (Q)SAR Models website for
real-time prediction of user-submitted structures and detailed results in the (Q)SAR
Prediction Reporting Format (QPRF).

4670

The Danish (Q)SAR Database: Recent Updates

N. G. Nikolov, and E. B. Wedebye. Danmarks Tekniske Universitet, Kongens Lyngby,
Denmark. Sponsor: T. Svingen
The Danish (Q)SAR database (https://qsar.food.dtu.dk) is a free online searchable repository of structural information and (Q)SAR predictions, comprising a
total of over 150 million data points. The predicted properties from over 200 (Q)
SAR models, developed in-house or obtained from external sources, cover many
physical-chemical, environmental fate, bioaccumulation, eco-toxicity, absorption,

metabolism and toxicity endpoints, and are instantly available for each of the
database’s more than 650,000 substances, including >80,000 REACH substances,
as a downloadable chemical profile. For single substances, the database integrates
many predictions for weight-of-evidence assessment, contributing to reducing
overall uncertainty. In addition, the database can be screened across all contained
predictions/substances, for prioritization purposes or to find structural analogs
etc. The database website provides an extensive search system including search
by predictions, structure, similarity and experimental data from training sets,
and logical combinations of searches. Documentation for all models developed
in-house as well as DTU-licensed commercial models is available in the QSAR
Model Reporting Format (QMRF). The database is developed by the QSAR team
at the DTU Food Institute, with financial support from the Danish EPA and Nordic
Council of Ministers, and supported by the European Chemicals Agency. Since the
publication of the database in November 2015, it has been used by more than
10,000 unique IP addresses worldwide running more than 180,000 searches and
requesting download of over 100,000 (Q)SAR profiles. The database is continuously being expanded and recent enrichments include predictions from a number
of DTU-developed and VEGA QSAR models. Searchable information was added on
affiliation to Tox21, ToxCast or TSCA, as well as EU CLP harmonized classification,
DK EPA / DTU QSAR-based Advisory list classification, and REACH registration
cumulated tonnage. Background information to the database, such as scientific
publications, presentations, reports with screening results was made available from
the website. New database functions were developed, including a downloadable
search report for multiple substances, search for lists of chemical structures, and a
generalized AND/OR function.

4671

Cheminformatics Analysis of Chemicals That Increase
Estrogen and Progesterone Synthesis for a Breast Cancer Risk
Assessment

A. Borrel, and R. Rudel. Silent Spring Institute, Newton, MA.
Factors that increase estrogen or progesterone (P4) action are well-established
as increasing breast cancer risk, and many first-line treatments to prevent breast
cancer recurrence work by blocking estrogen synthesis or action. In previous work,
using data from a high-throughput in vitro steroidogenesis assay developed for
the US Environmental Protection Agency (EPA) ToxCast program, we identified
182 chemicals that increased estradiol (E2-up) and 185 that increased progesterone (P4-up) in human H295R adrenocortical carcinoma cells[1]. Chemicals
known to induce mammary effects in vivo were very likely to increase E2 or P4
synthesis[1]. Thus, E2 and P4 steroidogenesis appear to be important pathways for
breast cancer. In order to identify additional chemical exposures that may increase
breast cancer risk by this pathway, we developed a cheminformatics approach to
identify structural features suggestive of this activity. First, the previously identified E2-up and P4-up chemicals were clustered based on their structural similarity and ToxPrint fingerprints to identify structural alerts. Then, machine learning
and artificial intelligence algorithms were used to develop and validate predictive
classification QSAR models. These models afforded reasonable external prediction
performances (balanced accuracy ~ 0.8 and Matthews Coefficient Correlation ~
0.5). This study demonstrated that (i) combination of structural patterns such as
phenol, triazine or amine groups are common among E2-up and P4-up chemicals,
(ii) structure similarity to hormonal substrates in the aromatase pathway is not a
good predictor for E2-up and P4-up chemicals, and (iii) robust QSAR models may
be useful to direct future testing and risk assessments. [1] Cardona, B., & Rudel,
R. A. (2021). Application of an in vitro assay to identify chemicals that increase
Estradiol and progesterone synthesis and are potential breast cancer risk factors.
Environmental Health Perspectives, 129(7)

4672

Deep Learning QSAR Modeling for Fraction Unbound in Human
Plasma

M. Riedl, and S. Mukherjee. Battelle Memorial Institute, Columbus, OH.
Sponsor: R. Moyer
Physiologically based pharmacokinetic modeling (PBPK) - an ordinary differential
equation (ODE) based mathematical framework - is routinely used in toxicological
studies to simulate Absorption, Distribution, Metabolism, and Elimination (ADME)
of a chemical. Reliability of these models depends on a set of physiological and
chemical specific properties that are used to parameterize them. Typically, chemical
specific parameters are either measured in vitro or estimated using Quantitative
Structure Activity Relationship (QSAR) models. The existing body of QSAR work
relies on extracting a set of structure based chemical descriptors or fingerprints,
subset selection, followed by training a machine learning model using methods of
multivariate data analysis. Problematically, performance of these machine learning
models varies depending on the software used to calculate the descriptors. Use
of state-of-the art natural language processing model Bidirectional Encoder
Representations (BERT), allows for a radical approach that completely circumvents
the need for calculation of these chemical descriptors. In this work, SMILE strings
were embedded in a high dimensional space using the BERT model and pre-trained
on a masked SMILES token. Then the pre-trained model was further fine-tuned on a
QSAR prediction task. The pre-training task allowed the model to learn meaningful
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high dimensional embeddings based upon the relationships between the chemical
tokens in the SMILE strings. The fine-tuning task then perturbed the pre-trained
embeddings to optimize the QSAR prediction. This framework was used to develop
a predictive model for fraction unbound in human plasma; the model was trained
on 1193 chemicals resulting in a prediction root mean square error of 0.055 on the
511 chemicals in the hold out test data. This approach is flexible, requires minimum
domain expertise, and can be generalized for other parameters of interest, including
intrinsic hepatic clearance, for the rapid and accurate estimation of physio-chemical parameters.

4673

Adverse Outcome Pathway Guided Acute Oral Toxicity Testing

M. D. Nelms1, S. W. Edwards1, V. Hench1, J. Ponder2, and K. Sullivan2. 1RTI International,
Durham, NC; and 2Physicians Committee for Responsible Medicine, Washington, DC.
Adverse outcome pathways can facilitate tiered testing strategies for acute oral
toxicity testing by providing a mechanistic framework to identify the appropriate
non-animal methods and connect them to apical adverse outcomes. This study
used chemical structure and bioactivity measurements to improve confidence
in pre-existing in silico approaches and identify in vitro assays for tiered testing
strategies to define acutely toxic chemicals. We performed a comprehensive
analysis of 11,992 chemicals with curated acute toxicity information from the
ICCVAM Acute Toxicity Work Group (ATWG). Chemicals were segregated into 2,192
clusters based on shared structural characteristics defined by ToxPrint fingerprints.
ToxCast assays, where activity was enriched for chemicals within a cluster, were
used to identify the minimum number of assays needed to detect all acutely toxic
chemicals. Of the 1,627 acutely toxic chemicals (rat oral LD50 <= 2,000 mg/kg
as defined by the ATWG) with activity in ToxCast below the range of cytotoxicity, 1,139 were linked to one or more structure-guided ToxCast assays. While 300
assays were required to detect all acutely toxic chemicals with false discovery rate
of 3%, selecting assays based on a chemical’s structural cluster means that no
single chemical requires more than four assays and 98% require two assays or less.
Cluster-specific ToxCast activity was significantly associated with both the binary
ATWG toxicity classification (p-value = 2.2 x 10-16) and the five United Nations
Globally Harmonized System (GHS) categories for acute oral toxicity (estimated
p-value = 5 x 10-4). The structural clusters alone were significantly associated with
GHS categories (estimated p-value = 5 x 10-5) as well. Further evaluation of the
assays associated with chemical clusters enriched for acutely toxic chemicals
confirmed that assay performance is improved when the assay is directly linked
to the mechanism of toxicity though several assays with indirect links to the
toxicity mechanism showed good performance. This study also confirmed previous
observations that cytotoxicity can predict acute toxicity. Our results suggest that
a combination of in silico approaches, such as the Collaborative Acute Toxicity
Modeling Suite (CATMoS), and bioactivity information guided by chemical structure
and toxicological mechanism represents an efficient tiered testing strategy
sufficient to reduce or eliminate animal testing for acute oral toxicity.

4674

QSAR Modeling of Lowest and Highest In Vitro Potency Levels
for Inhibition of Human Hedgehog (Hh) Signaling Pathway and
Screening of 11,096 REACH-Registered Substances

C. A. Moeller, M. N. Triantafillopoulos, N. G. Nikolov, A. C. Nissen, T. Svingen, and E. B.
Wedebye. Danmarks Tekniske Universitet, Kongens Lyngby, Denmark.
Hedgehog (HH) signalling is an evolutionary conserved signal transduction network
essential for normal development across vertebrates. The HH signalling pathway
is made up of several ligands, receptors and co-factors that instruct cells and
tissues to differentiate and organise themselves in a spatiotemporal manner.
Consequently, dysregulated HH signalling can lead to a plethora of disorders such
as brain malformations, facial and limb deformities, ciliopathies (collection of
syndromes and disorders), and cancers. In this study, we performed a comprehensive in-house systematic procedure to extract the most robust positive and
negative experimental results for 9,667 substances from the US Toxicology in the
21st Century (Tox21) high-throughput in vitro assay data. Quantitative structure-activity relationship (QSAR) models with binary outputs for their inhibitory effect on
the HH signalling pathway were developed at two potency thresholds. Rigorous
cross-validation, as well as external validations with 20% left-out test sets independent of model development and selection, demonstrated robust and highly predictive models with high balanced accuracies. The models were applied to screen
11,096 registered substances under the European Union (EU) chemicals regulation, REACH (Registration, Evaluation, Authorisation and Restriction of Chemical
substances). These predictions can be used, for example, for priority setting to
support read-across and in weight-of-evidence (WoE) assessments of chemicals.

4675

Estimation of No-Observed-Adverse-Effect Level (NOAEL)
by Read-Across for Large Inventories of Structurally Related
Chemicals and Metabolites

J. Rathman1,2, C. Yang1, J. V. Ribeiro1, A. Mostrag1, T. Magdziarz3, and B. Hobocienski1.
1MN-AM, Columbus, OH; 2Ohio State University, Columbus, OH; and 3MN-AM,
Nuremberg, Germany.
Although chemical safety assessment using quantitative structure-activity
relationships (QSAR) and rule-based systems is becoming more acceptable, these
approaches are not well-suited to endpoints for which the underpinning data are
weakly grounded in specific chemical-biological interactions. One example where
a new paradigm is needed is for estimating the no-observed-adverse-effect level
(NOAEL), required in the assessment of systemic toxicity. When an experimentally determined NOAEL for a query compound of interest is unavailable, it can
be estimated by a read across approach based on analog compounds having
experimental data. This study presents a novel method whereby a combination of
statistically robust chemoinformatics analysis, highly curated NOAEL databases
from the COSMOS and Antimicrobial Threshold of Toxicological Concern (TTC)
projects, and mechanistic grouping of >1300 compounds are applied to estimate
confidence bounds for the NOAEL of a target compound. The central hypothesis
is that similar compounds (structures, properties, biological effects) likely have
similar toxicity profiles and, hence, similar NOAEL values. Analog quality (AQ)
quantifies the suitability of an analog candidate for read across to the target by
considering similarity from structure, physicochemical and biological perspectives.
Biological similarity is based on experimental assay data; we present an approach
in which assay vectors-based on defined aggregations of Tox21/ToxCAST assay
data are used as biological fingerprints that capture target-analog similarity
relevant to specific effects of interest, for example hormone receptors (ER/AR/PR).
Once one or more analogs have been qualified for read across, a decision theory
approach is used to estimate confidence bounds for the NOAEL of the target. We
demonstrate how the confidence interval is dramatically narrowed when analogs
are constrained to biologically related profiles. While for regulatory purposes read
across often focuses on a single target, in other scenarios it is desirable to estimate
NOAEL values for a large number of structures, for example when screening virtual
compound libraries. To this end we present an implementation of our NOAEL
estimation technique that allows batch processing of large numbers of structures.
This workflow was validated by use cases for large sets of bisphenols and pesticide
metabolites. The process can be reduced to algorithmic workflows in a computational system to enable the efficient assessment of a large number of substances.

4676

Development of a Curated Hepatic Steatosis (HS) Database
to Enable Quantitative Structure-Activity Relationship (QSAR)
Modeling

N. N. Tucker, V. M. Alvez, E. Muratov, and A. Tropsha. University of North Carolina at
Chapel Hill, Chapel Hill, NC.
Hepatic steatosis (HS), or non-alcoholic fatty liver disease, affects one in three
adults via genetic predisposition, behavior, or environmental exposures. Chemically
induced HS poses a major health risk, further potentiating adverse outcomes including fibrosis, cirrhosis, and cancer. This study aims to collect, curate, and comprehensively integrate HS chemogenomics data to enable the development of QSAR
models designed to identify potential HS-causing agents. Data was sourced from
publications and supplementary materials identified in PubMed, publicly accessible
electronic databases, and unpublished data collected by our lab. All data manipulation and analysis was executed in R (4.0.2) and Knime (4.4.2). The collected
prototypical database of 81 HS inducing compounds and 592 non-HS compounds
served as the foundation for a preliminary QSAR model, which was iteratively
optimized for performance. The current model maintains a mean squared error of
0.20 and a root mean square error of 0.45. Additional classification analysis applied
to this structure-activity model identified chemical structural scaffolds conserved
within prediction categories, as well as potentially representative HS-inducing
compounds. The development of a curated HS database will enable the development of further predictive QSAR models that will support early stage identification
of chemicals that induce HS.

4677

QSAR Modeling for In Vitro Human NIS Inhibition with Blinded
External Validation and Screening of 11,096 REACH-Registered
Substances

A. C. Nissen1, T. E. Stoker2, J. Wang2, N. G. Nikolov1, and E. B. Wedebye1.
1Danmarks Tekniske Universitet, Kongens Lyngby, Denmark; and 2US EPA, Research
Triangle Park, NC.
Inhibition of the sodium/iodide symporter (NIS) can lead to learning and memory
impairment in humans and rats (AOP 54). The aim of this study was to develop
global binary QSAR models that can be applied for screening purposes and
single-compound identification of possible NIS antagonists. For this purpose, we
processed the HTS assays results from U.S EPA’s ToxCast Program phases I and
II for NIS inhibition to develop the first QSAR model for this endpoint adopting a
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new curation procedure including tautomer treatment and accounting for volatility
and lipophilicity, resulting in a training set of 579 substances (64 actives and 515
inactives). Two models were developed and robustly cross-validated, one with high
sensitivity and another with high overall accuracy. The models were subsequently
subjected to external validation with ToxCast NIS inhibition results blinded to the
QSAR developers for 740 E1K substances. The external validation set underwent
the same processing as the training set. Next, the training set was expanded with
the E1K dataset and two final models were developed and cross-validated, applying
the same methods as for the first versions. The final models were used to screen
54,971 US EPA substances and 11,096 REACH-registered substances for NIS inhibition. These QSAR predictions will be published in the free online Danish (Q)SAR
Database (https://qsar.food.dtu.dk). Furthermore, the models will be published
in the free online Danish (Q)SAR Models, accessible from the Danish (Q)SAR
Database, for real-time prediction of user-submitted structures and download of
detailed results in the QSAR Prediction Reporting Format.

4678

Impact of Activity Cliffs on In Silico Skin Sensitization Model
Predictions using Chemical Similarity Maps and a Human
Dataset

E. Golden, T. Hartung, and A. Maertens. Johns Hopkins University, Baltimore, MD.
Computational toxicology model performance has increased dramatically since its
inception; however, our previous work on skin sensitization and respiratory sensitization has indicated that most model performance achieves about 80% accuracy.
As the field of toxicology shifts from traditional animal models to New Approach
Methodologies (NAMs), such as in silico tools, it is critical to identify the drivers of
model mispredictions. Structure-based computational models assume that toxicity
is largely determined from structure, and chemicals with similar structures will have
similar toxicity; however, there are areas in chemical space where this pattern is
interrupted, termed “activity cliffs”, which can be problematic for computational
tools. Activity cliffs are defined as a pair or group of chemicals that are highly
structurally similar, yet their biological activity differs drastically. Here, we use skin
sensitization as a case study to analyze the impact of activity cliffs on in silico model
mispredictions based on ToxTree structural alerts and the OECD QSAR Toolbox.
First, building on our previous work, we expanded our human skin sensitization data
set with NICEATM’s human data set (n=1,394 total), and we used chemical similarity maps to identify and characterize activity cliffs. Whereas previous studies had
been hampered by a relatively small data set, 75% of our expanded data set had at
least one analog using a fairly stringent similarity cutoff (Tanimoto = 0.85). Activity
cliffs did occur with some frequency and aligned with some model mispredictions
- in other instances, activity cliffs likely identified deficits in the data. Furthermore,
our data set indicated that other factors, such as potency, metabolism, and steric
hindrance, also contribute to mispredictions. Nevertheless, characterizing activity
cliffs can shed light on areas in chemical space where model predictivity may be
hampered and where model developers can focus their efforts to bolster model
usefulness; this will continue to build the case for wider regulatory acceptance of in
silico tools as animal alternatives.

4679

Developing Toxicokinetic Databases and Models for Human
Health Assessment

J. A. Arnot, A. Sangion, T. N. Brown, L. Toose, and J. Armitage. ARC Arnot Research and
Consulting, Toronto, ON, Canada.
Toxicokinetic (TK) processes such as chemical absorption, distribution, biotransformation (metabolism), and excretion play a critical role in human and ecological hazard, exposure, and risk assessment. There is the need to systematically
examine existing data and models to foster confidence in their application for
scientific evaluations and decision-making. We have developed a framework of
Physiologically-Based ToxicoKinetic (PBTK) models for fish and mammals. The
PBTK models are supported by novel in vitro and in vivo TK databases, in vitro-in
vivo extrapolation (IVIVE) models, and Quantitative Structure-Activity Relationships
(QSARs) for chemical properties and biotransformation rate predictions. The
databases and models are integrated in the free on-line Exposure And Safety
Estimation (EAS-E) Suite platform (www.eas-e-suite.com) which can autoparameterize the models for > 50,000 chemicals and facilitates the application of TK
models in the regulatory community. Here we describe the TK systems in EAS-E
Suite (including the EPA’s “httk” package in R) and evaluate the applicability
domains (AD) of three approaches to determine the uncertainty of current TK data
and models for predicting terminal elimination half-lives (HLT) and steady-state
blood concentrations (CSS). The three TK modelling approaches include i) QSARs
for predicting HLT and a composition model for volume of distribution (VDSS), ii) the
EAS-E Suite one-compartment (1Co-PBTK) model, and iii) the EPA “httk compartment steady state” model. Approximately 13,000 discrete organic chemicals are
used in the case study. The three approaches are applied and compared to better
understand the “chemical space” that can be covered by these high-throughput
TK methods. The combination of EAS-E Suite tools and databases allows for TK
simulations for 96% of the case study chemicals, whereas the EPA-httk system
could only be parameterized and applied to 311 chemicals with empirical in vitro

hepatic clearance rates (limited data availability). General guidance and recommendations for applying and improving the TK methods for calculations used in risk
estimation are provided.
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Toward Automation of High-Throughput Toxicology Image Data
Analysis Using Deep Learning

A. Tandon1, B. Howard1, S. Ramaiahgari2, S. Ferguson2, A. Merrick2, and R. Shah1.
1Sciome LLC, Research Triangle Park, NC; and 2NIEHS/NTP, Research Triangle Park, NC.
High-throughput toxicology screening approaches often employ microscopy to
capture photomicrographs from multi-well cell culture plates, generating thousands
of images that require time-consuming human analysis. To automate this subjective and time-consuming manual process, we have developed a method that
uses deep learning to classify digital assay images. We have trained a convolutional neural network (CNN) to perform both binary and multi-class classification.
The binary method classified assay images into healthy (comparable to vehicle
controls) and altered (not comparable to vehicle-control) classes with >98%
accuracy; the multi-class method classified assay images into healthy, stressed
and altered classes with >93% accuracy. Our dataset comprised 2,156 and 2,254
high-resolution assay images from proliferated and differentiated 2D cultures of
HepaRG cells. The dataset was categorized into 4 classes by expert annotators:
Cell-Loss, Stress, Abnormal and Normal. In this study we have focused on testing
and fine-tuning various CNN architectures, including ResNet 34, 50 and 101. To
visualize regions in the images that the CNN model used for classification, we
employed Class Activation Maps (CAM). This allowed us to better understand
the inner workings of the neural network and led to further optimizations of the
algorithm. We are currently exploring various methods of performing dose-response analysis using the classification scores and observed a very high correlation between BMDs calculated from image classification scores and corresponding
transcriptomic data. Our preliminary results suggest that these scores might be
used as an alternative method of computing benchmark dose. Together, our results
clearly demonstrate that deep-learning based image classification of cellular
morphology can yield accurate and, reproducible results to perform dose-response
analysis.

4681

Predicting Acute Oral Toxicity of Pesticidal Active Substances:
Is It Ready for Prime Time?

J. Zhang1, E. Shipp2, and S. Gehen1. 1Corteva Agriscience, Indianapolis, IN; and 2Corteva
Agriscience, Milton Park, United Kingdom.
Acute oral toxicity (AOT) is a key endpoint with implications for classification and
labeling and risk management of chemicals. It is however animal-intensive and
depending on the method used, between 4 and 24 animals are used to assess AOT
of a single substance or mixture. Reliable in silico models have the potential to
reduce or replace animal use for AOT determination. In this study, we evaluated the
Collaborative Acute Toxicity Modelling Suite (CATMoS) with a dataset composed
of pesticide active ingredients. The initial pool of substances used in this evaluation
comprised proprietary substances from Corteva Agrisciences, as well as active
substances in the University of Hertfordshire’s Pesticide Properties Database
(PPDB). Substances either in the CATMoS training or validation sets were removed
resulting in 364 chemicals with AOT data. The majority of chemicals were in GHS
category 4 (22%) or 5 (57%), with only < 1%, 8% and 12% being in categories 1, 2, or
3 respectively. For CATMoS GHS category predictions, 42.7% of substances were
correctly predicted relative to in vivo data. A further 31.7% were predicted to be one
category more toxic than the measured data, while 5% and 1.5% were predicted to
be two or three categories, respectively, more toxic. Conversely, 10.8%, 4.4%, 3.5%,
and 0.6% were predicted to be respectively one, two, three, or four GHS categories less toxic than their actual classifications. Based on these results, CATMoS
demonstrated promising utility for prediction of AOT of pesticide active ingredients, especially when adjacent categories are included (e.g. 74.4% accuracy based
on correct category & next lower). Further work is needed to better understand
cases where low toxicity was incorrectly predicted, and toxicologists should take
a cautious weight of evidence approach in interpreting these predictions. Further
work on mechanisms of acute toxicity would also be helpful in allowing read-across
which could refine and add greater weight to in silico predictions such as those
from CATMoS.

4682

Pharmacophore Machine Learning-Based and Molecular
Modeling Approach to Identify Novel Therapeutic Targets in
Breast Cancer for EDCs

S. Yeguvapalli1, R. Pamanji1, and K. Chitrala2. 1Sri Venkateswara University, Tirupati,
India; and 2Temple University School of Medicine, Philadelphia, PA.
Endocrine-disrupting compounds (EDCs) constitute substances found in products
such as food packages, pharmaceutical agents, and personal care products.
Among the EDCs, 2,3,7,8-tetrachloridibenzo-p-dioxin (TCDD) and Piceatannol (PTL)
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are known to show a role in breast cancer (bc). In this study, we identified the novel
breast cancer (bc) targets for TCDD and PTL using the pharmacophore and ligandbased approach. We have downloaded the three-dimensional structure file for TCDD
(CID: 15625) and PTL (CID: 667639) from the PubChem database. Potential targets
for TCDD and PTL were identified using PharmMapper and SwissTargetPrediction
servers. For sorting the genes that play a role in bc, we used GeneCards and Online
Mendelian Inheritance in Man (OMIM) databases. Molecular docking experiments
were performed using Autodock. Interactions between the respective protein-ligands were validated using the machine-learning code developed by us. Functional
enrichment was performed using Database for Annotation, Visualization and
Integrated Discovery (DAVID) followed by gene ontology (GO) analysis using GO
(http://geneontology.org/) database. We identified 25 protein targets and 20 bc
genes for TCDD and PTL. Further, the interactions of respective targets with TCDD
and PTL were analyzed using a molecular modeling approach followed by the
validation of the interactions using the machine-learning-based scoring functions.
Results from GO enrichment analysis showed regulation of cell communication,
regulation of the cellular process, regulation of signaling, regulation of amine
transport, regulation of signaling receptor activity as top pathways enriched at a
p-value <0.01. The discovered targets and their respective functional pathways can
be useful in further studies on elucidating the role of EDCs and their analogs in bc.

4683

High-Throughput Screening to Identify Chemical Cardiotoxic
Potential

S. Krishna, B. Berridge, and N. Kleinstreuer. NIEHS/NTP, Research Triangle Park, NC.
Cardiovascular (CV) disease is one of the most prevalent public health concerns,
and mounting evidence supports the contribution of environmental chemicals
to CV disease burden. In this study, we performed cardiotoxicity profiling for the
Tox21 chemical library by focusing on high-throughput screening (HTS) assays
whose targets are associated with adverse events related to CV failure modes.
Our objective was to develop new hypotheses around environmental chemicals
of potential interest for adverse CV outcomes using Tox21/ToxCast HTS data.
Molecular and cellular events linked to six failure modes of CV toxicity were
cross-referenced with 1399 Tox21/ToxCast assays to identify cardio-relevant
bioactivity signatures. The resulting 40 targets, measured in 314 assays, were
integrated via a ToxPi visualization tool and ranking system to prioritize 1138
chemicals based upon formal integration across multiple domains of information.
Filtering was performed based on cytotoxicity and generalized cell stress endpoints
to try and isolate chemicals with effects specific to CV biology, and bioactivityand structure-based clustering identified subgroups of chemicals preferentially
affecting targets such as ion channels and vascular tissue biology. Our approach
identified drugs with known cardiotoxic effects, such as estrogenic modulators like
clomiphene and raloxifene, anti-arrhythmic drugs like amiodarone and haloperidol, and antipsychotic drugs like chlorpromazine. Several classes of environmental
chemicals such as organotins, bisphenol-like chemicals, pesticides, and quaternary
ammonium compounds demonstrated strong bioactivity against CV targets; these
were compared to existing data in the literature (e.g., from cardiomyocytes, animal
data, or human epidemiological studies) and prioritized for further testing.

4684

Machine-Learning Models for Predicting Human Liver
Microsomal Metabolism of Organophosphate Pesticides (OPPs)

T. R. Lane1, F. Urbina1, G. Agarwal2, C. McElroy2, and S. Ekins1. 1Collaborations
Pharmaceuticals Inc., Raleigh, NC; and 2Ohio State University, Columbus, OH.
Little is known about the human metabolism of organophosphate pesticides
(OPPs). Accidental exposure and intentional poisoning by OPPs kill hundreds
of thousands of people every year. Over the past 20 years, large quantities of in
vitro and in vivo data have accumulated on drug metabolism in humans. Machine
learning methods have been applied to many of these datasets for toxicological research to enable prospective prediction and increase efficiency of screening. The availability of drug metabolism data enables the building of predictive
computational models using molecular structure. We have curated data for human
liver microsome (HLM) metabolism from public sources, followed by building of
machine learning models with our Assay Central software. These models were
used to predict the clearance for 50 OPPs followed by in vitro verification. Since
this more traditional in vitro testing approach showed poor predictive ability for
OPP metabolism, likely due to the lack of representative OPP in the training sets, we
have now expanded our methodology. Firstly, we have compared the experimental
clearance rates for 22 OPPs in HLM with those predicted by relative activity factor
(RAF) models. These RAF models used individual CYP metabolism experimental
data to predict microsomal clearance. This approach performed well, suggesting
these individual CYP models could be used in conjunction with the HLM clearance
models. Based on this we utilized a knowledge graph-based convolutional neural
network approach to incorporate both individual CYP and HLM metabolism data
to predict HLM metabolism with the remaining 28 OPs as an external test set.
Secondly, as many of the OPP clearance curves did not follow the expected decay
curve of a first order reaction, we extended our modeling approach. Most QSAR
revolves around predicting single point values of a molecule-target interaction.
Single-point predictions do not take advantage of the full dose-response curve

often generated for these drug-target interactions by collapsing these data into a
single-value with potentially critical information loss. Recently, we have shown the
ability to predict UV-vis spectra curves, which is continuous data, from molecular
structure using attention-based recurrent neural networks. We’ve applied this same
architecture to predict full dose-response curves based on molecule structure
allowing us to predict not only the IC50 of these molecules, but also the maximal
response as well as the response at different concentrations. We will report these
findings and describe how these approaches can assist us in predicting metabolism for OPP and related molecules.

4685

Sex Differences in Mitochondrial Function and Susceptibility to
Mitochondrial Toxicants in C. elegans

A. C. Sparling, D. E. King, and J. Meyer. Duke University, Durham, NC.
Recent research has revealed sex-specific differences in mitochondrial function,
which may contribute to sex differences in response to mitochondrial and
metabolic toxicants. In general, females have been observed as having higher
adenosine triphosphate (ATP) production, greater mitochondrial DNA content,
and fewer reactive oxygen species (ROS) than males. This study explored whether
Caenorhabditis elegans exhibit sex differences in mitochondrial function and
susceptibility to the mitochondrial toxicant rotenone. We utilized N2 C. elegans and
four male enriched strains (N2 male-enriched, him-5, fog-2, and him-8). Preliminary
whole worm respirometry has revealed no differences in mitochondrial respiration across strains, but potential differences in non-mitochondrial respiration and
proton leak. We have also identified lower levels of whole worm ATP levels in
male enriched strains in preliminary studies. Additionally, we have observed that
rotenone reduced C. elegans growth with a larger effect on N2 hermaphrodites
than N2 males. These results support the existence of sex differences in C. elegans
mitochondrial function and susceptibility to environmental toxicants. Additionally,
these data suggest a need to conduct further studies to better understand these
differences.

4686

Literature-Mining and Transcriptomic Stress Response
Annotation of a Large Chemical Database

B. A. Chambers1, L. W. Taylor1, N. C. Baker2, R. S. Judson1, and I. Shah1. 1US EPA,
Research Triangle Park, NC; and 2Leidos, Durham, NC.
Stress response pathways (SRPs) have been implicated in a range of human health
conditions ranging from drug-induced liver injury (DILI) to neurodevelopmental
disorders suggesting utility as SRP biomarkers for chemical screening. Developing
SRP biomarkers requires a diverse body of annotated chemicals to resolve stress
pathway crosstalk which can reduce signature specificity. To support this need,
we describe a novel method to identify SRP reference transcriptomic profiles
by integrating literature mining with transcriptomic analysis. We queried 4761
chemicals from the Library of Integrated Network-Based Cellular Signatures (LINCS)
transcriptomic database against SRP bioactivity search phrases on the National
Center for Biotechnology Information’s PubMed. We quantified the strength of
each chemical’s association with SRP activity in abstracts using pairwise mutual
information (PMI) scores derived from PubMed search results. This analysis
resulted in the identification of 1806 putative SRP activating chemicals. We next
manually evaluated a validation subset of 93 high confidence chemicals. We found
70% agreement between literature and transcriptomic bioactivity scores derived
from gene set enrichment analysis. Protein misfolding stress matched with near
100% accuracy while oxidative stress was more varied with only 30% accuracy.
We extended the analysis, identifying 340 chemicals by literature PMI scoring that
clustered transcriptomically highlighting the potential of the approach in automating reference chemical assignment. Further, we examined transcriptomic bioactivity dependence on cell lines and found that protein stress activity was homogenous between cell lines while DNA damage was heavily heterogeneous, indicating
that SRP markers may not be applied indiscriminately of cell type. The result of
this study is a database SRP active chemical from which SRP signatures might be
tuned to better assay stress pathway bioactivity. This abstract does not necessarily
represent US EPA policy.

4687

Method Development to Establish and Characterize an Air
Liquid Interface (ALI) Exposure System Using 2,3-Pentanedione
Flavoring Agent

A. Gupta1, B. Moyer1, S. Hicks1, J. Richey1, J. Shaw1, J. Gorospe1, B. Sparrow1, W.
Gwinn2, P. Yao2, M. Stout2, and G. Roberts2. 1Battelle Memorial Institute, West Jefferson,
OH; and 2NIEHS, Research Triangle Park, NC.
The desire to improve efficiency (increase the speed and decrease the cost) of
toxicity testing, and potential for better human translation are accelerating the
development of new approach methodologies. Establishing an air-liquid interface
(ALI) system involves development of the exposure system and biological models.
A major challenge of in vitro inhalation systems is the controlled delivery and
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accurate characterization of the exposure atmosphere. To enable accurate and
efficient measurement of chemical concentration at the ALI, we have integrated an
online gas chromatograph (GC) and a multiport rotation autosampler valve with a
commercially available exposure system (i.e., VITROCELL® 48 plus). The artificial
butter flavoring agent 2,3-pentanedione (PD) was selected as the test article for
the development and optimization of the exposure system. To generate exposure
atmospheres, PD was pumped to a vaporization column using a syringe pump. Air
entered from the bottom of the column, vaporized the chemical, and carried the
vapor to inlet of the ALI exposure system. Humidified dilution air was added at
the inlet of each row of the ALI exposure manifold to dilute the atmosphere to the
target concentration. The online GC was used to monitor the vapor concentration
and determine the stability of the test article for the target concentrations (0, 60,
70, 90, 130, 170, 250, and 500 ppm). The use of multiport rotation valve enabled
efficient and simultaneous monitoring of vapor concentrations as the exposures
were conducted. The results demonstrated that the vapor concentrations in each
row of the exposure manifold were stable and within 10% of the target. Studies
using PD exposure will examine changes in biological function and endpoints of
toxicity of 3D primary human and rat bronchial/tracheal epithelial tissues using the
validated ALI model. Prior to conducting PD exposures, a clean air exposure study
confirmed no significant cell damage or cell death occurred in the ALI system for
6 hours. In summary, methods were developed to establish in vitro ALI exposures
with accurate and efficient characterization of the test atmosphere in the exposure
system, including real-time monitoring of multiple concentrations of the test
compound.

4688

A Computational Model to Predict Genome-Wide Binding
Overlap of the Transcription Factors BMAL1 and Aryl
Hydrocarbon Receptor (AhR)

D. K. Marri1, S. Bhattacharya1, and S. Tischkau2. 1Michigan State University, East
Lansing, MI; and 2Southern Illinois University School of Medicine, Springfield, IL.
The circadian clock is an intracellular network of genes and proteins, coordinated
by communication between the central nervous system and peripheral tissues like
the liver. Transcriptional and translational feedback loops underlie the mechanism
of circadian oscillation and generate its 24 h periodicity. The Brain and muscle
Arnt-like protein-1 (BMAL1) forms a heterodimer with Circadian Locomotor Output
Cycles Kaput (CLOCK). The CLOCK: BMAL1 heterodimer acts as a master transcription factor of the circadian clock, binding E-box regulatory elements in DNA to
activate transcription of circadian clock genes. TCDD-activated Aryl Hydrocarbon
Receptor (AHR) disrupts CLOCK: BMAL1 binding at the E-box region of Per1, a key
clock regulated gene. Identification of the genomic and epigenomic features that
best correlate to the binding of BMAL1 can help us computationally predict the
regions where activated AHR is likely to overlap and interfere with BMAL1 binding
genome-wide. BMAL1 ChIP-seq and AHR ChIP-Seq data from mouse liver following
2-hour TCDD exposure revealed an overlap between the BMAL1 and AHR ChIP
signals at most of the core circadian clock genes loci. The canonical E-box motif
CACGTG is the most represented in BMAL1-bound regions in open chromatin. We
used three different machine learning models based on DNA sequence only, DNA
sequence plus DNA shape, and DNA sequence and shape plus histone modifications. The inclusion of DNA shape features increased the predictive performance
of our model, as measured by the Area under the Precision-Recall Curve (AUPRC),
from 0.08 for the sequence-only model to 0.68. Further incorporation of histone
modifications improved the AUPRC to 0.85. Model results revealed that epigenomic
features (histone modifications) H3K27AC, H3K4ME1, H3K36ME3, and H3K4ME3,
together with genomic features (DNA shape) Electrostatic Potential (EP), Minor
Groove Width (MGW), and Propeller Twist (ProT) were the most highly predictive
features correlating to the binding of BMAL1. Collectively, these results allow us to
identify genome-wide features predictive of BMAL1 DNA that can be used with an
interpretable machine learning model of AHR DNA binding to predict AHR-BMAL1
co-binding capable of disrupting the activity of CLOCK: BMAL1. Funding acknowledgment: Michigan AgBioResearch, NIEHS (R01 ES031937).

4689

Combining RNA-Sequencing with Bioactivity Screening Reveals
Phenotypically Anchored Gene Profiles Associated with
Increasing Retene Concentration in Zebrafish

L. B. Wilson1, R. S. McClure2, K. M. Waters2, and R. L. Tanguay1. 1Oregon State
University, Corvallis, OR; and 2Pacific Northwest National Laboratory, Richland, WA.
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants produced via both anthropogenic and natural sources and are associated with
human disease. Retene is a frequently detected PAH in environmental sampling
and has been associated with aryl hydrocarbon receptor (AHR)-dependent developmental toxicity in zebrafish, though its mechanism of toxicity has not been fully
elucidated. Retene induces behavioral defects at concentrations as low as 8 µM
and physical malformations at as low as 20 µM in zebrafish larvae. To interrogate
mechanisms of retene toxicity at concentrations anchored to these phenotypes,
we utilized RNA sequencing to identify differentially expressed genes (DEGs)
across eight increasing retene concentrations. Sequencing analysis identified a
concentration-response relationship between observed bioactivity and number of

DEGs with 0-5 DEGs identified at concentrations with no phenotype, 185 at the
onset of phenotypes, up to 707 DEGs at 50 µM, a concentration which induces
100% morphological effects. Gene co-expression network analysis of all DEGs
identified several gene modules, including those associated with PAHs and AHR
activation. Interestingly, one module, Module 7, which was strongly enriched for
retene responsive DEGs, also contained novel genes not previously associated
with PAH response, indicating mechanisms of retene response that are unique
from PAH response generally. Additionally, several genes showed correlation
between increasing concentration and magnitude of expression, allowing for
analysis of concentration-response relationships and identification of benchmark
concentrations (BMC). The average BMC10 of Module 7 genes was 7.5 µM, nearly
the exact concentration at which behavioral phenotypes were observed. Finally,
analysis of centrality, a proxy for importance, of the gene-coexpression network
identified an uncharacterized long non-coding RNA gene, LOC110440109, as the
gene with the highest centrality value, indicating a transcript of high importance to
zebrafish early development and retene response that is worthy of further investigation. This novel approach leverages high-throughput bioactivity screening data
and RNA-sequencing to identify phenotypically-anchored gene profiles useful
for elucidating toxicogenomic mechanisms of chemical bioactivity. By utilizing
gene-coexpression networks, we were able to identify unique retene-responsive
genes not previously associated with PAHs.

4690

Simulating Multidrug Resistance Protein 3 (MDR3) InhibitionMediated Cholestatic Liver Injury Using DILIsym X, a
Quantitative Systems Toxicology (QST) Modeling Platform

J. J. Beaudoin1, J. Adiwidjaja1,2, K. Yang1, and J. L. Woodhead1. 1Simulations Plus
Inc., Research Triangle Park, NC; and 2University of North Carolina at Chapel Hill,
Chapel Hill, NC.
Inhibition of efflux transporters located on the canalicular membrane of hepatocytes is an important mechanism of cholestatic liver injury, which is clinically
characterized by disrupted bile flow and damage to the biliary epithelium.
Drug-induced inhibition of the canalicular phospholipid (PL) floppase MDR3 is
often implicated in cholestatic hepatotoxicity. Reduction in PL efflux diminishes the
ability to form mixed micelles of bile acids (BAs) and PLs in the bile duct, leading
to an excess of free biliary BA monomers, which can be toxic at high concentrations. The epithelial cells of the bile duct, cholangiocytes, respond to this toxic
exposure in multiple ways. In the present study, the human BA and PL sub-models
within DILIsym X were updated with new features relevant to cholestatic liver injury:
(1) different modes of MDR3 inhibition, (2) non-MDR3-mediated PL efflux, (3) the
cholehepatic shunting of BAs, (4) biliary HCO3- secretion and its impact on bile
flow, BA shunting, and cholangiocyte toxicity, and (5) cholangiocyte regeneration.
Simulations were performed to evaluate the interplay of these processes in the
absence and presence of a hypothetical MDR3 inhibitor (Ki = 1 µM) with one of
three modes of inhibition. Simulations showed that non-competitive and mixed (α =
5) inhibition of MDR3 had the most substantial effects on PL efflux and the ensuing
cholangiocyte toxicity and adaptation mechanisms, while competitive inhibition
had a minor impact. The baseline model recapitulated average literature values
for the biliary BA/PL ratio (~10), biliary HCO3- concentration (~25 mM), bile flow
rate (~15 mL/h), and biomarkers including alkaline phosphatase (~44 U/L), among
other features. When MDR3 was inhibited non-competitively, the model predicted
~doubling of both the biliary BA/PL ratio and HCO3- concentration, and recapitulated the ability of HCO3- elevations to increase bile flow, and decrease BA shunting
and cholangiocyte toxicity. The refined BA and PL sub-models within DILIsym X
represent various processes crucial to bile duct health and cholestatic liver injury,
and show promise to be used for predictions of MDR3 inhibition-mediated cholestatic liver injury in humans.

4691

Effect of Repeated Exposure to Tetrabromobisphenol-A on
Nuclear Circadian Protein Levels and Gene Expression in Rats

S. Coulter, G. Knudsen, and L. Birnbaum. NIEHS, Research Triangle Park, NC.
Tetrabromobisphenol A (TBBPA) is a high production volume brominated flame
retardant originally used reactively in circuit boards for electronic devices, but is now
increasingly being added to other products, where it can be more easily released
into the environment. Designated as a probable carcinogen by IARC in 2016, TBBPA
has been found in house dust, human blood, and milk produced by nursing mothers.
A two-year bioassay performed by the National Toxicology Program indicated
a potential link between higher exposure levels of TBBPA and uterine tumors in
Wistar Han rats, and studies in our lab using Wistar Han rats treated with 250 mg/
kg/d for 5 days linked TBBPA exposure to disruption in estrogen homeostasis,
thyroid and immune system dysfunction, and potential circadian cycle disruption.
Disruption of circadian rhythms in modern life through ubiquitous light and food
availability, night shift work, and exposure to environmental contaminants such as
cadmium, Bisphenol A, and TCDD has been linked to multiple pathologies, including cancer, metabolic syndrome, cardiovascular disease, sleep disruption, immune
disorders, cognitive defects, reproductive dysfunction, and infertility. To determine
if TBBPA did affect circadian rhythms, we exposed Female Wistar Han rats to
250 mg/kg of TBBPA or vehicle for 5 consecutive days by once-daily oral gavage,
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then collected tissues at 4-hour intervals and isolated RNA and nuclear protein
extracts from uterus. Droplet digital PCR analysis showed some effect of repeated
TBBPA treatment on expression of the genes Period and Cryptochrome, which are
central to the circadian oscillator primary feedback loop, as well as retinoic acid
receptor-related orphan receptors (Rora, Rorb, Rorc) and nuclear receptor subfamily
1 group D member 1 (Nr1d1, Rev-erb) in the secondary loop affecting aryl hydrocarbon nuclear translocator-like (Arntl or Bmal1) expression. We have also observed
an effect of TBBPA on the levels of the oscillator proteins Period and Cryptochrome
in uterine nuclear extracts and detected a potential link between the levels of these
proteins and subsequent gene expression. Perturbation of the circadian cycle in
the uterus could affect expression of numerous genes controlling the reproductive
cycle and be linked to reproductive dysfunction and infertility. This research was
supported by the Intramural Research Program of NIH [Project ZIA ES103348].

4692

Reprogramming the Hepatic Noncoding RNAome by Early-Life
PBDE Exposure

J. Lim, and J. Cui. University of Washington, Seattle, WA.
It is increasingly recognized that there is a sensitive developmental time window for
toxic exposures that may have a persistent impact on disease risk. Polybrominated
diphenyl ethers (PBDEs) are persistent organic pollutants ubiquitously detected in
the environment. We recently showed that early life exposure to BDE-99, a breast
milk-enriched PBDE congener, produced persistent changes in the expression of
protein-coding genes (PCGs) associated with persistent changes in histone epigenetic reprogramming in livers of adult mice. Non-coding RNAs (ncRNAs), such as
long non-coding RNAs (lncRNAs) and microRNAs (miRNAs), are critical regulators
for toxicological response. However, very little is known regarding the developmental reprogramming potential of the hepatic ncRNAome following early-life
chemical insult. We hypothesized that neonatal BDE-99 exposure persistently
reprograms the hepatic ncRNAome in adulthood through epigenetic- and transcription factor-mediated mechanisms, leading to predisposition of adult-onset of
liver damage. From postnatal day 2, male and female C57BL/6 mouse pups were
orally exposed to vehicle (corn oil) or BDE-99 (57 mg/kg) for 3 consecutive days.
Whole transcriptome RNA-Seq, small RNA-Seq, and ChIP-Seq of histone epigenetic marks were performed in livers from pups at 60-day-old adult age. Differential
expression was conducted using DESeq2 (FDR-BH < 0.05). Livers of adult males
were more susceptible to persistent changes in ncRNA expression than females.
Upstream analysis predicted that the transcription factors Mef2a, Smad2, Smad3,
and Snai2 regulate the differentially regulated miRNAs in livers of males. The
BDE-99-mediated persistent decrease in permissive chromatin epigenetic marks
coincided with the persistent decrease in the expression of mir-450b, 503, 542,
322, and 293. Down-regulated miRNA targets (DIANA and TargetScan) were related
to sterol and cofactor metabolism, and lncRNA targets (LncTar) were involved in
the down-regulation of phase-I and -II enzymes (FDR-BH<0.05). Interestingly, the
up-regulated targets of miRNAs were mostly involved in cell cycle regulation and
neoplasms. The entire imprinted Dlk1-Dio3 cluster, which harbors miRNAs and
lncRNAs associated with hepatic dysfunction and neoplasms, was persistently
up-regulated in males following neonatal exposure to BDE-99. Furthermore, target
PCGs were involved in liver cancer and necrosis. In conclusion, our results show
that the hepatic ncRNAome is a critical developmentally reprogrammed target from
early life BDE-99 exposure, and this may increase the risk of adult-onset of liver
damage, particularly in males.

4693

Applying External Biotransformation Capability to Quantitative
High-Throughput Screening to Identify Compounds That
Activate p53 Signaling after Metabolism

M. Ooka1, J. Zhao1, P. Shah1, J. Travers1, C. Klumpp-Thomas1, X. Xu1, R. Huang1, S.
Ferguson2, K. Witt2, S. L. Smith-Roe2, A. Simeonov1, and M. Xia1. 1NIH, Rockville, MD; and
2NIEHS, Research Triangle Park, NC.
Although increasing numbers of chemicals are produced and released into the
environment, most have little-to-no toxicity information. To address this data gap,
the Toxicology in the 21st Century (Tox21) Program used a battery of assays to
conduct quantitative high-throughput screening (qHTS) assays to acquire toxicity
information on a 10,000 chemical (10K) library composed primarily of chemicals
of environmental concern. Most compounds are metabolized in vivo, but the
majority of in vitro qHTS assays lack metabolic capability. Due to technical limitations, such as cytotoxicity and required wash steps, standard methods for supplying external metabolic activation are unsuitable for these in vitro assays. This
study used a p53RE beta-lactamase reporter assay to evaluate whether adding
an external metabolic system could identify compounds that induce p53 signaling only after biotransformation. Metabolic activation was supplied by either rat
liver microsomes (RLM) or human liver microsomes (HLM). The Tox21 10K library
was screened using the p53RE assay without microsomes, with RLM, or with
HLM. Results showed 278 compounds were active in one or more of these three
conditions. Of the 278 chemicals, 73 were uniquely identified with RLM and 5 with
HLM. To test if this activity was due to bioactivation, we performed the p53RE
assay with heat-attenuated microsomes or without NADPH, an enzymatic cofactor.
Forty-four compounds became less potent under these conditions, confirming

that metabolic transformation enhanced their activity. Next, we further investigated whether the 44 compounds underwent metabolic transformation using a
metabolic intrinsic clearance assay. Results confirmed that 36 of the compounds
were metabolized. Taken together, the evidence indicates that this approach can
identify compounds that are not detected with standard screening methods that
lack metabolic capability.

4694

Influence of the H1 Antihistamine Mepyramine on the
Antibacterial Effect of Florfenicol in Pigs

G. Bruer1, D. Gödecke2, M. Kietzmann2, and J. Meißner2. 1Fraunhofer Institute for
Toxicology and Experimental Medicine, Hannover, Germany; and 2University of Veterinary
Medicine Hannover Foundation, Hannover, Germany. Sponsor: G. Bruer, EUROTOX
Antibiotics are absolutely essential for the treatment of bacterial infections in
humans and animals. However, the progressive development of resistance in many
microorganisms is alarming, not only of pathogens, but also of the commensal
microbiota. Considering the one-health-concept, the development of bacterial
resistance in non-target tissues (i.e. intestine) caused by the use of antibacterials deserves particular attention. In a previous in vitro study, enhanced effects for
combinations of various antibacterials with the histamine H1 receptor antagonist
mepyramine (MEP) were demonstrated. This study was done to prove these in vitro
findings in vivo. 12 healthy weaned female and male pigs were used previously
checked for their status to be free of florfenicol (FFC) resistance. The groups
of animals (n=4) were divided in to an untreated control group, a group treated
with 10 mg/kg FFC and a third group treated with 10 mg/kg FFC combined with
MEP (20 mg/kg) via feed over five days. To evaluate the treatment effect of FFC
and FFC combined with MEP on the commensal microbiota of pigs rectal faecal
samples were taken on day 0 as well as on day 6, diluted and spread on endo
agar plates. Plates were supplemented with and without FFC to find out, if these
bacteria were FFC susceptible. CFU/ml (colony forming unit) were calculated and
compared in the treatment groups on day 6 after the five-day-medication period.
A change in bacterial growth appeared compared to the control group in form of
an enhanced bacterial growth in samples of all treatment groups (group 2 and 3).
It was also demonstrated that the cultivated bacteria were resistant against FFC.
In the samples of animals treated with 10 mg/kg FFC in combination with 20 mg/
kg MEP the number of CFU/ml was lower (median) compared to the pigs treated
with 10 mg/kg FFC (group 2). In case of a FFC therapy, the possible resistance
development in the commensal microbiota in pigs has to be taken into account,
thus demonstrating once again the importance of a prudent use of antibacterials.
For this purpose, the combined use of FFC with an antihistaminic agent like MEP
could be a possible alternative to reduce the development of resistance of the
bacteria in the targeted or non-targeted tissue.

4696

DiNP Exposure Affects the Colon in Adult Female Mice

K. Chiu, S. T. Bashir, A. M. Hetta, I. Cann, R. A. Nowak, and J. A. Flaws. University of
Illinois at Urbana-Champaign, Urbana, IL.
Di-isononyl phthalate (DiNP) is a large-molecular-weight phthalate that is used
to make construction materials, textiles, and toys. The most common route of
exposure to DiNP is through ingestion. Little is known about DiNP and its effects
on the gastrointestinal tract. Thus, this study tested the hypothesis that subacute
exposure to DiNP alters colon anatomy, physiology, and the colonic microbiota. The study further investigated which colonic microbes are capable of using
DiNP as a carbon source. To test this hypothesis, female CD-1 mice were orally
dosed with corn oil (vehicle) or DiNP (0.02 - 200 mg/kg BW) for 10-14 days. After
treatment, colon tissues and colonic contents were collected. Histological analysis
revealed that DiNP exposure led to significant increase in colonic damage and
altered the colon immune and endocrine microenvironments, as demonstrated by
significant changes in cytokines (Tnf, Ifng, sICAM-1), tight junctions (Zo-3), specialized epithelial cell markers (MUC2 and Lyz1), and estradiol. DiNP exposure also
significantly altered a cell cycle promoter (Ccnb1) and apoptotic factors (Aifm1 and
Bcl2l10) compared to control. Furthermore, immunohistochemistry showed that
DiNP exposure at all doses significantly increased a marker for cell proliferation,
Ki67, compared to control. Finally, 16S rRNA gene sequencing revealed that DiNP
exposure significantly alters the gut microbiota, and Sanger sequencing of the full
length16S rRNA genes amplified the identified following species as DiNP-degrading
bacteria: Paenibacillus barengoltzii strain NBRC 101215, Desulfitobacterium
hafniense DCB-2, and Proteus mirabilis strain ATCC 29906. These data suggest
that DiNP exposure causes colonic damage and interferes with the colonic immune
and endocrine microenvironment. The changes in the colon may be partly mediated
by DiNP-degrading bacteria. Supported by NIH T32 ES 007326, NIH R01 ES028661,
and Vision 20/20.

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 442

4697

Health Protective Transcriptomic Pathway Analysis and Point of
Departure (tPOD) from a 14-Day Rat Study

T. Stevens1, K. Bailey2, A. Kende3, and R. A. Currie3. 1Syngenta, Greensboro, NC;
2Syngenta, Research Triangle Park, NC; and 3Syngenta, Jealott’s Hill, United Kingdom.
Fourteen-day rodent toxicity study combined with transcriptomic pathway analysis
(Tx) and point of departure (tPOD) can identify target organs, inform mode of action
(MoA) hypotheses, establish doses for longer term studies, and predict chronic
endpoints. These predictions were supported by results of a 90-day rodent study
with comprehensive metabolomics (Mx; polar and lipidomic by HRAM LC-MS)
of the liver and comparisons to similar chemicals. Male (M) and female (F) rats
(n=5/sex/grp) were treated through the diet with 0, 10, 30, 100, 300, 450, or 700
mg/kg/d of a research herbicide. Rats were evaluated daily for body weight, food
consumption, and clinical signs. After 14-days, rats were euthanized and evaluated
for clinical chemistry, macroscopic alterations, organ weights, and histopathology. Rats treated with 300 mg/kg/d or greater had increased liver weights with
no other treatment effects. Organs (liver, kidney, forestomach, spleen, thyroid,
heart, adrenal gland, testis, ovaries, uterus, thymus, pancreas, lung, bone marrow)
from rats treated with 300 mg/kg/d or less were evaluated for Tx alterations using
the TempO-Seq Whole Transcriptome Assay (BioClavis). Differentially expressed
genes (DEGs) were identified across all tissues, but the liver had the most robust
response. Liver DEGs mapped to pathways associated with xenobiotic metabolism, stress response, and lipid metabolism in a dose-responsive manner. tPODs
were more sensitive than the most sensitive apical effect. The tPODs associated
with apical findings were 15 and 27 mg/kg/d in M and F liver, respectively. These
findings were consistent with effects observed in the subsequent 90-day study
(increased LDL and globulin, liver weight ≥ 225 mg/kg/d, and hepatocyte hypertrophy ≥75 mg/kg/d). Mx results confirmed MOA and were consistent with Tx pathway
analyses. Mx PODs of 17 and 19 mg/kg/d in M and F rats, respectively, were based
on less than statistically significant differentiation in dose group to control comparisons of the full feature set and correlated with tPOD from the 14-day study. These
data support the hypothesis that short-term rodent toxicity studies can provide
predictive health protective tPODs that could eliminate the need for sub-chronic and
chronic rodent studies.

4698

Application of Spatial Transcriptomics to Investigate Disruption
of Hepatic Zonation in 2,3,7,8-tetrachlorodibenzo-p-dioxinElicited Progression of Steatosis to Steatohepatitis with Fibrosis

R. Nault, and T. Zacharewski. Michigan State University, East Lansing, MI.
Cellular heterogeneity and structural organization are essential for normal
liver homeostasis and its response to drugs and chemicals. For example,
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) elicits a distinct dose-dependent
spatially resolved pattern of tissue damage that initially affects the portal region
and expands to the central region. However, bulk and single-nuclei transcriptomic studies suggest initial responses in the central region progress to a loss of
zonal organization in the liver lobule. To further investigate the spatially resolved
transcriptomic effects of TCDD, the Resolve Biosciences Molecular Cartography
platform was used to characterize the expression of 97 hepatic genes in male mice
orally gavaged with sesame oil vehicle, 0.3, 3, or 30 µg/kg TCDD every 4 days for 28
days. Markers of portal (Cyp2f2) and central (Glul) hepatocytes showed expected
zonation expression at 0 - 3 µg/kg, that was markedly disrupted at 30 µg/kg. Central
zone localized genes involved in carbohydrate metabolism (Gulo), antioxidant
defense (Gstm3, Gsta), and lipid uptake (Cd36, Vldlr) co-localized with Cyp2f2 at 30
µg/kg. Dose-dependent central zone expression of Cyp1a1, Fmo3, Nqo1, and Xdh
was consistent with higher Ahr expression in central hepatocytes. Furthermore,
the emergence of a highly expressing Gpnmb and Trem2 macrophage sub-population that also expressed Adgre1 and Cd5l markers was consistent with a reported
non-alcoholic steatohepatitis (NASH) associated macrophage (NAMs) population.
At 30 µg/kg TCDD, Tagln expressing hepatic stellate cells (HSCs) co-localized
with activated HSC marker Acta2, and the expression of collagens Col1a1, Col1a2,
and Col3a1 within periportal fibrotic tracts. Collectively, spatial transcriptomics
confirmed global disruption of zonal identity within hepatocytes driven by increased
expression of genes characteristic of the central zone in the portal regions. These
results suggest the loss of zonal organization of pathways may contribute to the
hepatotoxicity and progression of steatosis to steatohepatitis with fibrosis elicited
by TCDD. Supported by be the National Institutes of Health Science (R01ES029541),
NIEHS Superfund Research Program (P42ES004911), and National Human Genome
Research Institute (R21HG010789).

4699

2,3,7,8-Tetrachlorodibenzo-p-dioxin Alters Urinary
Metabolite Levels following AhR-Mediated Hepatic Metabolic
Reprograming

W. J. Sink1, R. R. Fling1, A. Yilmaz2, S. F. Graham2, and T. Zacharewski1. 1Michigan
State University, East Lansing, MI; and 2Oakland University William Beaumont School of
Medicine, Rochester, MI.
Non-alcoholic fatty liver disease (NAFLD) is a range of clinical phenotypes
from steatosis to non-alcoholic steatohepatitis (NASH), fibrosis, cirrhosis, and
hepatocellular carcinoma (HCC). Exposure to environmental pollutants, such as
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and related compounds, has been
associated with NAFLD development and progression. TCDD effects are mediated
through the aryl hydrocarbon receptor (AhR), a ligand-activated transcription
factor. Previous studies using male mice have shown TCDD dose-dependently
induces progression from simple steatosis to steatohepatitis with periportal
fibrosis. In this study, changes in the urine metabolic profile of male C57BL/6 mice
chronically exposed to 0 - 30 μg/kg TCDD every 4 days for 28 days were examined.
Histopathology, bulk RNA-seq, shotgun metagenomic, western blot, and qRT-PCR
data were integrated with complementary untargeted 1H NMR analysis of urine.
Principal component analysis of the hepatic RNA-seq and 1H NMR data identified
dose-dependent changes in gene expression and urinary metabolites, concurrent
with histopathological assessment of hepatic steatosis. Trimethylamine-N-oxide
(TMAO) and glycolate were the most significantly induced urinary metabolites,
both of which increased before the onset of steatosis. TMAO levels, which were
inversely proportional with the levels of its microbial precursor trimethylamine
(TMA), increased proportionally to the induction of Fmo3, the expression of hepatic
and renal TMAO transporters, and the bacterial choline trimethylamine-lyase gene
(cutC). High urinary glycolate levels were seemingly discordant with the repression of genes associated with glyoxal and hydroxyproline metabolism including
Glo1, Prodh2, Hoga1, Grhpr, and Hao1. Other metabolites also exhibited dose-dependent changes, but only after hepatic fat accumulation. In conclusion, we report
TCDD dose-dependently altered several urinary metabolites due to AhR-mediated
hepatic metabolic reprograming. WJS and RRF were supported by T32ES007255.
This project was funded by R01ES029541.

4700

Development of a Bayesian Single-Cell RNAseq Differential
Gene Expression Test for Dose-Response Study Designs

S. Saha1, R. Nault1, S. Bhattacharya1, J. Dodson1, S. Sinha2, T. Maiti1, and T.
Zacharewski1. 1Michigan State University, East Lansing, MI; and 2Texas A&M University,
College Station, TX.
The application of single-cell RNA sequencing (scRNAseq) for the evaluation of
chemicals, drugs, and food contaminants presents the opportunity to capture
cellular heterogeneity in pharmacological and toxicological responses. Current
differential gene expression analysis (DGEA) methods focus primarily on two
group comparisons, not multi-group dose-response study designs typically used in
safety assessments. To minimize the compounding type I error rate of applying a
pairwise test at each dose level we developed and benchmarked a novel Bayesian
hurdle model-based test as well as existing test methods (e.g., ANOVA) on zero-inflated scRNAseq data. To accomplish this, a dose-response data simulation tool
was developed to generate a ground truth which was complemented with experimental hepatic dose-response (0.01 - 30 µg/kg) scRNAseq data from male mice
gavaged with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) every 4 days for 28
days. A multiplicity corrected Bayesian testing approach (scBT) was developed
and compared against 8 other methods including two frequentist fit-for-purpose
tests and currently in-use methods or their multiple group equivalent. Our Bayesian
test method outperformed all other tests for a broad range of accuracy metrics
including control of false positive error rates. Most notably, the fit-for-purpose and
standard multiple group DGEA methods were superior to the two group scRNAseq
methods for dose-response study designs. Collectively, our benchmarking of
DGEA methods demonstrates the importance of considering study design when
determining the most appropriate test methods. Supported by the NIEHS Superfund
Research Program (P42ES004911) and National Human Genome Research Institute
(R21HG010789).

4701

A Weight-of-Evidence Framework to Waive Subchronic
Inhalation Study

S. Webb1, A. Goetz2, T. Ramanarayanan2, and D. Wolf2. 1Syngenta, Bracknell, United
Kingdom; and 2Syngenta, Greensboro, NC.
The US Environmental Protection Agency (USEPA) has supported new approach
methods (NAMs) to reduce animal testing as presented in the Administrator’s
directive from 2019, to eliminate mammalian toxicity testing requirements by the
Agency by 2035. The 90-day rat inhalation toxicity study is a conditional requirement for pesticide registration in the US. Interpretation of rodent inhalation studies
are challenging because of species differences in respiratory physiology, anatomy,
and biochemistry. In the absence of a repeat dose rodent inhalation study, the
USEPA relies on endpoints derived from an oral toxicity study for inhalation risk
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assessment. Often the USEPA incorporates an uncertainty factor (UFDB) of 10X
into the decision to waive the inhalation study to account for the exposure route
differences. A NAM was developed to assess inhalation risk assessment for
cytotoxicants, which was expanded to compounds that do not have potential to
exhibit a portal of entry effect. A weight of evidence framework was developed
to support waiving the repeat-dose rodent inhalation toxicity study. We present
a use case example where a compartmental pharmacokinetic (PK) model was
developed using empirical data from intravenous and oral (gavage) rat in vivo
PK studies. Empirical PK data from the oral (dietary) toxicity study was used for
model validation. Pharmacokinetic data from a 24hr rat inhalation study, coupled
to outputs from a multiple-path particle dosimetry model to predict total inhalation
deposition fraction, was then used to extrapolate the PK model to understand and
quantify the differences between the PK from the oral and inhalation routes of
exposure. This model enabled an oral-equivalent endpoint to be derived, resulting
in an adequately protective inhalation safety assessment. This health protective
approach for chemical inhalation risk assessment will reduce or replace the need
for the repeat-dose rodent inhalation toxicity study and decrease uncertainty to
protect human health.

4702

Subacute Exposure to Iodoacetic Acid Alters the Morphology
and Expression of Immune and Tight Junction Genes in the
Colon of Adult Female Mice

J. Chiu, K. Chiu, A. Gonsioroski, and J. A. Flaws. University of Illinois at UrbanaChampaign, Urbana, IL.
Exposure to disinfection byproducts (DBPs) in drinking water has been linked to
adverse health risks in humans. In vitro studies have indicated that iodoacetic
acid (IAA), a toxicologically significant DBP formed by reactions between oxidizing disinfectants and iodide, has cytotoxic, genotoxic, and mutagenic effects in
mammalian cells. Humans are exposed to IAA through ingestion, inhalation,
and dermal absorption. Although initial exposure to IAA in drinking water occurs
through the gastrointestinal tract (GIT), the gastrointestinal toxicity of IAA is largely
unknown. Thus, this study tested the hypothesis that subacute exposure to IAA
alters GIT morphology and expression of genes related to inflammation and cell
cycle regulation compared to control. Beginning at 40 days of age, adult female
CD-1 mice (n = 8 mice/group) were orally dosed with reverse-osmosis-treated
water or IAA (0.5, 10, 100, or 500 mg/L) for 35 days. Following the treatment
period, mice were euthanized during diestrus, and distal colon tissue samples
were collected and subjected to morphological evaluation and gene expression
analysis. Morphological analysis revealed that 0.5 mg/L IAA exposure significantly
decreased colon weight and length compared to control (p<0.05). In addition,
10 mg/L IAA exposure significantly down-regulated expression of tight junction
(Zo-2) and proinflammatory immune (Il6) markers in the colon compared to control
(p<0.05). Exposure to IAA did not significantly alter expression levels of several cell
cycle regulators (Ccna2, Ccnb1, Ccnd2, and Ccne), cell cycle inhibitors (Cdk4 and
Cdkn1a), immune factors (Il17, Tnf, Tlr4, and Tlr5), apoptotic factors (Aifm1, Bax,
and Bcl2), and other tight junctions (Zo-1, Zo-3, and Ocln) in the colon compared to
control. These data suggest that subacute IAA exposure causes colonic damage
by altering morphology, decreasing the integrity of gut barriers, and compromising
immune responses in the colonic immune microenvironment. Supported by NIH
R21 ES028963 and NIH T32 ES007326.

4703

Dose-Dependent Single-Nuclei RNAseq Evaluation of
2,3,7,8-tetrachlorodibenzo-p-dioxin-Elicited Progression of
Nonalcoholic Fatty Liver Disease (NAFLD)-Like Pathologies

T. Zacharewski1, S. Saha1, S. Bhattacharya1, S. Sinha2, T. Maiti1, and R. Nault1.
1Michigan State University, East Lansing, MI; and 2Texas A&M University, College
Station, TX.
Treatment with 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) results in the development and progression of non-alcoholic fatty liver disease (NAFLD)-like pathologies
in mice including hepatic fat accumulation (steatosis), inflammation (steatohepatitis), and fibrosis. TCDD-elicited NAFLD pathogenesis involves the interaction of
the diverse hepatic cell types from hepatocytes to resident and infiltrating immune
cells. To investigate cell-specific dysregulation of gene expression elicited by in the
progression of steatosis to steatohepatitis with fibrosis single-nuclei RNA sequencing (snRNAseq) was used to characterize dose-dependent differential expression
in male mice gavaged with sesame oil vehicle control, 0.01, 0.03, 0.1, 0.3, 1, 3,
10, or 30 µg/kg TCDD every 4 days for 28 days. A total of 131,613 nuclei were
profiled representing 11 cell (sub)types. The proportion of cell (sub)types changed
in a dose-dependent manner primarily represented by decreases in portal and
central hepatocytes (68% in controls) and increases in macrophage from 10% to
39% at the highest dose. Using a multiplicity corrected Bayesian testing approach
(scBT), 368 portal fibroblast to 1,339 macrophage genes were identified as differentially expressed (DE). 84 genes, consisting largely of AHR battery genes (e.g.,
Cyp1a1), were DE across all cell types. Evaluation of cell-cell interactions using
identified cell-specific ligand-receptor interactions identified NRG1-ERBB4 interactions in hepatocytes associated with the regulation of energy metabolism regulation as well as PEACAM1-CD45 interactions involved in immune cell recruitment

and maintenance. Collectively, snRNAseq was used to characterize the dose-dependent cell-specific gene expression changes underlying the pathogenesis
of TCDD-elicited hepatotoxicities. Supported by the National Institutes of Health
Science (R01ES029541), NIEHS Superfund Research Program (P42ES004911), and
National Human Genome Research Institute (R21HG010789).

4704

Bioaccumulation of Therapeutic Drugs by Gut Bacteria

K. Patil. MRC Toxicology Unit, Cambridge, United Kingdom. Sponsor: A. Willis
Bacteria in the gut can modulate the availability and efficacy of therapeutic drugs.
However, the systematic mapping of the interactions between drugs and bacteria
has only started recently and the main underlying mechanism proposed is the
chemical transformation of drugs by microorganisms (biotransformation). I will
present recent results from my lab advancing mechanistic insights in bacteria-drug
interactions (Klünemann et al., Nature, 2021). We investigated the depletion of 15
structurally diverse drugs by 25 representative strains of gut bacteria. This revealed
70 bacteria-drug interactions, 29 of which had not to our knowledge been reported
before. Over half of the new interactions can be ascribed to bioaccumulation; that
is, bacteria storing the drug intracellularly without chemically modifying it, and in
most cases without the growth of the bacteria being affected. As a case in point, we
studied the molecular basis of bioaccumulation of the widely used antidepressant
duloxetine by using click chemistry, thermal proteome profiling and metabolomics. We find that duloxetine binds to several metabolic enzymes and changes the
metabolite secretion of the respective bacteria. When tested in a defined microbial
community of accumulators and non-accumulators, duloxetine markedly altered
the composition of the community through metabolic cross-feeding. We further
validated our findings in an animal model, showing that bioaccumulating bacteria
attenuate the behavioural response of Caenorhabditis elegans to duloxetine.
Together, our results show that bioaccumulation by gut bacteria may be a common
mechanism that alters drug availability and bacterial metabolism, with implications
for microbiota composition, pharmacokinetics, side effects and drug responses,
probably in an individual manner.

4705

Network Analysis Approach to Understand Developmental and
Reproductive Toxicology (DART) to Aid New Approach Method
(NAM) Development

E. J. Janowska-Sejda, Y. Adeleye, and R. Currie. Syngenta, Bracknell, United Kingdom.
Network approaches in toxicology represent a novel way of understanding the
toxicological mechanisms and could aid the development of NAMs by evaluating the effect of a chemical based on its target biomolecules’ known function
and connectivity. Previously we curated the DARTable Genome (DG) by combining known DART molecular initiating event (MIE) genes, known pup/embryo
lethal genes and other genes associated with developmental phenotypes. Here
we integrate the DARTable Genome with a curated human protein-protein interactome for network analysis. The topological network properties of DG genes (node
degree, clustering coefficient, average shortest path length, betweenness centrality, closeness centrality, eccentricity, neighborhood connectivity and topological
coefficient) were found to be significantly different (p-value < 2.2e -16) for DG nodes
compared to non DARTable genome nodes. The node roles of DG were determined
by cartography analysis. The DG genes were enriched in R2 peripheral nodes, R3
non-hub connector nodes and R6 connector hubs. We detected communities, highly
connected groups of nodes/genes usually involved in similar functions, within the
network that were significantly enriched for DARTable nodes. Two communities
were enriched for DARTable MIE or developmental phenotype nodes. There were
differences in the biological processes within these communities. Communities
enriched with MIE nodes were associated with transmembrane and ion transport,
chemical homeostasis, GPCR signaling and purine nucleotide metabolic process
metabolic process. Communities enriched with non-MIE DARTable nodes were
associated with transcription, keratinization, and embryo development, intracellular
signaling, cell migration and the cell cycle. So DARTable genes are more highly
connected, with a lower neighborhood connectivity and exist in distinct communities within the interactome network. MIEs tend to be contained in two large clusters
with distinct functional properties and known chemical ligand-ability. Indeed, the
druggable genome is enriched in the DARTable genome (1705 common genes,
40% of druggable genome), suggesting that a large minority of the drug targets
have a theoretical DART liability and a quantitative understanding for these targets
will be needed to provide assurance of safety. These should be prioritized for NAM
developers.
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4706

Transcriptional Profiling to Forecast the Toxicity of
Agrochemicals

A. Goetz1, C. Lord1, L. Doonan2, T. Stevens1, V. Shultz1, R. Currie2, and K. Bailey3.
1Syngenta Crop Protection LLC, Greensboro, NC; 2Syngenta, Bracknell, United Kingdom;
and 3Syngenta Crop Protection LLC, Durham, NC.
Short-term toxicity studies in rodents have been used to aid in identifying target
organs, support dose selection for future studies, and provide information on a
chemical mode of action (MoA) to predict its potential chronic toxicity profile. We
expanded this approach by including transcriptomics and benchmark dose modeling
(BMD) into the research phase of several new agrochemicals. Test substances
were administered at multiple dietary dose levels to male and female rodents for 14
days. Endpoints included body weight, toxicokinetic evaluation, clinical chemistry,
organ weights, and pathology. Selected paraffin-embedded formalin-fixed tissue
sections (adrenal gland, heart, kidney, liver, lung, ovary, pancreas, spleen, testis,
thymus, thyroid, uterus) underwent transcriptional profiling using the TempO-Seq™
Whole Transcriptome Assay. Differentially expressed genes (DEGs) were identified, gene set over-representation analysis and BMD analysis were conducted
to aid biological interpretation. All transcriptomic analyses identified certain
nuclear receptor (NR)-mediated MoAs in the liver and excluded others. Four of the
compounds indicated a constitutive androstane receptor (CAR)-dependent liver
MoA through altered gene expression of CAR target genes e.g., Cyp2B and Cyp3A4,
associated with phenotypic anchoring to hepatocellular centrilobular hypertrophy.
Through transcriptomics and BMD analysis, each study was able to exclude certain
alternative MoAs implicated in liver tumorigenesis, based on the lack of activation
of specific genes or pathways typically associated with other NRs or molecular
initiating events. In addition, no novel toxicity pathways were identified. BMD identified the most sensitive gene sets to determine the molecular point of departure
within each tissue, identifying the key tissues to be considered for future dose
level selection. These combined analyses identified specific NR-mediated MoAs
and excluded other modes of potential toxicity or tumorigenesis that could occur
during a chronic carcinogenicity study. We conclude that short-term transcriptomics studies combined with phenotypic data can be used to inform earlier decisions
in new chemical development and predict registration study outcomes and project
risks.

4707

The Morphological and Immunological Effects of Subchronic
Di(2-ethylhexyl) Phthalate (DEHP) Exposure on the Ileum and
Colon of Adult Female Mice

S. T. Bashir, K. K. Chiu, A. Martinez, E. Zheng, J. Chiu, K. Raj, J. Flaws, and R. A. Nowak.
University of Illinois at Urbana-Champaign, Urbana, IL.
Di(2-ethylhexyl) phthalate (DEHP) is a large-molecular-weight phthalate that is
added to plastics to impart its flexible properties. DEHP can be found in medical
equipment and devices, food containers, building materials, and children’s toys.
DEHP exposure occurs most commonly by ingestion of contaminated foods;
therefore, our focus was to study the impacts of DEHP on the gut. Limited research
has been done on the impacts of DEHP on the gastrointestinal system, with a
few studies reporting that exposure to DEHP impacts intestinal morphology and
enzyme activity of disaccharidases and alkaline phosphatases. However, it is not
clear where these effects are occurring along the intestinal tract. Therefore, this
study tested the hypothesis that subchronic exposure to DEHP disrupts ileum and
colon morphology, gene expression, and disrupts the intestinal immune microenvironment. To test this hypothesis, adult C57BL/6 female mice were orally dosed
with corn oil (control, n=7) or DEHP (0.02, 0.2, or 30 mg/kg, n=7/treatment dose)
for 30-34 days. Mice were euthanized during diestrus, and colon and ileum tissues
were collected for immunohistochemistry and RT-qPCR. Immunohistochemistry
showed that in the colon DEHP exposure significantly decreased Ki67 and
increased MUC2, a marker of proliferation and goblet cells, respectively, compared
to control. However, these effects were not observed in the ileum. Interestingly,
DEHP exposure in the colon significantly impacted the expression of factors
involved in mediating immune responses (Muc3a, Tlr4, Zo2, and Ocln) compared to
control. DEHP exposure in the colon also altered expression of cell viability factors
(Ki67, Aifm1, Bcl2, Bcl2l10, and Cdk4) and specialized epithelial cell types (Cd24a
and Vil1). Similarly, DEHP exposure in the ileum significantly altered the expression
of several immune-mediating factors (Muc1, Ifng, Lyz1, Cldn1) and cell viability
factors (Ccna2, Bcl2, and Ki67). These data suggest that DEHP exposure in the
colon and ileum alters intestinal morphology and the intestinal immune microenvironment, but acts through different cell targets and mechanisms. Experiments
on assessment of additional immune cell markers are underway. Supported by NIH
T32 ES007326, the Division of Nutritional Sciences (Vision 20/20) at the University
of Illinois at Urbana-Champaign, Environmental Toxicology Scholar Award, and the
College of Veterinary Medicine at the University of Illinois at Urbana-Champaign.

4708

Single-Nuclei RNA Sequencing Analysis of Cell-Specific Gene
Expression Responses to 2,3,7,8-tetraclorodibenzo-p-dioxin
(TCDD) in the C57BL/6 Liver

G. N. Cholico, R. Nault, and T. Zacharewski. Michigan State University, East Lansing, MI.
Non-alcoholic fatty liver disease (NAFLD) is a spectrum of hepatic disorders
ranging from simple steatosis to non-alcoholic steatohepatitis with fibrosis, that
occurs in the absence of alcohol. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) elicits
NAFLD-like pathologies in mice with transcriptomic changes preceding phenotypic
responses. TCDD elicited progression of steatosis to steatohepatitis with fibrosis
involves interaction between diverse liver cell types. To investigate cell-specific
changes, single-nuclei RNA-sequencing (snRNAseq) was performed on livers from
male C57BL/6 mice treated with 30 μg/kg TCDD (or sesame oil vehicle) at 2, 4, 8, 12,
18, 24 or 72 hrs. A total of 258,093 nuclei were profiled, with 127,097 and 130,996
being observed vehicle- and TCDD-treated mice, respectively. Clustering and cell
characterization by marker genes identified 13 distinct cell (sub)types, including 3
unknown cell (sub)types. The proportion of cell types showed negligible changes
across all the timepoints with only B cells and neutrophils increasing at 72 hrs after
treatment. AhR gene battery expression (e.g. Ahrr, Car3, Cyp1a1, Tiparp) showed
time- and cell type-dependent induction or repression. Differential gene expression analysis identified differentially expressed genes (DEGs) in hepatocytes (676),
liver sinusoidal endothelial cells (LSECs) (429), macrophages (356), hepatic stellate
cells (HSCs; 320), B cells (226), T cells (218), portal fibroblasts (21), cholangiocytes
(11), plasmacytoid dendritic cells (3), and neutrophils (2). Notably, LSECs exhibited
early cell-specific responses. For example, Timp3 and Kit induction suggests matrix
remodeling and cell proliferation as early as 2 hrs while the hepatocytes time-dependent induction of Abcd2 suggests changes in fatty acid transport. Collectively,
our study demonstrates the use of snRNAseq technology to elucidate cell-specific
differential gene expression in response to toxicant treatment prior to phenotypic
changes associated with adverse effects. GNC was supported by T32ES007255.
This project is funded by R01ES029541 and the SRP P42ES004911.

4709

AOP Development: Bridging Aryl Hydrocarbon Receptor
Activation with Craniofacial and Cardiac Malformations Using a
Key Event Relationship (KER) by KER Approach

P. Shankar1,2, and D. L. Villeneuve1. 1US EPA, Duluth, MN; and 2University of Wisconsin–
Madison, Madison, WI.
The Aryl Hydrocarbon Receptors (AHRs) are evolutionarily conserved ligand-dependent transcription factors that can mediate a range of both biological and toxicological effects in animals. Exposure to the potent AHR ligand, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in zebrafish causes several developmental abnormalities,
including malformations of the craniofacial structure and cardiovascular toxicity.
The exact pathways leading up to these two defects upon AHR activation is
unknown and is currently being investigated in several studies. The present study
organized the available evidence from zebrafish literature linking AHR activation
(Molecular Initiation Event; MIE) with jaw and cardiac malformations (two unique
Adverse Outcomes; AOs) using the Adverse Outcome Pathway (AOP) framework.
Taking a Key Event Relationship (KER)-by-KER approach, the study first collected
evidence to demonstrate relationships between AHR activation and the two
malformations in zebrafish. The literature search revealed that upon AHR activation in zebrafish by TCDD, one of the most-reduced transcripts is sox9b. Results
from multiple studies involving AHR activation and jaw or cardiac malformations
provided weight of evidence (WOE) for also connecting AHR activation to sox9b
repression, and sox9b repression to the jaw and cardiac malformations. After
the zebrafish literature was mined, literature search was expanded to other fish
species, birds, and mammals. The results were assessed for relevance to the AOPs
of interest, and then organized in a concordance table and assessed for accuracy
and completeness, maintaining both supporting and conflicting evidence to ensure
objectivity. The WOE will be uploaded to the AOP-Wiki, expanding the current
cross-species network of AHR-relevant AOPs. Results of this study further support
the use of high throughput assays for AHR activation in a tiered hazard evaluation
strategy. The contents of this abstract neither constitute, nor necessarily reflect,
official US EPA policy.

4710

Evaluating the Nephrotoxicity of Cisplatin in Rats with
RENAsym, a Mechanistic Model of Drug-Induced Acute Kidney
Injury

N. Hamzavi, J. L. Woodhead, and B. A. Howell. Simulations Plus, Research
Triangle Park, NC.
Cisplatin-mediated nephrotoxicity ranges from mild PTEC injury to cellular death
via several cellular damage mechanisms. The pathophysiology of cisplatin-induced
AKI (cellular, neurohormonal, and hemodynamic) resulting in impaired filtration
is a complex process which has not been completely understood. RENAsym, a
quantitative systems toxicology model of drug-induced AKI, has been developed
to predict drug-induced AKI by translating cellular-level renal damage to systems
level manifestations of AKI. RENAsym has been developed to connect key cellular
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injury mechanisms with renal hemodynamic responses by representing RPTEC life
cycle, bioenergetics, and immune responses to drug-induced toxicity. The model
also represents renal function at the systems level, and feedback mechanisms
for renal hemodynamics including tubuloglomerular feedback (TGF) and renin-angiotensin-aldosterone systems (RAAS), and characterized for rats treated with
nephrotoxic drugs including cisplatin. Simulation results of dose-dependent cisplatin treatment in rats well captures the observed data reported for functional and
urinary biomarkers. The model was first calibrated with preclinical cellular measurements (ROS and ATP) and fraction of viable PTC at 5 mg/kg [1]. Compared to 5
mg/kg cisplatin where PTC loss is substantial, 2.5 mg/kg cisplatin in rats predicts
a mild injury with almost full recovery of PTCs and GFR after a significant loss
predicted on day 5 post treatment. At the systems level, functional biomarkers
such as GFR and serum creatinine, were used to represent the hemodynamic
response of nephrotoxic drugs. RENAsym simulation results of cisplatin-mediated
injury in rats recapitulates urinary biomarker responses such as urinary aGST and
Kim-1 in agreement with preclinical data [2,3]. Cisplatin-mediated toxicity in rats
was evaluated dose-dependently using a quantitative systems toxicology model of
drug-induced acute kidney injury (RENAsym). RENAsym shows a promise in quantitative prediction of drug-induced AKI. Funding: NIDD SBIR grant [1] Francescato
et al. Kidney and Blood Pressure Research, 43(2), 2018. [2] Gebremichael et al.
Toxicological Sciences, 162(1), 2018. [3] Vaidya, V.S. et al., American Journal of
Physiology-Renal Physiology, 290(2), 2006.

4711

The Gut Microbiome Influences Host Xenobiotic Metabolism
after Exposure to Benzo[a]pyrene or 1-Nitropyrene

W. Garcia1,2, C. Miller1, G. Lomas1, K. Gaither1, K. Tyrell1, J. Smith1,3, K. Brandvold1,4, and
A. Wright1,2. 1Pacific Northwest National Laboratory, Richland, WA; 2Washington State
University, Pullman, WA; 3Oregon State University, Corvallis, OR; and 4Washington State
University, Spokane, WA.
Polycyclic aromatic hydrocarbons (PAHs) are environmental contaminants with
varying levels of carcinogenicity depending on their individual structures. PAH
metabolism can result in the bioactivation forming intermediates that are more
harmful than the parent toxicant. The gut microbiome is a key contributor to xenobiotic metabolism; however, little is known about the gut microbiome effects on the
rates of PAH metabolism. This study sought to determine the role the gut microbiome has on the rates of PAH metabolism, specifically through profiling active
cytochrome P450 enzymes (CYPs) before and after exposure to two structurally
different PAHs, benzo[a]pyrene or 1-nitropyrene. Ten-week-old C57BL/6J conventional and gnotobiotic mice were orally exposed to benzo[a]pyrene, 1-nitropyrene,
or to vehicle alone. Following various exposures, activity-based protein profiling
was performed, and rates of metabolism were measured as product disappearance in hepatic microsomes. Gnotobiotic mice exhibited higher rates of benzo[a]
pyrene and 1-nitropyrene metabolism compared to conventional mice in unexposed
conditions. Upon exposure benzo[a]pyrene or 1-nitropyrene conventional mice
exhibited higher rates of metabolism with gnotobiotic mice lacking the ability to
metabolize 1-nitropyrene. In unexposed conditions, CYPs 2d10 and 2d26 were
upregulated in activity in gnotobiotic mice with no significant differences in P450
activity in conventional mice. The lack of a gut microbiome downregulated CYP1a1
activity in benzo[a]pyrene exposure conditions as no presence of CYP1a1 was
detected in gnotobiotic and conventional mice upon exposure to 1-nitropyrene.
This study revealed a novel interaction between the gut microbiome, the rates of
metabolism, and active CYP profiles, in the host, indicating the importance of the
gut microbiome in PAH metabolism. Supported by NIEHS Grant No. P42 ES016465.

4712

Antifungal Activity of Bacillus Species Isolated from Hemp on
Post-Harvest Fungi

C. D. Ahuchaogu, J. Ossai, S. Dhekney, and B. Khatabi. University of Maryland Eastern
Shore, Princess Anne, MD.
Plant diseases are major causes of crop yield losses globally and are considered
a major biological threat to agriculture and food production worldwide. Hemp, like
all other crops, is strongly affected by plant diseases and require efficient disease
management techniques. The use of chemical pesticides is no longer sustainable for disease management because of its toxicity to humans, animals, and the
environment. Alternatively, the application of beneficial microbes provides the most
promising ways to practice safe crop management. Endophytes represent one of
the most prolific sources of secondary metabolites with a wide range of antimicrobial activities. In this study, the antifungal activity of Bacillus species isolated from
hemp metabolites was explored to control pre- and post-harvest fungal diseases.
Hemp samples from Maryland were collected for the isolation of endophytes,
and the antifungal activities that prevented the growth of the major post-harvest
fungal diseases were screened. In vitro experiments using extracted metabolites
from Bacillus spp. isolated from hemp plants showed the potential biocontrol of
post-harvest fungal diseases including fungal infections from Botrytis spp. and
Collectotrichum spp. The analysis of metabolite profiles based on high-resolution
mass spectrometry (HRMS), and their microbiological activities showed the novelty

of some bacterial metabolites in relation to their antifungal properties. The current
study presents an alternative measure for good biocontrol agents for post-harvest
fungal diseases.

4713

Comprehensive Histone, DNA Methylation, and mRNA
Expression Analysis of Murine Liver Repeatedly Exposed to
Chemicals: Percellome Project 2022 Update

J. Kanno1,2, K. Aisaki1, R. Ono1, and S. Kitajima1. 1National Institute of Health Sciences,
Kawasaki, Japan; and 2University of Tsukuba, Tsukuba, Japan.
The Percellome Project aims at reinforcing and replacing the “safety factor” by
comprehensively identifying the transcriptomic networks induced by xenobiotics.
“Percellome” normalization method was developed to generate absolute copy
numbers of mRNAs in a “per one cell” basis. After a single oral gavage to male B6
mice at 4 dose levels (control, low, middle, and high), liver and other organs are
sampled at 4 time points, i.e. 2, 4, 8, and 24 hours after dosing in triplicate, and 48
GeneChip data per chemical/organ are obtained. Up to now, about 160 chemicals
are tested. Data from newly designed repeated-dosing studies are added. This
study uses 48 wild-type mice repeatedly given a same dose of a chemical for 4
or 14 days to create a “chemically induced transgenic state”, and then, the next
day, a single gavage of a chemical in four dose levels was given, and the liver was
sampled at 2, 4, 8, and 24 hours thereafter; CCl4, tributyltin, deet, clofibrate, valproic
acid, acetaminophen, phenobarbital, thalidomide, 5-fluorouracil, acephate, imidacloprid, diethylnitrosamine, pentachlorophenol, acephate, 2-Benzotriazole-2-yl-4,6-ditert-butylphenol and PFOA are tested. We found that the effect of repeated dosing
can be interpreted as a combination of two elements, i.e. baseline response (BR:
gradual shift of the basal expression level) and transient response (TR: alteration of
the magnitude and/or pattern of the quick response in 2 to 24 hours). For a limited
number of chemicals, whole genome bisulfite analysis (WGBA) and ChIP-Seq
against H3K4me3, H3K27me3, H3K27Ac, and H3K9me3 were also performed to
interpret the BR and TR responses by epigenetic mechanisms. Addition to CCl4
and Valproic acid, data on Clofibrate and Corn oil are generated. As the 14-day
CCl4 pre-treatment did not alter the status of DNA methylation, we now concentrate
on the up-stream analysis of genes of which histone status have been modified.
To narrow down the enhancer-promoter regions of interest, hypomethylated areas
identified by WGBA was utilized efficiently. Supported by Health and Labor Sciences
Research Grant of MHLW, Japan.

4714

Assessing the Impact of Benzalkonium Chlorides on Gut
Microbiome and Liver Metabolism

V. A. Lopez, J. J. Lim, R. P. Seguin, J. L. Dempsey, J. Y. Cui, and L. Xu. University of
Washington, Seattle, WA.
Benzalkonium chlorides (BACs) are widely used disinfectants in a variety of
consumer and food-processing settings, and the ongoing COVID-19 pandemic has
increased the use of BACs. The prevalence of BACs in our daily environment raises
the concern that regularly recurring BAC exposure could disrupt the gastrointestinal microbiota, thus interfering with the beneficial functions microbes provide to
host health. We hypothesize that exposure to BACs can alter the gut microbiome
diversity and composition, which will lead to alterations in bile acid homeostasis, sterol biosynthesis, and xenobiotic metabolism in the liver. In this study, we
exposed male and female C57BL/6 mice to C12- and C16-BACs at 120 μg/g/day
by gel food diet for one week. Intestinal content from cecum was collected and
16S rRNA sequencing was carried out on the isolated bacterial DNA. We found
that treatment with either C12- or C16-BACs led to decreased alpha diversity and
differential composition of gut bacteria, notably, the complete elimination of the
actinobacteria phylum. Furthermore, targeted sterolomics analysis of liver extracts
revealed that BACs caused decreased sterol abundance, including decreased
cholesterol and lanosterol. Additionally, RNA sequencing analysis on RNA isolated
from the livers of all groups found differential gene expression changes in relevant
genes. Specifically, C16-BAC treatment in the female cohort led to upregulation
of Hmgcr, a gene that encodes the rate-limiting enzyme in cholesterol synthesis.
C16-BAC treatment in the male cohort led to upregulation of Cyp4a10, Cyp4f13,
Cyp2j6 and Cyp2c38 genes, all encoding for hepatic lipid and xenobiotic metabolism. Lastly, UPLC-MS/MS analysis of intestinal sections and livers of BAC
treated mice demonstrated the absorption and metabolism of BACs. Both parent
compounds were detected in the liver along with their major Phase-I metabolites;
the ω-OH, (ω-1)-OH, (ω-1)-ketone, and ω-COOH metabolites. Together, these data
signify the potential impact BAC exposure may have on human health through
disturbance of the gut microbiome and gut-liver interactions.
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4715

Does Acetate Mediate Skeletal Bone Toxicity of Alcohol?

C. Del Valle-Ponce de Leon, H. Hang, A. Denys, K. B. Pedersen, and M. J. Ronis.
Louisiana State University Health Sciences Center, New Orleans, LA.
Osteoporosis is a chronic disease linked to bone loss. Alcohol consumption in
humans is directly associated with lower bone mineral density and increased risk
of osteopenia. Binge alcohol induces expression of genes involved in osteoblast
function and represses genes involved in osteoclast differentiation (Denys et al.
2021) Metabolism of ethanol by alcohol and aldehyde dehydrogenase results
in formation of acetate via acetaldehyde. In the hippocampus, certain effects
of alcohol appear mediated by acetate. (Carmichael et al., 1993; Mews, P. et al.
2019). We hypothesize that alcohol toxicity in the bone growth plate is similarly
mediated by acetate. Since it is estimated that the amount of acetate released
to the bloodstream is approximately ten times less the ethanol administered, we
compared the effects of 50 mM ethanol and 5 mM acetate on differentiation of
a chondroblast precursor cell line ATDC5 in vitro. In ATDC5 cells cultured with
chondroblastogenic medium, both ethanol and acetate inhibited Alcian Blue staining
of cartilage and significantly (P < 0.05) downregulated marker genes associated
with chondroblast differentiation (Ihh), (Acan) and (Col1a2). In a subsequent pilot
in vivo experiment with mice between 6- and 12-weeks of age, we further compared
4 days of binge alcohol (3, 3,4 and 4.5 g/kg) to 4 days of binge acetate (0.3, 0.3,0.4
and 0.45 g/kg) and 4 days of control gavages with PBS in male C57Bl6/J mice. We
isolated femur shaft RNA and performed qRT-PCR for genes involved in osteoblast
function and osteoclast differentiation. Relative to PBS, expression of the chondrocyte marker Col2a1 mRNA was downregulated by ethanol (P = 0.04) and acetate
(P = 0.056). There was also a trend for downregulation of the osteoblast marker
Col1a2 (P < 0.1 for both ethanol and acetate). Ethanol significantly increased the
mRNA concentration of the osteoclast marker Calcr (P < 0.05) while acetate had no
effect. In conclusion, acetate appears to imitate the deleterious effects of alcohol
on genes involved in chondroblast and osteoblast differentiation and function, but
not osteoclast differentiation. Funded in part by R37 AA018282 (MJJR) and R25
GM12119-01.

4716

Soy Isoflavones Prevents Irinotecan Gastrointestinal Toxicity by
Altering Drug Metabolism and Disposition

R. Ghose1, G. Tao1, R. Sun1, and Z. Lin2. 1University of Houston, Houston, TX; and
2University of Florida, Gainesville, FL.
Irinotecan, a globally used chemotherapy has been long associated with serious
gastrointestinal (GI) toxicities and yet this drug safety issue is not addressed.
After injection, irinotecan is transformed to 7-ethyl-10-hydroxy-camptothecin
(SN-38) by carboxylesterases (CES) in liver. SN-38 is then detoxified by hepatic
UDP-glucuronosyltransferases (UGT)1A1 to generate SN-38G. SN-38G travels to
GI tract, where it is reactivated by microbial β-glucuronidase (GUS) to reproduce
SN-38. It is known that the SN-38 generated by GUS in gut is the leading cause
behind irinotecan GI toxicity. As previous efforts to inhibit CES, GUS or transporters failed due to feasibility pitfalls, increasing UGT becomes the most promising
strategy to alleviate irinotecan side effect. Our preliminary results showed that
irinotecan itself decreased Ugt1a1 via an inflammation-dependent manner in mice.
In current study, we fed mice anti-inflammatory soy isoflavones 3 days before
injecting 50mg/kg irinotecan once daily for 6 days. Our results showed that 0.5g/
kg, 1g/kg and 1.5g/kg soy isoflavones all stopped mice from losing bodyweight.
Soy isoflavones halted the development of irinotecan-induced gut and liver injury
effectively. It increased both hepatic and intestinal Ugt activity as well as lowered
the systemic exposure of SN-38. Leveraging physiological based pharmacokinetic
modeling, we found that soy isoflavones potentially inhibited the bile transition of
SN-38 and reduced SN-38 exposure in gut and liver. This study validated soy isoflavones as an efficacious prophylaxis to prevent irinotecan GI toxicity. Combing soy
isoflavones with irinotecan will provide cancer patients a safer regimen.

4717

Predicted Accumulation of Persistent Compounds across
Generations

P. M. Schlosser1, D. Kapraun1, T. Zurlinden1, and M. Verner2. 1US EPA, Research Triangle
Park, NC; and 2Université de Montréal, Montréal, QC, Canada.
Persistent organic pollutants like long-chain perfluoroalkyl substances can bio-accumulate over a significant part of a woman’s lifetime and then be transferred to
offspring in utero and via breastfeeding. We used computational simulations to
explore how perinatal exposures impact long-term body burden of a bioaccumulative substance. A pharmacokinetic model was adapted from Verner et al. (2016)
to evaluate bioaccumulative dosimetry in female rodents and humans and their
offspring while accounting for growth and in utero and lactational transfer. For
example, the half-life of perfluorodecanoic acid (PFDA) in women was estimated to
be 6.7 y with menstrual blood loss and 7.9 y without. Assuming a constant, continuous exposure, whole-body PFDA concentration was calculated from a woman’s
birth through pregnancy (beginning at age 24.25 y; i.e., 25 years and 3 months),
childbirth (at age 25), and exclusive breast-feeding of her daughter for 1 y. The
daughter was then assumed to have the same constant continuous exposure and

to follow the same life cycle. A simulated woman born with zero body burden is only
predicted to reach 74% of steady-state concentration by age 24.25 y. Her simulated
daughter was then born with an elevated concentration and received a large bolus
of PFDA from breastfeeding such that her whole-body concentration during the first
several years of life exceeded the highest concentration calculated for the mother.
Continuing at the same exposure rate, the daughter’s body burden reaches 85% of
steady-state at 24.25 y, indicating modest cross-generational accumulation. Thus,
a woman’s body burden of a bioaccumulative substance is likely to be somewhat
lower than the steady-state level in early adulthood, but it can be influenced by
her mother’s lifetime exposure, even for a substance with a half-life of only 7-8 y.
While there are significant health benefits to breast-feeding that likely offset the
exposure, the predicted concentration spike for the daughter needs to be considered. Since the concentration in a young adult woman depends on her childhood
exposure, including what is transferred to her from her mother, the full effect of
multigeneration exposure should be included when estimating safe exposure levels
for children.

4718

Assessment of In Vitro Clearance of Nine Phenolic
Benzotriazoles in Human, Rat, and Mouse Hepatocytes

S. Black1, T. Fennell1, P. Patel1, T. Uenoyama1, C. Blystone2, R. Fernando1, and S.
Waidyanatha2. 1RTI International, Research Triangle Park, NC; and 2NIEHS/NTP,
Research Triangle Park, NC.
Phenolic benzotriazoles (PBTZ) are a class of ultraviolet-light absorbers used in
a variety of applications. Comparative clearance of nine phenolic benzotriazoles
(PBZT), including unsubstituted, mono-, di- and tri-substituted compounds by
human, Sprague Dawley rat and B6C3F1 mouse hepatocytes was determined
in vitro to aid in the interpretation of rodent toxicity findings with respect to
human exposure. The test chemicals were incubated (1 μM) with hepatocytes,
and samples were collected at time points up to 300 min and parent chemical
concentrations were quantified using UPLC/MS/MS methods. Inactive cell controls
were used to reveal non-enzymatic or non-biological loss (such as from chemical
instability, non-specific binding, precipitation, and volatilization) of test chemicals
over the course of the assay. The concentration vs time data were fit to an initial
depletion curve using the noncompartmental analysis model of Phoenix WinNonlin.
The estimated half-life, species specific hepatocellularity (hepatocytes/g liver) and
mass of liver per kg body weight were used in calculation of intrinsic clearance
rates (Clint, mL/min*kg). The Clint rate rank order appears to be closely associated with the number and size of substituents on the phenol ring, with the lowest
clearance rates across all three species observed with more bulky substituents
on the phenol ring. Except for those compounds with the lowest Clint, where the
order varied somewhat across species, the rank order of Clint was consistent
across all three species. Unsubstituted PBTZ, 2-(2H-benzotriazol-2-yl)phenol and
drometrizole (which has a single substitution) had the highest clearance rates in
all species. All PBZTs were cleared more rapidly by rat and mouse than by human
hepatocytes, except t-butylbenzotriazole. In most cases, clearance rates by rat or
mouse hepatocytes exceeded that by human hepatocytes by over 200%. The Clint
rates between rat and mouse hepatocytes were generally within ±50%. The rodent
in vitro data will be compared with the published rodent in vivo clearance data for
these 9 PBTZs and the relevance of in vitro human data to in vivo scenarios will be
discussed.

4719

Inter- and Intraindividual Differences and Dietary Influence on
Human Adult and Infant Gut Microbial Capacities to Degrade
Dietary Fructoselysine

K. C. van Dongen, S. Wesseling, I. M. Rietjens, C. Belzer, and K. Beekmann. Wageningen
University and Research, Wageningen, Netherlands.
Sponsor: K. C. van Dongen, EUROTOX
The gut microbiome plays an important role in human health. As some xenobiotics
can be metabolized by the gut microbiome, it can also play an important role in
their toxicokinetics. An in vitro model is presented that was developed to quantify
interindividual and intraindividual differences in the microbial capacity to degrade
the Amadori product fructoselysine. Fructoselysine is formed during heating of
food and is abundantly present in the Western diet. While the potential toxicity of
fructoselysine itself is debated, it may raise a concern as it is an intermediate in
the formation of the advanced glycation end product carboxymethyllysine. Using
adult human fecal samples from 20 donors, interindividual differences in microbial
fructoselysine degradation capacity were quantified by anaerobic incubations.
Individuals showed striking differences in the ability to degrade fructoselysine,
ranging from almost no degradation up to 19.6 µmol/1·1012 bacterial cells/h, with
a median of 5.4 µmol/1·1012 bacterial cells/h. 13 Of the 20 individuals donated two
additional fecal samples at later moments, enabling quantification of intraindividual differences as well. This resulted in temporal variability ranging from almost
no difference to a maximum difference between different donations amounting
to 17.5 µmol/1·1012 bacterial cells/h within a person. By analyzing the microbial
composition of the fecal samples by 16S rRNA, microbes possibly involved in this
degradation were identified. Subsequently, fecal samples from infants (aged 1.8
- 5.7 months; before introduction of solid foods) who were either exclusively fed
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by breast milk (generally containing only minute amounts of fructoselysine) or
by infant formula (generally containing high levels fructoselysine) were collected,
and their capacities to degrade fructoselysine assessed. The formula-fed infants
degraded fructoselysine more efficiently than breast-fed infants. This is hypothesized to reflect an intrinsic ability of the gut microbiome to degrade fructoselysine,
which can adapt and increase following dietary exposure. The generated data show
that fructoselysine degradation by the human gut microbiome displays interindividual and intraindividual differences, and that this metabolic activity can adapt to
dietary exposure. The applied in vitro model is a useful tool to quantify metabolism
by the human gut microbiome, which can supplement new approach methodologies with toxicokinetic data.

4720

Physiologically Based Toxicokinetic Modeling of
2,4-dichlorophenoxyacetic Acid

A. Thakur1, C. A. Ellison2, and J. C. Chan3. 1Agency for Science, Technology and
Research (A*STAR), Singapore, Singapore; 2Procter & Gamble, Cincinnati, OH; and
3Singapore Institute of Food and Biotechnology Innovation, Singapore, Singapore.
The move towards animal-free risk assessments necessitates the use of
alternative approaches to establish toxicodynamic and toxicokinetic profiles.
Physiologically-based toxicokinetic (PBTK) modeling uses in vitro absorption,
distribution, metabolism and excretion data to quantitatively and mechanistically
predict chemical concentration-time profiles in different biological matrices, including plasma, tissues and urine. While PBTK modeling is reasonably accurate for
metabolism-dependent compounds, its use for transport-dependent compounds is
less established. This work demonstrates such an approach using 2,4-dinitrophenoxyacetic acid (2,4-D), an herbicide dependent on renal transporters for urinary
excretion. In vitro physicochemical (LogP, pKa and fraction unbound in plasma)
were collated from literature, while transporter kinetic data (Vmax and Km) were
measured using a panel of anion transporters (OATP1B1, 1B3 and 2B1; OAT1, 3, 4;
URAT1; NTCP). These data were used to parameterize PBTK models constructed
using Simcyp and Gastroplus to predict plasma concentration-time and urinary
excretion profiles for 2,4-D, then validated against clinical data (Sauerhoff et al.
1977). 2,4-D was found to be a strong substrate of OAT1. In vitro-to-in vivo extrapolation of OAT1 kinetics was performed by accounting for differences in OAT1
expression levels between in vitro systems and in vivo tissues. The bottom-up
models which attribute 2,4-D clearance entirely to the renal route resulted in an
under- and over-prediction of plasma and urinary profiles respectively. As data
from Sauerhoff indicated around 12% of 2,4-D is excreted as conjugates in the
urine, a middle-out model which separated 2,4-D clearance into renal (88%) and
hepatic (12%) improved the model predictions of Cmax, AUC and clearance values
to within 2-fold, while plasma and urinary profiles closely recapitulated observed
data. Inter-individual variability in 2,4-D plasma and urinary data could be explained
by variability in OAT1 expression in the human kidney cortex. Using the bioequivalent reference dose for 2,4-D in plasma of 0.005 μg/mL (Aylward et al. 2008),
the middle-out models predicted that this was equivalent to oral chronic doses of
0.0012-0.0015 mg/kg. In summary, this work demonstrates a robust approach to
modeling the toxicokinetics of transport-dependent chemicals, which can be used
in conjunction with appropriate toxicodynamic data in risk assessments.

4721

Development of a Tool to Assist Selection of Chemical
Analogues to Facilitate Development of New Physiologically
Based Kinetic Models Using a Read-Across Approach

C. V. Thompson1, S. D. Webb2, J. Leedale2, P. E. Penson1, J. C. Madden1, and A. Paini3.
1Liverpool John Moores University, Liverpool, United Kingdom; 2Syngenta, Bracknell,
United Kingdom; and 3esqLABS GmbH, Hambierich, Germany.
Physiologically-based kinetic (PBK) models can be used to derive the concentration-time profile of a xenobiotic at the organ level. However, they require significant amounts of data and are time consuming to create. Therefore, being able to
inform the development of new PBK models (for chemicals lacking data) using
existing data for similar chemicals, in a read-across approach, would be valuable
to industrial and regulatory sectors. Previously, we have completed a systematic
review of PBK models and created a database comprising over 7,500 models. In
order to use this for read-across it is necessary to identify which chemicals are
similar to a given target i.e. identify suitable analogues. A KNIME workflow has
been created that searches the database for potential analogues of a target using
a combination of fingerprint-based similarity metrics and user-selected physicochemical properties. To expand or reduce the number of potential analogues identified, the user can adjust the cut-off values for structural similarity and physicochemical property ranges. Two case studies have been undertaken to test the
performance of this tool. In the first case study, the drug atenolol was used as the
target chemical and five potential analogues were identified, from which propranolol was selected. In the second case study, the herbicide flumioxazin was used
as the target and six potential analogues were identified, from which rivaroxaban
was selected. PBK models were built for the target chemicals using models for the
respective analogues as templates. Simulation of maximum concentration of drug
in plasma (Cmax) values, within two-fold error of literature values, could be achieved.
However, for the area under the curve (AUC) a five-fold error was attained. Whilst

this KNIME workflow can facilitate selection of analogues, as a starting point for
PBK model building, work is ongoing to optimise its functionality. The funding of
the European Partnership for Alternative Approaches to Animal Testing (EPAA) is
gratefully acknowledged.

4722

Analysis of Trichloroethylene and Tetrachloroethylene
Metabolism Using Liver In Vitro Models

A. Valdiviezo1, G. Brown2, Y. Luo1, A. Michell2, W. Chiu1, S. Khetani2, and I. Rusyn1.
1Texas A&M University, College Station, TX; and 2University of Illinois at Chicago,
Chicago, IL.
Both trichloroethylene (TCE) and tetrachloroethylene (PCE) were identified by US
EPA in 2016 among 10 chemical substances that were the subject of the agency’s
initial risk evaluations under the Toxic Substances Control Act as amended by
the Frank R. Lautenberg Chemical Safety for the 21st Century Act. Metabolism
of TCE and PCE determines toxicity, and key uncertainties remain in quantitative
understanding of both their metabolism to genotoxic species through glutathione
(GSH) conjugation, and species differences therein. This study utilized several liver
in vitro models to measure TCE and PCE metabolism: suspension, 2-D monolayer
culture, and micropatterned coculture (MPCC). We used primary human and mouse
hepatocytes, as well as induced pluripotent stem cell (iPSC)-derived human hepatocytes. Cells were treated with TCE or PCE (2 mM) with and without GSH (5 mM).
Formation of trichloroacetic acid (TCA), S-(1,2-dichlorovinyl)-glutathione (DCVG)
and S-(1,2,2-trichlorovinyl) glutathione (TCVG) was evaluated. TCE and PCE formed
comparable amounts of trichloroacetic acid (TCA) in primary human hepatocytes
in suspension. Concomitantly, D/TCVG formation in this model was also similar
in terms of both amounts and kinetics. In experiments with TCE in MPCC and
monolayer cultures, human hepatocytes and iPSC-derived hepatocytes formed
~10-fold higher amounts of DCVG compared to primary mouse hepatocytes. In
addition, MPCC was more efficient than monolayer culture in forming DCVG. These
findings show that formation of TCA and D/TCVG is comparable when TCE or PCE
are tested in suspensions of primary human hepatocytes. Additionally, we found
that MPCC can be used for studies of long-term toxicokinetics to further quantify
species differences, albeit overall formation of DCVG metabolite is lower in MPCC
than that in suspension culture. We conclude that MPCC can provide physiologically-relevant estimates of TCE and PCE metabolism to reduce inter-species extrapolation uncertainties in EPA risk evaluations, particularly for kidney effects thought to
be mediated by GSH conjugation.

4723

A Liquid Chromatography-Mass Spectrometry Method for the
Quantification of Acetaminophen and Metabolites in Normal and
Obese Mouse Serum

J. Rice, Z. Zhou, M. DeVito, T. Izawa, R. Cortes, A. Pandiri, B. A. Merrick, and D. Crizer.
NIEHS/NTP, Research Triangle Park, NC.
Acetaminophen (APAP) is a widely used drug for the treatment of pain in humans.
While generally safe at recommended doses, overdose results in a large percentage
of acute liver failure cases. Additionally, nonalcoholic fatty liver disease (NAFLD) is
the most common chronic liver disease in the US and its influence on APAP-induced
hepatotoxicity is not fully understood. A method to quantify APAP and its metabolites was desired to investigate potential differences in APAP metabolism between
normal and obese mice. We have developed a method which can quantify APAP,
APAP glucuronide, APAP sulfate, APAP glutathione, APAP cysteine, APAP mercapturate, and NAPQI in both normal and obese mouse serum. The method requires
minimal sample preparation and uses small sample amounts. Method requires
only 20 μL of mouse serum with sample preparation requiring addition of methanol,
centrifugation, dry down, and reconstitution. Sample run time is 15 minutes per
sample. Standards of APAP and its metabolites were spiked into control mouse
serum to determine approximate concentration limits that could be quantified
using our method. Lower limits were found to be 5 ng/mL or lower for APAP and
all metabolites except for NAPQI (250 ng/mL). Samples were then selected for
study where mice (on normal and high fat diets) were dosed with APAP. This step
was to determine the correct dilution protocol to use for these samples. Recovery
and matrix effects were assessed for APAP and all metabolites at a low and high
concentration using serum from 3 normal control and 3 obese control mice. At
low concentration levels, recoveries ranged from 66-110% in normal mouse serum
and 66-95% in obese mouse serum. Matrix effects at low concentration levels
were found to be acceptable (< 20%). Recoveries at high concentration levels were
found to 69-80% in normal mouse serum and 71-79% in obese mouse serum. At the
high concentration levels, matrix effects were again determined to be acceptable
(<15%). We report a rapid, sensitive, and low sample volume method for metabolite
analysis of APAP which should be useful for experimental and clinical studies of
normal and high fat diet.
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Effect of the Dose on the Toxicokinetics of a Quaternary Mixture
of Rare Earth Elements Administered to Rats

M. Jomaa1, D. Dieme1, M. Desrosiers1, J. Côté1, G. Pelletier2, A. Nong2, and M.
Bouchard1. 1Université de Montréal, Montreal, QC, Canada; and 2Health Canada, Ottawa,
ON, Canada.
The exploitation of rare earth elements (REEs) is growing exponentially due to the
drastic increase in their use in several fields. Although necessary for interpreting
biomonitoring data, very little information is available on their toxicokinetics, the
majority of data being derived from exposure to radioactive isotopes. This study
documents the impact of dose on the toxicokinetics of a mixture of four REEs
intravenously injected to rats as a single bolus dose: 0.3, 1 or 10 mg/kg body
weight (bw) of praseodymium chloride (PrCl3), cerium chloride (CeCl3), neodymium
chloride (NdCl3) and yttrium chloride (YCl3). Kinetic time courses of the REEs were
established in blood, urine and faeces up to 7 days post-exposure, and tissue levels
were determined at the time of sacrifice on day 7 post-dosing. Results showed
similar time profiles for the different metals administered at the same dose. For
blood, a bi-exponential elimination curve was observed with a rapid phase characterized by a half-life t1/2α similar for the four REEs at the three doses with mean
values between 1.5-3.0 h. For the second phase, mean half-lives (t1/2β) increased
progressively with increasing doses, with values of 28-38 h at the dose of 0.3 mg/
kg bw depending on the REE and 53-82 h at the dose of 10 mg/kg bw. The mean
residence time (MRTIV) was small with average values of 7.3 to 10 h at the 0.3 and
1 mg/kg bw doses, but average values significantly increased by almost 3-fold at
the 10 mg/kg bw dose with mean values of 22-28 h. The apparent blood clearance
(Clblood) was high, but clearly not influenced by the dose. The volume of distribution
(Vss) was higher than the blood volume with no statistically significant difference
between the three doses. Urinary excretion following intravenous injection was very
low. The cumulative urinary excretion time courses of Pr, Ce, Nd and Y showed a
statistically significant lower urinary excretion with increasing dose for each of the
four elements. Similarly to the urinary excretion profiles, the cumulative excretion
time courses of Pr, Ce, Nd and Y in rat feces showed a statistically significant lower
fecal excretion with increasing dose. The fraction of REEs remaining in rat tissues
at necropsy also increased with the dose administered, most notably in the lungs
and spleen at the 10 mg/kg bw dose. The shift in the REE kinetics at high dose may
be explained by a higher retention in tissue lysosomes.

4725

Bioanalytical Method Development and Validation for
Quantifying Midazolam in Rat Dry Blood Spots

C. Wu, I. Wolfkind, A. Dhir, and M. A. Rogawski. University of California Davis, Davis, CA.
Sponsor: P. Lein
Dried blood spot (DBS) sampling provides a convenient and cost effective method
to handle blood specimens for bioanalysis. Among the advantages over traditional
blood collection are smaller volumes, easier storage and transportation, improved
stability of analytes, and reduced risk of technical staff infection. We developed
a one-step methanol extraction method that allowed quantification of midazolam
(MDZ) in a 10 µL rat DBS using LC-MS/MS. The lower limit of quantification
(LLOQ) was 500 pg/mL and the assay was linear to 1000 ng/mL. The inter- and
intra-batch precision (%CV) and accuracy (deviation % from nominal concentrations) were within ±15% and ±20% for LLOQ. The extraction efficiency of DBS was
slightly greater than 100%, possibly due to a matrix effect of DBS that enhanced the
MDZ MS signal. Using this DBS bioanalytical method and our previously validated
plasma assay, we determined the MDZ concentration in DBS and plasma samples
derived from the same blood specimens drawn from rats dosed intramuscularly
with 1.8 mg/kg of MDZ. The MDZ concentrations in the plasma samples were 43
± 16% greater than the corresponding DBS samples. Rat blood spiked with 10 ng/
mL of MDZ also had an apparent lower (~30%) concentration in DBS samples than
in the plasma. The DBS measurement provides a whole blood concentration. Low
MDZ partitioning into red cells would explain the difference between the RBS and
plasma measurements. Our results indicate that plasma MDZ concentrations can
be estimated from measurements in DBS samples by using the hematocrit as a
correction factor. DBS MDZ measurements may be useful for research, clinical and
forensic purposes.

4726

Green Tea Alters Bile Acid Micellar Solubility of Raloxifene

Oyanna1,

V. O.
T. N. Graf2, N. H. Oberlies2, and J. D. Clarke1. 1Washingotn State
University, Spokane, WA; and 2University of North Carolina, Greensboro, NC.
Green tea is a popular botanical natural product, and its consumption has been
associated with pharmacokinetic natural product-drug interactions (NP-DIs).
Unpublished clinical data show that acute and chronic oral administration of green
tea decreased the systemic exposure of raloxifene in healthy subjects. These
clinical data indicate an intestinal interaction, although the mechanism for reduced
absorption and systemic exposure is not known. NP-mediated modulation of drug
solubility in the intestinal lumen is an area of increasing interest and concern.
Intestinal bile acids can enhance the absorption of hydrophobic compounds by
micellar solubilization, and raloxifene is a Biopharmaceutic Drug Disposition

Classification System (BDDCS) class 2 drug with poor water solubility. We hypothesize that green tea reduces intestinal absorption of raloxifene through decreased
micellar solubility. To investigate this interaction, bile acid mixed micelles were
prepared and incubated with raloxifene, green tea extract (GTE), (-)-epigallocatechin
gallate (EGCG), and a combination of raloxifene with GTE or EGCG. The size of the
micelles was determined by dynamic light scattering and raloxifene quantification was determined by UPLC-MS/MS. Raloxifene did not affect micelle diameter
(micelle alone: 63.2 ± 5.6 nm, micelle with raloxifene 76.0 ± 5.8). In contrast, micelle
diameter increased after incubation with GTE (416 ± 150.3 nm), EGCG (300.9 ±
173 nm), raloxifene + GTE (451 ± 164.2 nm), and raloxifene + EGCG (294.8 ± 303
nm). The micellar solubility of raloxifene was decreased by ~80% after incubation
with GTE, whereas EGCG produced inconsistent results. These data suggest GTE
decreased the micellar solubility of raloxifene and may play a role in the observed
green tea-raloxifene intestinal interaction. Funding: AT011101, AT008909.

4727

Pharmacokinetic Alterations in Nonalcoholic Steatohepatitis:
Identifying Drugs at Risk of Adverse Drug Reactions

S. Marie, and N. J. Cherrington. University of Arizona, Tucson, AZ.
Non-alcoholic steatohepatitis (NASH) is the progressive form of non-alcoholic fatty
liver disease and is characterized by inflammation, hepatocyte ballooning, with
increased risk for fibrosis and impairment of hepatic function. The liver plays a
central role in the pharmacokinetics (PK) of numerous drugs through drug metabolizing enzymes and transporters. NASH has been shown to cause disease-specific alterations to this function such as a decrease in activity of the main sinusoidal uptake transporters (organic anion transporting polypeptides, organic anion
transporters) and an increase in the activity of several efflux transporters on both
sides of the hepatocyte (multidrug resistance associated protein, P-glycoprotein,
breast cancer resistance protein). The most highly modified enzymes due to NASH
were the cytochrome P450 enzymes (CYPs) with a decrease in CYP3A4, CYP1A2,
and CYP2C19 activities and an increase in CYP2C9 and CYP2A6 activities. Given
the importance of these pathways in the PK process, it is hypothesized that these
changes may be related to adverse drug reactions (ADR) in NASH. The purpose of
this study was to identify drugs that may pose increased risk for ADRs in NASH
patients. Bibliographic research identified a list of 66 drugs that have been reported
with at least one case of ADR in a NASH patient. Among them, 39 are metabolized
or transported by at least one enzyme or transporter affected by NASH. Based on
these observations, we aimed at predicting other drugs that could also be at risk of
ADR in NASH patients. A list of 625 substrates for at least one of these enzymes or
transporters has been established and 106 of them are substrates of four or more
of these pathways. This list includes drugs from various pharmacological classes
for which ADR may occur when used in NASH patients, especially when they are
eliminated through multiple pathways altered by the disease. In summary, these
results may better inform clinicians regarding the selection of drugs to use specifically for NASH patients.

4728

Dietary Intervention with Brussels Sprouts and
3,3′-diindolylmethane Supplements Alter the Pharmacokinetics
of Orally Micro-Dosed Benzo[a]pyrene

M. L. Maier1, L. K. Siddens1, J. M. Pennington1, S. L. Uesugi1, K. A. Anderson1, L.
G. Tidwell1, S. C. Tilton1, T. J. Ognibene2, K. W. Turtletaub2, J. N. Smith3, and D. E.
Williams1. 1Oregon State University, Corvallis, OR; 2Lawrence Livermore National
Laboratory, Livermore, CA; and 3Pacific Northwest National Laboratory, Richland, WA.
Benzo[a]pyrene (BaP) is formed by incomplete combustion of organic materials
(petroleum, coal, tobacco, etc.) and is ubiquitous in the environment. It is designated
by the International Agency for Research on Cancer as a group 1 known human
carcinogen; a classification supported by numerous studies in preclinical models
and epidemiology studies of exposed populations. Emerging evidence indicates
that 3,3’-diindolylmethane (DIM), a naturally-occurring compound in cruciferous
vegetables and popular dietary supplement, could be used for both the treatment
and prevention of of human cancers. Following dietary interventions with Brussels
sprouts and DIM supplements at environmentally relevant concentrations, this
study examines uptake, metabolism, and elimination of [14C]-BaP in human plasma.
After the consumption of either Brussels sprouts or DIM supplements for 7 days
(with minimum interceding 3-week washout periods), volunteers were administered
50 ng (5.4 nCi) of [14C]-BaP. Quantification of parent [14C]-BaP and metabolites
in plasma over 48 hours were done using UPLC-accelerator mass spectrometry
(UPLC-AMS) at Lawrence Livermore National Laboratory. Marked inter-individual
variability in plasma pharmacokinetics was observed with and without intervention. Both Brussels sprouts and DIM significantly reduced [14C]-BaP Cmax as well
as the Cmax of early eluting unknown metabolites (likely conjugated metabolites)
and 9,10-dihydrodiol. DIM also significantly reduced 3,6-dione Cmax. With each of
these compounds, the reduced Cmax may be due to slower but not reduced BaP
absorption, as BaP AUCs are not impacted nor are volumes of distribution. In one
participant [14C]-BaP Tmax was 1 hour post dose without intervention, 3 hours post
dose with Brussels sprouts added to diet, and 8 hours post dose with DIM use.
Overall BaP metabolism was not significantly altered, as the Cmax of each metabolite follows the same pattern as BaP Cmax and Clint is not impacted. Metabolite
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profiles showed a substantial percentage of [14C] in plasma was polar BaP metabolites with bay region tetrols and dihydrodiols predominate, suggesting potentially
bioactivation. AMS enables the study of environmental carcinogens in humans
with de minimis risk, allowing for important testing and validation of physiologically based models derived from the interpretation of data from high-risk exposed
populations and animal data.

4729

Age-Related Differences in Metabolism May Indicate AgeDependent Susceptibility for Some PAHs

K. A. Gaither1, W. Garcia1,2, K. Tyrrell1, A. T. Wright1,2, J. Teeguarden1,3, and J. N.
Smith1,3. 1Pacific Northwest National Laboratory, Richland, WA; 2Washington State
University, Richland, WA; and 3Oregon State University, Corvallis, OR.
Retene and phenanthrene are prevalent polycyclic aromatic hydrocarbons (PAHs)
found at high concentrations in wildfire smoke. However, limited toxicity data exists
for these two PAHs. While phase I cytochrome P450s catalyze reactions to enhance
solubility of PAHs, bioactivation can also occur. Further, metabolism varies with
developmental stage due to changes in abundance and activity of enzymes. We
hypothesize that age alters rates of detoxification and/or bioactivation in an individual exposed to PAHs, which can affect susceptibility. To test our hypothesis, we
measured rates of metabolism of retene and phenanthrene in individuals ≤1 yr
using human liver microsomes, n=8. We incubated microsomes with the target
PAH and measured metabolism via disappearance of the parent compound using
reverse phase high performance liquid chromatography (HPLC). We then compared
measured metabolism rates in young individuals to a pooled sample of 200 individuals, comprised primarily of adults. Intrinsic clearance for both chemicals varied
greatly across individuals and pooled microsomes. The intrinsic clearance of
retene was 0.035 ml/min/mg microsome in the pooled sample, while in individuals
≤1 yr, it ranged from ~3-fold lower to 14-fold higher than the pool (0.013-0.49 ml/
min/mg microsome). Of note, an almost 40-fold variation in intrinsic clearance was
seen between individuals. For phenanthrene, intrinsic clearance was 0.56 ml/min/
mg microsome in the pooled sample and ranged from ~6-fold lower at 0.10 ml/
min/mg to 0.64 ml/min/mg microsome in individuals ≤1 yr. Age-related metabolism of PAHs is a poorly understood but a critically important factor in assessing
health risk of exposure. These findings reveal high variability in the metabolism of
two PAHs in individuals ≤1 yr as compared to an average adult. Work is currently
underway to categorize differences in active cytochrome P450 enzymes present
in the individuals ≤1 yr as compared to the pooled sample to further explain the
observed differences in the rates of metabolism of retene and phenanthrene. We
are also working to identify the metabolites formed from these metabolic reactions.
These approaches will aid in efforts to determine human health risk and susceptibility to PAH exposures in individuals, particularly during early maturation.

4730

Regional Airway Dosimetry of Hydroxychloroquine for Oral,
Intratracheal, and Nose-Only Rat Exposures

W. Xia1, A. Reddy Kolli2, J. Szostak2, A. Kuczaj2, T. Bjoern2, S. Lam1, W. Toh1, A.
Purwanti1, W. Tan1, O. Lavrynenko2, S. Dijon2, C. Merg2, M. Hernandez2, E. Guedj2,
N. Ivanov2, B. Phillips1, M. C. Peitsch2, and J. Hoeng2. 1Philip Morris International,
Singapore, Singapore; and 2Philip Morris International, Neuchatel, Switzerland.
Pulmonary drug delivery is the route of choice for treating respiratory diseases
such as asthma. Hydroxychloroquine sulfate (HCQ) is one of the repurposed drugs
proposed for treating viral respiratory infections. Direct delivery of HCQ via inhalation could ensure a high drug concentration in the lungs and a low blood-tissue
ratio, thus maximizing the drug’s efficacy and minimizing adverse effects. Sprague
Dawley rats were administered with HCQ via (1) a single dose of intratracheal
instillation (2.32 mg/kg), (2) oral gavage (11.6 mg/kg), or (3) nose-only aerosol
exposure (11.6 mg/kg) for 4 h. HCQ was solubilized in saline, aerosolized with a
PARI LC Sprint nebulizer, and delivered to the rats in a flow-past chamber (FPC).
The physicochemical characteristics of HCQ aerosol sampled from the rat breathing zone were measured. The concentrations of HCQ and its metabolites were
measured in different regions along the respiratory system. A charcoal block was
applied to determine the contribution of gastrointestinal (GI) absorption towards
the pharmacokinetics of nose-only exposure. The concentration-time course data
for HCQ was used to model and compare the HCQ kinetics in blood and respiratory
tissues following oral and aerosol delivery. HCQ aerosol particles of respirable
size (mass medium aerodynamic diameter, 1.55 µm; geometric standard deviation,
1.64) were generated and delivered to the FPC in the nose-only exposure system.
Nose-only HCQ aerosol exposure resulted in sustained higher concentrations of
HCQ in the lungs and respiratory system (respiratory nasal epithelium, larynx,
trachea, and bronchus) than oral administration. Conversely, nose-only exposure
resulted in lower systemic exposure of HCQ—as indicated by the area under the
blood concentration-time curve (AUC) and maximum blood concentration (Cmax)—
than oral administration (AUC: 119780 and 192524 min*ng/mL; Cmax: 219.8 and
258.1 ng/mL, respectively). HCQ delivery via aerosol also resulted in a higher
lung-blood ratio throughout a 24-h period than oral administration (429 and 388
times higher at 6 and 24 h vs. 65 and 118 times higher at 6 and 24 h, respectively).
Inhaled HCQ aerosol delivery achieved a higher respiratory tract concentration

and lower systemic concentration than oral HCQ delivery. The pharmacokinetic
profile of inhaled HCQ supports the further development of aerosolized HCQ for
respiratory diseases.

4731

Development of a Physiologically Based Pharmacokinetic Model
to Predict Irinotecan Disposition in Mice during Inflammation

G. Tao1, Z. Lin2, and R. Ghose1. 1University of Houston, Houston, TX; and 2University of
Florida, Gainesville, FL.
Irinotecan, a first-line chemotherapy for many cancers has been causing fatal toxicities like bloody diarrhea and steatohepatitis. But such problem remains unresolved
yet. It is known that irinotecan goes through multiple-step drug metabolism after
intravenous (i.v.) injection and one of its intermediates 7-ethyl-10-hydroxy-camptothecin (SN-38) is responsible for irinotecan associated side effect. However, it is
unclear what is the disposition kinetics of SN-38 in the organs subjected to toxicity.
No studies ever quantified the contribution of each enzyme or transporter made to
SN-38 distribution. In current study, we established a novel physiologically based
pharmacokinetic (PBPK) model to predict the disposition kinetics of irinotecan in
gut, liver and kidney. The PBPK model was calibrated with in-house mouse pharmacokinetic data and evaluated with external datasets from literatures. We separated
the contribution of each parameter in irinotecan pharmacokinetics by calculating
the normalized sensitivity coefficient (NSC). The model gave robust prediction of
SN-38 distribution in GI tract, the site of injury. We identified that bile excretion and
UDP-glucuronosyltransferases (UGT) played major roles in SN-38 pharmacokinetics. Our NSC showed that the impact of enzyme and transporter on irinotecan and
SN-38 pharmacokinetics evolved when time continued. Additionally, we mapped out
the effect of inflammation on irinotecan metabolic pathways with PBPK modelling.
We discovered that endotoxin-induced inflammation significantly increased the
blood and liver exposure of irinotecan and SN-38 in mice. Inflammation suppressed
UGT, microbial metabolism but increased fecal excretion. The present PBPK can
serve as an efficacious and versatile tool to describe the pharmacokinetic profiles
of irinotecan in healthy and diseased mice, to quantitively assess the risk of irinotecan toxicity and provide a basis for extrapolation to humans.

4732

Estimating Inhalation Bioavailability for Small Peptide
Sequences 1 to 10 kDa in Size

E. Fung1, J. Parker1, A. Powell2, and A. Maier3. 1Cardno ChemRisk, Aliso Viejo, CA;
2Cardno ChemRisk, Boulder, CO; and 3Cardno ChemRisk, Cincinnati, OH.
Protein biotherapeutics are staple in modern medicine. Inhalation is a critical route
for occupational exposure in the manufacturing of active pharmaceutical ingredients (APIs) including proteins. In order to protect workers from adverse effects
from exposure to protein APIs during the manufacturing process, health-based
exposure limits (HBELs) are derived using chemical-specific information, including
inhalation bioavailability. Inhalation bioavailability of large proteins, typically those
more than 40 kDa in size, are well studied and are generally accepted to be 1% or
less. However, the inhalation bioavailability of small peptides that are 1 to 10 kDa
in size is not as well defined. Although inhalation bioavailability of small peptides
have been part of larger analyses, they have not been the focus. Notably, Pfister and
colleagues conducted a study in 2014 and evaluated the inhalation bioavailability of
19 peptides up to 10 kDa; a median inhalation bioavailability of 20% was reported.
The goal of our study was to expand upon previous analyses and focus on inhalation bioavailability of small peptides. In this analysis, available inhalation bioavailability data for 72 peptides were evaluated. The peptides evaluated ranged from 1.1
to 10.9 kDa in size and inhalation studies were conducted in various species including rodents, rabbits, dogs, monkeys, and humans. The findings of this analysis
are in agreement with previous work, where the median inhalation bioavailability
was 20% with the vast majority below 50% and a range of 0 to 100%. Interestingly,
species, peptide size, and peptide identity did not directly correlate with inhalation
bioavailability. In addition to evaluating inhalation bioavailability data, other factors
that impact systemic exposure were considered. Specifically, inhalation dosimetry,
protein degradation, and chemical characteristics were generally found to decrease
the amount of protein available for absorption. Taken together, the median bioavailability of 20% is likely an appropriate estimate of systemic exposure after considering inhalation deposition and protein degradation and is sufficiently protective in
most cases for the purposes of occupational exposure safety. Thus, in the absence
of peptide-specific data or concern, an inhalation bioavailability default of 20% is
recommended for 1 to 10 kDa peptides.
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The Many Ways to Describe Gas Uptake: An Extension of a
PBPK Model Template to VOCs

4735

Subcellular Targeting of Induced CYP2E1 in the Brain during
Alcohol Use

B. Prasad1, A. S. Bernstein1,2, D. F. Kapraun1, and P. M. Schlosser1. 1US EPA, Research
Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.

H. C. Gonzalez, P. J. Mulholland, and J. H. Hartman. Medical University of South
Carolina, Johns Island, SC.

In chemical risk assessment, physiologically based pharmacokinetic (PBPK)
models are used to estimate internal dose metrics and human equivalent doses.
They allow a user to extrapolate dose across species, administration routes, and
life stages. Despite these advantages, PBPK models require an often-lengthy quality
assurance (QA) review process to ensure that the model theory, structure, and data
all support the stated objectives. To facilitate a faster evaluation, we created a
PBPK model template using free, open-source software tools capable of describing
multiple chemical-specific PBPK models using one common software implementation. A first version of the template passed a rigorous initial QA review and we
demonstrated that it reproduces results of published PBPK models for various
PFAS. We have now extended the template to describe gas inhalation dosimetry
and replicated published results for PBPK models that include inhalation routes of
exposure. The current template includes multiple options to describe gas uptake,
such as the use of either a dynamic description or a steady state approximation
for gas exchange, and the inclusion or exclusion of an explicit lung tissue compartment. This enables the template to match lung dosimetry for models with a variety
of structures for gas uptake. Other new features were also added to the template
including options for steady state vs. dynamic models for venous and arterial blood
compartments, saturable and first order metabolic pathways in multiple compartments, and endogenous (or background) production. Using these new features, we
reproduced concentration time course predictions from PBPK models for inhalation
exposures to three volatile organic compounds (VOCs) in rats, each sourced from
IRIS assessments or peer-reviewed publications. The new template gas uptake
features allowed us to implement (1) steady state gas exchange with explicit lung
tissue using a dichloromethane model, (2) dynamic gas exchange with explicit lung
tissue using a methanol model, and (3) steady state gas exchange with no explicit
lung tissue using a chloroform model. By including a variety of structures that
describe inhalation uptake, our PBPK model template allows for fast and accurate
evaluation of PBPK models for inhaled gases. The addition of new features and
flexible representations for the inhalation route of exposure allows the template to
be applied to a broader set of chemicals.

Alcohol is a commonly abused substance that contributes to numerous health
problems including liver damage and neurological deficits. It is thought that the
ethanol metabolite acetaldehyde mainly drives toxicity from ethanol use. In the
brain, which lacks expression of alcohol dehydrogenase, acetaldehyde can be
generated by cytochrome P450 2E1 (CYP2E1), which is expressed within cells in
the endoplasmic reticulum and mitochondria. Alcohol induces CYP2E1 in the brain,
but how much CYP2E1 is targeted to the mitochondria is unknown. We hypothesize that chronic alcohol consumption will lead to increased brain mitochondrial
CYP2E1 and drive production of acetaldehyde and mitochondrial dysfunction. We
will test this hypothesis using two complementary systems: testing subcellular
expression of CYP2E1 in mice after acute or chronic binge drinking, and using
the model organism Caenorhabditis elegans that has been modified to express
mitochondrial- or ER-targeted CYP2E1. We are currently optimizing immunofluorescent staining in mouse brain tissue from mice that have undergone acute binge
drinking. Our anticipated results are that subcellular targeting of induced CYP2E1
will vary between cerebellum, prefrontal cortex, and hippocampus. In the worm
model, we tested behavioral effects of ethanol in wild-type and CYP2E1-expressing
nematodes by measuring locomotion after 10 and 30 minutes of exposure. Our
results show that, compared to wild-type worms (without CYP2E1), worms expressing human mitochondrial CYP2E1 have significantly more locomotory inhibition
(p<0.05, 2-way ANOVA). By contrast, nematodes expressing human ER-targeted
CYP2E1 have less inhibition and even show significant recovery by the 30-min
time point (p<0.05, 2-way ANOVA). This may indicate mitochondrial dysfunction
in muscle, neurons, or both, and it may indicate that ER-CYP2E1 metabolism of
ethanol is detoxifying, while mitochondrial-targeted CYP2E1 promotes toxicity. In
ongoing experiments, we are testing mitochondrial function in the whole worm
and in the specific muscle and neuronal cells to determine the mechanism of
ethanol toxicity. The findings of this project will lead to deeper understanding of
how the brain adapts to alcohol consumption and potential targets for prevention of
alcohol-induced neural damage and for treatment of alcohol use disorder.

4734

Influential Parameters for a Physiologically Based
Pharmacokinetic Model for Assessment of Fetal Exposure to
Sertraline

D. E. Lartey1,2, D. Jateng1,2, M. Li3, C. Nguyen1, J. Beitz1, V. Crentsil1, and B. George1. 1US
FDA/CDER, Silver Spring, MD; 2Oak Ridge Institute for Science and Education, Oak Ridge,
TN; and 3US FDA/NCTR, Jefferson, AR.
More than 10% of women take selective serotonin reuptake inhibitors (SSRIs), such
as sertraline, during pregnancy. SSRIs are indicated for the treatment of a variety
of psychiatric conditions, including depression, panic disorder, and social phobia.
Although SSRI use late in third trimester is associated with certain neonatal complications, including the risk for pulmonary hypertension of the newborn, the mother’s
psychiatric symptoms may relapse if the SSRI is stopped during pregnancy with
the attendant adverse effects on the mother, fetus, and pregnancy. Therefore,
knowledge of appropriate SSRI dosages that maintain maternal therapeutic benefit
and minimize fetal risk are needed. However, there is a dearth of clinical studies
involving pregnant women, preventing the necessary quantification of maternal
and fetal exposure to SSRIs for dosing recommendations. Assessment of fetal
exposure to drugs is difficult and sampling is often limited to a single concentration
from the umbilical cord at delivery. Previously, we developed a maternal physiologically based pharmacokinetic (m-PBPK) model for sertraline, an SSRI, that was
verified with sertraline exposure data from the second and third trimester of women
treated for depression during pregnancy. The objective of the current study was
to add fetal components to the existing m-PBPK model framework to predict and
assess sertraline exposure to the fetus. Using an efflux-ratio-relative expression
factor (ER-REF) approach, we incorporated clearances mediated by placental efflux
transporters P-glycoprotein (P-gp) and Breast cancer resistance protein (Bcrp). We
performed sensitivity analyses to compare the effects of various parameters on
fetal-maternal sertraline concentration ratios at term. Our results demonstrate that,
of the parameters in our model which effect the fetal-maternal sertraline concentration ratios, the most influential in order of sensitivity are maternal and fetal hepatic
partition coefficient, placental passive diffusion clearance, fetal hepatic clearance,
and clearance mediated by P-gp and Bcrp. Optimizing these key parameters may
lead to the best predictive model for sertraline fetal exposure and cord-maternal
concentration ratios.

4736

Determination of Subcutaneous Fentanyl Lethality in SKH-1
Mice

M. S. Newman, C. J. Lynch, W. T. Goldsmith, T. R. Nurkiewicz, and J. W. Boyd. West
Virginia University, Morgantown, WV.
Fentanyl, “the most dangerous drug”, has superseded all other opioids combined
in overdose deaths in the United States. Whether abused or used clinically, the
high potency of fentanyl poses a major public health threat due to severe respiratory depression. Naloxone, a widely available opioid receptor antagonist, has
limited efficacy against fentanyl toxicity. The sole reported subcutaneous fentanyl
LD50, 62mg/kg, was measured in Swiss-Webster mice (Yelnosky 1964); the goal
of this study was to establish the lethality of fentanyl in SKH-1 mice, a hairless
but not immunocompromised model, to validate the species for future translational imaging and biomarker studies. Under isoflurane, mice were administered
fentanyl citrate in Ringer’s solution via shallow subcutaneous injection behind the
neck at doses of 62-160mg/kg utilizing an up-down procedure (n=4-10 animals
per dose). The up-down procedure was slightly modified to have a ceiling dose of
160mg/kg due to the solubility of fentanyl citrate (25mg/mL) and subcutaneous
injection volume limit (200µL). Pulse oximetry was collected at 10s intervals for five
minutes post-injection. Plethysmography was recorded for at least one hour before
exposure and thirty minutes beginning five minutes post-exposure. The LD50 was
observed to be 135mg/kg and calculated to be 137.3mg/kg after four parameter
logistic curve fitting (Hill slope = -15.95, r2 = 0.922). Mortality occurred in all animals
whose SpO2 dropped below 37% within five minutes post-administration. The most
significant changes in plethysmography parameters appeared in Penh, a unitless
measure of bronchoconstriction (significance in baseline versus post-treatment at
62, 110, 122.5, 128.75, 135, and 160mg/kg). These findings show the dependence
of lethality of fentanyl on species. The previous LD50 value, which is used as a
widespread reference on MSDS literature, is less than half of the LD50 determined
in this study. The results also suggest a threshold blood oxygen saturation under
which mortality is inevitable. Future studies will use these data to determine the
physiological and biochemical responses to fentanyl at varying doses and time
courses.

4737

Chronic Binge Alcohol and Ovariectomy Independently and
Differentially Affect Bone in SIV-Infected Monkeys

A. Denys1, L. J. Suva2, L. Simon1, P. E. Molina1, and M. J. Ronis1. 1Louisiana State
University, New Orleans, LA; and 2Texas A&M University, College Station, TX.
Alcohol use disorders (AUDs) are highly prevalent in people living with HIV (PLWH),
afflicting roughly 30% of this group worldwide. Alcohol misuse is one of the main
risk factors for the development of osteoporosis, and PLWH have an estimated
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2-3.5 increased risk-of-fracture compared to the general population, which we
predict rises with aging, particularly in women. With HIV infection and antiretroviral
therapy (ART) also contributing to diminished bone health, it is difficult to discern
the extent to which each of these three comorbidities contribute to fragile bone. To
address this question, we conducted a long-term chronic binge alcohol (CBA) study
with female rhesus macaques. Thirty-two female animals were randomized to
receive either CBA or isovolumetric water (VEH) for three months prior to inoculation with simian immunodeficiency virus (SIV). ART was initiated approximately two
and a half months after SIV infection and continued throughout the study period,
along with CBA or VEH. To examine the role of gonadal hormone loss, animals were
further randomized into ovariectomized (OVX) or sham (Sham) groups one month
into ART, resulting in four SIV+/ART+ experimental groups (N=7-8 per group): VEH/
Sham; VEH/OVX; CBA/Sham; and CBA/OVX. Serum was collected longitudinally,
and bones were collected at necropsy for histomorphometry analysis. Results
showed alcohol and time-dependent decreases in levels of serum osteocalcin, a
marker of bone formation, consistent with our previous findings in a PLWH clinical
cohort showing a significant negative correlation between this skeletal hormone
and various markers of alcohol consumption. Bone histomorphometry analysis of
tibiae revealed significant effects of OVX on both trabecular and cortical compartments of bone, while CBA only affected trabecular parameters. Specifically, OVX
diminished cortical thickness and increased its porosity (p < 0.05), while both CBA
and OVX decreased trabecular bone volume (BV/TV), bone mineral density (vBMD),
and trabecular number (Tb.N); and increased spacing (Tb.Sp) (p < 0.05). These
findings suggest that CBA and estrogen status each independently alter trabecular
bone parameters, while only OVX seems to have profound effects on intracortical
remodeling, at least in female rhesus macaques. Our observations that ethanol, SIV
and ART combine to reduce bone formation are consistent with a higher fracture
rate in PLWH with heavy alcohol consumption. Funded in part by the F30 AA028999
(A.D.), R37 AA018282 (M.J.R.), P60 AA009803 (P.E.M.), and T32 AA007577 (P.E.M.).

4738

Efficacy of Anti-Fentanyl Opioid Vaccine and Monoclonal
Antibodies in Mice and Rats

J. Spady1, F. Hamid2, C. Baehr2, and M. Pravetoni2. 1Pennsylvania State University, State
College, PA; and 2University of Minnesota, Minneapolis, MN.
The ongoing opioid epidemic represents a nationwide public health crisis, with drug
related deaths and overdoses rapidly rising since the start of the COVID-19 global
pandemic. Fentanyl is a powerful synthetic opioid, leading the opioid overdose
death rate. Immunotherapy including both vaccines and monoclonal antibodies
(mAb) offer a great therapeutic strategy for treating opioid use disorder (OUD)
and preventing fatality. Polyclonal antibodies generated upon vaccination, or mAb
passively delivered, sequester the drug in the serum with high selectivity, reducing
its distribution to the brain, and thus diminishing its rewarding effect and opioid-induced respiratory depression. The clinical attributes of mAb and vaccines against
OUD allow for complementary use with current FDA approved pharmacotherapy
(methadone, buprenorphine, and naloxone); purposely used for targeting OUD for
overdose reversal. Hybridoma technology allows for production of mAb by the
isolation and fusion of opioid specific B cells and immortal myeloma cells. HY6-F9
is a murine anti-fentanyl mAb produced by hybridoma technology using spleen
cells from mice vaccinated with a fentanyl-based vaccine (F1-CRM), showing great
preclinical efficacy and safety in mice and rats. In result, these hybridomas have
a longer half-life and express a large quantity of the specific mAb for therapeutic
use. The human-mouse chimeric recombinant version (chAb) is made in which the
HY6-F9 heavy and light chain variable regions are isolated and cloned into vectors
with the human IgG constant region. These vectors were co-transfected into
Expi293 cells to produce the chAb. The goal of humanization efforts is to produce
a full human anti-fentanyl mAb with a low chance of immunogenicity when applied
to humans. This research focuses on the antibody concentration of the murine
mAb HY6-F9 and chAb serum over 28 days, using a facial bleeding technique and
enzyme linked immunosorbent assay (ELISA) in mice. Resulting in no significance
differences between mAb HY6-F9 and chAb but did present efficacy in reducing
fentanyl distribution to the brain. Alongside referring to the efficacy of HY6-F9
compared to the F1-CRM vaccine. Therefore supporting that the anti-fentanyl
mAb and F1-CRM vaccine, are effective in reducing fentanyl induced respiratory
cardiovascular depression. Future directions for the longevity of mAb require more
humanization as a therapeutic for OUD and overdose. Supported by the National
Institute on Drug Abuse of the National Institute of Health from Dr.Thomas William
Molitor, 5R25DA039074-05. Sponsored by the Life Science Summer Undergraduate
Research Program in Pharmaconeuroimmunology.

4739

Fatalities from Heroin: An Investigation from the National
Poison Data System, 2015-2019

T. Dodd-Butera, H. Li, B. Nguyen, and A. Reyes. Azusa Pacific University, Azusa, CA.
Heroin is an illicit substance with addictive potential; and linked to 18% of recent
Emergency Department substance abuse visits (SAMHSA, 2020). Between 1999
and 2019, heroin-involved overdose deaths increased sevenfold, representing a
rate of more than 4 deaths per 100,000 Americans (CDC, 2021). This study aimed
to understand the magnitude and recent trend in national poison fatality related to

heroin exposure. Annual reports from the American Association of Poison Control
Centers (AAPCC) were reviewed (2015-2019) for heroin-related fatalities from
the National Poison Data System (NPDS). Descriptive analysis was conducted to
identify characteristics and circumstances of reported fatality cases, including:
age, gender, route, and reason of exposure. During the 5-year study period, a total of
996 deaths were reported due to heroin, with 70.0% (N = 697) attributed to males.
Annually NPDS reported heroin fatalities varied over the 5-year study period, with
76 deaths (7.6%) reported in 2015, 113 (11.3%) in 2016, 348 (34.9%) in 2017, 284
(28.5%) in 2018, and 175 (17.6%) in 2019. When stratified by age, 10 (1%) cases
involved persons younger than 18 years, 304 (30.5%) involved persons aged 18-29
years, 288 (28.9%) involved 30 to 39 year olds, 164 (16.5%) involved 40 to 49 year
olds, 144 (14.5%) involved 50 to 59 year olds, 63 (6.3%) involved 60 to 69 year
olds, and 2 (< 1%) involved 70 to 79 year olds. Heroin was rated as undoubtedly
responsible for 67.2% of the fatality cases (N = 669), and probably responsible for
30.6% of the cases (N = 305). Multiple substances were reported in 70.4% of heroin
fatalities (N = 701), although heroin has been identified as substance and cause
rank 1 or rank 2 in nearly 85% of all reported cases. Regarding intent, 86.7% (N =
864) of the exposures was due to intentional abuse, and another 4.8% (N = 48) was
due to suicidal intentions. Overall, suicidal intent accounted for 8.4% of female and
3.3% of male fatalities, indicating that females who died from heroin were 167.4%
more likely than their male counterparts to have a suicidal intent (χ2 = 11.69, p <
.001). Our data suggest that heroin continues as a public health concern despite
some varied trends between 2015 and 2019. Further analysis of the impact of the
COVID-19 pandemic on heroin use is recommended. Poisoning and public health
education efforts could be expanded to focus on persons 18 years and older for
prevention and promotion of recovery, in vulnerable populations.

4740

In Vitro Effects of Cannabidiol and Its Main Metabolites in
Mouse and Human Sertoli Cells

Y. Li1, Q. Wu1, X. Li1, L. S. Von Tungeln1, F. A. Beland1, D. Petibone1, L. Guo1, P.
Cournoyer2, S. Choudhuri2, and S. Chen1. 1US FDA/NCTR, Jefferson, AR; and 2US FDA/
CFSAN, College Park, MD.
Cannabidiol (CBD) is a major cannabinoid present in extracts of the plant Cannabis
sativa (marijuana). While the therapeutic effects of CBD on epilepsy have been
demonstrated, less is understood regarding its potential adverse effects. Recent
studies revealed that CBD induced toxicity in the male reproductive system of
animal models. In this study, we used TM4, an immortalized mouse Sertoli cell
line, and primary human Sertoli cells to evaluate the toxicities of CBD and its main
metabolites, 7-carboxy-CBD and 7-hydroxy-CBD. CBD induced concentration- and
time-dependent cytotoxicity in mouse and human Sertoli cells, which mainly resulted
from the inhibition of the G1/S-phase cell cycle transition. CBD also inhibited DNA
synthesis during the S phase and downregulated key proteins that govern the G1/S
cell cycle transition. Moreover, CBD reduced the mRNA and protein levels of a
functional marker, Wilms’ tumor 1. Similar to CBD, 7-carboxy-CBD and 7-hydroxyCBD inhibited cellular proliferation and decreased DNA synthesis. 7-Carboxy-CBD
was less cytotoxic than CBD, while 7-hydroxy-CBD showed comparable cytotoxicity to CBD in both mouse and human Sertoli cells. Compared to mouse Sertoli
cells, CBD, 7-hydroxy-CBD, and 7-carboxy-CBD were more cytotoxic in human Sertoli
cells. Our results suggest that CBD and its main metabolites can inhibit cell proliferation in mouse and human Sertoli cells.

4741

Examining the Neurodevelopmental Effects of Perinatal
Cannabidiol (CBD) Exposure in Sprague-Dawley Rats

N. L. Busch1, and T. Flanigan2. 1Case Western Reserve University, Cleveland, OH; and 2US
FDA/NCTR, Jefferson, AR. Sponsor: L. Schnackenberg
Cannabis and cannabidiol (CBD)-containing products have become increasingly
popular in recent years as consumers are purchasing them in attempt to treat
anxiety, insomnia, pain, and other ailments. Likewise, use during pregnancy is
common in women seeking to decrease related symptoms. In addition, Epidiolex
is a CBD-containing drug recently approved for treating children with specific
types of treatment-resistant epilepsy. Although there is promise in the potential
medical uses of CBD, adverse effects have been linked to its use. CBD has been
associated with transaminase elevation, somnolence, increased risk of infection,
and other potential adverse effects. Cannabis use during pregnancy is associated
with decreased birth weight, preterm labor, lower gestational length, and higher
frequency of admissions to the neonatal intensive care unit. Despite this, there
exists a common misconception that using cannabis and CBD during pregnancy
is risk-free. A study investigating dispensary recommendations for cannabis
use during pregnancy showed that 82% of dispensaries recommended products
containing CBD and THC (56%) or CBD only (26%) when asked for advice on
cannabis use during pregnancy. Currently, the knowledge about the developmental
effects of CBD is limited. However, due to the role that the endocannabinoid system
plays in regulating nervous system development and existing evidence of negative
impacts of cannabis use during pregnancy, it is important that the neurodevelopmental effects of CBD exposure are investigated in order to better inform Agency
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decision making. This will be accomplished through the use of neurobehavioral
and neurochemical assays that give insight into the effects of CBD exposure on
development.

4743

Effects of Perinatal Cannabidiol Exposure on Anxiety-Like
Behavior, Motivation, and Learning and Memory in the Sprague
Dawley Rat

A. Shen, W. D. Gill, and T. Flanigan. US FDA/NCTR, Jefferson, AR.
The endocannabinoid system is strongly implicated in many facets of development and the pharmacology of exogenous cannabinoids like cannabidiol (CBD)
is complex. Epidiolex is the only FDA-approved drug that contains purified CBD as
the active ingredient, and it is used to treat seizures that result from rare childhood
disorders. CBD is purported to have diverse and beneficial effects on human
behavior without the intoxicating effects associated with tetrahydrocannabinol.
Investigation of the effects of CBD on the developing brain and endocannabinoid
system is needed. A developmental neurotoxicity study of purified CBD in SpragueDawley rats was conducted at the National Center for Toxicological Research.
Pregnant dams were dosed with vehicle, 15, 30, 100, 250 mg/kg/day CBD from
gestational day 6 to the day prior to parturition. Pups were dosed with the same
dose as their respective dams from postnatal day 1 to 21. The offspring were tested
on a range of behavioral assays based on the CBD and THC literature from PND
22-180, which emphasized tests of anxiety-like behavior, motivation, and learning
and memory. Results showed that CBD had little effect on anxiety-like behavior
from 2-6 months of age across assays with different topographies. In the operant
motivation task, progressive ratio, CBD had modest effects that were transient in
relation to dose. In the operant learning and memory task, delayed non-match to
sample procedure, CBD did not produce systemic changes in measure of learning
and memory. Epidiolex use is restricted to a relatively small population, but recent
non-drug CBD use continues to increase, and the global CBD market is expanding.
Here, the effects of CBD appeared to be transient and do not indicate neurobehavioral toxicity at doses well above the highest recommended Epidiolex dose in
humans, although there is poor coverage of the main CBD metabolite, 7-COOH-CBD,
in rats. This study helps to fill important data gaps on the neurobehavioral effects
of perinatal CBD exposure.

4744

Development of a Sensitive and Reliable LC-MS/MS Method to
Quantify Cannabidiol, (-)-trans-Δ9-Tetrahydrocannabinol, and
Their Major Metabolites in Small Samples of Rat Serum

Q. Wu, and L. Camacho. US FDA/NCTR, Jefferson, AR.
Cannabis products that contain no more than 0.3% (-)-trans-Δ9-tetrahydrocannabinol
(THC) have gained in popularity since the passage of the 2018 Farm Bill; however,
to help address gaps concerning the safety of cannabidiol (CBD) products, rigorous
bioanalytical methods are needed to evaluate the pharmacokinetics of CBD and
the possible contaminant THC in toxicological studies. A sensitive and reliable
liquid chromatography with tandem mass spectrometry (LC-MS/MS) method
was developed and validated to measure CBD, THC, and their major metabolites
(7-OH-CBD, 7-COOH-CBD, 11-OH-THC, and 11-COOH-THC) in small samples of rat
serum according to FDA’s Bioanalytical Method Validation Guidance. Rat serum
samples (20 µL) were spiked with deuterium-labeled internal standards, proteins
were precipitated with acetonitrile, and the analytes in the supernatant were
separated with an ACQUITY UPLC HSS T3 column on a Waters ACQUITY UPLC
System with a 12-minute gradient elution. The analytes were monitored on a Waters
Quattro Premier XE mass spectrometer with an electrospray ion source operated in
the positive ion mode (ESI+) using multiple reaction monitoring. Linear calibration
curves were established in the range of 0.5 - 20 ng/mL with r2 >0.98. The lower
limits of quantification of the optimized LC-MS/MS method were 1 ng/mL for CBD,
7-OH-CBD, and THC, and 2 ng/mL for 7-COOH-CBD, 11-OH-CBD, and 11-COOH-THC,
respectively, for a 20 µL sample of rat serum. The intraday accuracy and precision
for all analytes at 2 ng/mL in rat serum ranged from 93.8 to 105.1% and 7.3 to
14.7%, respectively, while the interday accuracy and precision were 94.2 - 109.3%
and 1.9 - 9.4%, respectively. This sensitive and reliable LC-MS/MS method is useful
to monitor the pharmacokinetics of CBD and possible THC contaminations in
toxicological studies, especially with small laboratory animals.

its use for retrospective exposure assessment for drugs of abuse has not been
extensively explored. Furthermore, identification and characterization of covalent
Hb thiol adducts is technically difficult, as the level of modified Hb molecules is
generally far lower than that of unmodified protein. This study employed an in vitro
enzymatic trapping assay combined with a newly developed enrichment method to
selectively remove unadducted Hb to allow for a greater sensitivity for identifying
and characterizing β93Cys covalent adducts as potential biomarkers of abused drug
exposure. The assay utilized human liver microsomes, NADPH, glucose-6-phosphate (G6P), G6P dehydrogenase, and human Hb in ammonium bicarbonate buffer,
pH 7.4. Test drugs (acetaminophen, clozapine, oxycodone, and diazepam) were
added and incubated for 6 h at 37°C. Treated Hb was then subjected to an 18-h
incubation with Thiol Sepharose 4B resin for removal of unmodified Hb. Following
centrifugation, supernatant containing enriched, drug-modified Hb was collected
and an aliquot subjected to tryptic digestion. An Agilent 1290/6530 LC-QTOF-MS in
positive mode ESI was used for LC-HRMS peptide analysis. Agilent Qualitative and
BioConfirm software, along with Protein Prospector software, were used to process
tryptic peptide MS and MS/MS spectral data. Bottom-up proteomic full scan MS
data confirmed that covalent modification by the reactive metabolites NAPQI,
clozapine-n-oxide, noroxycodone, and hydroxydiazepam occurred at the β93Cys
thiol moiety, with mass errors of <5 ppm for adducted species. MS/MS fragmentation data further confirmed binding site and adduct structures. The results of
the present study indicate that use of covalent Hb modifications as retrospective
biomarkers of abused drug exposure could provide an alternative to hair analysis
in clinical and forensic toxicological analysis. Additional work is being conducted
to test the applicability of this approach for detecting specific Hb modifications in
authentic blood specimens.

4746

A. Marrocco, D. Singh, D. C. Christiani, and P. Demokritou. Harvard School of Public
Health, Boston, MA.
The “E-cigarette (e-cig), or Vaping, associated Acute Lung Injury” (EVALI) resulted in
at least 2807 hospitalizations and at least 68 deaths in the United States between
2019-2020. The most prevalent hypothesis is that vitamin E acetate (VEA) in
Tetrahydrocannabinol (THC)-containing e-liquids drove the acute alveolar damage,
hypoxemia, and respiratory failure. Despite the efforts, the etiopathogenesis of
EVALI remains unclear, raising public health concerns on the health risks associated with vaping. This study investigates the effect of e-liquid composition and
operational parameters of e-cigs such as voltage on acute in vitro toxicity of vapor
generated from e-liquids containing THC/VEA. The developed-by-the-authors E-cig
Exposure Generation System (E-cig EGS) platform was used to generate real-world
e-cig vapors from a panel of THC/VEA or nicotine-based e-liquids operated at
3.7 or 5V. Physicochemical and in vitro toxicological characterization of the
generated e-cig vapor was performed using state-of-the-art instrumentation and
cellular models. More specifically, two cell lines, human epithelial cells (Calu3) and
macrophages (THP1), were exposed to collected vapors at 2 doses representative of exposures to 1 and 3 months vaping periods. Following treatment, toxicological endpoints reflecting distinct biological mechanisms were evaluated (cell
viability, reactive oxygen species generation, mitochondrial dysfunction, apoptosis,
cytokines/chemokines release). Real-time exposure characterization data showed
that total particle number concentration, particle mass-size distribution, total
volatile organic compound concentration, and gaseous byproducts (CO and CO2)
levels in released e-cig vapors were dependent on both e-liquid composition and
operational voltage. Additionally. the bioactivity of vapors generated from THC/VEA
or nicotine-based e-liquids was higher compared to conventional cigarette smoke
and dose- and cell line-dependent. The presence of VEA in THC-based e-liquids
and menthol flavoring in nicotine-based e-liquids generally appeared to increase
the cytotoxicity across both cell lines, especially at the higher operating voltage of
5 V. Although it was not possible to draw a definitive conclusion on the correlation
between vapors generated from THC/VEA-based e-liquids and EVALI outbreak, the
findings highlighted the significant physicochemical and toxicological difference
between vapors generated from individual e-liquid component and e-liquid mixture,
which release a mixture of toxicants whose synergistic actions can drive bioactivity
and contribute to EVALI.

4747
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Analysis of Human Hemoglobin Covalently Adducted at
Beta93Cys by Reactive Metabolites as Potential Biomarkers of
Abused Drug Exposure

W. J. Morrison IV, and A. P. DeCaprio. Florida International University, Miami, FL.
Hemoglobin (Hb) is a blood protein that contains three unbound cysteine thiol
moieties that are nucleophilic and that have been shown to covalently adduct to
reactive electrophilic xenobiotics. In particular, the β93Cys thiol moiety is highly
reactive as it resides on the surface of the protein. While measurement of adducted
Hb β93Cys thiols has been employed for environmental and occupational agents,

Physicochemical and Toxicological Characterization
of E-cig Vapors Generated from E-liquids Containing
Tetrahydrocannabinol and Vitamin E Acetate (THC/VEA)

E-cigarette Aerosol Generated from Vitamin E Acetate and THC
Activates the Aryl Hydrocarbon Receptor and Induces Oxidative
Stress in a Dose-Dependent Manner

X. Li1, T. B. Nguyen1, E. Spindel2, K. E. Pinkerton1, and C. F. Vogel1. 1University of
California Davis, Davis, CA; and 2Oregon Health and Science University, Portland, OR.
Acute respiratory distress associated with e-cigarette vaping, also known as
electronic-cigarette, or vaping, product use-associated lung injury (EVALI), has
lead to numerous emergency admissions, hospitalization and a number of deaths.
Vitamin E acetate (VEA) has been found to be present in bronchoalveolar lavage
fluid in the majority of patients with EVALI. The mechanism(s) that result in EVALI
from e-cigarette aerosol exposure remains unclear, as to whether it arises from the
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heating of tetrahydrocannabinol (THC) oil or VEA. The objective of this study was to
determine the roles of VEA and THC aerosol to activate aryl hydrocarbon receptor
(AhR) in human macrophages. AhR has been shown to mediate immune responses
that could be involved in EVALI. AhR wildtype and knockout U937 differentiated
human macrophages were exposed to VEA aerosol- conditioned RPMI 1640 media.
Following four hours of exposure, RNA was extracted for quantitative reverse
transcription PCR (RT-qPCR). VEA aerosol-conditioned media was found to activate
AhR and induce cytochrome P450 1A1 (CYP1A1) in a dose-dependent fashion in
AhR wildtype cells, but not AhR-deficient cells. Heme oxygenase-1(HO-1), a Nrf2
regulated gene to indicate oxidative stress, was upregulated in both AhR wildtype
and knockout cells. Proinflammatory interleukin (IL)-1β and IL-8 were significantly
upregulated by VEA in AhR wildtype, but not in the AhR knockout cells. THC alone
was also tested in AhR wildtype U937 cells to demonstrate significant activation
of the AhR by the luciferase assay. These data suggest that acute exposure of
VEA aerosol and/or its thermal degradation products in culture activates AhR and
induces pro-inflammatory cytokines. It could also be that exposure to VEA aerosol
may generate oxidative stress that is independent of AhR activation.

4748

Cannabis Smoke Exposure Activates AhR and Alters AhRDependent Inflammatory Mediators

E. Wilson, D. Eidelman, and C. Baglole. McGill University, Montréal, QC, Canada.
Δ9-Tetrahydrocannabinol (THC) is a well-known cannabinoid in Cannabis sativa.
While THC may be anti-inflammatory there is inconclusive literature on the effects of
cannabis smoke on lung inflammation. This is relevant as inhaling cannabis smoke
is the most common way to consume cannabis. Although cannabinoids classically interact with receptors CB1 and CB2, other non-G protein coupled receptors
(GPCRs) interact with cannabinoids. This could include the aryl hydrocarbon
receptor (AhR), a ligand-activated transcription factor highly expressed in the lungs
that controls inflammation. We therefore hypothesize that THC exerts its possible
anti-inflammatory effects through the AhR. Age-matched (8-12 weeks) heterozygous (Ahr+/−) and knock-out (Ahr−/−) mice were exposed to cannabis cigarettes
containing 0.5g dried cannabis from a high THC (total THC: 200 mg/g; total CBD:
<1 mg/g) strain. Nose-only inhalation exposures were performed using SCIREQ®
inExposeTM system twice per day in groups of two cigarettes at 3 puffs/minute for 3
days. Bronchoalveolar lavage (BAL) and lung tissue were collected. Differential cell
counts were performed on the BAL. Immune cells of the lung were assessed by flow
cytometry. Inflammatory markers of the total lung tissue were analyzed by qPCR
and western blot. Cannabis smoke activated the AhR as indicated by increased
CYP1A1 mRNA expression in only AhR+/- mice. There was no significant difference
in the immune cell infiltration to the lungs between exposure and control mice.
Meanwhile, mRNA of Ptgs2, Tnfα, and Icam1 decreased in a genotype dependent
manner with lower expression in Ahr−/− mice. Gene expression of Il6 and Cxcl1
decreased in a smoke-dependent manner independent of AhR genotype. Acute
cannabis smoke exposure activates the AhR and decreases expression of inflammatory mediators in an AhR-dependent manner without changes in immune cell
populations. Overall, this work investigates the consequences of cannabis smoke
on lung inflammation and therapeutic potential in lung health.

system did not show significant DNA damage. DNA damage at this lower voltage
was analogous to control, which suggests that CBD e-liquid aerosols vaped at lower
temperatures have less adverse outcomes than at higher temperatures. Ultimately,
our preliminary findings in combination with those outlined here, found that variability amongst e-liquids must be taken into account in in vivo and in vitro assessments
of the toxicity of inhaled CBD products. The composition of each e-liquid, voltage
and heat applied, and length of exposure can be determining factors of where CBD
aerosols deposit in the respiratory tract as well as the potential harm that they can
cause.

4750

J. A. Bubier1, S. Caldwell1, H. He1, V. M. Philip1, E. J. Chesler1, B. F. O’Hara2, and K.
D. Donohue2. 1The Jackson Laboratory, Bar Harbor, ME; and 2University of Kentucky,
Lexington, KY. Sponsor: S. Bello
Despite some early signs of progress in opioid overdose rates, lethal overdoses
rose to record levels during the COVID pandemic The most common cause of opioid
overdose and death is opioid-induced respiratory depression. We have previously
observed substantial genetic and sex effects on respiratory sensitivity to morphine
sulfate pentahydrate (CAS 6211-15-0). We hypothesize that genetic variation in
inbred strains of mice will also influence the inherent variability to respiratory
depression to fentanyl hydrochloride (CAS 1443-54-5). Using the founders of the
advanced, high-diversity mouse population, the Diversity Outbred (DO), we found
substantial sex and genetic effects on respiratory response and opioid survival.
Respiratory depression was monitored using an automated high-throughput
application of the PiezoSleep system to monitor respiratory depression in real-time.
Using this system, we determined the exact survival time or recovery time in
response to an opioid. The fentanyl LD50 of both sexes of the eight inbred strains
was calculated. It ranged from 1.2 mg/kg for male NZO/HILtJ to 200 mg/kg for
male 129S1/SvImJ mice. The broad range represents an approximately 167 fold
difference across the eight strains and two sexes. The magnitude of the fentanyl
LD50 range is in stark comparison to the LD50 for morphine which we had previously
demonstrated varied by four-fold (212 mg/kg-882 mg/kg) across the same population. Furthermore, we observed no significant correlation (R2=0.04, p=0.42) in the
morphine LD50 and the fentanyl LD50 across the eight strains and both sexes. We
observed very different recovery times between the two opioids. In comparison
to morphine, in which mice often recovered from the sublethal dose within a few
hours, the respiratory rhythm of mice treated with a sublethal dose of fentanyl did
not return to baseline for upwards of 24 hours. Our results suggest that despite
their common mode of action through the opioid receptor, genetic variation alters
the response to morphine and fentanyl in an opioid-specific fashion. JAX Animal
Care and Use Committee approved all procedures and protocols and were conducted
in compliance with the NIH Guidelines for the Care and Use of Laboratory Animals.
Funded by NIDA 5R01DA048890.
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Genotoxicity and Inflammatory Biomarkers of Aerosolized
Cannabidiol (CBD) E-liquids in an Air-Liquid Interface (ALI) Cell
Model

M. Katsigeorgis, J. P. Adragna, and T. Gordon. NYU School of Medicine, New York, NY.
Despite widespread use of electronic cigarettes (e-cigs) as vaping devices, their
potential acute and long-term health effects remain ill defined. This is particularly
true in regards to the increasingly popular vape alternative cannabidiol (CBD), the
main non-psychoactive cannabinoid found in the cannabis plant. Several studies
have characterized nicotine-based e-liquids, yet little to no data have been published
characterizing non-nicotine e-liquids such as CBD. We have built on our preliminary work, which demonstrated product-dependent variability in vaping emissions,
reduced membrane barrier function (i.e., trans-epithelial electrical resistance
[TEER]) and cytotoxicity from acute CBD e-liquid exposure. Our current work
expanded toxicity endpoints by exposing an ALI CALU-3 airway epithelial cell line
to aerosolized CBD distillate, carrier oils, and mixtures of these at a lower voltage
(3-3.5V) in line with some manufacturer recommendations. At this lower voltage,
the aerosol generated from VG/PG, MCT, CBD, and 50/50 blends of VG/PG with
CBD and MCT with CBD did not significantly affect membrane barrier function or
induce significant LDH release. At 24 hours post-exposure, TEER was comparable
to control (HEPA filtered air). Previous work was further expanded to study inflammation caused by exposure to aerosolized CBD e-liquids. Ten pro-inflammatory
cytokines were measured via a cytokine assay (MSD), and levels were compared
for each e-liquid exposure. Inflammatory biomarker changes were inconclusive,
as levels of most cytokines were not increased with the exception of IL-6, which
showed an increase in expression after acute exposure for all e-liquids. However,
it is important to note that IL-13 and TNF-a levels decreased after exposure to CBD
alone and VG/PG with CBD. We also investigated the genotoxicity of these same
CBD aerosols with the Comet assay. Similar to the cytotoxicity endpoint at this
decreased voltage, exposure to CBD e-liquids and carrier oils from an e-vaping

A High-Throughput System for the Real-Time Determination of
Survival Time Applied to Genetic Studies of Opioid Effects in
Mice

Use of Secondary Intelligence to Predict Postural Hypotension
in Humans Using Alpha-1A Adrenoceptor Binding Data

C. Gilmer1, M. Abbasi1, S. Andrews1, J. Craven1, G. Haslam1, M. Holbrook1, L.
Hutchinson1, B. Islam1, E. Jo1, K. Lambert1, C. E. Pollard1, L. Rosenbrier Ribeiro2, J.
Starkey1, and W. S. Redfern1. 1Certara UK Limited, Sheffield, United Kingdom; and 2R2
Pharmacology Limited, Manchester, United Kingdom. Sponsor: W. S. Redfern, Safety
Pharmacology Society
Postural hypotension (PH) is a troublesome side effect associated with certain
off-target interactions, notably α1A-adrenoceptor (ADRA1A) antagonism1. However,
predicting this side effect preclinically from the dissociation constant (Ki) alone is
challenging. Secondary Intelligence™ (SI) is a new software tool using quantitative
analysis of expertly curated data on clinically used drugs targeting a panel of 44
receptors2. The analysis comprises plots of the pharmacodynamically-effective
unbound plasma concentration (Ceff-u) of the drugs in humans divided by in vitro
Ki or IC50 for their target receptor. The ADRA1A plot was constructed from Ceff-u/Ki
at ADRA1A for 5 marketed drugs with ADRA1A as their primary target (alfuzosin,
prazosin, silodosin, tamsulosin and terazosin). The lowest Ceff-u/Ki ratio for these
reference drugs was approximately 0.3. To assess whether SI would predict PH as a
side effect, data on unbound Cmax plasma concentrations (Cmax-u) and Ki at ADRA1A
were curated for 7 drugs strongly associated with PH (doxazosin, phentolamine,
indoramin, ketanserin, mianserin, ritanserin, risperidone: ‘PH-POS’) and for 5 drugs
with little or no association with PH in clinical use (sulpiride, remoxipride, blonanserin, amisulpride, domperidone: ‘PH-NEG’). These drugs have a range of pharmacological activities, but none of their other receptor interactions is implicated in PH.
All the PH-POS drugs were classified by SI as having a high likelihood of interaction with ADRA1A in clinical use (Cmax-u/Ki > 0.3), whereas the PH-NEG drugs were
classified as having a low (Cmax-u/Ki < 0.03) or in one case (sulpiride), medium (0.03
< Cmax-u/Ki < 0.3) likelihood of interaction with ADRA1A in clinical use. Therefore,
Secondary Intelligence™ successfully predicted clinical PH mediated by ADRA1A
antagonism. This provides confidence that it would also be able to achieve this for
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candidate drugs preclinically, using predicted Cmax-u values and Ki data, supporting better decision making. 1Carruthers SG, Drug Saf. 1994 11:12-20; 2Bowes et al.
(2012) NRDD 11: 909-922.
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Takai1,

Comprehensive Evaluation of Cytotoxicity for Predicting
Antisense Oligonucleotides-Derived In Vivo Hepatotoxicity

Sameshima2,

Miyamoto2,

Shinozawa2,

Yukawa3. 1Takeda

T.
T.
K.
T.
and T.
Development Center Americas Inc., San Diego, CA; 2Takeda Pharmaceutical
3
Company Limited, Fujisawa, Japan; and Takeda Development Center Americas Inc.,
Cambridge, MA.
Antisense oligonucleotide (ASO)-based therapeutics have grown rapidly and have
established the position as a promising therapeutic modality to address undruggable targets by conventional therapeutics. However, at the discovery phase, in
vivo hepatotoxicity is often observed possibly due to the modality-based features,
such as hybridization dependent off-target effect. Therefore, an effective screening
paradigm is needed to reduce the attrition. In vitro cytotoxicity assays are widely
used to assess the fundamental safety profile of compounds. In addition, especially
in small molecule drug discovery, cytotoxicity can be used to predict likelihood of
in vivo toxicity, which enables us to prioritize compounds with less in vivo toxicity
potential. However, the applicability of the same strategy to new modalities such as
ASO has not been comprehensively evaluated. In order to assess the performance
of different cytotoxicity assays with respect to their ability to predict in vivo toxicity,
various ASOs with published in vivo hepatotoxicity data were prepared, and the
cytotoxicity was comprehensively assessed by using HepG2, HeLa and Fibroblast
with three endpoints (ATP, LDH and caspase). Among tested nine conditions, the
HepG2 cell assay with an ATP endpoint and the HeLa cell assay with a caspase
endpoint showed good performance in distinguishing between in vivo hepatotoxic and non-hepatotoxic ASOs (AUCs by ROC curve analysis were 0.74 and 0.83,
respectively). Then, a matched molecular pairs analysis was performed to assess
whether these cytotoxicity assays were sensitive enough to capture an increase
of in vivo toxicity potential within the same class of ASOs. A total of 15 matched
molecular pairs were selected. Each pair consists of an ASO with in vivo hepatotoxicity and another ASO with no or lower hepatotoxicity. Both ASOs in each pair target
the same gene and have the same length, while sequence or chemistry is different
in each pair. Of all assays investigated, the HepG2 cell assay with an ATP endpoint
showed the best sensitivity (100%) in terms of detection of ASO with higher in vivo
hepatotoxicity potential in each pair. Based on these “global” and “local” analyses,
cytotoxicity assays, especially using the HepG2 cell with an ATP endpoint, can be
used to predict in vivo hepatoxicity potential among the same class of ASOs to
reduce the attrition in the discovery phase.

4753

Toxicological Evaluation of Urea-Imprinted Cobalt Ferrite
Nanoparticles

C. A. Otuechere, A. Adewuyi, A. T. Olukanni, and E. Yawson. Redeemer’s University, Ede
Town, Nigeria.
Rancidity in vegetable oils has been a perennial challenge in the food industry. In
this study, cobalt ferrite nanoparticles fortified with urea (CoFeNP) was successfully synthesized and utilized for the sorption of free fatty acids in deteriorated
vegetable oil. Subsequently, a sub-acute toxicological evaluation of CoFeNP was
undertaken in albino rats at the doses of 20 and 40 mg/kg body weight. After 7
days of administration, there were no significant variations in the organosomatic
indices of the hepato-renal organs, however the CoFeNP-treated animals exhibited
a lower Lee’s index estimate of obesity than the control group. Furthermore,
treatment of rats with CoFeNP did not affect clinical parameters including albumin,
calcium and triglycerides and creatinine. Contrariwise, the biochemical markers
of hepato-renal function such as aspartate aminotransferase and bilirubin were
significantly depleted following treatment with 20 mg/kg CoFeNP, Interestingly,
the study also revealed CoFeNP-induced elevations in potassium (20 mg/kg), and
sodium and phosphorus levels (40 mg/kg) in comparison with the control rats.
Micromorphological studies obtained from Periodic Acid Schiff and Hematoxylin
& Eosin staining revealed mild congestion of the central venules of the hepatic
portal tract and the presence of protein casts in the renal tubules, especially in
the high dose CoFeNP treatment groups. Collaborative characterization study
utilized scanning electron microscopy, X-ray diffraction and energy-dispersive X-ray
spectroscopy and Fourier Transform Infrared Spectroscopy techniques. These
studies therefore give insight on the toxicological profile of CoFeNP prior to its
prospective use in the restoration of rancid vegetable oil.
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In Vitro Human Ion Channel Assays Predictive of Drug-Induced
Seizure

J. D. Cohen1, Q. Wang2, T. Takai1, T. Yukawa2, and K. Kuga3. 1Takeda California, San
Diego, CA; 2Takeda Development Center Americas Inc., Cambridge, MA; and 3Takeda
Pharmaceutical Company Limited, Fujisawa, Japan.
Among the most severe FDA black box warnings of neurotoxicity reported on drug
labels, seizure is listed within the top four. Gaining a better mechanistic understanding of off-targets causative of seizure will improve identification of potential seizure
risks pre-clinically. In the present study, we evaluated nine ion-channel targets
(Cav2.1, CaV3.2, GlyRA1, GluR2, HCN1, KCNQ2/3, Kv1.1, NaV1.1, Nav1.2) with
strong correlative links to seizure or convulsion from genetic, in vitro, in vivo, and/
or patient derived data. Each target was assessed using a human in vitro functional
activity assay (Qpatch or Syncropatch) with a library of 44 preclinical compounds or
approved drugs with known effects of convulsion in vivo but with unknown seizure
mechanisms. Results showed that three of the targets had a high frequency (≥15
compounds) of positive hits (IC30 ≤ 10 µM), four targets had medium frequency (≥5
compounds) of positive hits, and two targets had a low frequency (<5 compounds)
of positive hits. The in vitro ion-channel IC30 concentration correlated well with
the in vivo peripheral Cmax (free) across the compound library, with a sensitivity
of 75%. Additionally, we found that a positive response in the in vitro functional
activity assay correlated well to a positive response in the in vitro human neural
spheroid neurotoxicity assay, with a sensitivity of 86%. Expanded testing is ongoing
to confirm sensitivity and specificity of the targets.

4755

What Are the Common Toxicities Predicted by Target Safety
Assessments?

P. Sikakana1, J. Sidaway1, H. Ge2, B. Haynes2, and R. Roberts1. 1ApconiX, Alderley Edge,
United Kingdom; and 2University of Birmingham, Edgbaston, United Kingdom.
Target safety assessments (TSAs) use target biology, gene and protein expression
data, genetic information from humans and animals and competitor compound
intelligence to understand the potential safety risks associated with modulating
a drug target. TSAs are used within drug projects to identify and mitigate risks,
helping with informed decision making and resource management. For each
target, toxicities are described by target organ, severity, and impact for the project.
We analyzed >130 TSAs and captured potential target organs data in a unique
database, categorized by intended therapeutic area and by the International Union
of Basic and Clinical Pharmacology Committee (IUPHAR) drug target category.
Overall, immune (14.3%), nervous (11.6%), cardiovascular (9.5%), reproductive
(8.8%), and endocrine systems (8.3%) were the most frequent predicted toxicities,
accounting for >50% of all predicted toxicities in the database. Regarding IUPHAR
target classes, toxicities were broadly similar across the 8 categories (GPCRs, ion
channels, nuclear receptors, kinases, catalytic receptors, transporters, enzymes
and other). Nuclear receptors had the smallest range with bone (16.6%), cardiovascular (33.3%), endocrine (16.6%), hematopoietic (16.6%) and liver (16.6%) being
the only predicted toxicities. Carcinogenicity risk was predicted for transporters
(8.3%), kinases (3.3%), catalytic receptors (3.3%), enzymes (4.4%), and other
proteins (9.3%) but not for ion channels, nuclear receptors, and G protein-coupled
receptors. Enzymes had the largest range of predicted organ system toxicities with
17 predicted out of the 20 recorded organ systems. Regarding therapeutic area,
drug targets intended for neurodegeneration, oncology, psychiatric conditions, and
malaria had the largest range of predicted organ system toxicities to consider in the
risk mitigation plan whereas there were fewer predicted toxicities for targets in GI
tract disease, viral infections, skin conditions and pain management. For oncology
indications immune (20.9%), nervous (13.0%), endocrine (9.6%), cardiovascular
(9.6%), and liver (8.7%) were the most often predicted organ system toxicities. The
data allow for some preliminary conclusions to be drawn on patterns of risk for
different drug targets and therapy areas. With a larger data set and further quantitative analysis the database could be used in the earliest stages of a drug project
to guide decisions such as target selection, in vitro assay choice and end points for
investigative in vivo studies.

4756

Spontaneous Ophthalmology Findings of Wistar Han Rats at
Different Ages

Z. Wang, S. McPherson, and M. Walker. WuXi AppTec, Suzhou, China.
Ophthalmological findings are routinely evaluated in toxicology studies, this study
evaluated the spontaneous ophthalmology findings of Wistar Rats at four different ages: 6-8, 10-12, 20-21 and 33-34 weeks. The datasets showed: the ratio of
findings per rat in males progressed with age, which was 0.94<1.04<1.36<1.98,
while in female, rats aging 33-34 weeks has highest ratio (1.38) and without significant differences among remaining groups (0.77, 0.82 and 0.72); males has slightly
higher ratios than females in all ages; the type of findings grows as the larger the
group size in general and different from batches; with combined sexes and ages,
the incidence of findings were Cornea Opacity> Cataract> preretinal hemorrhage>
Persistent hyaloid artery ≥ Persistent pupillary membrane; Cornea opacity, preretinal
hemorrhage and Persistent pupillary membrane being the most common signs from
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6-8 weeks rats in both sexes, while Cataract has highest occurrence from 33-34
weeks rats, Persistent hyaloid artery was only noted from 10-12 week rats in both
sexes; Ocular discharge, Retinal scar, Vitreous hemorrhage, Choroidal hypoplasia, Iris
synechia, Optic cup enlarged, Intraocular hemorrhage had isolated occurrence which
should help to distinguish from drug-induced findings. These background data
aid the interpretation on determining treatment-related findings in study control
animals; also identified signs in high/low occurrence and sexes differences which
can be used as a tool to provide scientific perspective when reviewing ophthalmology findings in toxicology study.

4757

Organotypic Human Spinal Cord Cultures for Neurotoxicity Risk
Assessment

V. Jeevakumar, T. Cotta, E. Gould, Y. Mirron, N. Abi-Gerges, and A. Ghetti. AnaBios, San
Diego, CA.
Drug-induced neurotoxicity can lead to serious adverse events including in the
cognitive domain affecting attention, decision-making, executive functions,
and cause neuropsychiatric symptoms such as depression and mood swings.
Challenges in assessing drug-induced CNS effects point to the fundamental
translational value of the current preclinical animal models. We sought to develop
a human spinal cord (hSC) slice culture system that has the potential to provide
a predictive preclinical approach for predicting drug-induced CNS liabilities. hSC
slice cultures, 400 µm thick, from ethically consenting organ donors were used
to measure spontaneous Ca2+ transients with the Ca indicator Fluo-8 AM. While
perfusing the vehicle control solution, images were acquired for 10 min at 2 Hz
frame rate. Drugs were first added to the cultures without image acquisition for
5 min; subsequently, images were acquired for 10 min while still perfusing the
drugs. All the responsive neurons were selected as individual ROIs identified as
those responding to the application of 1µM TTX, and offline analysis was carried
out using ImageJ software and custom written MATLAB scripts. Data demonstrate
that hSC slice cultures exhibited spontaneous Ca2+ activity. We also found that
inhibitors of glutamate/GABA/Glycine receptors and Na+ channel blockers, like TTX
and Carbamazepine, modulate the Ca2+ activity. For example, Carbamazepine, an
anticonvulsant, exerted concentration-dependent decrease in Ca2+ activity starting
at the free effective therapeutic plasma concentration of 3µM, with an IC50 of 9.2
µM. Our organotypic SC slice culture-based model can enable the generation of
reliable and predictive human neurotoxicity data at the preclinical stage. A comprehensive validation data set using additional reference drugs is underway to fully
evaluate the performance of this hSC slice culture model.

4759

Multiple Target Monitoring by Label-Free Binding by Mass
Spectrometry Directly in Tissue for Translational In Vitro SafetyTox Studies

M. Ramnath, S. Davies, C. Rein, J. Laparre, D. Jeanne dit Fouque, and J. Lhomedet.
Eurofins, Celle l’Evescault, France. Sponsor: Y. Zhao
Polypharmacology describes the activity of compounds at multiple targets.
Current research focuses on two aspects of polypharmacology: firstly, unintended
polypharmacology can lead to adverse effects, and secondly, polypharmacology
across several disease-relevant targets can improve therapeutic efficacy, prevent
drug resistance, or reduce therapeutic target-related adverse effects. In the drug
development process, binding assays play a critical role in the assessment of the
affinity of test compounds to specific targets. Traditionally, binding assays are
performed using either radioactive, fluorescent, or luminescence labeled ligands;
the “gold standard” being the use of radioligands. This latter approach does not
allow for the monitoring of multiple targets simultaneously in complex biological
matrices. Our aim was to determine the feasibility of using label-free multiple target
monitoring (MTM) by Mass Spectrometry (MS) to analyze 10 receptors simultaneously directly in tissues. The membrane fraction of a rat brain cortex was isolated,
and for each of the 10 receptors a specific well-documented ligand selected. The
quantification of each of the ligands individually or in a mixture was optimized by
ultra-high performance LC-MS. For the binding assays, the methodology was identical to that used for radioligand binding assays. The IC50’s of each test compounds
was determined for each of the 10 targets individually or simultaneously. 87% of
the test compounds were found to have a binding affinity to at least one of the 10
targets. For the closely related α1 and α2 adrenergic receptors only phentolamine,
a synthetic imidazoline, was found to bind to both receptors with a high affinity,
whereas another 5 compounds demonstrated selectively to α1 over α2. A high level
of correlation of IC50 values were established between the individual binding by
mass and the MTM binding for 27 targets with an IC50 values below 11 µM. The
discriminatory power of MS enables MTM to evaluate target specificity in either
disease or animal knockout models in complex biological matrices, opening new
avenues in efficient in vitro translational drug discovery to meet challenges related
to polypharmacology.

4760

Cytotoxic Reactive Metabolite Formation as an Endpoint for the
Identification of Drugs with Idiosyncratic Drug-Induced Liver
Injuries (DILI) Potential in the Novel Metabolism-Dependent
Cytotoxicity Assay (MDCA)

H. Wei, and A. P. Li. In Vitro ADMET Laboratories, Columbia, MD.
4758

Evaluating Cytokine Data in Nonhuman Primate Safety
Assessment Studies: A Correlation to Toxicity Outcomes

C. Johnson, N. Lalayeva, and J. Forget. Altasciences, Everett, WA.
Cytokines are cell signaling small proteins classified as either pro-inflammatory or
anti-inflammatory. With the increasing number of biologics and immune-modulating drugs being developed, the evaluation of cytokine levels as potential biomarkers in safety assessment studies has become more common. However, cytokine
evaluation can be challenging due to the short half-life and variable nature of the
stimuli and thus establishing a clear correlation to toxicity responses between
animals within the same dose group. The toxicity responses in clinical observations, body weights, clinical pathology, and anatomic pathology findings, also
often show high variability between animals within the same dose group when
evaluating. Previous studies were reviewed to determine whether animals with a
larger magnitude of elevation and/or sustained elevation of inflammatory cytokines
had worse prognosis when compared to the remaining animals within the same
dose group. Below are examples from three studies, each evaluating a different
compound. In one study, a single high dose animal, with the highest circulating
levels of IL-6 and MCP-1 (following Day 29 dose), was euthanized moribund on
Day 31. In another study, the animal within a dose group with prolonged elevation
of the inflammatory cytokines MCP-1, IL-6, and IFN-γ had altered clinical pathology parameters, decreased body weight, and/or abnormal clinical observations as
compared to the other animals within the dose group. For example, a single animal
within a dose group had a transient increase in BUN and creatinine 3 days after a
persistent elevation of these inflammatory cytokines. In some studies, it can be
difficult to correlate cytokine levels with other parameters when multiple clinical
conditions are observed within the same dose group. For example, in a third study
that was reviewed, clinical observations of excessive scratching, decreased activity,
unresponsiveness, inappetence, and shivering were noted in the high dose group.
Additionally, a single animal from this group had microscopic lesions in the kidney,
lung, bone marrow and spleen, and the highest circulating levels of the inflammatory cytokine IL-6 but not MCP-1. To conclude, the evaluation of cytokine data
should be performed in the context of other findings within a study. The correlation of findings will likely depend on the pharmacological action of the test article,
the cytokines being evaluated, and the timing of cytokine evaluation in relation to
dosing.

We report here a novel in vitro experimental system, the metabolism-dependent
cytotoxicity assay (MDCA), for the definition of the roles of hepatic drug metabolism
in toxicity. MDCA employs permeabilized cofactor-supplemented cryopreserved
human hepatocytes (MetMax™ human hepatocytes, MMHH), as an exogenous
metabolic activating system, and HEK-293 cells, a cell line devoid of drug metabolizing enzyme activity, as target cells for the quantification of drug toxicity. The assay
was performed in the presence and absence of various cofactors for drug metabolism: nicotinamide adenine dinucleotide phosphate (NADPH) for phase 1 oxidation,
uridine 5’-diphosphoglucuronic acid (UDPGA) for uridine 5’-diphospho-glucuronosyltransferase (UGT) mediated glucuronidation, 3’-phosphoadenosine-5’-phosphosulfate (PAPS) for sulfotransferase (SULT) mediated sulfation, and L-glutathione
(GSH) for glutathione S-transferase (GST) mediated GSH conjugation. Six drugs
with clinically significant hepatoxicity, resulting in liver failure or a need for liver
transplantation: acetaminophen, amiodarone, cyclophosphamide, ketoconazole,
nefazodone and troglitazone were evaluated. All six drugs exhibited cytotoxicity
enhancement by NADPH, suggesting metabolic activation via phase 1 oxidation.
Attenuation of cytotoxicity by UDPGA was observed for acetaminophen and troglitazone, by PAPS for acetaminophen and troglitazone, and by GSH for all six drugs.
Our results suggest that MDCA can be applied towards the elucidation of metabolic
activation and detoxification pathways, providing information that can be applied
in drug development to guide structure optimization to reduce toxicity and to aid
the assessment of metabolism-based risk factors for drug toxicity. GSH detoxification represents an endpoint for the identification of drugs forming cytotoxic
reactive metabolites, a key property of drugs with idiosyncratic hepatotoxicity. Our
results with MDCA suggest that MMHH may be applied as an exogenous hepatic
metabolic system for cytotoxicity assays involving nonhepatic organ target cells.

4761

Comparative Analysis between Zebrafish and an Automated
Live-Cell Assay to Assess 87 Developmental Neurotoxicants

L. N. St. Mary1, L. Truong1, R. L. Tanguay1, A. A. Bieberich2, and R. O. Fatig III2. 1Oregon
State University, Corvallis, OR; and 2ASEDASciences Inc., West Lafayette, IN.
The demand and ability for increased screening efficiency to assess chemical
toxicity has increased with development of high-throughput toxicological assays
involving alternative models, automation, and machine learning (ML). The benefit of
comparing across species and assays allows investigators to prioritize chemicals
and understand how different model systems might complement one another.
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The objective of this study was to compare the development/neurotoxic effects
of an 87-compound library in zebrafish and an in vitro high throughput cell culture
system. The AsedaSciences SYSTEMETRIC® Cell Health Screen was developed to
estimate acute toxicity risk using a supervised ML platform to classify cell stress
phenotypes in HL60 cells following a 4-h exposure to a chemical, while the early life
stage zebrafish provides a whole systems approach to assess toxicity. In this study,
chemical hits for abnormalities in zebrafish morphology, mortality, and behavior
were compared with the 20 chemicals identified as potentially acutely toxic according to Cell Health Index (CHI™), which is an outcome class probability from the ML
classifier using 9 parameters simultaneously from the cell-based screen (CHI=1:
highest possible toxicity risk). Zebrafish were more sensitive, with 79 total bioactive
hits, while the SYSTEMETRIC assay identified 20 chemicals as potentially toxic.
The zebrafish embryo and larval photomotor response assays identified 40 of
the 47 neurotoxicants that were not identified by the zebrafish morphology and
SYSTEMETRIC endpoint screening. Finally, several chemicals that induced morphological effects in zebrafish and were identified as high risk in the Cell Health Screen
also produced bioactive hits in other TOXcast screenings that utilized diverse
testing platforms in in vitro and in vivo systems. Collectively, these results illustrate
the advantages of using two alternative models for rapid hazard assessments.

4762

A New Suite of Media for Cardiotoxicity and Drug Discovery
Studies with Human iPSC-Cardiomyocytes

A. Armstrong, M. K. Livingston, N. Meyer, C. R. Rieger, R. Vaidyanathan, C. Carlson, and
D. Rajesh. Fujifilm Cellular Dynamics Inc., Madison, WI. Sponsor: K. Kolaja
Induced pluripotent stem cell-derived cardiomyocytes (iPSC-CM) are a
powerful tool for safety, toxicology, and drug discovery research. While cryopreserved iPSC-CM are readily available commercially, limited options exist for
off-the-shelf media to enable study of acute and chronic cardiotoxicity. In collaboration with FUJIFILM Irvine Scientific, we have developed two culture media for
enable cardiotoxicity studies. iCell Cardiomyocytes Serum-Free Medium (iCSFM)
and iCell CardioTox Assay Medium (iCTAM) are designed to provide a defined
environment for compound dosing studies on iCell Cardiomyocytes2. In addition
to being serum-free, iCTAM is also albumin- and xeno-free. These media provide
flexibility when assaying compounds with albumin-binding affinities. The present
study highlights the functional assessment of the suite of media compatible with
iCell Cardiomyocytes2. iCell Cardiomyocytes2 were cultured in iCell Cardiomyocytes
Maintenance Medium (iCMM) and transitioned to serum- free medium for assays
on Day 7. All three media maintained cardiomyocyte CTNT purity >95% for the
culture duration (14 days in iCMM and iCSFM; 11 days in iCTAM). Additionally, iCell
Cardiomyocytes2 maintained in serum-free media had similar beat rates, contractile properties, and gene expression compared to cells cultured in serum-containing
medium. The field potential duration (FPD) and action potential duration (APD)
for iCell Cardiomyocytes2 were shortened slightly in both iCSFM and iCTAM when
compared to cells cultured in iCMM. Pro-arrhythmic assessment on Day 7 in the
three media using MEA showed cardiomyocytes had similar responses to low- and
high-risk compounds. However, medium-risk compounds had increased FPD/APD
responses in serum-free media. Finally, chronic dosing of amiodarone, nilotinib,
and doxorubicin was performed. iCell Cardiomyocytes2 displayed lower EC50 values
and decreased cell viability in serum-free medium, further supporting the use of
reduced-protein or protein-free media for toxicology and drug discovery studies.
These data highlight a suite of culture/assay media that maintain cardiomyocyte’s
core performance while providing custom tailored media ideal for safety pharmacology and drug discovery assays using iCell Cardiomyocytes2.
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Organotypic Small Intestinal Model for Long-Term HighThroughput Screening Toxicity Studies

Z. Stevens, P. Kearny, M. Klausner, Y. Kaluzhny, A. Armento, and S. Ayehunie. MatTek,
Ashland, MA.
The EpiIntestinal tissue model has been used to study a variety of phenomena
affecting the gastrointestinal (GI) tract including drug permeation and metabolism,
drug toxicity, GI inflammation, and microbial infection. Most recently, the model has
been used to investigate infection with SARS-CoV-2, the coronavirus responsible
for the COVID-19 pandemic. The current work focuses on adapting this model to
a newly fabricated 96-well, high throughput format for extended culture period for
chronic studies. Normal human small intestinal cells were seeded onto the 96-well,
microporous membrane bottom plates and cultured for 2 weeks to reconstruct the
intestinal tissues. The resulting tissues have a villi-structure and barrier properties similar to native intestinal tissue as evidenced by transepithelial electrical
resistance (TEER) values of 160-300 Ohm* cm2. These cultures were maintained
for over 3 months and tissue histology and barrier integrity were monitored weekly.
To monitor well-to-well tissue reproducibility, TEER measurement was performed
every week on all 96-well tissues. Histological cross-sections showed that tissues
fixed at all time points up to and beyond 3 months contained structures and
morphology similar to the standard EpiIntestinal tissue model and native intestinal
tissue. Immunohistochemical staining also shows epithelial marker (CK19), tight
junction formation (ZO-1), and brush border marker villin similar to the standard
tissue model. Availability of intestinal organotypic tissue that can be cultured for

extended period of time (3 months) can be used for chronic exposure toxicity
studies. In conclusion, the newly fabricated plates support reconstruction of
EpiIntestinal tissues for extended time period that can be used for hazard identification of chemicals and nanoparticles affecting the GI tract in a high throughput
format and to study drug safety and efficacy following chronic exposure.
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Qualification of Liver-Chip for Detection of Drug-Induced Liver
Injury in Accordance with IQ MPS Affiliate Guidelines

L. Ewart1, E. Scientific Team1, D. E. Ingber2, and D. Levner1. 1Emulate Inc., Boston, MA;
and 2Harvard University, Boston, MA.
Drug-induced liver injury (DILI) remains a major cause of drug attrition during and
after clinical development, which is harmful to patient safety and costly for the
pharmaceutical industry. Pre-clinical tools with high degrees of human relevance
are increasingly considered valuable investments that allow pharmaceutical
companies to improve their productivity. By emulating the physical and biochemical environment found in vivo, Organ-on-a-Chip technology is perfectly poised to
investigate drug-induced changes in signaling pathways that can cause injury. Here,
we report on the largest Organ-Chip study to date, in which we worked to qualify
the Liver-Chip for use in DILI prediction. The study consisted of two stages: first,
we followed guidelines published by the IQ MPS affiliate (Baudy et al., 2020) and
demonstrated that the Liver-Chip met the criteria for albumin and urea production—
which was reproducible across two hepatocyte donors—and that the Liver-Chip was
able to maintain expression of phenotypic markers and metabolic genes throughout the culture period. We then demonstrated the Liver-Chip’s ability to correctly
demarcate all seven small-molecule toxic drugs from their non-toxic structural
analogs as proposed by IQ MPS. Second, we evaluated the Liver-Chip’s predictive accuracy using 27 drugs, 22 of which are associated with clinical DILI. We
used a multi-parametric analysis to integrate data from albumin, alanine transaminase (ALT), and blinded morphology scores to determine margins of safety for
each drug. The Liver-Chip correctly identified 16 out of the 22 hepatotoxic drugs,
giving a specificity of 73%. This is higher than that of animal models, which have
historically classified these drugs inaccurately. When combined with a second
hepatocyte donor, the sensitivity of Liver-Chip increased to 80%. We then compared
these results to primary hepatic spheroids, which were shown to have a sensitivity of 42% in this drug set. Taken together, these results provide encouraging
scientific evidence that a broader adoption of Organ-Chip technology could improve
decision-making in preclinical drug development programs.

4765

Preclinical Safety Evaluation of SAR443216, a Trispecific T Cell
Engaging Antibody Targeting CD3, CD28, and HER2

E. Poulton1, A. Garrigou2, B. Gauthier2, B. Biton3, L. Pao4, and Z. Jayyosi1. 1Sanofi,
Framingham, MA; 2Sanofi, Montpellier, France; 3Sanofi, Chilly-Mazarin, France; and
4Sanofi, Cambridge, MA.
T cell engagers are a class of multispecific molecules that redirect patients’ T cells
to specific antigens on tumor cells, resulting in T cell activation and subsequent
cytolytic activity against the tumors. This approach has met clinical success with
the approval of blinatumomab, a bispecific T cell engager, targeting CD19 on B
cell acute lymphoblastic leukemia and activating T cells via CD3 co-engagement.
The development of a trispecific antibody platform allows for the development
of antibodies targeting multiple T cell receptors. SAR443216 is a trispecific T cell
engager, which targets tumors expressing HER2 and engages T cells not only via
CD3 but also CD28, a co-stimulatory molecule, to promote T cell expansion and
survival. T cell engaging therapeutics can be efficacious, but they must be dosed
carefully in order to avoid toxicities associated with acute cytokine release. HER2
is a clinically proven therapeutic target, with multiple products directed against
this receptor approved for use in breast and gastric cancer. These HER2-targeted
therapies are associated with known toxicities, particularly cardiotoxicity. The IND
enabling preclinical safety package for SAR443216 was designed to investigate all
potential toxicities, including in vitro studies to quantify HER2-dependant cell killing
and cytokine release assays to quantify SAR443216 related acute cytokine release
and assess the contribution of the CD28 arm, and in vivo studies to investigate
both on mechanism toxicities including cytokine release and potential off-tumor/
on-target toxicities.

4766

Development of Cynomolgus Monkey and Sprague Dawley Rat
T Cell Receptor Codon Usage RT-PCR Assays and Application in
RORγ Inhibitor Toxicologic Studies

S. Chen1, L. Armstrong2, M. Al-Haddawi3, and R. Denton2. 1Bristol-Myers Squibb
Company, San Diego, CA; 2Bristol-Myers Squibb Company, Princeton, NJ; and 3BristolMyers Squibb Company, New Brunswick, NJ.
T cell receptors (TCR) on the cell surface of T lymphocytes play a key role in
adaptive immune responses. TCR is comprised of αβ heterodimers with TCR
diversity arising from recombination of a large variety of gene segments that make
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up α and β subunits. Drugs that have the potential to affect TCR repertoire can
impact the quality of immune responses. Many immunomodulatory drug discovery
programs target T-cells, however, currently established approaches have limitations and provide an incomplete assessment of a compound’s overall immunologic effects (e.g. immunophenotyping focuses on absolute numbers and other
assays like TDAR evaluate the response to a specific antigen). Both cynomolgus
monkey (cyno) and Sprague-Dawley rat are widely used in toxicology studies for
risk assessment; however, the assessment for TCR repertoire is currently challenging as the published cyno and rat genome TCR region are not well defined. The
utility and feasibility of TCR repertoire analyses in evaluating drug effects in the
mouse was demonstrated in RORγT deficienct mice, in which the 5’ TCRαvariable
regions 1 and 2 (Trav1 and v2) were undetectable, whereas the 3’ region Trav21
was markedly elevated in thymus and blood samples relative to wild type (WT)
littermates. In this work we demonstrated that RORγT inhibition in mice resulted
in a dose-dependent decrease of the 5’ Trav1 and v2 up to 50-fold, whereas the 3’
region Trav21 was elevated more than 2-fold in thymus and blood samples. Using
alignment and comparison of, human, monkey, rat and mouse genome sequences,
most 5’ and 3’ ends TCR variable (TCRV) sequences for monkey and rat were identified. Selected TCRVRT-PCR amplified monkey and rat products were confirmed by
sequencing. The developed monkey and rat TCRV RT-PCR assays were used to
investigate effects on TCR repertoire in response to RORγT inhibition in pre-clinical
studies. RORγT inhibition in rats demonstrated a skewed thymic TCR repertoire
similar in pattern to observations in mice, but the response was not demonstrated
in monkeys. Generating high fidelity sequences in the monkey and rat for TCR
repertoire analysis enabled a more refined view of the effects of immunomodulatory molecules and enhanced risk assessment in pre-clinical species. The ability
to conduct TCR repertoire analyses in monkey and rat studies will expand pharmacodynamic endpoints and importantly, enable risk assessment of compounds that
alter T cell development, homeostasis and TCR repertoire.

4767

Multiyear History for Reference Compounds in Multiparameter
Phenotypic Screen Reveals Critical Plasticware Lot Effects

A. A. Bieberich1, B. Rajwa2, A. Irvine1, R. O. Fatig III1, and T. V. Shankey1.
1ASEDASciences Inc., West Lafayette, IN; and 2Purdue University, West Lafayette, IN.
Sponsor: B. Rajwa, International Society for Computational Biology
AsedaSciences® launched the SYSTEMETRIC® Cell Health Screen in 2015. This is a
multiparameter, live-cell automated flow cytometry assay, detecting acute cellular
stress, feeding a supervised machine learning classifier trained on 300 known
compounds. Classification, based on all assay parameters simultaneously, is the
probability (0-1) that a test compound’s phenotype belongs in the distribution seen
for the high-risk class of the training set. In addition to basic screen requirements,
the design team knew that unwanted biological effects from consumable lots
should be detected as part of the quality control (QC) process to ensure long term
reproducibility and comparability of test compound phenotypes. Over a 6+ year
period, this screen has generated phenotypes for approximately 2,500 pharmaceuticals, research compounds, and industrial/ag compounds, in addition to estimating
toxicity risk for proprietary customer compounds. To achieve highly reproducible
assay performance over this period, a set of 16 reference compounds was used
for validation of new generations of HL60 cells for every month of screening, in
addition to validating new lots of fetal bovine serum. This has produced an unprecedented QC history of 148 screen runs, for the same set of 16 reference compounds,
spanning 6 years. During this time, anomalous phenotypes among the 16 reference
compounds detected two critical plasticware lot effects from two major manufacturers, one of which subsequently admitted changing its bulk polymer feedstock
for plate manufacture, necessitating a change in source of labware. Reference
compound cellular phenotype patterns changed dramatically (with repeated A/B
comparison) and are presented to show precise detection of consumable lot
failure. These results underscore the need for toxicology practitioners, as well
as cell-based and/or in vitro screen designers in general, to include control and
QC designs capable of detecting unwanted biological systems perturbation from
plasticware production inconsistencies.

4768

State of the Art in Secondary Pharmacology and Its Impact on
the Safety of New Medicines

S. Jenkinson1, R. Brennan2, L. Rosenbrier-Ribeiro3, F. Schmidt4, and J. Valentin5. 1Pfizer
Inc., San Diego, CA; 2Sanofi, Waltham, MA; 3Grunenthal GmbH, Aachen, Germany; 4Sanofi,
Frankfurt, Germany; and 5UCB Biopharma, Braine L’Alleud, Belgium.
Adverse effects often occur as a consequence of inadvertent pharmacology of
drugs at targets other than their primary intended mechanism of action. This is
commonly referred to as secondary or off-target pharmacology. Consequently,
in order to identify undesirable off-target activity that could hinder, or halt, the
development of candidate drugs, secondary pharmacology profiling of new
chemical entities across a range of protein targets with known association to
safety adverse events (e.g., GPCRs, ion channels, transporters, kinases and other
enzymes) is routinely used in pharmaceutical R&D. Despite standard application
of secondary pharmacology there variability across industry in the target panels
screened, technologies applied, and when and how screening is conducted. As

part of the IQ DruSafe consortium, a Secondary Pharmacology working group
was established, comprising representatives from 18 member pharmaceutical
companies, to conduct a review of secondary pharmacology strategies and share
experiences, the aim being to propose recommendations for best practice and
future application for the industry. Member companies contributed proprietary data
across parameters such as target panel composition, position in the R&D process,
sourcing of the panels, the assay types and technology used. Performance and
outcome, including total number of compounds run, concentrations tested, and
hit rates, were also captured. A detailed database capturing an overview of the
strategic, scientific and operational aspects of secondary pharmacology screening was created. The database currently holds 3729 records describing assays on
747 different biological targets or anti-targets. Preliminary analysis of the data will
be presented highlighting some key trends that should be considered for future
evolution of secondary pharmacology practices across the industry. For example,
there is strong influence of previous published work on secondary pharmacology
panel composition by Bowes et al and Lynch et al, with high prevalence of the
targets they propose applied across the industry, but also a set of bespoke or
uncommon targets identified that should be considered from a safety perspective. Furthermore, given the recent trends in pharma project focus, extending the
diversity of target classes screened to include a set of safety-related kinases, as
well as potentially enzyme and epigenetic classes should be considered.

4769

A Novel Macrophage Containing Organotypic Small Intestinal
Tissue for Modeling Gut Inflammation

K. Causey1, Z. Stevens1, T. Landry1, A. Armento1, A. Langerveld2, E. Lehigh2, S. Wheeler2,
Y. Kaluzhny1, and S. Ayehunie1. 1MatTek, Ashland, MA; and 2Genemarkers LLC,
Kalamazoo, MI.
As gate keepers of intestinal immune homeostasis, macrophages play a critical role
in inflammation in the gut. In this study, we reconstructed a new macrophage-containing primary cell-based full-thickness small intestinal (SMI+M) tissue model
and characterized it for 1) macrophage incorporation (immunohistochemistry,
IHC), 2) barrier properties (TEER), and 3) functionality by measuring inflammatory
responses following exposure to ligands for TLR4 (lipopolysaccharide; LPS), NOD-1
(C12-iE-DAP) and NOD-2 (L18-MDP) either individually or synergistically. For identification of inflammatory responses, we utilized Affymetrix GeneChip arrays. Results
showed that SMI+M tissues have 3D polarity and their morphology and physiological barrier property mimics that of native in vivo tissues. IHC of SMI+M tissues
showed CD14+ (macrophage marker) cells in the underlying fibroblast layer. Using
gene upregulation level of >1.9 fold as a cut-off following ligand stimulation, tissues
without macrophages (SMI-M) showed fewer upregulated genes (1400 genes)
compared to SMI+M (4400 genes). Furthermore, when gene upregulation levels
by ligand-induced SMI+M were compared against stimulated SMI-M even higher
differences in upregulated genes (> 5200 genes) were noted. In SMI+M, upregulated genes include chemokines, chemokine receptors, FC receptors, co-stimulatory molecules, interferons, and HLA’s which are characteristic of immune cells.
When we looked at 13 upregulated genes (>6-fold) in SMI+M, the synergistic effect
of ligands in inducing inflammatory gene upregulation was much more pronounced
compared to stimulated SMI-M tissues. Furthermore, increased cytokine release
of IL-6, IL-8, and TNF-α into the culture medium from ligand exposed SMI+M was
also confirmed by BioPlex ELISA. In summary, our results demonstrate that the
3D SMI+M tissue model can serve as an in vitro tool to study the complex cellular
interactions manifested during inflammation in the gut microenvironment.

4770

Primary Human Cell-Based 3D Colon Tissue Model for
Toxicological Studies

J. Oldach, C. Holm, Y. Kaluzhny, A. Armento, and S. Ayehunie. MatTek, Ashland, MA.
The aim of this study was to reconstruct and characterize a primary cell based
human 3D colon tissue model for the study of 1) microbiome, 2) colo-rectal care
product screening for their irritation potential, 3) safety and efficacy of anti-microbial products and colon targeted drug candidates, and 4) inflammation. This study
characterizes the structural features of a novel in vitro tissue model reconstructed
from normal human primary colon epithelial cells (CEC) with or without fibroblasts.
Primary cells were expanded in monolayer culture and seeded onto microporous
membrane inserts to reconstruct 3D organotypic CEC tissues. Then, tissues were
characterized for polarity of epithelial cells (H&E staining), fibroblast cell markers
(confocal microscopy), barrier integrity (transepithelial electrical resistance, TEER)
measurement. Its functionality for toxicological studies was investigated using
Indomethacin (0.01-0.5mg/mL) and SN38 (20 uM) and following acute apical
exposure for 24 hr. Analysis of the 3D colon tissue model revealed: 1) wall-to-wall
tissue growth, 2) epithelial cell morphology similar to human colon, 3) a physiological TEER value of >300 Ώ*cm2 mimicking the colon microenvironment, and
4) expression of CK19 (epithelial cell marker), vimentin (fibroblast cell marker),
and Alician blue PAS staining (mucous producing goblet cell marker). Acute
exposure to indomethacin (0.5mg/ml) and SN38 (20uM) showed a 21.2% and a
22.3% decrease in TEER values, respectively, compared to untreated controls which
indicates toxicity of the test articles. This novel human cell-based CEC tissue model
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will be a useful tool for pre-clinical assessment of microbiomes, mucosal inflammation, and screening of colo-rectal care products for their irritation potential. Such
models can also reduce the use of animals for experimentation.

4771

Measurement of the Specific T Cell Response in Göttingen
Minipigs after Vaccination

S. Delluc, E. Henry, C. Berthoud, E. Goutagny, F. Pontet, F. Condevaux, and J. De
Larichaudy. Charles River, Saint-Germain-Nuelles, France. Sponsor: P. Singh
The use of the minipig as a model in immunotoxicology is a promising alternative to the non-human primate (NHP), particularly for its physiological and immune
similarities with humans and for availability reasons. In our study, we described
the development of 4 complementary immunoassay methods to characterize the
functional cellular response of T lymphocytes after vaccination with anti-bacterial vaccine injected intra-muscularly: (1) measurement of proliferation with CFSE,
(2) intracellular staining (ICS) of several cytokines (IFN-γ, TNF-α and IL-17a), (3)
cytokine release assay (CRA) and (4) ELISpot (IFN-γ and TNF-α). Analyzing T-cell
response to vaccination is a critical step to assess both efficacy and unintended
effects in the current context of development of innovative vaccines or other
products targeting the immune system. These assays also provide critical information about the type of cells involved, profile of cytokines expressed, involved
pathways and kinetics of activation. The four methods were optimized beforehand,
especially for the definition of matrices (whole blood, lysed blood, PBMC) and
optimal stimulation conditions. The specific functional T-cell response was then
evaluated on blood samples from vaccinated versus control minipigs (3 animals
per group) after ex vivo restimulation by the vaccine antigen. As a result, a specific
activation of T-cells in response to the vaccine was successfully demonstrated
(including cytokines synthesis and cell proliferation). In conclusion, we successfully measured T-cell response by different analytical tools to support vaccine
efficacy. The application of these methods on ex vivo samples from vaccinated
animals demonstrated numerous advantages and certain limitations. In particular,
it is interesting to discuss the differences between ICS and ELISpot methods: the
ICS makes possible to characterize cytokine-secreting cells but lacks sensitivity
in the detection of rare immune cell populations. Conversely, ELISpot has greater
sensitivity but gives a result on the PBMC population only. Thus, these two methods
could be used in a complementary way to ensure the success of a preclinical study.
These results demonstrate that the minipig is an interesting alternative model to
the NHP in the preclinical evaluation of vaccine efficacy and pharmacodynamics.

4772

Preclinical Evaluation of Cudetaxestat (BLD-0409) for Potential
Drug-Drug Interactions

W. Yu, R. Rajagopalan, J. Lin, and P. Ibrahim. Blade Therapeutics, South San Francisco,
CA. Sponsor: N. Alejandro
Cudetaxestat (BLD-0409) is a small-molecule non-competitive inhibitor of autotaxin
(ATX) with direct anti-fibrotic activity. ATX is a secreted enzyme that produces
most of the lysophosphatidic acid (LPA). Increased ATX activity and excessive LPA
production cause myofibroblast activation, which are cells that produce extracellular matrix proteins comprising fibrotic lesions. Blade is developing cudetaxestat as an oral treatment for fibrosis and plans to evaluate in idiopathic pulmonary
fibrosis (IPF) patients dosed concomitantly with approved therapies (pirfenidone
and nintedanib). Pirfenidone and nintedanib are known to have safety and tolerability issues so understanding potential for drug-drug interactions (DDI) with either
medication is important. Recently, a phase 3 IPF trial with GLPG-1690 (ziritaxestat),
an investigational competitive ATX inhibitor, was halted due to safety concerns.
To better understand potential for DDI, we evaluated cudetaxestat and GLPG-1690
in preclinical in vitro and in vivo assays to assess potential interactions with
nintedanib and pirfenidone. Nintedanib is a known P-gp substrate and pirfenidone
is not. Standard in vitro assay with MDCK-II cells showed that cudetaxestat was not
a substrate and was a weak inhibitor (IC50=64.6 µM and 39.8 µM using quinidine
and nintedanib as substrates, respectively). In contrast, GLPG-1690 was found to
be a substrate and an inhibitor of P-gp (IC50 of 7.8 µM and 3.84 µM using quinidine
and nintedanib as substrates, respectively). In vivo studies with nintedanib,
GLPG-1690 and cudetaxestat were performed in rats. Plasma exposures of drugs
were quantified and compared. Cudetaxestat co-administration with nintedanib
did not change nintedanib exposure. However, GLPG-1690 co-administration with
nintedanib resulted in statistically significant increase of nintedanib exposures;
maximum plasma concentration (Cmax) increased ≥1.8fold and area under curve
(AUC) increased ≥2.5fold. Cudetaxestat was neither a substrate nor an inhibitor of
P-gp at physiologically relevant concentrations. No significant change in plasma
concentration of nintedanib was observed when cudetaxestat was co-administered
in rats. A phase 1 clinical DDI study evaluating cudetaxestat co-administration with
nintedanib and pirfenidone in healthy volunteers is underway.

4773

Acyl-CoA:diacylglycerol Acyltransferase 1 Inhibition in the
Small Intestine Increases Plasma Transaminase Activity via the
Activation of Protein Kinase C Pathway

H. Yokoyama1, T. Masuyama1, Y. Tanaka1, I. Tsubakihara1, K. Kondo1, and K. Yoshinari2.
1Japan Tobacco Inc., Yokohama, Japan; and 2University of Shizuoka, Shizuoka, Japan.
Acyl-CoA:diacylglycerol acyltransferase 1 (DGAT1) is a key enzyme in the fat
absorption step in enterocytes. We previously reported that the pharmacological inhibition of DGAT1 increased plasma alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) activity in corn oil-loaded rats without any sign
of hepatotoxicity. In this study, we investigated this mechanism. We found that
this elevation occurred only during the pharmacologically active period of a DGAT1
inhibitor and the magnitude did not depend on the volume of corn oil. In addition,
this elevation was not accompanied by increases in ALT or AST mRNA levels
in the small intestine and liver. To clarify a lipid component responsible for this
elevation, rats were treated with free fatty acids instead of corn oil and no plasma
ALT elevation was observed. Next, rats were pretreated with inhibitors of monoacylglycerol acyltransferase 2 and intestinal microsomal triglyceride transfer protein
instead of the DGAT1 inhibitor, but no plasma ALT elevation was observed after
corn oil loading. Since the results suggested a possible role of diacylglycerol (DAG),
which activates protein kinase C (PKC), we measured PKC activity in the small
intestine and found that the activity was increased by treatment with the DGAT1
inhibitor and corn oil. Moreover, rats pretreated with a PKC inhibitor in combination with the DGAT1 inhibitor showed suppression of plasma ALT elevation. Taken
together, the present results suggest that DAG accumulation induced by pharmacological DGAT1 inhibition and resultant PKC activation in enterocytes are involved in
the increase in plasma ALT and AST activity in rats.

4774

Antidiabetic Drugs Reduce Tobacco Smoke-Promoted
Cerebrovascular Damage in a Traumatic Brain Injury Mice Model

F. Sivandzade1, F. Alqahtani2, and L. Cucullo1. 1Oakland University William Beaumont
School of Medicine, Rochester, MI; and 2King Saud University, Riyadh, Saudi Arabia.
Traumatic Brain Injury (TBI) is among the main reasons for cerebrovascular and
neurological damage. Premorbid conditions such as tobacco smoking (TS) can
exacerbate post-TBI brain damage and impact recovery as a result of TS content of
reactive oxygen species (ROS) and oxidative stress (OS) stimuli promoting vascular
endothelial impairments. Additionally, due to common pathogenic modulators of
BBB impairment between chronic TS and hyperglycemia (HG), antidiabetic drugs
like metformin (MF) and rosiglitazone (RSG) were shown to reduce BBB damage
promoted by the chronic TS exposure. This study evaluated antidiabetic drugs’
therapeutic feasibility and effectiveness to prevent/reduce TS-promoted cerebrovascular damage after TBI and/or improve post-TBI recovery through an in vivo
study. For this purpose, male C57BL/6J mice, age range 6-8 weeks, were exposed
to TS for three weeks. Test animals were subjected to TBI by head weight drop so
that a metal weight (30 g) was inserted into a pre-positioned vertical guide, whereas
the weight free fell for a distance of 80 cm before reaching the target. RSG and MF
were administered daily within 7 days post-TBI via intraperitoneal (IP) injections of
dose levels of 10 or 20 mg/kg (RSG) and 100 or 200 mg/kg (MF) with dose volumes
of 20 mL/kg. Body weights of the mice were frequently measured and general
activity (through open field test) of the mice were analyzed before, 24 hr, 3 days and
7 days after TBI. Finally, mice were sacrificed to collect blood and brains samples
for subsequent biochemical and molecular analysis. Western blotting and quantitative RT-PCR analyses were applied on homogenized brain tissues to assess
the expression of Nrf2 (critical antioxidant transcription factor), its downstream
effectors (HO-1, NQO-1) and tight junction proteins including ZO-1, Occludin, and
Claudin-5. Levels of inflammatory markers including NF-kB, PECAM-1, VCAM-1,
IL-6, IL-10, and TNF-α were also evaluated. The results revealed that MF and RSG
can effectively decrease TS-generated inflammatory and oxidative stress post-TBI.
RSG and MF also effectively prevented NRF2 downregulation and its downstream
effectors NQO-1 and HO-1, produced anti-inflammatory activity and countered
the loss of barrier integrity post-TBI. In conclusion, through the underlying linking
mechanism, antidiabetic drugs could be repurposed to reduce BBB damage and
subsequent severity of TBI outcomes caused by TS dysregulation of the cellular
antioxidant response system.

4775

Anti-Drug Antibodies (ADAs)-Mediated Hypersensitivity
Reactions in Nonclinical Toxicity Studies of Biologics

D. Zhijia, L. Pan, G. Lei, S. McPherson, and M. Walker. WuXi AppTec, Suzhou, China.
With the rapid development of biological medicine, more nonclinical toxicity studies
have been conducted in the safety evaluation of these entities. In a review of
studies conducted over the past 3 years with biologics hypersensitivity reactions
were noted to occur in individual isolated animals, more often than not in a
non-dose responsive manner. Type I and type III were the most common types of
hypersensitivity reactions noted with anti-drug antibodies (ADAs) involved in their
pathogeneses. In this review we looked at the types of antibody and the reactions
they elicited. A variety of methods can be used to monitor or detect the reactions.
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During in-life period, the clinical observations of decreased activity, pale/red cheek,
cold to touch, changes on respiratory sounds/rate may be noted. Hematology
change of increased neutrophil or basophils counts/percentage, a high titer of
ADAs level, increased immunoglobulin E and histamine level in serum, cytokines
release can help support the theory of hypersensitivity reactions. After necropsy,
typical findings associated with hypersensitivity reactions may be observed during
the histopathology evaluation, and immunohistochemistry can demonstrate the
presence of immune complexes in tissues. After the review of the studies (once
weekly doses for antibodies) with hypersensitivity reactions noted in our facility, the
reactions were mostly noted during/after the third dose from Day 15. The individual
animals that showed hypersensitivity reactions almost always developed a high
titer of ADAs. In addition, the incidence and severity of the hypersensitivity reactions
of bispecific antibodies were much higher than monoclonal antibodies, and were
even fatal in some cases. Different findings in hematology, immunoglobulin E level,
microscopic observations were noted between Type I and type III hypersensitivity
reactions. Such a historical data bank can help to put in perspective study findings
where such observations are noted and help to better understand the toxicity of
biologics and their relevance to humans.

4777

Evaluation of AAV9 Capsid Toxicity in Cynomolgus Monkeys

T. Sato, Y. Meguro, K. Nishimura, A. Matsumoto, and Y. Aoki. Astellas Pharma Inc.,
Tsukuba, Japan. Sponsor: T. Sato, Japanese Society of Toxicology
The number of non-clinical and clinical studies in which adeno-associated virus
(AAV) vectors have been used for in vivo gene transfer has consistently increased.
Since AAV infection is not considered to be associated with any disease in humans
or other mammals, AAV vectors are considered an excellent platform of choice for
in vivo gene therapy with a favorable safety profile. In recent years, however, several
gene therapy products with AAV vector have experienced relatively severe adverse
effects in both nonclinical and clinical studies, for which it is considered the AAV
capsid itself might have been responsible. In fact, it is considered that the ratio of
empty capsid should be less than 50% if a high dose (1×1014 vg/kg) is planned in
clinical trials to avoid capsid-related adverse effects. Thus, obtaining the toxicity
profile of a capsid is considered worthwhile to elucidate the cause of toxicity in
gene therapy products. We conducted an intravenous dose toxicity study of AAV9
capsid in cynomolgus monkeys. AAV9 capsid was given by single intravenous
administration to 3 male and 3 female cynomolgus monkeys (anti-AAV9 neutralizing antibody-negative) per group at dose levels of 1.0×1015, 3.0×1015, and 1.0×1016
vp/kg to investigate the toxicity over a 4-week observation period. The examination items were clinical signs, body weight, food consumption, ophthalmology,
electrocardiography, blood pressure, respiratory rate, hematology, blood chemistry,
complement analysis, serum cytokine analysis, gross pathology, organ weights,
and histopathology. Anti-AAV9 neutralizing antibody analysis was also performed.
As findings which might have been related to AAV9 capsid treatment, changes in
respiratory rate, aspartate transaminase, creatine kinase, CK-MM, lactate dehydrogenase type 4, IL-2, TNFα, and/or MIP-1α were observed in the 1.0×1015 vp/kg
group and above. However, these changes were slight and toxicologically insignificant. Anti-AAV9 neutralizing antibodies were noted in all groups from 14 days
after dosing to 28 days after dosing. In conclusion, the NOAEL of AAV9 capsid
was considered to be 1.0×1016 vp/kg under the conditions of this study, and AAV9
capsid itself may have only a small impact on the safety profile of gene therapy
products. This study was initiated and funded by Astellas Pharma, Inc.

4778

Effect of Antisense Oligonucleotides (ASO) on Complement
Activation in Repeat Intrathecal Dose Toxicology Studies in
Monkeys

V. Kostrubsky, C. Hurst, J. Bai, R. Wang, G. Cantone, M. Lamb, D. Morris, and J. Fikes.
Biogen, Cambridge, MA.
As a part of the 3- and 9-month nonclinical safety evaluation studies, we investigated the effect of five intrathecally administered 2’-MOE ASOs, in the range from 4
to 40 mg/dose, on plasma complement activation. Plasma samples were collected
at pre-dose, 1 hr, 4 hr and 24 hr post-dose on Days 1, 85, 169 and 253 (dosing
days) and stored at -80oC until analyzed for factors C3, C3a, Bb, H, C4d and sC5b-9.
Due to a known high inter- and intra-variability in complement values, results were
expressed as a fold change over the baseline mean at pre-dose values on Day 1
for all animals (males and females separately) in all groups plus 1.645 standard
deviations. Results were reported for a fold change higher or equal to 1.1-fold. We
found that a dose-dependent complement activation was an acute response to ASO
dosing with the maximum increase at 4 hr, typically diminished 24 hr after dosing
on Day 1, and associated with corresponding changes in plasma ASO concentrations. Responses on other dosing days were similar or lower compared with the
responses observed after the first dose. Certain ASOs resulted in the maximum
increase in sC5b-9 (up to 16-fold), followed by Bb (up to 13.5-fold), and C3a (up to
10.7-fold). In contrast, other ASOs produced a smaller 1.1- to 3.5-fold increase in
various complement factors. There was no sex difference observed for any factor.
We compared animals with the highest responses in individual complement factors
with the results of the clinical chemistry, hematology and histopathological evaluations as well as clinical signs. There were no associations observed suggesting that
the complement activation was an inconsequential transient finding in response to

ASO administration. This was also supported by the lack of changes in complement
levels when measured at pre-dose time points during the span of the treatment
phase of the different studies. These findings are consistent with established
transient complement activation observed after systemic dosing of ASOs in
monkeys. In conclusion, intrathecal administration of 2’-MOE ASOs resulted in
transient increases in sC5b-9, Bb and C3a factors on the day of dosing. However,
there were no acute inflammatory or chronic systemic findings associated with the
complement activation.

4779

Actions of Myosin Modulators on Contractility and Ca2+
Transient in the Adult Human Heart

K. Truong, W. Nguyen, E. Hernandez-Soraiz, L. Rasoul, A. Stafford, Y. Miron, G. Page, A.
Ghetti, and N. Abi-Gerges. AnaBios, San Diego, CA.
Acceleration or inhibition of the production of actin-myosin complex with myosin
ATPase modulators (myotropes) can lead to increased or decreased myocardial
force production, respectively. Thus, identifying the human effect of myotropes
during preclinical development can aid in the determination of drug-induced
contractility risk and support programs aimed at treating obstructive hypertrophic
cardiomyopathy (HC) and heart failure with reduced ejection fraction (HFrEF).
We used adult human primary cardiomyocytes from ethically consented organ
donors to evaluate the effects of 7 myotropes on contractility (sarcomere shortening) and Ca2+ transients (peak amplitude) at 1Hz pacing frequency. Treatment
effects on sarcomere shortening and peak Ca2+ amplitude were expressed
relative to the myocyte’s specific baseline control period. We report that negative
myotropes exerted concentration-dependent decreases in sarcomere shortening
(Mavacamten in clinical evaluation for HC treatment; IC50=0.2µM), N-benzyl-ptoluene sulphonamide (IC50=16µM), Blebbistatin (BBS, IC50=2.6µM)). Unlike BBS,
3 derivatives of BBS, HydroxyBBS, (S)-3’-aminoBBS and Para-aminoBBS, caused
biphasic effects on sarcomere shortening. Activation of the myosin ATPase
with Omecamtiv Mecarbil (in clinical evaluation for HFrEF treatment) produced
a concentration-dependent increase in sarcomere shortening (EC50=0.6µM).
Interestingly, all 7 myotropes showed no potential to significantly alter peak Ca2+
amplitude even at concentrations that had maximal effect on contractility. For
example, 0.3µM Mavacamten and 2µM Omecamtiv Mecarbil changed the peak Ca2+
amplitude by -3% and -10%, respectively. In contrast to the myotrope compounds,
a non-selective β-adrenoceptor agonist (Isoproterenol 0.3µM) and a Ca2+ channel
blocker (Verapamil 10µM) increased (122%) and decreased (60%) peak Ca2+
transient amplitude, respectively. Thus, the adult human primary cardiomyocyte
model provides a useful translational strategy for the early assessment of new
myotrope candidates with a novel mechanism of action.

4780

Defining “No QTc Effect” in Canine and Nonhuman Primate
Telemetry Assays: Evaluation of Levocetirizine by Standard
Clinical and Nonclinical Concentration-QTc Analysis Approaches

F. A. Chandra, Z. W. Jones, R. W. Chui, M. J. Engwall, and H. M. Vargas. Amgen Inc.,
Thousand Oaks, CA. Sponsor: R. W. Chui, Safety Pharmacology Society
Concentration-QTc modeling (C-QTc), pairing pharmacokinetic (PK) exposure
with QTc measurements, has been validated and used routinely on clinical data
to evaluate repolarization risk (ICH E14R3). This approach has not been standardized for data from the nonclinical in vivo QTc assay. The goal of this study was
to characterize the C-QTc relationship of levocetirizine in dogs and non-human
primates (NHP) using clinical (placebo-adjusted linear mixed effects (LME) model
(1)) and nonclinical (vehicle- and baseline-subtracted heart rate-corrected QT
(ΔΔQTc (2)) linear regression) approaches. Levocetirizine has been characterized
previously in both humans (3) and NHP (4) using clinical and nonclinical models,
respectively, to define “no effect” on the QTc interval. Either control or levocetirizine (10 mg/kg, PO) was administered to implanted beagle dogs (n=8) and NHP
(n=8) using a modified cross-over dosing design for the telemetry phase. The PK
phase was conducted in the same animal 7 days after the telemetry phase. Blood
samples were collected at 7 hours in the telemetry phase and at predose, 0.5, 1,
2, 4, 8, 12 and 24 hours in the PK phase. Individual corrected QT values (QTcI)
were determined using an individual animal correction factor. In dog, placebo-adjusted LME and ΔΔQTc modeling yielded small slopes (0.000199 and 0.000425
ms/ng/mL, resp.) and extrapolated 10 ms threshold concentrations (51 and 24 ug/
ml, resp.) were within 2.5-fold, with comparable intercepts (-0.197 and -0.157 ms,
resp.). In NHP, slopes were equally small (-0.000161 and 0.0000157 ms/ng/mL,
resp.), with accompanying large 10 ms threshold concentrations (not estimable
due to negative slope, and 709 ug/mL, resp.) and comparable intercepts (-0.0075
and -1.114 ms, resp.). This dataset demonstrates that both clinical and nonclinical
C-QTc modeling approaches can be used to model repolarization risk in dogs and
NHP, define a “no effect” profile, and enable an integrated nonclinical-clinical risk
assessment. Further, these nonclinical approaches enable drug sponsors to test
very high exposure multiples which may not be feasible to test in humans, critical
to current ICHs7B Q&A discussions regarding in vivo safety margin. References:
1. Garnett et al. J Pharmacokin Pharmacodyn 45: 383 - 397, 2018.2. Chui et al. Clin
Transl Sci 00: 1 - 12, 2021.3. Darpo et al. Clin Pharmacol Ther 97: 326 - 335, 2015.4.
Komatsu et al. J Pharmacol Toxicol Meth 99: 106606, 2019.
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4781

Historical Control Reference Values of Cambodian Cynomolgus
Macaque Blood Gases

J. Queudot, A. Celori, B. Havens, D. Orrantia, and J. Forget. Altasciences, Everett, WA.
In the assessment of drug-related respiratory changes, blood gases can be a tool to
help identify changes in the diffusion of gases from the lungs into the bloodstream.
Especially for small molecule pharmaceuticals, ICH S7 identifies hemoglobin
oxygen saturation (sO2) as a potential part of the core respiratory battery, with
other blood gases (e.g. pO2 and pCO2) used for potential supplemental assessment. However, there is a paucity of data describing the normal blood gas ranges
in cynomolgus macaques. To assist and improve the assessment of drug-related
changes to cynomolgus macaque blood gasses, arterial blood gas was collected
from approximately 100 male and 100 female cynomolgus macaques. All animals
were test article naïve, with all collections performed while conscious and
restrained. Following the analysis, it was generally determined that no differences
existed between males and females in most parameters investigated. For example,
sO2 and pO2 values were 97.7% and 94.9 mmHg in both sexes, and pCO2 values
were 30.9 and 32.2 mmHg in males and females, respectively.

4782

Useful Strategies for Developing Schedule I Drugs as
Pharmaceutical Therapeutics

D. W. Sullivan, Jr, and S. C. Gad. Gad Consulting Services, Raleigh, NC.
Schedule I drugs are defined by the controlled substances act (CSA) as those that
have no currently accepted therapeutics use in the United States, a lack of accepted
safety for use under medical supervision, and a high potential for abuse. These
include drugs such as heroin, LSD, marijuana, psilocybin, and MDMA. Recently,
these compounds have been investigated for use as pharmaceutical therapeutics
for a number of claims including depression, various substance abuses, PTSD,
anxiety, narcolepsy, and migraines. As the field of Schedule I drug development
continues to develop and advance, a number of challenges are surfacing including but not limited to production, transportation, program development, study
implementation, and study interpretation. We will review and discuss the current
challenges we have encountered in these arenas and provide examples of how we
have navigated these new and poorly defined challenges and developed solutions.
Lastly, we will explore case examples of existing data sets we have generated and
discuss what we envision as possible next steps.

4783

Off-Target Binding Assessments for Antibodies and AntibodyLike Therapeutic Candidates Using Immunohistochemistry and
Retrogenix Cell Microarray Technologies

S. A. Price1, J. T. Raymond1, N. Brown2, L. Ratcliffe2, R. Wylie2, L. Coverley2, F. Gervais3,
and J. Freeth2. 1Charles River, Frederick, MD; 2Charles River, High Peak, United Kingdom;
and 3Charles River, Evreux, France.
Off-target binding assessments are required for antibodies and antibody-like
compounds prior to first in man studies to identify sites of off-target binding to
facilitate monitoring and/or mitigation of potential toxicologic effects in toxicity
and, later on, phase I, studies with those therapeutic candidates. Combining
immunohistochemistry (IHC) and cell microarray technology-based screening methodologies can provide complementary information and provide a more
well-rounded data set and weight of evidence approach for on- and off-target
binding assessment for these therapeutic candidates. TPP-9829 is a human IgG1
kappa antibody directed against acetylsalicylic acid (aspirin) that was haptenized
with BSA and subsequently was used as an isotype (negative) control antibody
in an exploratory human (37 tissue/1 donor per tissue) tissue cross-reactivity
(TCR) study. For this TCR study, the test article and TPP-9829 were conjugated
with FITC and staining methods appropriate for such labeled compounds were
used for tissue staining. TPP-9829-FITC demonstrated unexpected membrane and
cytoplasm staining of epithelial cells in several human tissues including mammary
gland, kidney, Fallopian tube, pancreas, prostate, tonsil, ureter, urinary bladder, and
endometrium. Using cell microarray-based Retrogenix technology, TPP-9829 was
also screened against >6,200 human membrane and secreted proteins expressed
in human cells. Using this technology, four TPP-9829-specific target interactions
were identified on both live and fixed cells. Three of these target interactions were
further validated using flow cytometry and were identified as NPTXR, SCARA5, and
EPHA5. Literature searches for these proteins indicated that some had reported
expression patterns similar to that observed in the IHC-based TCR assessment
with TPP-9829-FITC. Additional investigations may confirm which interaction(s)
are responsible for the observed off-target binding. Taken together, these data
demonstrate how combining IHC- and cell microarray-based TCR assessments can
provide a more well-rounded, greater weight of evidence approach to understanding. IHC provides tissue and cell context for any observed binding and Retrogenix
cell microarray screening can provide the identity of off-target binders.

4784

Image Analysis of MRI-Guided Drug Delivery to the Brain in
Nonhuman Primate (NHP) Model

C. Lecrux, E. Larson, J. Stare, K. Wong, K. Bujold, and S. Authier. Charles River
Laboratories Montréal ULC, Laval, QC, Canada.
Drug delivery to specific brain structures can be precisely achieved using magnetic
resonance imaging (MRI)-guided convection-enhanced delivery (CED) in both
clinical and preclinical applications. The measure of the amount of drug delivered
to the target region is a critical parameter in order to assess the efficacy of the
method and the drug reaching the target. We have developed and implemented
an analysis methodology to precisely quantify drug delivery to brain structures on
MRI images of each individual animal, using an initial data registration, followed
by segmentation to delineate the dosed brain structures in Cynomolgus monkeys.
Cynomolgus monkeys received real-time MRI guided CED under anesthesia, using a
microcannula inserted in the targeted region. The dose formulation consisted of a
mix of the drug of interest and Gadolinium contrast agent. The acquired MRI images
at completion of the drug delivery were analyzed following an initial step of manual
registration of the dosing scan to a reference 7T MRI atlas. The 7T MRI reference
atlas was acquired in a Cynomolgus monkey and brain structures of interest were
segmented and their volumes were measured as follows: Putamen (628.3mm3),
Globus Pallidus (181.9mm3) and Thalamus (695.4mm3). The average drug volume
delivered to the Putamen was 150 microliters, infused at a maximum of 300 microliters per hour. Accurate registration of the dosing scan to the reference atlas was
ensured using predefined anatomical landmarks (e.g. ventricles, corpus callosum).
The second part of the analysis consisted in the delineation of Gadolinium-contrast
showing as a high intensity in the T1-weighted dosing scan. The manual segmentation was performed for each slice of the structure of interest, Putamen (15 slices at
1mm spacing). The average Gadolinium-coverage was 52±9% (mean±standard-deviation) across the monkeys. The precise coverage quantification of the brain
structures by the drug delivered is of particular relevance when aiming to assess
the drug effect within a targeted brain region. The methodology for target coverage
quantification can contribute to the interpretation of neuropathology and biodistribution data from individual animals.

4785

The S-Antigen Transport-Inhibiting Oligonucleotide Polymer
(STOPSÔ) ALG-010133 Demonstrates a Favorable Nonclinical
Pharmacokinetic and Toxicology Profile for the Treatment of
Chronic Hepatitis B (CHB)

D. L. Misner, V. Gohil, Q. Zhang, C. Slater, Z. Wojcinski, M. Venkatraman, A. Chen, V.
Rajwanshi, C. Williams, J. Fry, D. B. Smith, J. A. Symons, L. M. Blatt, L. N. Beigelman, T.
Lin, and S. M. Chanda. Aligos Therapeutics Inc., South San Francisco, CA.
Current standard of care for CHB viral infection can effectively inhibit viral DNA
replication but fails to reduce HBsAg. Nucleic acid polymers have been reported to
reduce circulating HBsAg in CHB patients. We have identified STOPS that contain
several novel chemical features, providing enhanced potency in several HBV cell
lines. ALG-010133 was generally formulated in water for injection. CD-1 mice and
cynomolgus monkeys were dosed subcutaneously (SC), or by intravenous infusion
(IVinf) in monkeys, to assess the pharmacokinetic properties of ALG-010133. Repeat
dose toxicology studies were conducted in mice and monkeys administered weekly
SC for 2- or 13-weeks, and with bi-weekly dosing for 2 weeks followed by weekly
dosing in 6- or 9-month chronic mouse or monkey toxicology studies, respectively.
Reproductive toxicology studies were conducted in mice and NZW rabbits with
biweekly or every other day dosing. Following single or repeat SC administration
in mice, ALG-010133 demonstrated a low overall exposure in plasma. In monkeys,
ALG-010133 exhibited low clearance, a low volume of distribution, and a plasma
half-life of 2.3 hours following IVinf. When administered SC in monkeys, ALG-010133
was readily absorbed with high bioavailability (70%-87%) but with no plasma
accumulation and minimal metabolism following repeated dosing. ALG-010133
had a long liver half-life and significantly higher exposure compared to plasma in
mice and monkeys. ALG-010133 demonstrated a favorable safety profile in mice
and monkeys, has no genotoxic potential or adverse safety pharmacology effects,
and no toxicity in mice or monkeys in 2-week toxicology studies up to highest
dose of 50 mg/kg/dose. In longer-term studies, typical monitorable and reversible oligonucleotide-related effects were noted in liver in mice, while there were
no adverse effects noted in monkeys. No significant effects were noted in mouse
fertility studies or on embryofetal development in mice and rabbits. Overall, the
combination of SC administration and a favorable toxicology profile has allowed
ALG-010133 to advance into clinical trials in CHB patients.
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4786

Comparison of the Dose Range-Finding Studies of Eplontersen
and Inotersen (Tegsedi) inTg.rasH2 and CD-1 Mice

A. Rastogi1, C. Hoffmaster1, J. Grieves1, J. Engelhardt1, C. Papagiannis2, N. Post1,
A. Wahlander1, J. Matson1, R. Ramos, Jr.1, B. Solis1, S. P. Henry1, and T. Kim1. 1Ionis
Pharmaceuticals, Carlsbad, CA; and 2Charles River, Mattawan, MI.
Inotersen (Tegsedi) is an approved antisense oligonucleotide (ASO) treatment
for transthyretin amyloidosis. Eplontersen is a ligand conjugated (LICA) form of
inotersen with a mixed phosphodiester/phosphorothioate backbone. Here, we
compare the toxicology profile and toxicokinetics of eplontersen and inotersen in
CD-1 and Tg.rasH2 mice. CD-1 mice are the standard strain used to evaluate ASO
toxicity whereas Tg.rasH2 mice are increasingly used to evaluate carcinogenicity of
ASOs and other molecules. CD-1 and Tg.rasH2 mice were subcutaneously administered inotersen or eplontersen at doses ranging from 4 to 100 mg/kg weekly for 13
weeks. The overall toxicology profile and toxicokinetics of inotersen and eplontersen in the two mouse strains were similar, with no ASO-related effects on survival,
clinical observations, clinical pathology parameters, or macroscopic observations
with either ASO in either strain and there were no adverse effects on histopathology. Notably, microscopic findings for eplontersen were less severe than inotersen,
indicating that LICA conjugation effectively increased targeting of hepatocytes and
the mixed backbone design reduced nonspecific effects. In both mouse strains,
ASO tissue concentrations were highest in the liver and kidney, corresponding with
histopathological findings of minimal to mild dose-dependent basophilic granules
in the cytoplasm of Kupffer cells and renal tubular epithelial cells, and minimal
karyomegaly and multinucleation of hepatocytes starting at 40 mg/kg for inotersen
and 75 mg/kg for eplontersen. Moreover, ASO concentrations in these target
organs were similar in CD-1 and Tg.rasH2 mice. These data were further supported
by a dose range finding study where CD-1 and Tg.rasH2 mice were subcutaneously
administered 300 to 1000 mg/kg eplontersen every other week for 14 to 18 weeks.
These higher ASO doses were well tolerated in both strains of mice with a similar
dose response. Collectively, the data demonstrate that the toxicology profile and
toxicokinetics of both unconjugated and LICA conjugated ASOs is highly similar
between CD-1 and Tg.rasH2 mice suggesting that data generated in standard
toxicology studies of ASOs in CD-1 mice can inform dose selection for carcinogenicity assessments of ASOs in Tg.rasH2 mice.

4787

Learning and Memory Testing in the Nonhuman Primate Using
the Wisconsin General Testing Apparatus

A. Saumure Di Fruscia. Charles River Laboratories Montréal ULC, Senneville, QC, Canada.
Sponsor: M. Vezina
Interest in developing therapies for the treatment of neurological diseases has
been continuously increasing over the last few years, as they continue to represent
unmet medical needs. When developing these therapies, the non-human primate
is a model of choice to show on-target effect. While these therapies target the
neurological function, and/or neurological development in juvenile populations, the
need to evaluate potential drug-induced effects on the function/development of
the central nervous system is crucial. To address this, our laboratory developed
a method to test the learning and the memory of non-human primates using the
Wisconsin General Testing Apparatus (WGTA, based on Rose et al., 2015). The
animal is placed in the apparatus once daily for up to of 28 consecutive days for
habituation to the set-up first and then asked to accomplish a specific task repeatedly (displacing objects and/or retrieving food reward). Testing can be completed
in less time if the animal has successfully accomplished the requested task. If
the task is not successfully completed within 28 days, it is indicated as a fail for
that subject. The learning aspect is evaluated by measuring (in days) the ability
of a subject to successfully complete the assessment. The memory aspect is
evaluated by comparing the number of days required to complete the assessment
on one occasion versus the previous occasion; an animal would show memory by
reproducing a previously learned task and complete testing more rapidly than on
the previous occasion. During our trial we evaluated the importance of stability and
repeated methodology to ensure reproducibility to large-scale studies. Factors such
as timing of the day and rotation of staff performing the test were evaluated. One
group of animals was tested in the morning, another group in the afternoon, and a
third group was tested alternating between morning and afternoon. There were no
significant differences noted in the success rate of the different groups based on
time of day. There was also no difference in the success rate of a subject if tested
by different technicians as the methodology was the same. This type of testing,
based on its nature, may not be adapted to all types of studies and produces
data with high inter-animal variability, therefore, the test needs to be adequately
powered. In our experience, when animals (n ≥ 4/sex) were tested once prestudy
and then at intervals of 3 or 6 months, both learning and memory could be assessed
reliably using the WGTA.

4788

Discovery of BCL-XL/BCL-2 Degraders as Effective and Safe
Therapies to Treat Leukemias

D. Thummuri, P. Pal, P. Zhang, S. Khan, L. Dongwen, W. Hu, J. Wiegand, Y. Yuan, G.
Zheng, and D. Zhou. University of Florida, Gainesville, FL.
BCL2 family members of antiapoptotic proteins play a crucial role in the evasion
of apoptosis. Among BCL2 family members BCL2, BCL-XL and MCL-1 are well
explored. Several inhibitors such as ABT-199 (a selective BCL-2 inhibitor) and
ABT-263 (a BCL-XL/BCL2 inhibitor) have been developed to target these proteins.
Among these, ABT-199 is the only FDA approved inhibitor targeting BCL-2 family
of proteins. ABT-263 is not approved due to its on-target and dose-limiting platelet
toxicity resulted from BCL-XL inhibition. This is because platelets solely depend
on BCL-XL for their survival. To circumvent this toxicity, we designed and synthesized PROTAC BCL-XL degraders that recruit CRBN or VHL E3 ligase to degrade
BCL-XL because both enzymes are poorly expressed in human platelets compared
to various cancer cell lines. We confirmed that ABT-263 can be converted into
platelet-sparing CRBN/VHL-based BCL-XL specific degraders. Our lead compound
DT2216, can selectively degrade BCL-XL in cancer cells but not in platelets and
exhibits improved activities against a variety of tumor cells in vitro. Further, in
vivo MOLT-4 xenograft studies showed that DT2216 is a safer and more effective
anticancer agent than ABT-263. Although, DT2216 is effective against BCL-XL
dependent tumors it showed limited efficacy against BCL-XL/BCL-2 dependent
tumors. Many leukemias and solid tumors dependent on both BCL-XL and BCL-2
for their survival. Hence, we designed and developed second generation molecules
that can degrader both BCL-XL and BCL-2. One of the second generation BCL-XL/
BCL-2 dual degraders, 753b, showed improved anticancer activity against BCL-XL/
BCL-2 dependent cell lines compared with DT2216 and ABT263. Thus, 753b and
other lead compounds in this series have the potential to be developed as more
effective and safer antitumor agents for patients with leukemias and cancers that
co-depend on both BCL-XL/ BCL-2 for survival.

4789

The ToxTracker ACE to Determine the Mode of Action of Drugs

M. Roy, and A. Hamel. Charles River Laboratories Montréal ULC, Senneville, QC, Canada.
Genotoxicity can lead to termination of a drug development program. One strategy
to mitigate this risk is to demonstrate that the mechanism of action (MoA) is not
due to direct DNA damage. The ToxTracker employs six mouse GFP-stem cell
lines (Bscl2, Rtkn, Srxn1, Blvrb, Ddit3 and Btg2), and identifies the MoA caused by
DNA damage, oxidative stress, protein damage and cellular stress. The Aneugenic
Clastogenic Evaluation (ACE) is run concurrently to test the aneugenic properties of
a compound. The objective of the study was to validate the ToxTracker ACE assay.
Three experiments, using 96-well plates, exposed cells to 5 compound concentrations (conc) or negative/positive controls for 4 h or 24 h, in absence (-S9) or in
presence of 0.25% rat S9 (+S9). Cell lines were exposed to compounds up to a conc
showing 50-75% toxicity or, if nontoxic, up to the limit conc (1 mg/mL, 1 µL/mL or
the maximum soluble conc). After 24 h, cells were analyzed by flow cytometry for
GFP expression and conc. Positive results induced ≥2fold increase in GFP expression compared to negative control. The compound MoA was determined based on
which cell line(s) showed an increase in GFP expression. For ACE, wt cells were
exposed to compounds up to a conc showing ≤60% toxicity after 24 h of exposure,
or, if non-toxic, up to the limit conc. Cells were analyzed by flow cytometry at 4 h for
cell cycle distribution (G2/M phase), and at 24 h for aneuploidy (cells showing >4n
DNA content). Positive results had ≥4% of cells showing >4n DNA content after 24
h. Several compounds were tested blind as part of an international validation. The
results of selected compounds and the positive controls (Cisplatin (Cis), Diethyl
Maleate, Tunicamycin, and Aflatoxin B1 (AFB1)) are presented. The MoA for these
compounds and positive controls were DNA damage, oxidative stress, protein
damage and/or cellular stress, as demonstrated by increases in GFP expression
(≥2-fold) of specific reporter cell lines. In the ACE, Cis, AFB1, Paclitaxel and AMG
900 were tested as part of an internal validation. Cis and AFB1 did not show an
increase in G2/M cells or in cells showing >4n DNA content, and thus did not induce
aneuploidy. While Paclitaxel and AMG 900 showed increases (≥4% cells with >4n
DNA content) indicative of aneuploidy. The ToxTracker ACE assay was able to
detect the MoA, including aneugenicity, for the compounds tested, and it can help
to select further tests to identify the primary mechanism of genotoxicity.

4790

Similarity in Tissue Distribution, Metabolism, and Toxicity
Profiles for Antisense Oligonucleotides (ASOs) Administered to
Adult and Juvenile Mice or Rats

T. Zanardi1, R. Baracani2, R. Yu1, Y. Wang1, and S. Henry1. 1Ionis Pharmaceuticals,
Carlsbad, CA; and 2Charles River, Ashland, OH.
The ICH M3 (R2) guidance on nonclinical safety studies for the conduct of human
clinical trials supports the case-by-case approach by stating that juvenile toxicity
studies are only warranted when previous animal and human safety data are considered insufficient to support pediatric studies. Although the ICH M3 (R2) guidance
states that juvenile toxicity studies are not mandatory, this approach has not been
consistently adopted by regulatory authorities and pharmaceutical companies. Our
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experience with the juvenile toxicity assessment of phosphorothioate antisense
oligonucleotides (PS-ASOs) continues to grow. Multiple PS-ASOs with different
2’-ribose chemical modifications administered via subcutaneous injection have
completed the assessment of juvenile toxicity. The objective of this research was
to evaluate the toxicity, tissue distribution and/or metabolite profiles of two different 2’-MOE modified ASOs (mipomersen, a PS 5-10-5 MOE gapmer, and nusinersen,
a fully MOE-modified PS ASO) and one constrained ethyl-modified (cEt gapmer)
ASO using subcutaneous injection in juvenile animals. For the fully-MOE-modified and cEt-modified ASOs, juvenile mice (PND 4) were treated by once weekly
subcutaneous injection at doses up to 50 mg/kg for 13- or 26-week. For the 2’-MOE
gapmer mipomersen, a 10-week repeat dose toxicity study was conducted following weekly subcutaneous administration to juvenile rats (PND 22) at 3, 10, 50 mg/
kg/week mipomersen or 10 mg/kg/week rat surrogate. The results indicate that
dosing ASOs in juvenile mice or rats was feasible and provided meaningful data.
There were no apparent age-related effects on any parameter evaluated, including tissue distribution, metabolite profiles or toxicity profile. Thus, based on the
similarity in tissue distribution, toxicology properties and/or metabolite profiles
between juvenile and adult animals, there is minimal scientific value in conducting
an additional juvenile toxicity study for systemically-administered 2’-MOE ASOs.

4791

Cerebrospinal Administration in the Juvenile Mouse Using the
Intracerebroventricular Route

J. Douville. Charles River Laboratories Montréal ULC, Senneville, QC, Canada.
Sponsor: M. Vezina
An increasing number of molecules targeted to address neurological diseases and
deficiencies are in development. As these are often larger molecules which fail
to reach their target due to low penetration of the blood-brain barrier and/or have
short half-life in circulation, targeted administration of these drugs directly into the
central nervous system is often indicated. Neurological disorders often appear or
develop during childhood and there is a heightened interest in conducting nonclinical studies in juvenile animals to mimic the age and development stage of the
target population. Administration into the intrathecal space is more difficult than
routine approaches regardless of species, but these challenges are greater when
attempting these in smaller species such as the mouse, and more so in a juvenile
population. In order to circumvent the technical limitations for intrathecal administration due to the size and delicate anatomy of the juvenile mouse, our laboratory
developed an approach to conduct repeated intracerebroventricular (ICV) injection
in mice of 21 days old. Anesthetized mice were restrained, and dosing was guided
using stereotaxic table and predetermined coordinates to target the right ventricular area. During trials, a portion of mice were used for confirmation of successful injection. Diluted ink or saline was injected in the ventricle, and accuracy was
evaluated visually following euthanasia and extraction of the brain from the skull
and performing a coronal cut. Following this confirmation, an additional subset
of mice was injected again 7 to 10 days later to assess tolerability of repeated
anesthesia and injection. These animals were then maintained for an additional
week. This subset was then euthanized, the brain was collected, and histopathological evaluation was performed in order to characterize accuracy of the injection,
and any procedure-related findings. There were no abnormal clinical signs and no
changes in body weights or food consumption noted following the first or second
injection. Animals recovered well from the procedures, and histopathology evaluation showed only minimal procedure-related background findings. These results
demonstrate that the ICV route of administration for single or repeat administrations can be successfully used for safety assessment studies using cerebrospinal
delivery in the juvenile mouse.

4792

Real-Time Intraoperative MRI for Intraparenchymal ConvectionEnhanced Gene Therapy Delivery in NHPs

J. Stare1, C. Lecrux1, K. Wong1, A. Galicia1, M. Maghezzi1, E. Langlois-Forget1, K. Bujold1,
C. Li1, R. Kubaszky2, and S. Authier1. 1Charles River Laboratories Montréal ULC, Laval,
QC, Canada; and 2Otsuka America Pharmaceutical Inc., Rockville, MD.
Recent advances in the gene therapy arena, particularly related to the use of
adeno-associated viral vectors (AAVs) for the treatment of neurological disorders
has created a greater need for pre-clinical models that faithfully reproduce the
desired clinical drug delivery scenario for these therapeutics. The key goals for
such a model are safety, risk reduction, and reproducibility of the procedure, to
ensure toxicology and safety assessment endpoints can be met in a clinically
relevant model. The real-time intraoperative MRI (iMRI) model for convection-enhanced delivery (CED) of AAV-based therapeutics into select brain structures is a
high precision gene therapy delivery method that is currently applied in the clinical
setting for clinical trials. Real-time iMRI using stereotactic drug delivery system was
developed in non-human primates (NHPs) for safety/efficacy and biodistribution
studies for gene therapy development. To that end, 65 cynomolgus monkeys were
dosed bilaterally with either control infusate or therapeutics into the putamen (n =
128), globus pallidus (n = 56), thalamus (n = 74), and/or caudate nuclei (n = 54).
Dose volumes ranged from 50 to 200 µL for single infusions delivered at 120 to
300 µL/hr using a purpose-made cannula. The procedure was well tolerated, with
a success rate of 97% and complications that were related to vascular/ischemic

events, occurring within 48 hours of surgery. Postdosing clinical signs included
superficial changes at the catheter insertion site, signs of emesis, decreased
appetence, and mild tremors lasting up to 7 days post-surgery. Procedure-related
histopathological results showed mild local changes along the cannula tract, as
expected for this type of procedure. Overall, real-time iMRI-guided CED infusion was
demonstrably safe and reproducible in this preclinical toxicology model, enabling
the use of clinically relevant methods and devices during drug development.

4793

Lack of Reproductive and Developmental Toxicity for AT-527, an
Oral Purine Nucleotide Prodrug for COVID-19 Infection

S. Luo, S. S. Good, A. Moussa, and J. P. Sommadossi. Atea Pharmaceuticals,
Boston, MA.
AT-527, an oral guanosine nucleotide prodrug for COVID-19 infection is in Phase
III clinical trials. It has exhibited a well-tolerated safety profile in patients. Here we
report the lack of reproductive and developmental toxicity for AT-527 in nonclinical
studies. A standard DART program was executed and included the assessment
of fertility and early embryo-fetal development (FEED) study in rats, embryo-fetal development (EFD) in rats and rabbits, and pre- and postnatal development
(PPND) with behavioral/functional evaluation in rats. All definitive studies were
conducted in compliance with GLP Regulations. In the FEED study in rats, there
were no AT-527-related effects on mating, fertility, sperm motility and density, or
reproductive organ weights in males and no effects on estrous cycling, mating,
fertility, ovarian or uterine parameters in females. AT-527-related effects in males
included reduced body weights at 1000 mg/kg/day and an increased incidence of
abnormal breathing sounds at 500 and 1000 mg/kg/day. In the EFD studies in rats,
AT-527 induced no maternal or developmental toxicity at doses up to 1000 mg/
kg/day. In the EFD study in rabbits, AT-527 resulted in marked reductions in food
consumption, body weight loss and abortions at the top dose of 100 mg/kg/day.
Reductions in maternal food consumption and body weight gain were also noted at
25 and 50 mg/kg/day. Embryofetal viability, fetal body weights and development,
however, were not affected at any dose level. In the PPND study in rats, there were
no AT-527-related clinical signs, gross findings or effects on food consumption
or any natural delivery parameter in the dams, nor were there effects on sexual
maturation, reproductive endpoints, or behavioral/functional parameters in F1 rats.
Slight increases in body weight were noted in the dams on Lactation Day 21 (by
6% each at 250, 500 and 1000 mg/kg/day, respectively) and slightly lower (≤ 8%)
mean body weights were noted in F1 pups at 1000 mg/kg/day between Lactation
Days 14 and 21 and persisted after weaning up to 8 weeks and 13 weeks of age in
males and females, respectively. In conclusion, oral administration of AT-527 did
not result in any adverse reproductive or developmental toxicity in rats at doses
up to 1000 mg/kg/day and in rabbits at doses up to 100 mg/kg/day even in the
presence of maternal toxicity.

4794

Characterization of the Toxicity Profile of AT-527, a Novel
Guanosine Nucleotide Prodrug with Antiviral Activity for
COVID-19

S. Luo, S. S. Good, A. Moussa, and J. P. Sommadossi. Atea Pharmaceuticals,
Boston, MA.
AT-527, a novel guanosine nucleotide prodrug, is an oral direct acting antiviral
agent for COVID-19 infection in Phase III clinical development. To date, it has
demonstrated a well-tolerated safety profile in patients. The toxicity profile of
AT-527 was characterized in a comprehensive nonclinical safety program. Here
we report the results of safety pharmacology, repeat-dose toxicity and genotoxicity
studies. All pivotal studies were conducted in compliance with GLP Regulations.
There were no test article-related effects observed in a core battery of safety
pharmacology studies (central and peripheral nervous systems of rats, respiratory
and cardiovascular systems of monkeys). The IC50 in the hERG assay was >100 μM,
with slight, concentration independent inhibitions of tail current observed (14% to
29%). This effect might be attributable to the relatively higher concentration (1%
versus the usual 0.3%) of dimethylsulfoxide used in the vehicle. In vitro assays
demonstrated a lack of cytotoxicity to human bone marrow progenitor cells (both
erythroid and granulocyte-macrophage lineages) and induced pluripotent stem cell
(iPS)-derived cardiomyocytes. Furthermore, the active triphosphate metabolite of
AT-527 was a poor substrate for human mitochondrial RNA polymerase. No target
organ toxicity was identified following oral administration of AT-527 for up to 3
months at doses up to 1000 mg/kg/day in rats and 650 mg/kg/day in monkeys.
AT-527-related findings included adaptive changes of increased liver weight and
correlated hepatocellular hypertrophy in rats and clinical signs of emesis, soft/
watery feces and body weight loss in monkeys. There was no effect on plasma
lactate or serum levels of biomarkers for cardiac and skeletal muscle injury.
The dimensions and function of the heart in the monkey were not affected when
assessed using echocardiography, indicating the lack of cardiotoxicity of AT-527.
AT-527 was negative in a standard battery of in vitro and in vivo genetic toxicity
assays when tested in accordance with ICH guideline S2(R1) on Genotoxicity
Testing and Data Interpretation for Pharmaceuticals Intended for Human Use
(2012). These results indicate that AT-527 has a favorable nonclinical safety profile
and support its clinical development in patients with COVID-19 viral infection.
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4795

Therapeutic Oligonucleotides: A Retrospective Evaluation
of Nonclinical Toxicology Data Obtained at Charles River
Laboratories France

M. Di Camillo1, P. Fant1, P. Singh1, C. Sobry2, and I. Leconte1. 1Charles River, Saint
Germain Nuelles, France; and 2Charles River, Evreux, France.
RNA-targeting oligonucleotides constitute an innovative and promising class
of therapeutics. A retrospective review of the in-life and post-mortem data was
obtained from more than 100studies performed at two Charles River Laboratories
sites in France during the last 15 years using different laboratory animal species
(rat, mouse and non-human primate (NHP)), as part of the preclinical development of new drug candidates. The database includes therapeutic areas, chemistry
platform of the tested oligonucleotides, experimental study design (study duration
and route of administration), and data collected from toxicokinetic, clinical and
anatomo-pathological evaluations. Most of the studies were performed with
antisense oligonucleotides administered by the intravenous or subcutaneous route.
Mortality or premature termination was observed in 15% of studies, related to kidney
or liver findings (mostly in rodents) and systemic inflammation (mostly in NHPs).
At clinical pathology evaluation, there were drug-related liver findings (increased
transaminases in 40% of the studies, mostly in NHP), renal findings (increased
creatinine and urea in 30% of the studies, mostly in rats), and hematology findings
(thrombocytopenia in 30% of the studies, mostly in rodents). Complement activation was noted in 80% of NHP studies. Macroscopic changes were observed at
the injection sites, kidneys, liver, and spleen. Microscopically, intracytoplasmic
basophilic granules were observed in several organs including the kidneys, liver,
lymph nodes and spleen, and were considered to reflect the accumulation of the
oligonucleotides. Degenerative findings were observed in the liver (80%of NHP
studies, 80% in mice, 70% in rats) and kidneys (80% in NHP, 60% in mice, 80%
in rats). This analysis demonstrates a consistent reflection of laboratory species
responses to oligonucleotides. Oligonucleotide accumulation mostly occurred in
the liver and kidney as indicated by the toxicokinetic data and clinical and pathological findings. In addition, NHP were more prone to develop systemic inflammation.

4796

Optimizing Communication and Essential Collaboration Flows
for Occupational Toxicologists

C. Moudgal, D. HaMai, A. Beaulieu, E. Morinello, and J. Graham. Genentech Inc., South
San Francisco, CA.
The field of occupational toxicology has expanded vastly over the past few
decades. A traditional role of occupational toxicologists (OTs) has been establishing occupational exposure limits (OELs) for chemicals and pharmaceuticals in
order to ensure workers in the development and manufacturing environments are
adequately protected from workplace health hazards. More recently, the roles of
OTs in many organizations have expanded to include responsibilities for aspects
of product quality (e.g., impurity assessments, extractable and leachable toxicology risk assessments, quality excursions) and product use registrations (e.g.,
EU REACH, China MEE, US TSCA, etc.). Thus, OTs find themselves increasingly
collaborating across functions, departments, divisions, countries, and organizations to align these various types of risk assessments. These trends are evident
in the pharmaceutical sector and require the OT to be aware of new modalities in
the early pipeline, products being considered for in-licensing, and update needs
for various linked types of assessments as toxicology data are being generated
in safety assessment, clinical studies, and post-market surveillance. Since the
OT has involvement early on in discovery and continues through development,
commercialization and post-marketing; essentially for as long as the compound
is handled, developing a systematic approach to managing communication and
collaboration is essential. Based on this need a work flow analysis was completed
to develop a communication and collaboration flow map. The mapping is intended
to highlight opportunities for engagement of the OT through a pharmaceutical
product’s life cycle. The map elements are contrasted to key process steps in
process management and consensus standards in health and safety management
systems and identifies the necessary collaborations for an effective and successful
Occupational Toxicology and Product Quality function. Although the focus is on the
pharmaceutical industry, these practices are applicable across industries, wherever
occupational safety is a priority.

tive and effective sun protection products. This situation is further complicated
given that US FDA has indicated that additional safety data are needed for several
of the existing sunscreen actives; a requirement driven by the combination of
increased consumer use of sunscreen products and the results of recent studies
that have observed a measurable percutaneous absorption of those sunscreen
actives. The clinical and nonclinical data required to support a generally regarded
as safe and effective (GRASE) determination for over-the-counter (OTC) sunscreen
active ingredients are specified in US FDA’s November 2016 safety and effectiveness data and May 2019 maximal usage trials (MUsT) guidances for industry. The
required studies help identify potential safety concerns and are used to determine
whether adequate safety margins exist for the active sunscreen ingredients being
considered for inclusion under the sunscreen monograph. Currently, a GRASE
determination is being sought in the US for a new photostable, broad-spectrum
UV filter: Bemotrizinol (BEMT). BEMT is the first new sunscreen active ingredient to be evaluated under US FDA’s new GRASE and MUsT testing guidelines.
An in-vitro permeation test (IVPT) and clinical pilot MUsT study were recently
completed to support an US FDA GRASE determination for BEMT. Results from the
pilot MUsT showed that BEMT rarely exceeded the defined plasma threshold, that
there was no evidence of BEMT accumulation or steady-state BEMT concentrations above 0.5 ng/mL, and adverse events were few and not severe. As such, the
study demonstrated that maximal topical applications of BEMT did not contribute
to meaningful systemic exposure in the pilot phase open-label clinical trial. The
learnings from this study will be incorporated into a follow-up pivotal MUsT study
that will measure the systemic absorption of BEMT in a wider set of market image
sunscreen dosage forms and larger study populations. The testing approach being
taken illustrates the pathway required to obtain an US FDA GRASE determination for
all sunscreen active ingredients under US FDA’s OTC sunscreen monograph.

4798

N. L. Kruhlak1, S. Chakravarti2, G. Kumaran1, and R. Saiakhov2. 1US FDA/CDER, Silver
Spring, MD; and 2MultiCASE Inc., Beachwood, OH.
N-nitroso compounds, which include N-nitrosamines (NAs), can be formed during
the manufacture and storage of human drugs and can pose a safety risk since
many are mutagens and potent rodent carcinogens. Ideally, empirical mutagenicity
and carcinogenicity assay data are used to establish an acceptable intake (AI)
for an NA in a drug product; however, many NAs have recently been identified in
regulated pharmaceutical products and have not been robustly tested in standard
mutagenicity and/or carcinogenicity assays. In these cases, AIs may be based on
data from structurally related, surrogate NAs, which are selected based on factors
such as their local NA environment, potential for metabolic activation, and physicochemical properties. Identifying the most similar and relevant surrogate NAs
can be subjective and potentially lead to differences in calculated AIs due to the
selection of different surrogates. Therefore, the current study sought to develop
a computational local similarity method to objectively calculate the most relevant
surrogates to a data-poor NA. Circular fingerprints up to 5 bonds from the nitroso
group were built using factors known to modulate carcinogenic potential, including the degree of substitution at the alpha-carbon position, the presence of the
nitroso group in a ring, and the proximity of bulky or electron donating/withdrawing
substituents. Separate smaller fingerprint segments were generated for every bond
depth and concatenated to produce the final 990-element fingerprint. The fingerprint was then used to calculate a local similarity index for a data-poor NA relative
to the 139 experimentally tested N-nitroso compounds in the database, rank-ordered by relevance. The method was tested using 6 recently reported data-poor NA
impurities identified in regulated pharmaceuticals. The results showed that when
compared to the top ranked surrogates identified through visual inspection by a
human expert, the method correctly proposed the same surrogates within the top
9 hits, which could be further refined based on expert knowledge and the use of
calculated physicochemical parameters. The results support the conclusion that
this new method for calculating local NA similarity can provide a semi-automated
approach to more objectively identify the most relevant surrogates for setting an AI
for an untested NA impurity than visual inspection alone.

4799
4797

Clinical Testing Approach for Supporting an US FDA GRASE
Determination for a New OTC Sunscreen Active Ingredient:
Bemotrizinol

C. D. D’Ruiz1, J. R. Plautz2, and J. Klock3. 1DSM, Parsippany, NJ; 2CHRYSALIS Services
AG, Basel, Switzerland; and 3DSM, Kaiseraugst, Switzerland.
Protection against sunburn, skin damage and the known carcinogenic effects of
UV light are the primary health benefits associated with UV filters used in topical
sunscreen drug products. Compared to other countries, such as Europe which have
approximately 30 or more UV-filters that are approved for sunscreen products,
the US has only about 10 sunscreen actives that are available for use. This small
number greatly reduces the options for providing consumers with diverse, innova-

A New Structural Similarity Method to Identify Surrogate
Compounds for Assessing the Carcinogenicity of Nitrosamine
Impurities

A Comparative Qualitative Analysis of the Variations in the
State-by-State Heavy Metal Limits for Cannabidiol (CBD)Containing Products

D. A. Adebambo, J. V. Miller, and M. L. Kreider. Cardno ChemRisk, Pittsburgh, PA.
The passage of the 2018 Farm Bill removed hemp (≤0.3% THC) from Schedule I
control, creating a market for hemp-derived cannabidiol (CBD)-containing products.
Consequently, there has been an explosion in the sale and use of CBD products
ranging from oral products to inhalable distillates to cosmetics, emphasizing the
need for efficacy and safety investigations. As it pertains to safety, there is currently
no federal testing framework for CBD products, resulting in the dereliction of regulation to states. Due to the propensity of hemp to act as a bio-accumulator of toxic
elements, some states have established safety limits for four heavy metals (arsenic
(As), cadmium (Cd), lead (Pb) and mercury (Hg)), with some states requiring more,

Find up-to-date information at www.toxicology.org/2022 | #2022SOT | #ToxExpo

| 464

such that there are variations. This work presents a comparative analysis of the
state-level recommended metal safety limits and the underlying variance in the
approaches used to set these limits. Of the 25 states that were identified with
published heavy metal limits for CBD or cannabis-derived products, the standards
that were used varied and were sometimes modified. Notably, 16 states set limits
based on the US Pharmacopeia (USP) Chapter 232 and the International Council for
Harmonization (ICH) Q3D guidelines, while 6 states adopted the American Herbal
Pharmacopeia (AHP) guidelines either directly or with modifications, with the basis
of the limits for 3 states unidentified at the time of this analysis. The USP/ICH limits
(ranging from 0.2 - 3 ppm for As, Cd, Pb and Hg) are derived from permissible daily
exposures (PDEs) recommended by regulatory and health agencies - US EPA, OSHA,
ATSDR and NTP, based on a 5g daily dose. These PDEs differ for oral, inhalable and
other differently administered products due to variations in the endpoints (carcinogenicity, neurotoxicity, renal toxicity, skin lesions etc.) by administration routes;
however, 9/16 states that set limits based on these guidelines did not distinguish
between the routes of administration, resulting in higher limits than recommended
for inhalable products. The AHP limits (10, 4.1, 6 and 2 ug/daily dose for As, Cd,
Pb, and Hg, respectively) are based on a recommended 10 g daily dose and are not
differentiated based on administration route. Interestingly, 4/6 states utilizing these
guidelines underestimate the limits by a factor of 10, probably due to an omission in
extrapolating from daily dose to ppm. Overall, these discrepancies could impact the
interpretation of measured concentrations and regulatory compliance.

4800

Setting Default Health-Based Exposure Limits for Therapeutic
Oligonucleotides in Early Development

J. Gould, M. Olson, and R. Sussman. SafeBridge Consultants Inc., New York, NY.
Health-based exposure limits (HBELs) are developed for active pharmaceutical
ingredients to minimize product cross-contamination in GMP manufacturing facilities (acceptable or permitted daily exposures, ADEs or PDEs) and to establish
acceptable exposures for worker protection (occupational exposure limits, OELs).
In the absence of sufficient data to support a robust, compound-specific assessment and derivation (e.g., early in the development of candidate drugs), default
HBELs may be useful in equipment cleaning and validation. However, standardized methodologies for establishing default limits for biotechnology-products such
as oligonucleotides (ON) involving different mechanisms (i.e., antisense, short-interfering RNA, RNA interference, antagomirs, microRNA mimetics, DNAzymes,
aptamers, immunostimulatory sequences or inhibitory and decoys) have not been
previously described. Robust data sets from 10 marketed ON-based therapeutic
agents and published literature were evaluated to derive ADE/PDE and OEL values
considering the ON mechanism, dosing frequency, the predicted therapeutic dose,
standard adjustment factors, and adjustment for bioavailability, when required.
Recommendations were developed for assigning default ADE/PDE and OEL values
of 0.1, 1, 10, 100 µg/day or µg/m3 for early-stage ONs, taking into account the
mechanism and expected potency. The criteria for mechanism of action, potency,
and bioavailability should be reviewed by a qualified toxicologist, and the limitations
of the assessment should be understood when assigning default values to ensure
these are protective of the general population and/or workers, as appropriate.
Limitations, including understanding cellular exposure, predictability of hazards for
functional DNA editing systems or other novel ON mechanisms and implications
on potency, should be understood. As the toxicity and the human dose may change
as more information becomes available, there should be vigilance to ensure the
defaults are updated and/or replaced with more robust, compound-specific derivations when sufficient data are generated.

4801

Evaluation and Development of Permissible Daily Exposure
Levels (PDEs) for Data-Poor Compounds through the Use of
Surrogate Approaches

J. L. Swade, D. W. Sullivan, and S. C. Gad. Gad Consulting Services, Raleigh, NC.
A significant and ongoing problem in the synthesis of drug substances and associated drug products is the unwanted generation of impurities. Per The International
Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use (ICH) regulatory guidelines, these impurities must be evaluated for
safety and permissible daily exposure levels (PDEs) should be generated. However,
these impurities often have no toxicity data available. As a result, alternative
methods must be implemented to perform a risk assessment of these impurities or nonclinical studies must be performed. Quantitative structure–activity
relationship models [(Q)SAR] is a widely accepted method to evaluate the potential
mutagenicity of tentatively identified compounds or compounds with no toxicity
data available. Regulatory guidelines have been developed to address and assess
safe levels of impurities in drug products and drug substances, providing safe
and allowable threshold levels. Nevertheless, many compounds that need to be
evaluated for safety are present at levels above these thresholds but do not have
publicly available studies to utilize for assessment. When an assessment cannot
be performed, these compounds traditionally would be limited to a safe level as
defined by the appropriate guidances. However, surrogate compounds that do have
adequate data, when appropriately justified, can be utilized to assess the safety and
determine a safe limit for compounds and impurities that lack data. We will review

and provide case studies for how to select and use surrogate compounds to derive
safe and allowable daily limits for data-poor compounds. Lastly, we will discuss
how to harmonize read across methods with other risk assessment methodologies utilized for data-poor compounds including (Q)SAR and regulatory predefined
limits.

4802

Regulatory Acceptance of Recombinant Bacterial Endotoxins
Test Methods

E. Baker, and J. Ponder. Physicians Committee for Responsible Medicine,
Washington, DC.
In recent years, there has been significant progress toward the adoption of non-animal pyrogen and Bacterial Endotoxins Test (BET) methods that can provide equal
or better assurance that injected and intravenous therapies are safe for use, which
is exceedingly important in the face of the ongoing pandemic. The BET method
that has been used for many years utilizes amoebocyte lysate extracted from
horseshoe crab blood, which features an evolutionarily unique clotting cascade
in the presence of endotoxin. More than twenty years ago, the cascade-initiating enzyme Factor C, an endotoxin-sensitive intracellular serine protease, was
sequenced. Today, there are three market suppliers of nonanimal BET assays that
use recombinant horseshoe crab proteins. A literature review demonstrates that
these synthetic assays are more specific and less variable than the blood-based
test. As an additional benefit, recombinant protein production is rapidly scalable,
unlike the blood-based test that relies on a keystone aquatic species that exists
in limited coastal ranges. In Europe, recombinant Factor C tests are now accepted
for BET without additional validation, as they have been adopted into the compendial pharmacopoeia. In contrast, the United States Pharmacopoeia (USP) has
not adopted rFC as a compendial method. Despite this, the US Food and Drug
Administration has already approved the release of multiple parenteral therapies
tested solely with rFC. Sponsors are encouraged to submit results from recombinant BET methods with support from published literature on the comparability of
recombinant methods. Ongoing efforts from global stakeholders seek compendial
adoption of both rFC and recombinant Cascade Reagent methods.

4803

An Enhanced Hazard Criteria Matrix for Occupational Exposure
Banding of Active Pharmaceutical Ingredients

R. Sussman, and J. Gould. SafeBridge Consultants Inc., New York, NY.
The initial publication of the 1995 paper by Naumann, et al introduced the concept
of occupational exposure bands (OEBs) outside of the initial pharmaceutical
companies who developed these systems. Evaluating the hazardous properties
of active pharmaceutical products (APIs) and comparing them to properties that
are primarily responsible for a relative degree of hazard allowed pharmaceutical
companies to provide appropriate levels of containment, control, and handling
practices for the safe handling of new chemical entities (NCEs). Although these
systems were designed to be used by toxicologists with experience in API hazard
assessment, less qualified individuals were performing these assessments. In
order to provide more detailed guidance for the qualitative evaluation of NCEs,
an enhanced criteria matrix was developed to improve the qualitative hazard
assessment of APIs. Many of the criteria included in these initial matrices have
been removed or made less relevant (acute toxicity, warning properties, irritation) and other criteria have been added (inhalation and oral bioavailablity, dermal
absorption, severity of the toxicity or pharmacology, and the existence of sensitive
subpopulations). The primary criterion used to assign a band is the expected daily
therapeutic dose. These added criteria are used to adjust the therapeutic dose
to a “modified” dose describing the effective dose by inhalation. The process of
performing a hazard assessment using this enhanced matrix forces the hazard
assessor away from a box checking exercise and towards a more robust assessment of the hazards contributing to the assignment of an OEB.

4804

Nitrosamine Contamination of Active Pharmaceuticals: A
Framework for Human Health Risk Assessment

A. Urban1, S. Bandara1, C. Park1, and A. Maier2. 1Cardno ChemRisk, San Francisco, CA;
and 2Cardno ChemRisk, Cincinnati, OH.
Nitrosamines are formed by the reaction of secondary and tertiary amines,
carbamates, and urea derivatives with nitrite or other nitrogenous agents. Many
substances in this chemical class are suspected or confirmed carcinogens.
Recently, nitrosamines have been detected in some types of pharmaceutical
products, leading regulators to provide risk mitigation benchmarks for these
pharmaceutical impurities. Specifically, the US Food and Drug Administration (US
FDA) has assigned acceptable daily intake (ADI) limits that approximate a 1:100,000
cancer risk after 70 years of exposure for six common nitrosamine contaminants.
However, there are currently no widely adopted or consensus approaches to
determining whether a drug product is at an increased risk of containing a nitrosamine contaminant. Further, there are a large number of identified and potential
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nitrosamines without ADI limits and there are currently no consistent approaches
to determining exposure limits for those nitrosamines. We evaluated various
product assessments and identified an approach for determining whether an active
pharmaceutical ingredient or a drug product is at an increased risk for nitrosamine contamination. Specifically, a framework for human health risk assessment is
proposed and outlines the steps to take for the following scenarios: 1) it is unknown
whether there is a risk of nitrosamine contamination in an active pharmaceutical
or drug product, 2) a nitrosamine with a known ADI limit is identified in an active
pharmaceutical or drug product, or 3) a nitrosamine without a known ADI limit
is identified in an active pharmaceutical or drug product. For scenario one, the
approach uses a conceptual model to evaluate contamination sources. Scenario
two features the applicability of the existing ADI relative to the dosing regimen. In
scenario three, in silico tools related to bioactivity evaluation are used. The applicability of this approach was evaluated in the context of recent case studies. This
framework can serve as guide to industry and risk assessors in determining the
risks associated with potential nitrosamine contamination in active pharmaceuticals or drug products.

4805

The “Best” QT Correction You Are Not Using?

N. Ether1, M. Bailie2, D. Leishman3, and A. Lauver1. 1Michigan State University, East
Lansing, MI; 2INDS Inc., Ann Arbor, MI; and 3Eli Lilly and Company, Indianapolis, IN.
Assessment of drug-induced arrhythmia risk is critical for drug development.
Detecting incidents of arrhythmia in pre-clinical safety studies is challenging due to
their rarity, and the time, effort, and expertise necessary for identification. Because
of this and the potential severity of drug-induced arrhythmias, researchers rely on
QT-interval prolongation as a biomarker for arrhythmia risk. However, QT-interval
is affected by heart rate, and typically addressed with QT correction methods to
determine drug-specific effects. These methods vary in complexity and generally
don’t consider a change in the rate relationship between subjects or treatments. If
the rate relationship changes, then a model should account for these dynamics. To
address this, we exploited the linear relationships between QT and rate by calculating the minute-to-minute ratio between QT and rate (RR or HR), after adjusting
QT for a species-specific intercept. This ratio represents the QT-Rate relationship
and can be used as is or converted to a corrected QT based on a species-specific reference rate. Our data demonstrates in both dog and monkey, dofetilide or
moxifloxacin increase this ratio in an exposure-dependent manner. We propose
that using this new ratio-based correction method provides a simpler, dynamic, and
clinically useful biomarker for detecting treatment related QT effects. To test this,
we performed post-hoc analyses on ECG data collected from 16 individually housed
male monkeys monitored with radiotelemeters during a Latin square designed
study. Subjects were treated with vehicle control and three doses of dofetilide. ECG
interval measurements were used to perform typical QT corrections (Bazett’s and
individualized linear) in addition to our new method. The 15-minute mean change
from vehicle for each method was then compared using Bland-Altman plots and
repeated measures ANOVA with the Tukey post hoc test. In our comparisons,
Bazett’s was the least effective at reducing rate correlation and resulted in the
highest variability. Our new Ratio method was not significantly different from the
linear correction methods. This new method provides a simple, standardized, and
easily translatable method of drug-induced cardiac repolarization risk assessment.

4806

Effects of Serum and Compound Preparation Methods on
Delayed Repolarization Evaluation with Human iPSC-CMs

L. Pang, F. Wei, L. Pence, K. Woodling, P. Bagam, R. Beger, and G. Gamboa da Costa.
US FDA/NCTR, Jefferson, AR.
Human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) have
been widely used in the Comprehensive In Vitro Proarrhythmia Assay (CiPA).
The notable difference of the electrophysiological responses of hiPSC-CMs in
serum and serum-free media is puzzling and may impact the regulatory decision
making on the cardiac safety of candidate drugs on delayed repolarization. In this
study, we compared the electrophysiological responses of hiPSC-CMs to 10 CiPA
compounds and moxifloxacin in serum and serum-free media; the differences in
response were likely due to the effective concentrations of drugs available to the
cardiomyocytes, which could have been affected by sample preparation methods
and/or medium. The nonspecific bindings of the compound to plastic tubes/
plates reduced drug bioavailability, particularly for those high protein-binding and
hydrophobic compounds prepared in serum-free media. Moreover, the compound
preparation methods significantly affected the availability of drugs in exposure
media. Optimizing experimental protocols to avoid abiotic compound loss and
using appropriate reference compounds to assess relative risk of torsade de
pointes are critical for delay repolarization evaluation and data extrapolation from
in vitro to in vivo.

4807

De-risk Antibody-Based Therapies by Identifying Off-Target
Reactivity

R. H. Fong, J. T. Sullivan, D. B. Harmon, B. J. Doranz, L. J. Stafford, C. T. Navia, T.
Marano, and R. Wilf. Integral Molecular, Philadelphia, PA. Sponsor: L. J. Stafford,
American Association for Cancer Research
Rigorous specificity analysis is critical for the development of antibody-based
therapies, as even minimal off-target binding can lead to toxicity and clinical
failures. Long believed to be exquisitely specific, recent preclinical data and our
own work indicate that monoclonal antibodies (MAbs) frequently (~25%) display
cross-reactivity. Off-target interactions can lead to serious or even life-threatening
consequences especially when MAbs are configured as bispecifics, antibody-drug
conjugates (ADC) or CAR-T cell therapies. Tissue cross-reactivity (TCR) studies have
traditionally been used to screen for off-target binding, however, with poor predictive value for in vivo safety and toxicity. We developed the Membrane Proteome
Array (MPA) platform to de-risk MAb-based therapeutics by testing for specificity across 6,000 human membrane proteins expressed in live cells. In contrast to
TCR assays, proteins in the MPA exist in their native conformations and are not
altered by fixation. The MPA assesses binding interactions by high-throughput flow
cytometry allowing for high sensitivity detection and rapid analysis. In many cases,
off-target interactions occur with unrelated proteins that cannot be predicted by
protein sequence homology. This has been observed with antibodies targeting the
SARS-CoV-2 Spike protein. We will discuss the importance of early-stage specificity
testing to expose possible toxicities and present case studies for antibody and cell
therapies against viral and human target proteins.

4808

Statistical Methods for Exploring Spontaneous Adverse Event
Reporting Databases for Drug-Host Factor Interactions to
Understand Drug Toxicity

D. Wang, and Z. Lu. US FDA/NCTR, Jefferson, AR.
By monitoring a large volume of reports from consumers in the postmarket stage,
spontaneous adverse event reporting systems play a key role in identifying unknown
adverse effects and toxicity. There is a substantial body of literature on statistical methods for analyzing these databases for drug safety signal. On the other
hand, drug-host factor interaction is an important topic for drug toxicity, which can
potentially benefit from detailed analysis of the data from spontaneous reporting
databases. The lack of application in this area is partially due to the absence of well
formulated statistical methods. In this paper, we present a statistical framework
for exploring spontaneous reporting databases regarding drug-host factor interactions. By adapting methods for safety signal detection, we propose several tests
that can be used to detect disparity patterns regarding drug adverse events for
different host factor groups. We evaluated the proposed methods with simulation studies and real data analysis using FDA Adverse Event Reporting Systems
(FAERS), focusing on the sex and age disparities regarding drug induced liver injury.
The results show that the proposed methods can be successfully applied to spontaneous reporting databases to explore questions of interest for drug safety and
development. Though analyzing data in spontaneous reporting databases requires
special care for data processing and inference, these databases provide a very rich
resource for exploring various questions for drug toxicity. Our work shows that
appropriate statistical methods can be formulated to answer questions of high
significance by utilizing these resources.

4809

3D InSight Liver Microtissues as Promising Preclinical Safety
Assessment In Vitro Tools: Mechanistic Investigation of
Aflatoxin B1 Toxicity in Dog, Rat, and Human 3D InSight Liver
Microtissues

B. Filippi, F. Wenz, D. Busler, R. Kostadinova, K. Sanchez, and A. Wolf. InSphero,
Brunswick, ME.
Animal toxicological studies are an important part of preclinical safety assessment but sometimes fail to accurately predict clinical toxicity due to species differences in the uptake, metabolism, or transport of pharmaceutical test compounds.
Innovative in vitro tools that recapitulate such species differences would help with
the toxicological assessment of novel pharmaceutical test compounds during
preclinical safety assessment. In this work, the in vivo toxicity of Aflatoxin B1, a
mycotoxin produced by some molds of the Aspergillus genus and an important
food safety concern in certain countries, is recapitulated in vitro using 3D InSightTM
liver models derived from three different species: human, rat and dog, with the
latter two often being used in pre-clinical safety assessment studies. In all three
3D liver models, aflatoxin B1 negatively affects viability (decrease in cellular ATP
content of the models) and lead to necrosis (leakage of cytosolic lactate dehydrogenase to the cell culture media). In vivo, Aflatoxin B1 produces toxic reactive
metabolites when processed by cytochrome P450 enzymes. In all three in vitro
3D InSightTM liver models (human, rat, and dog), the inhibition of cytochrome P450
activity by 1-aminobenzotriazole strongly decreases aflatoxin B1 toxicity, suggesting a mechanism of toxicity similar to the in vivo finding. These preliminary results
suggest that cross-species 3D InSightTM liver models are useful in vitro tools to
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recapitulate and study species differences in the toxicity of pharmacological
compounds. 3D InSightTM liver microtissues will be further evaluated in the context
of the XSpecies DILI Validation consortium that investigates the in vitro toxicity
and specific mechanisms of pharmaceutical compounds with well-documented
cross-species in vivo findings to validate this pre-clinical screening approach.

4810

Development and Validation of an Analytical Method for
Simultaneous Quantitation of Abacavir, Dolutegravir, and
Lamivudine in Rat Plasma, Fetus, Placenta, Brain, and Heart by
UPLC-MS/MS

M. A. Silinski1, J. A. Gilliam1, J. Apoian1, B. L. Fletcher1, R. A. Fernando1, and S.
Waidyanatha2. 1RTI International, Research Triangle Park, NC; and 2NIEHS/NTP,
Research Triangle Park, NC.
Abacavir (ABC), Dolutegravir (DTG), and Lamivudine (3TC) are part of a fixed-dose
combination medication for the treatment of HIV/AIDS. The three drugs offer
different but complementary mechanisms of action by inhibiting reverse transcriptase and integrase, and ultimately inhibiting HIV replication. Due to the lack of
information regarding the long-term safety following in utero exposure, the Division
of the National Toxicology Program is conducting studies to identify potential
toxicity following in utero exposure of Hsd:Sprague Dawley®SD® (HSD) rats to this
combination therapy. Generating systemic exposure data are integral to putting
toxicological findings into context. The objective of this work was to develop and
validate a method to simultaneously quantitate ABC, DTG, and 3TC in rat matrices.
Matrix calibration standards were prepared by fortifying 50 μL of plasma with 10 μL
of ABC/DTG/3TC solution and 10 μL of internal standard solution (ABC-d4, DTG-d4,
and 3TC-15N213C). Samples were extracted with 400 μL of acetonitrile, diluted with
0.1% aqueous formic acid, and analyzed by UPLC-MS/MS in positive ion mode.
The method was successfully validated in male Sprague Dawley rat plasma over
the concentration range 10/15/5 to 10000/15000/5000 ng/mL for ABC/DTG/3TC.
Calibration curves were linear (r ≥ 0.99), and accuracy, determined as percent
relative error (%RE), was ≤±14.9% for standards at all levels. The limits of detection
were 2.22, 3.69, and 0.978 ng/mL for ABC, DTG, and 3TC, respectively. Recoveries
were ≥92% for all three analytes at all concentration levels. Intra- and inter-day
precision, determined as % relative standard deviation (RSD), was ≤8.7% and %RE
was ≤±12.0% for quality control standards prepared at 20/30/10, 400/600/200,
and 5000/7500/2500 ng/mL. Matrix standards as high as 40000/60000/20000 ng/
mL could be diluted into the calibration range with mean %RE ≤±3.5% and %RSD
≤2.4%. The method was evaluated for HSD rat gestational day 18 maternal plasma
and fetus, placenta, brain, and heart homogenates; %RE values were ≤±15.0% and
%RSD ≤8.6%. Analyte stability in extracted plasma was demonstrated for 2 d at
ambient and refrigerated temperatures, as well as in HSD maternal plasma and
fetal homogenate stored at -80°C for up to 199 d (79.7-113% of day 0 concentrations). These data demonstrate that the method is suitable for the quantitation of
ABC, DTG, and 3TC in rat matrices generated from toxicology studies.

4811

Applying TXP Immunoaffinity-Toxicoproteomics to Identify
Drug-Induced Glomerular Injury Protein Biomarker Candidates
in Rat Urine

W. Naboulsi1, Y. Gu2, K. Vlasakova2, R. Gonzalez2, H. Planatscher1, V. Vaidya3, L.
Ramaiah3, H. Seeger4, T. Joos5,1, F. Sistare2, W. Glaab2, and O. Poetz1,5. 1SIGNATOPE
GmbH, Reutlingen, Germany; 2Merck & Co. Inc., West Point, PA; 3Pfizer Inc., Pearl
River, NY; 4Universitätsspital Zürich, Zürch, Switzerland; and 5Universität Tübingen,
Reutlingen, Germany.
Drug-induced glomerular injury is a cause of drug development failure. Albuminuria
can reflect glomerular dysfunction but it fails to differentiate impaired tubular
albumin reabsorption from glomerular leakage. Glomerular specific safety biomarkers have not been identified which represents a gap in drug development. Thus,
the goal of this study was to identify urinary protein biomarker candidates of
drug-induced glomerular injury. A rat model was developed by treating rats with an
MSD proprietary compound that causes glomerular injury with macroalbuminuria
(urine albumin > 300 µg/mg uCr) at nephrotoxic dose. However, due to extensive
plasma protein leakage after glomerular injury, conventional discovery proteomics
workflows are technically limited. To fractionate the urinary proteome, we applied
a novel proteome profiling platform integrating antibodies specific for c-terminal 4 amino acid motifs with liquid chromatography-mass spectrometry aiming
to reduce the plasma proteome background effect and semi-targeting podocyte
specific proteins. Here, 58 antibodies were applied to analyze 42 rat urine samples
collected in rats with glomerular injury following treatment with the MSD proprietary
compound. We identified and quantified approximately 500 proteins over a 1e6
dynamic concentration range. The generated protein list was then filtered based on
fold changes (> 2-fold increases in animals with glomerular injury), q-value (< 0.05)
and glomerular staining data (The Human Protein Atlas). We further refined the list
of candidates through their responses to glomerular injury induced by doxorubicin
and puromycin, as well as their responses to lithium-induced tubular damage. As a
result, three candidates Dedicator of Cytokinesis 1 (DOCK1), Podocin (NPHS2) and
Microtubule Actin Crosslinking Factor 1 (Macf1) were shown to be elevated in all
glomerular injury rat models while their urinary concentration remained unchanged

in animals with tubular damage. These data represent an initial assessment in
identifying glomerular specific toxicity biomarkers in rat. Confirmation of their utility
is ongoing in NHP and clinical studies within the Innovative Medicine Initiative
project TransBioLine.

4812

Nonclinical Species Sensitivity to Convulsions: Survey Outcome
of an IQ-DruSafe Consortium Working Group Initiative

K. Hempel1, L. Breidenbach2, T. Deats3, D. Li4, K. Treinen5, T. Dinko6, S. Kervyn7, M.
Traebert8, and J. DaSilva4. 1Boehringer Ingelheim Pharma GmBH & Co. KG, Biberach,
Germany; 2Abbvie Deutschland GmbH & Co. KG, Ludwigshafen, Germany; 3Sunovion
Pharmaceuticals Inc., Marlborough, MA; 4Pfizer Inc., New York, NY; 5Sunovion
Pharmaceuticals Inc. (Retired), Marlborough, MA; 6Synerkine Pharma, Basel, Switzerland;
7UCB BioPharma SPRL, Anderlecht, Belgium; and 8Novartis Institutes for Biomedical
Research, Basel, Switzerland.
Convulsions are considered severe adverse events, and compounds that carry a
convulsion liability either require a large safety margin based on the most sensitive
nonclinical species to advance to human clinical trials or will be limited by a strict
clinical exposure cap. Within the pharmaceutical industry, dogs are perceived to
be particularly sensitive to drug-induced convulsions. To verify this perception, a
survey was constructed by a DruSafe working group of the International Consortium
for Innovation and Quality in Pharmaceutical Development (IQ, www.iqconsortium.org) and distributed amongst IQ participating pharmaceutical companies to
compare nonclinical species for sensitivity to convulsions. The survey response
contained blinded data on 80 compounds from 11 companies. Species sensitivity was assessed by comparing the lowest free drug plasma concentration at
which convulsions were observed and the no observed effect level for convulsions
between species. Data were also collected on other endpoints including use of the
electroencephalogram, premonitory signs, convulsion type, the highest development phase reached and the reason why development was stopped. Key findings
from the survey are: 1) the dog was most often determined to be the most sensitive
species to convulsion, 2) there was no clear sensitivity ranking of other species, 3)
no single reliable premonitory indicator of convulsion was identified, and 4) the lack
of convulsions in human in this dataset suggests that convulsion liability is well
mitigated with current drug development strategies.

4813

Mechanistic Investigation of Drug-Induced Liver Toxicity Using
Human 3D InSight Liver Model

B. Filippi, R. Kostadinova, K. Sanchez, F. Wenz, A. Pajak, N. Zapiórkowska-Blumer, and
A. Wolf. InSphero, Brunswick, ME.
The human 3D InSightTM liver model is more predictive than 2D primary hepatocyte
cultures to assess the clinical liver safety of novel pharmaceutical compounds.
This new study shows that the human 3D InSightTM liver model can also be used
to perform investigation toxicology studies and explore specific mechanisms of
toxicity in vitro. Using different treatments of the 3D InSightTM liver model, the in
vivo mechanisms of toxicity of acetaminophen, aflatoxin B1 and trovafloxacin are
successfully recapitulated in vitro. Acetaminophen is processed by cytochrome
P450 enzymes and produces a toxic metabolite subsequently detoxified by
cellular glutathione in vivo. Correspondingly, the toxicity of acetaminophen in
human 3D InSightTM liver model is potentiated by the glutathione synthesis
inhibitor L-buthionine sulfoximine, which suggests the role of glutathione in the
detoxification of acetaminophen is recapitulated in vitro. Trovafloxacin is toxic in
inflamed liver by stabilizing TNFα signaling in vivo. Correspondingly, co-treatment
of human 3D InSightTM liver model with lipopolysaccharides potentiates the liver
toxicity of trovafloxacin, which suggests the synergic interplay between trovafloxacin and inflammation is recapitulated in vitro. Finally, metabolism of Aflatoxin
B1 by cytochrome P450 3A4 produces reactive epoxides in vivo. Correspondingly,
inhibition of cytochrome P450 3A4 by the pan-specific cytochrome P450 inhibitor
1-aminobenzotriazole decreases Aflatoxin B1-mediated cytotoxicity in human 3D
InSightTM liver model, which suggests the formation of a reactive drug-metabolite is
recapitulated in vitro. In summary, the physiological relevance of human 3D InSightTM
liver model makes it an effective tool to study the toxicological mechanisms of
clinical drug-induced liver injury in vitro. The scalability of InSphero’s Human 3D
liver microtissues offers the opportunity for the screening of specific mechanisms
of toxicity in medium to high throughput format (96-well and 384-well plate format).

4814

In Silico Approach for Drug Target Safety Assessment

Jankovic1,

K.
T. Krsmanovic1, J. Frampton1, G. Apic1, and R. Russell2. 1Metisox,
Cambridge, United Kingdom; and 2Heidelberg University, Heidelberg, Germany.
Typically, out of 10 drug candidates entering clinical development, only one will
successfully be launched. Attrition can result from a failure to identify hazards
at all stages of drug discovery and development, suboptimal risk assessment in
predicting human safety or inability to optimally manage the risk and mitigate
safety signals. In order to help assessment of target safety, we generated a
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comprehensive database and software, including internally curated and various
publicly available data on proteins, biologically-active chemicals, their interactions, pathways and pathologies. We catalogued four million references supporting each database entry, with hyperlinked interactions to appropriate PubMed
articles as support, while proteins and chemicals are hyperlinked to EntrezProtein
and PubChem respectively. In order to support data integration and capture different levels of histopathological observations, we developed toxicology ontology
with over 2500 toxicity endpoints. We validated the system by exploring vascular
endothelial growth factor receptor 2 (VEGFR2), a high data density target with
known safety liabilities. Mapping VEGFR2 onto Gene Ontology (GO) knowledge
base function within the system promptly identified VEGFR2 biological function in
alveolus development, branching morphogenesis of an epithelial tube, vasculogenesis, ovarian follicle development and hematopoiesis. Mapping VEGFR2 together
with its protein interaction network onto diseases and organ/tissue pathologies,
demonstrated an association betweenVEGFR2 and several pathologies and toxicities related to dysplasia, anemia and various cancers. Furthermore, the system
associated VEGFR2 with other pathologies on cellular, organ and organ-system
level related to male and female reproductive system (ovary carcinoma and
prostate hypertrophy), cardiovascular system (hypertension, atherosclerosis and
heart fibrosis), lymphatic system (lymph node neoplasia and toxicity), and GI
system (pancreas toxicity). Analyzing VEGFR2 together with its chemical interaction partners (agonists and antagonists) identified a role for VEGFR2 in renal cell
carcinoma and squamous cell carcinoma that corresponds to VEGFR2 antagonist
therapeutic application. In this example, we show that our tool can contribute to a
better understanding of therapeutic potential of a target inhibition and quick tox
assessment of a target.

4815

In Vitro Efficacy and Safety Studies to Support Engineered T Cell
Therapies

S. Vermond, B. Quist, S. De Munnik, M. Hazenoot, M. Avramescu, R. McLaughlin, G.
Moiset, and M. Vlaming. Charles River, Leiden, Netherlands. Sponsor: S. Bulera
Engineered T cell therapies such as Chimeric Antigen Receptor T cells (CAR-T)
and T Cell Receptor (TCR) T cells have emerged as a promising immune cancer
therapy. To date, four anti-CD19 CAR-T products and one anti-BCMA CAR-T product
have been approved by the FDA for the treatment of lymphoid malignancies. Many
more T cell therapy products are currently being explored, targeting a wide variety
of tumor antigens directed towards both liquid and solid tumors as well as for other
clinical indications. Despite proving therapeutically successful, T cell therapies
have been associated with safety concerns. Selected target antigens might be
expressed (at low levels) in healthy tissues or engineered T cells might non-specifically bind to antigens in healthy tissues, and these on-target/off-tumor and off-target toxicities may result in severe side effects. In addition, the random integration of
the CAR- or TCR-encoded DNA cassettes in the host cell genome has the potential
risk of causing insertional mutagenesis and may contribute to oncogenic transformation of the T cells. The aim of this study was to develop several high-quality
and robust in vitro assays for the assessment of safety and efficacy of T cell
therapies using human cells to improve translatability compared to in vivo models.
CAR-T cells targeting the Human Epidermal growth factor Receptor 2 (HER2) were
generated as a model system. Cytotoxicity co-culture assays were developed
using a real-time impedance-based readout for several primary or iPSC-derived
healthy human cells (representing various tissues) to assess potential unwanted
effects of the HER2-CAR-T cells against healthy tissue. A similar assay was used to
confirm activity and selectivity of the therapy by using cancer cell lines. In addition,
to determine whether the genomic editing of the T cells affected their cytokine-dependency, an oncogenicity assay was developed using flow cytometry quantifying
the survival and proliferation of the HER2-CAR-T cells in the absence and presence
of cytokines. In conclusion, Charles River Laboratories developed a series of in vitro
assays for the preclinical assessment of cell therapy safety as well as efficacy,
potency and specificity to aid cell therapy discovery research and lead optimization
during early-stage development for both de-risking those therapies and supporting
the Investigational New Drug (IND) applications and further progression into clinic.

4816

Bioanalytical Considerations for Biosimilar Programs

G. Marceau, J. Leiva, G. Diagne, A. Chikh, C. Giordano, and J. Younan. ITR Canada,
Montréal, QC, Canada. Sponsor: W. Lee
Perfect reproducibility of biological products is difficult and costly to obtain. Thus,
an abbreviated licensing pathway is adopted for biosimilars (biologic shown to be
highly similar in terms of quality, safety and efficacy to a reference/innovator, an
already approved biological). Because an important component of the approval
process consists of demonstrating the pharmacokinetic similarity of the biosimilar to the innovator, selection of proper testing strategies, methods design, and
reagents is of vital importance. Pharmacokinetic (PK) analysis platform and
assay format must accurately quantify both the biosimilar and innovator. Our
current approach to PK assay validation begins with a two-step assessment. First,
parallelism of both calibration curves is verified. Second, precision and accuracy
of quality controls from both drugs is evaluated using a standard curve made from
the biosimilar. If similarity pass the acceptance criteria, a single-assay method is

validated with characterization, for both drugs of selectivity, linearity, stability and
specificity, using a curve prepared with the biosimilar. Testing for anti-drug antibodies may not be relevant in nonclinical set-up; however, regulators recommend that
sponsors develop and validate assays capable of sensitively detecting immune
responses prior to clinical study initiation. Our current approach to ADA assay
validation begins by the selection of proper positive control. Then antigenic equivalence is evaluated using the drug interference inhibition curves of both drugs. The
specific cut-points are also compared. Based on these, a determination is made on
the approach for assay validation (one- or two-assays). The selected methodology
is then validated using relevant guidance on immunogenicity.

4818

Assessing Contractility of 3D iPSC-Derived Muscle Models
for Safety and Discovery Using a Novel, High-Throughput, and
Label-Free Instrumentation Platform

N. Geisse, B. Berry, K. Gray, T. Moerk, J. Person, S. Luttrell, and J. Macadangdang. Curi
Bio, Seattle, WA.
Preclinical toxicity assays can often fail to accurately predict the toxicity of drugs,
resulting in high failure rates in clinical trials. Cellular models are used to screen
for cardiotoxicity, and while complex 3D systems can be predictive of human
susceptibility to toxicity, they can be challenging to deploy at sufficient scale for
screening applications. In this study, we aimed to design, optimize and validate
a novel magnetic sensing technique that can measure the contractility of several
3D engineered muscle tissues (EMTs) in parallel. EMTs are bioengineered 3D
models of muscle function that can assess the effect of compounds on contractility or rhythmicity, which are difficult to assess in 2D cell models. There have
been barriers to the widespread adoption of EMTs, as their fabrication demands
extensive bioengineering, and existing measurement methods involve laborious,
serial, and low-throughput approaches. Our tissue casting approach uses scalable,
chemically functionalized silicones which improves casting success rate to >95%
(n > 30) and produces consistent constructs with a standard deviation of +/- 9% of
the mean across 6 separate cultures. The culture substrate features an embedded
magnet. As the tissues contract, the displacement of the magnet is quantitatively
detected in a highly-parallel manner using specialized sensors. We placed sensors
underneath each well of a 24-well plate, and detected contractions simultaneously
from >10mm distance with a rate of measurement >600Hz, which was suitable
for measuring various aspects of contractility such as upstroke velocity and
decay time. The magnetic detection approach of the system can measure acute
and chronic effects of structural cardiotoxicants like doxorubicin, sunitinib and
BMS-986094 on EMTs. All chronically-dosed tissues showed statistically significant dose-dependent reduction in twitch frequency over a multi-day time course
(p <0.05). In the doxorubicin experiment, EMTs were treated over 27 days, either
with a single bolus or a drug refreshment with medium changes every 72h. The
two highest doses of continuous exposure showed a prolonged decrease in force
generation throughout the time course. The tissue with a single bolus dose of 1
μM showed a recovery of contractile force to control levels when the drug was
washed out after 3 days. Phenotype stratification across EMTs from healthy and
diseased individuals will also be shared, demonstrating the potential of use in drug
discovery studies. In summary, we have designed a novel system that can leverage
the complexity of 3D cellular models in a high-throughput format necessary for
contemporary drug discovery.

4819

In Vitro Safety Characterization of VK4-116 (Dopamine D3R
Antagonist) for the Potential Treatment of Opioid Use Disorder

R. M. Nandre1, P. Byrge2, K. Jambunathan2, R. Swezey2, A. Furimsky2, L. Iyer2, K.
O’Loughlin2, T. Parman2, T. White3, N. Budilovsky-Kelley4, A. H. Newman5, and P.
S. Terse1. 1NIH/NCATS, Rockville, MD; 2SRI International, Menlo Park, CA; 3Aclairo
Pharmaceutical Development Group Inc., Vienna, VA; 4Braeburn Inc., Plymouth Meeting,
PA; and 5NIH/NIDA, Baltimore, MD.
VK4-116, a novel dopamine D3R antagonist, has been shown in rats to attenuate
oxycodone self-administration and reinstatement to drug seeking, without compromising its antinociceptive effects, suggesting its potential role as a medication
to treat opioid use disorder (OUD). To characterize in vitro safety properties of
VK4-116, multiple assays were performed; metabolic stability in hepatocytes or
liver microsomes, metabolite identification, cytochrome P450 (CYP) inhibition,
lysosomal perturbation, mitochondrial toxicity, oxidative stress, apoptosis, and
KINOMEscanTM profiling. VK4-116 when incubated at 0.5 uM was metabolized with
48, 43 or 40% remaining after 120 min exposure, whereas t1/2 was 117, 87 or 91
min, and CLint was 12, 16 or 15 uL/min/106 cells in human, rat, or dog hepatocytes,
respectively. VK4-116 was stable in the heat inactivated liver microsomes, but
metabolized in liver microsomes of human, rat, dog, or monkey with 16, 38, 20 or
15%, respectively, remaining after 120 min exposure at 1 uM. Metabolite identification assay detected four major metabolites, mainly; two mono-oxidation products,
one di-oxidation product, and one demethylated plus dioxidation product at 10 µM
VK4-116. Further, VK4-116 neither inhibited CYP isoforms (CYP1A2, CYP2B6,
CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP3A4) nor induced lysosome
perturbation at the concentration of 10 uM. In addition, no significant changes in
mitochondrial oxidative phosphorylation proteins, ATP, caspase 3, ROS/RNS and
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total glutathione levels were observed at 10 uM of VK4-116. KINOMEscanTM at 1 µM
provided 5 hits (CHEK2, HPK1, MARK3, SRPK2 and TNK1), however, Kds of these
hits were >10 uM. These results demonstrated favorable in vitro safety properties
of VK4-116 to support its further development as a potential treatment for OUD.
Supported by NCATS Contract No. HHSN271201700014I under HEAL program.

4820

Beyond the Sinus Rhythm: Assessing Relative Cardiotoxicity in
Human iPSC-Derived Cardiomyocytes

M. C. Fortin1, Q. Wang1, A. LaCroix2, and T. N. Grammatopoulos3. 1Jazz
Pharmaceuticals Inc., Philadelphia, PA; 2StemoniX, Maple Grove, MN; and 3BioEnergetics,
Boston, MA.
Great strides have been made in in vitro evaluation of cardiotoxicity, especially for
the assessment of arrhythmia and Torsade de Pointes. However, in vitro models
that compare the relative cardiotoxicity of drugs that do not result in sinus disturbances are lacking. Considering the potential clinical benefits of liposomal formulation of anthracyclines on their cardiotoxicity profile (Smith 2010), we sought to
develop a multiparametric model that could recapitulate these differences. We
treated hiPSC-derived cardiomyocytes with equivalent concentrations of liposomal doxorubicin or CPX-351 (dual-drug liposomal encapsulation of daunorubicin
+ cytarabine at a synergistic 1:5 molar ratio) and free anthracyclines (doxorubicin
or daunorubicin+cytarabine) and evaluated mitochondrial respiration, intracellular ATP, LDH release, biomarker release, and electrophysiology following single
or repeated exposures. Specifically, hiPSC-derived cardiomyocytes were treated
with free or liposomal drugs at concentrations ranging from 0 to 1000 ng/mL
for 24-h periods on Day 1, 3, or 5. Biomarker assessments were done on Day 2,
4, 6, or 8 to assess dose-response and cumulative-exposure-response. Vehiclecontrol-treated cells displayed relatively stable biomarker profiles over the duration
of the study. Microscopy suggested dose-dependent cumulative cytotoxicity of
the free drugs. Free-drug treatment caused significant time- and dose-dependent
decreases in oxygen consumption rate values compared to liposomal formulations (p<0.05). These results are consistent with the ATP content decrease which
was more profound in cardiomyocytes exposed to free drugs versus the liposomal formulas. In addition, repeated exposure to free drugs was associated with
greater LDH activity and biomarker release (FABP3 and cardiac troponin I) than
after treatment with liposomal formulas. Finally, repeated exposure to free drugs
resulted in a biphasic response (initial increase, then slowing/arrest of beating),
indicating significant injury which was not observed after repeated exposure to
the liposomal formulas. Overall, at equivalent concentrations administered on the
same schedule, liposomal formulas were considerably less toxic to hiPSC-derived
cardiomyocytes than their free active counterparts. Clinical data will be needed to
confirm these findings.
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Transient Receptor Potential (TRP) 
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Tobacco Products  2034, 2044, 3169, 3196,
3197, 3270, 3273, 3551, 3552, 3556, 3561,
3589, 3910, 3942, 4064, 4225, 4227, 4228,
4229, 4230, 4231, 4232, 4233, 4237, 4238,
4239, 4244, 4245, 4246, 4252, 4253, 4254,
4256, 4270, 4272, 4298, 4361, 4366, 4376,
4506, 4537, 4614, 4774
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Trichloroethylene and Tetrachloroethylene 

4722
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4322

TRP Channels; Angiotensin Pathway  4103

Zebrafish, Transgenic, Estrogen, Reporter
4323
Cell 

TTC 

3474

Zinc 

3269

Tumor Invasion 

3597

Zinc Oxide Nanoparticles 

3662

Tungsten 

3266, 3267

Ulcerative Colitis 

4168
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