
 
 

 



 

 
 



 
 



 

 
2010 REGIONAL TOXICOLOGY CONFERENCE 

 
  

Integrative Toxicity Test Methods to Improve Hazard 
Identification 

 
New and integrative toxicity test methods are being developed 
and implemented to improve hazard identification and safety 

testing.  Improved methods will offer rapid, accurate, relevant, 
and predictive results from systematic evaluations.  We will 

focus on novel technologies that have been developed in one 
area of toxicology but have potential to add value to different 

sub-disciplines.  A portion of the conference program will 
focus on translational outcomes, issues with assay validation, 

and the standardization of novel toxicity test assays. 
 
 

 
PANWAT 2010 CONFERENCE SCHEDULE: 

 
Thursday, October 14 
Afternoon – Work-Shadow Program 
Evening – Reception for Mentors and Mentees 
 
Friday, October 15 
Morning - Symposium Session  
Keynote Speaker – Dr. James Woods - Pacific Northwest Toxicology  

Achievement Award Recipient 
. 

Lunch  
Afternoon - Platform Session  
Evening - Reception and Poster Presentation 



 

 
Saturday, October 16 
Morning – Platform and Symposia  
Awards  
Lunch 

 
Detailed Program and Meeting Schedule  

 
 

Thursday, October 14th 

 
1:00-4:00 pm 

WORK SHADOW PROGRAM 
 Students and post-doctoral fellows will be partnered with toxicologists working in 

regional institutions for a work-shadow program.  One or two students will 
shadow each toxicologist mentor from 1-4:00 p.m.  A reception for mentors and 
mentees will be hosted in the evening. 

 
5:30-8:00 pm 

Reception  
 
 

Friday, October 15th 

 
8:00-8:55  
 Registration 

Continental Breakfast/Coffee 
 
8:55--9:10 

Welcome Remarks and Conference Overview 
“Utility of Biomarkers” 

 Dr. Rafael Ponce (Scientific Director, Toxicology, Amgen, Inc.)	  	  
 

 
SYMPOSIUM I:  DEVELOPMENT OF NEW METHODS/TECHNIQUES/ASSAYS 

 
9:10 “High Content in vivo Data: Fishing our way to Protect and Improve Human 

Health”  
Dr. Robert Tanguay (Associate Professor, Director of the NIEHS 
Toxicology Training Grant, Department of Environmental and Molecular  
Toxicology, Oregon State University) 
 

9:40 “Test Method Development: The Realities of ‘Standardization’ ”  
Dr. Bill Stubblefield (Associate Professor, Department of Environmental 
and Molecular Toxicology, Oregon State University) 

 
10:10-10:30 Break 

 



 

SYMPOSIUM II: OPTIMIZATION PROCESS FOR NEW 
METHODS 

 
10:30 “Smoking and COPD have Opposite Effects on 3-

Nitrotyrosine Levels of Plasma Proteins” 
Dr. Richard Zangar (Staff Scientist, Cell 
Biology and Biochemistry, Pacific Northwest 
National Laboratory) 
 

11:00 “Advantages and Limitations of Transgenic Mouse Models in Pre-clinical 
Drug Development”  

Dr. Madeline Fort (Principle Scientist, Investigative Toxicology, Amgen, 
 Inc.)  
  

11:30 PANEL DISCUSSION: DEVELOPMENT AND OPTIMIZATION OF NOVEL, INTEGRATIVE 
TOXICITY TEST METHODS 

 
11:45-1:00   Lunch – Keynote Speaker  

Dr. James Woods 
     Recipient of the 1st Annual Pacific Northwest  
     Toxicology Achievement Award  

  (see abstract list for details) 
 
 PLATFORM PRESENTATIONS – SESSION I 
1:00 “Identification of a Novel Ligand of the AHR that Induces Apoptosis in  

an AHR Dependent Manner” 
Ed O'Donnell (Kolluri Lab, Department of Environmental and Molecular  
Toxicology, Oregon State University) 

 
1:30 “Derivation of Hepatocytes from Human Stem Cells” 

Jenna Voellinger (Kelly Lab, Department of Pharmaceutics,  
University of Washington) 
 

2:00 “Modeling of the Aryl Hydrocarbon Receptor ligand Binding Pocket 
and Identification of New Ligands by Virtual Ligand Screening” 

Dan Koch (Kolluri Lab, Department of Environmental and Molecular 
Toxicology, Oregon State University) 

 
2:30-3:00       Break 
 

 PLATFORM PRESENTATIONS – SESSION II 
3:00 “Bcl-2 as Target for Breast Cancer Treatment” 

Prasad Kopparapu (Kolluri Lab, Department of Environmental and 
Molecular Toxicology, Oregon State University) 
 

3:30 “Surface Functionalities of Gold Nanoparticles Impact Embryonic Gene 
Expression Responses” 

Lisa Truong (Tanguay Lab, Department of Environmental and Molecular 
Toxicology, Oregon State University) 

 



 

4:00-5:30 Break/Poster Set up 
 

5:30 RECEPTION AND POSTER PRESENTATION 



 

Saturday, October 16th 

 
8:00-8:30  
 Continental Breakfast/Coffee 

 
PLATFORM PRESENTATIONS – SESSION III 
 

8:30 “Diesel Exhaust Particulate (DEP)-exposed 
Macrophages Impair Vascular Function in Aortic 
Rings; Investigation of the Role of Glutathione in Mediating DEP-induced 
Inflammation” 

Chad S. Weldy, (Kavanagh Lab, Department of Environmental and 
Occupational Health Sciences, University of Washington) 

 
9:00 “Anticancer Effects of Indole-3-Carbinol (I3C) and Diindolylmethane  

(DIM) in Human Acute T-cell Lymphoblastic Leukemia (T-ALL) Cells in vitro 
and in vivo” 

Lyndsey Shorey (Williams Lab, Department of Environmental and 
Molecular Toxicology, Oregon State University) 

 
9:30 “Effects of TCDD Exposure on Innate Immunity during Liver Regeneration” 

Christopher J. Horras (Mitchell Lab, Department of Biological Sciences, 
Boise State University) 
 

SYMPOSIUM III: VALIDATION AND STANDARDS 
 

10:15 “Qualification of Safety Biomarkers for use in Drug Development: 
Developing Consensus Science with the Predictive Safety Testing 
Consortium” 

  Dr. Elizabeth Walker (Director, Predictive Safety Testing Consortium, 
Critical Path Institute)  

1.  
10:45 “Dendritic Cells: Environmental Sensors of the Immune System”  

Dr. Dave Shepherd (Associate Professor, Center for Environmental Health 
Sciences, Department of Biomedical and Pharmaceutical Sciences, 
University of Montana  
 

11:15 “Contaminants Pathways in Marine Food Webs of the Upper PANWAT  
Region” 

Dr. Camilla Leiske (O`Hara Lab, Institute of Arctic Biology,  
University of Alaska, Fairbanks)    

 
11:45 PANEL DISCUSSION: VALIDATION OF NEW METHODS AND DEVELOPMENT OF 

STANDARD PROTOCOLS 
 

12:00     Awards Presentation, lunch, and adjourn 
 
 
 



 

KEYNOTE SPEAKER 
Dr. James Woods 
 

Pacific Northwest Toxicology Achievement Award Recipient 
 

PANWAT is extremely pleased to honor Dr. Woods as the inaugural 
recipient of the Achievement Award in recognition of his 
scholarship, leadership, mentorship and service within the Pacific 
Northwest Regional Chapter. 
 
For over 40 years Dr. Woods has conducted seminal research in the areas of biochemistry, pharmacology, 
fetal and neonatal development, and toxicology.  This research began with a focus on porphyrin and heme 
biosynthesis, particularly in the neonate, in the early 1970s.  By the late 1970s, his research began a focus 
on heavy metals (including methyl mercury, arsenic, lead, and cobalt), TCDD and vinyl chloride and their 
effects on hepatic development and function.  His research interests on hematopoiesis continued 
throughout the 1980s, with additional research encompassing new trace metals (such as indium and 
thallium) and effects on porphyrin metabolism, mitochondrial function, and hepatic enzyme induction.  
Furthermore, in 1987 he published the first of several papers relating exposure to phenoxy herbicides and 
chlorinated phenols to the development of sarcoma and non-Hodgkin’s lymphoma in Western 
Washington farm workers.  His basic interest in heavy metals and porphyrin metabolism continued as the 
core research focus, which he applied used in developing urinary porphyrin profiles as a biomarker of 
heavy metal exposure in toxicology and epidemiological studies.  This novel approach has since been 
used to evaluate heavy metal exposure in dentists, lead smelter workers, and chloralkalai workers; in 
children exposed in urban settings and from dental amalgams, and in environmental species such as the 
nesting starling.  Dr. Woods continued his research work on the molecular mechanisms of heavy metal 
toxicity, biomarkers of heavy metal exposure, and the evaluation of genetic polymorphisms underlying 
susceptibility to metal toxicity continued through his retirement in 2010 from the University of 
Washington.  His body of research, particularly into the effects from very low level exposures to heavy 
metals such as lead and mercury on neurodevelopment and neurobehavior, will continue to meaningfully 
contribute to the public health dialogue and debate defining safe exposure standards to these agents. 
 
Dr. Woods has been an adviser to 29 Master's and Ph.D. students at the University of Washington, and he 
has had 9 post-doctoral fellows train in his laboratory.  These individuals now hold positions in academic, 
public health, and private research institutions, including NIH, EPA, University of Ottawa, Albert 
Einstein University, Swedish University of Agricultural Sciences, and Harvard. 
 
Dr. Woods is regularly asked to participate as an invited speaker at national and international meetings 
dealing with neurodevelopment and neurobehavior, oral medicine, heavy metal toxicity, and biomarkers.  
He was president of the American Board of Toxicology, 1998-98. He is a member of the editorial board 
of Toxicological Sciences and Toxicology and was on the editorial board for Applied Pharmacology.  He 
has been a reviewer and member of a number of important efforts, including the NRC’s report on the 
toxicity of mercury and the US Congressional Interagency Task Force on Environmental cancer and heart 
and lung disease. 
 
He has been a leader regionally as well, where he shared in establishing PANWAT in the mid-1980s, and 
he was the inaugural president of PANWAT in its first year.  In addition to his research work into health 
effects of pesticides/herbicides and incidence of cancer in Western Washington farm workers, he was the 
chairman of the advisory committee to a NOAA-NCI investigation into the carcinogenic effects of Puget 
Sound Pollutants on marine and aquatic species.  In addition, he has served on a number of UW 
committees, providing service to the DEOHS and UW.  He has been a trustee to the Seattle Biomedical 
Research Institute, Chairman of the Science Council for the Pacific Science Center, and Mayoral 
appointee evaluating PCBs from the Lake Union Steam Plant.   
Currently, he is a member of the editorial board of Toxicological Sciences, an Emeritus Professor at the 
University of Washington, and an Adjunct Professor at Texas Tech University. 
ABSTRACTS 



 

 
SYMPOSIUM I 
 
HIGH CONTENT IN VIVO DATA: FISHING OUR WAY TO 
PROTECT AND IMPROVE HUMAN HEALTH 
Dr. Robert L. Tanguay 
 

Department of Environmental and Molecular Toxicology, Sinnhuber 
Aquatic Research Laboratory and the Environmental Health Sciences 
Center, Oregon State University, Corvallis OR 

 

In assessing various alternative models for toxicity testing, perhaps the most important characteristic is 
that the model be scientifically valid, meaning that it is predictive of toxic responses in humans. 
Alternatives based on conserved biological mechanisms are most likely to meet this objective. Additional 
characteristics of an ideal model system include sensitivity, specificity and adaptability to rapid 
throughput screening.  We propose that simple whole organism systems such as zebrafish offer a more 
powerful approach to toxicity testing because zebrafish offer integrative system-level. Over the recent 
years we have made significant process advances which are enabling high throughput evaluations using 
the embryonic zebrafish model.  High throughput capabilities are unleashing a number of exciting 
opportunities to improve hazard identification, and for identifying the gene-environment interactions that 
are responsible for human diseases. This presentation will introduce a platform for an integrated high 
throughput process that exploits the unique advantages of the zebrafish model to advance human and 
environmental health. 
 
 
TEST METHOD DEVELOPMENT: THE REALITIES OF “STANDARDIZATION” 
Dr. Bill Stubblefield 
 

Department of Environmental and Molecular Toxicology, Oregon State University, Corvallis OR 
 

The evaluation of risks associated with the manufacture, use, and disposal of chemicals requires 
information about the toxicological properties of the material in question.  Several mammalian toxicity 
and ecotoxicity test methods have been in routine use for many years and yield information relevant for 
evaluating human and environmental toxicology concerns.  Due to reasons that include human and 
ecological health concerns, animal welfare considerations, data quality assurance issues, and to 
incorporate new and improved technologies; new test methods are always in development.  Typically 
these methods start as laboratory-based “research” projects, but with time evolve to become “standard” 
methods recognized by both regulatory authorities and the regulated community. Organizations such as 
the Organization for Economic Co-operation and Development (OECD) and the American Society of 
Testing and Materials (ASTM) provide procedures by which test methods are evaluated and subjected to 
collaborative validation and “standardization.  However, the method validation process can be involved 
and frequently requires several years to process.  Researchers must consider these practicalities in 
developing new test methods. 
 
 



 

SYMPOSIUM II  
 
SMOKING AND COPD HAVE OPPOSITE EFFECTS ON 3-
NITROTYROSINE LEVELS OF PLASMA PROTEINS 
Dr. Richard Zangar 
 

Cell Biology and Biochemistry, Pacific Northwest National Laboratory 
 

Nitric oxide is a physiological regulator of endothelial function and 
hemodynamics. Oxidized products of nitric oxide can form nitrotyrosine, 
a general marker of nitrative stress. Cigarette smoking decreases exhaled nitric oxide, and the underlying 
mechanism may be important in the cardiovascular toxicity of smoking.  Even so, it is not clear if this 
reduction of exhaled nitric oxide results from decreased nitric oxide production or oxidative degradation 
of nitric oxide to reactive nitrating species.  These two processes would be expected to have opposite 
effects on nitrotyrosine levels.   The goal of this study was to determine the effects of cigarette smoking 
and chronic obstructive pulmonary disease (COPD) on circulating levels of nitrotyrosine, and thereby 
gain insight into the processes regulating nitrotyrosine formation.  A custom ELISA microarray platform 
was developed to analyze the levels of 3-nitrotyrosine modifications on 24 proteins in plasma.  Plasma 
samples from 458 individuals were analyzed.  Nitrotyrosine levels in circulating proteins were 
consistently reduced in smokers but increased in COPD subjects.  We also observed a persistent 
suppression of nitrotyrosine in former smokers.  These results are consistent with evidence that cigarette 
smoke suppresses the activity of endothelial nitric oxide synthase.  In contrast, the increase in 
nitrotyrosine levels in COPD patients most likely results from inflammatory processes. This study 
provides novel evidence that smoking has irreversible effects on endothelial production of nitric oxide in 
humans, and provides insight into one mechanism by which smoking may induce endothelial dysfunction 
and a long-term increase in the risk of cardiovascular disease. 
 
 
 
PLATFORM  PRESENTATIONS– SESSION I 

 
IDENTIFICATION OF A NOVEL LIGAND OF THE AHR THAT INDUCES APOPTOSIS IN AN 
AHR DEPENDENT MANNER 
Ed O'Donnell, Dan Koch, William Bisson, & Siva Kolluri  
 

Department of Environmental and Molecular Toxicology and the Environmental Health Sciences Center, 
Oregon State University, Corvallis OR 
 

Abstract redacted 
 
 
DERIVATION OF HEPATOCYTES FROM HUMAN STEM CELLS 
Jenna Voellinger and Edward J. Kelly 
 

Department of Pharmaceutics, University of Washington 
 

The use of human hepatocytes for preclinical toxicity screening is well recognized in the pharmaceutical 
industry.  Hepatocytes, however, are limited by a number of factors including organ availability, cell 
viability and inability to control for pharmacogenetic variation.  Human embryonic stem cells (hESC) 
have the pluripotent capability of forming tissues from all three germ layers, including endoderm, from 
which hepatocytes are derived.  Thus, hESCs offer the potential of an unlimited source of cells for 
assessing the toxicologic properties of drugs.  Our lab is working on optimizing conditions for 
differentiating hESCs into hepatocytes with regard to both cell differentiation markers as well as 
cytochrome P450 (CYP) enzyme activities.  The focus of the characterization is on CYPs because of their 
key function in bioactivation and clearance of drugs.  It is known that common polymorphisms in CYPs 
can contribute to adverse drug reactions so, being able to screen drugs in vitro with cells of defined 



 

genotype, is highly desired.  One CYP enzyme with documented 
polymorphic adverse drug reactions is CYP2D6.  We have genotyped the 
NIH-approved ESC lines H1, H7, H9, H13 and H14 for the major drug 
metabolizing CYP polymorphisms, including CYP2D6.  While there 
were no duplications (predicted ultrametabolizers), the H1 line has only 1 
functional CYP2D6 locus as a result of gene deletion.  The hESC line H9 
was tested for differentiation capacity using a step-wise protocol 
incorporating activin, Wnt3a and hepatocyte growth factors.  Following 
differentiation, cells were exposed to prototypical CYP inducers.  In 
addition to assessment of CYP activity using a validated LC-MS assay, 
differentiated cells were examined immunohistochemically.  The cells displayed immunoreactivity for 
albumin, HNF4 and CYP3A, indicating acquisition of a hepatocyte-like phenotype. 

 
 
MODELING OF THE ARYL HYDROCARBON RECEPTOR LIGAND BINDING POCKET AND 
IDENTIFICATION OF NEW LIGANDS BY VIRTUAL LIGAND SCREENING 
D.C. Koch §Ψ, W.H. Bisson §, E.F. O`Donnell § Ψ, P.R. Kopparapu § Ψ, S. Khalil Ψ, N. Kerkvliet §, 
R.L. Tanguay §, R. Abagyan*, S.K. Kolluri §Ψ 
 

ΨCancer Biology Laboratory, §Department of Environmental and Molecular Toxicology, Oregon State 
University, Corvallis, OR *School of Pharmacy & Pharmaceutical Sciences, University of 
California, San Diego, CA 
 

The Aryl Hydrocarbon Receptor (AhR) is a ligand-activated transcription factor and a member of the 
bHLH/PAS (basic Helix-Loop-Helix/Per-Arnt-Sim) family of proteins that controls the expression of a 
diverse set of genes. The AhR is activated by a variety compounds, including halogenated aromatic 
hydrocarbons such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Upon ligand binding, the AhR 
translocates from the cytoplasm to the nucleus, heterodimerizes with the Ah Receptor Nuclear 
Translocator (ARNT), and binds DNA sequences containing xenobiotic responsive elements (XRE). The 
Per-AhR/Arnt-Sim (PAS) domain of the AhR is known to contribute to ligand binding.  We constructed 
homology models of the AhR PAS domain from several different species using available structural 
information from other closely related proteins.  We modeled the mode of binding for TCDD and of other 
recently described AhR agonists.  Virtual ligand screening of a small library of 540 diverse compounds 
resulted in the identification of two novel compounds that act as AhR agonists.  Additional screens 
identified other potential AhR agonist.  TS1 was identified and its biological effect was characterized as 
AhR dependant. 
 



 

PLATFORM  PRESENTATIONS – SESSION II  
 
BCL-2 AS A TARGET FOR BREAST CANCER TREATMENT 
Prasad R Kopparapu, Edmond F. O'Donnell, Xiao-kun Zhang* and 
Siva Kumar Kolluri 
 

Cancer Research Laboratory, Department of Environmental and 
Molecular Toxicology, Environmental Health Sciences Center, Oregon 
State University, Corvallis, OR 
* Cancer Center, The Sanford-Burnham Medical Research Institute, La 
Jolla, CA. 
 
Damaged cells in the body are eliminated through a process involving cell suicide, known as apoptosis. 
Since apoptosis normally eliminates cells with increased malignant potential such as those with damaged 
DNA or aberrant cell cycling, inhibition of apoptosis is highly important to tumor initiation and 
progression. Cells contain both pro-death and pro-survival proteins that regulate the process of cellular 
apoptosis. Such pro-survival proteins are abundantly expressed in cancer cells, which help them to thrive 
and resist elimination upon treatment with anti-cancer drugs. Bcl-2 is one such survival protein that is 
overexpressed in variety of cancers including breast cancers. Overexpression of Bcl-2 correlates with 
poor survival and progression of the disease and correlate with resistance of cancer cells to many 
chemotherapeutic drugs and gamma-irradiation. We recently discovered a novel pathway to convert Bcl-2 
from a protector to a killer protein. The dramatic change in Bcl-2 function is brought about by orphan 
nuclear receptor Nur77 binding, which exposes a hidden ‘killer BH3 domain’ of Bcl-2. Nur77 is a 
transcription factor and a member of the nuclear receptor superfamily. It migrates from the nucleus to 
mitochondria to initiate programmed cell death. We will discuss our attempts to identify small molecules 
that convert Bcl-2 into an active killer protein.  These compounds will likely have therapeutic utility in a 
variety of cancers.  
 
 
SURFACE FUNCTIONALITIES OF GOLD NANOPARTICLES IMPACT EMBRYONIC GENE 
EXPRESSION RESPONSES 
Lisa Truong1,2, Tatiana Zaikova2,3, John Miller2,3, Jim Hutchison2,3, and Robert Tanguay1,2 

 

¹Department of Environmental and Molecular Toxicology, Environmental Health Sciences Center, 
Oregon State University, Corvallis, OR, 2 The Oregon Nanoscience and Microtechnologies Institute and 
the Safer Nanomaterials and Nanomanufacturing Initiative, 3Department of Chemistry, University of 
Oregon, Eugene, Oregon 
 

In our previous studies, gold nanoparticles (AuNPs) that were cationic-functionalized, N,N,N 
trimethylammoniumethanethiol (TMAT), and anionic- functionalized, 2-mercaptoethanesulfonate (MES), 
with 1.5nm core size produced differential developmental responses in a sensitive embryonic zebrafish 
assay. To further investigate the molecular mechanisms underlying the differential  toxic responses, 
global gene expression studies were conducted using NimbleGen zebrafish microarrays. RNA was 
isolated from embryonic zebrafish exposed to the 100% effective concentrations (EC100s) for  1.5nm 
TMAT-AuNPs (50 ppm) and MES-AuNPs (10 ppm) at 24 and 48 hpf. While the cores of these AuNPS 
are identical, the presence of the different surface functionality produced unique gene expression changes. 
At 24 hpf, TMAT-AuNPs led to the differential expression of 18 transcripts, while MES AuNPs only 
impacted the expression of 24 transcripts. Interestingly, there were 14 commonly misregulated transcripts. 
At 48 hpf, there were 58 differentially regulated transcripts in the TMAT exposed group, while there were 
316 differentially expressed transcripts in the embryos exposed to the MES AuNPS with 184 transcripts 
in common. Preliminary pathway analysis identified and connected more networks at 48 hpf than at 24. 
Additionally, MES-AuNP perturbation expanded to connect to multiple networks between 24 to 48hpf, 
while TMAT-AuNP networks only directly connected to one. A more thorough investigation of the role 
of these differentially regulated transcripts in producing toxicity is underway.  
 



 

This research is supported by NIEHS 1 F31 ES019445-01, NIEHS 
P3000210, ES016896, EPA RD-833320, and Air Force Research 
Laboratory #FA8650-05-1-5041. 
 
 
 
PLATFORM  PRESENTATIONS – SESSION III  
 
DIESEL EXHAUST PARTICULATE (DEP)-EXPOSED 
MACROPHAGES IMPAIR VASCULAR FUNCTION IN AORTIC RINGS; INVESTIGATION OF 
THE ROLE OF GLUTATHIONE IN MEDIATING DEP-INDUCED INFLAMMATION 
Chad S. Weldy1, Ian Luttrell2, Collin C. White1, Sean E. Gill3, William C. Parks3, Kanchan Chitaley2, 
Terrance J. Kavanagh1 

 

Departments of 1Environmental and Occupational Health Sciences, 2Urology, 3Pulmonary and Critical 
Care Medicine, University of Washington 
 

There is debate regarding mechanisms of fine ambient particulate matter (PM2.5) -induced impairments in 
vascular reactivity. Inhaled particles can translocate from the lung into the systemic circulation, but so can 
inflammatory factors. Here, we compared the effects of direct exposure to diesel exhaust particulate 
(DEP) matter and exposure to inflammatory factors produced by DEP treated macrophages (MΦ) on 
vascular reactivity. We examined the effects of DEP and media collected from DEP-exposed MΦ on 
endothelium-dependent vasorelaxation to acetylcholine (ACh) and endothelium-independent relaxation to 
sodium nitroprusside in mouse aortic rings. Media collected from DEP-exposed MΦ impaired ACh-
induced vasorelaxation but DEP did not. DEP is a known pro-oxidant and the antioxidant glutathione 
(GSH) is a regulator of cellular redox status. As oxidative stress is believed to play a role in inflammation 
resulting from DEP exposure, we hypothesized that mice with compromised GSH synthesis (Gclm +/-, -/-
) would be more susceptible to DEP-induced inflammation, a known determinant of vascular function. 
We dosed C57BL/6 WT, Gclm +/-, and Gclm -/- mice by intranasal instillation with either PBS (vehicle) 
or 10 mg/ml DEP in PBS (10 µl instillation per nostril). After 6 hr, mice were sacrificed and bronchial 
alveolar lavage fluid (BALF) was collected. Analysis of lung neutrophil influx, BAL fluid IL6 and TNFα, 
lung matrix metalloproteinase activity, and myeloperoxidase activity indicated that Gclm +/- mice were 
more susceptible than both WT and Gclm -/- mice to DEP treatment. These data suggest that GSH plays a 
role in mediating inflammation resulting from DEP exposure. It is possible that compensatory 
upregulation of other antioxidant genes in the Gclm -/- mouse act to protect them from additional injury. 
This work was supported by NIEHS grants 1P50ES015915, P30ES07033 and T32ES07032. 

 
 
ANTICANCER EFFECTS OF INDOLE-3-CARBINOL (I3C) AND DIINDOLYLMETHANE (DIM) 
IN HUMAN ACUTE T-CELL LYMPHOBLASTIC LEUKEMIA (T-ALL) CELLS IN VITRO AND 
IN VIVO  
L.E. Shorey, A.D. Benninghoff, and D.E. Williams 
 

Department of Environmental and Molecular Toxicology and The Linus Pauling Institute; Oregon State 
University 
 

Consumption of a diet rich in cruciferous vegetables is linked to reduced cancer risk by epidemiological 
and experimental research.  Accumulating evidence demonstrates that certain indoles and isothiocyanates 
in these foods modify vital oncogenic processes.  Previously, our lab demonstrated a protective effect of 
I3C in a dibenzo[def,p]chrysene (DBC) driven model of murine T-cell lymphoblastic lymphoma.   In vivo 
and in vitro, I3C undergoes acid-catalyzed dehydration to yield various oligomers, the most abundant of 
which is DIM.  In the present study, we tested the hypothesis that I3C and DIM may be chemotherapeutic 
in a human cellular model of T-ALL.  Treatment of CCRF-CEM (CEM) cells with DIM or I3C in vitro 
significantly reduced proliferation and viability at physiologically relevant concentrations.  Comparison 
of the average EC50 values for these endpoints showed that DIM was >5-times more potent than I3C (28 



 

µM vs. 160 µM).  Exposure to DIM arrested cells at the G1-phase of the 
cell-cycle and reduced levels of CDK4, CDK6, and CCND3 as did I3C at 
higher concentrations.  Low concentrations of DIM increased the 
percentage of TUNEL-positive cells and significantly altered the level of 
8 transcripts related to human apoptosis.  Furthermore, dietary 
consumption of DIM (350 ppm) by SCID mice engrafted with CEM cells 
dramatically decreased tumor cell doubling time and final nodule volume 
by 44% compared to 27% and 25% in animals fed I3C (2000 or 500 
ppm).  Lastly, DIM but not I3C increased apoptosis as measured by 
TUNEL analysis in xenografts. To our knowledge this is the first report on the chemotherapeutic effects 
of DIM and I3C in a T-ALL cell population.  
 
 
EFFECTS OF TCDD EXPOSURE ON INNATE IMMUNITY DURING LIVER REGENERATION 
Christopher J. Horras, Allie King, and Kristen A. Mitchell 
 

Department of Biological Sciences, Boise State University 
 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a potent and persistent environmental contaminant that 
elicits toxicity by activating the aryl hydrocarbon receptor. The toxic effects associated with TCDD 
exposure are diverse and include immunotoxicity, enhanced inflammation, and dysregulated cell cycle 
control.  We have previously shown that exposure to TCDD suppresses liver regeneration elicited by 70% 
surgical partial hepatectomy (PH).  Recent evidence indicates that the innate immune system attenuates 
liver regeneration through the activation of natural killer (NK) cells and the production of interferon 
(IFN) γ.  Therefore, we hypothesized that alterations in NK cells may contribute to the reduced liver 
regeneration observed in TCDD-exposed mice.  Mice were treated with TCDD (20 ug/kg) or vehicle 24 
hr prior to PH and euthanized 12-48 hours later.  Plasma was collected for cytokine analysis, and 
lymphocytes from the spleen and remnant liver were analyzed by flow cytometry.  Exposure to TCDD 
increased the number of NK and NKT cells in the regenerating liver, but had no effect on the number of 
lymphocytes in the spleen.  Plasma levels of IFNγ were below the limit of detection in both vehicle- and 
TCDD-treated mice.  Future studies will determine if exposure to TCDD enhances the production of IFNγ 
by NK cells in the regenerating liver to determine if NK cell-derived IFNγ contributes to the suppression 
of regeneration observed in TCDD-treated mice.   
 
 
SYMPOSIUM III  
 
QUALIFICATION OF SAFETY BIOMARKERS FOR USE IN DRUG DEVELOPMENT: 
DEVELOPING CONSENSUS SCIENCE WITH THE PREDICTIVE SAFETY TESTING 
CONSORTIUM 
Dr. Elizabeth Walker  
 

Director, Predictive Safety Testing Consortium, Critical Path Institute  
  
Preclinical safety biomarkers in drug development enhance compound prioritization, reveal target organs 
and mechanisms of toxicity, and help form clinical monitoring strategies. When appropriately translated, 
they can augment therapeutic benefit through prevention of injury and modification of treatment regimen 
as needed.  While existing biomarkers typically used in a regulated setting have amassed a useful body of 
evidence, it is widely recognized that more sensitive and specific measures are needed. However, 
establishing a process for putting new safety biomarkers into routine practice for regulatory submission in 
drug development is a complex undertaking. The Predictive Safety Testing Consortium consists of over 
250 industry scientists from 16 pharmaceutical companies with FDA and EMA scientists participating as 
advisors.  The consortium is governed by a unique legal agreement and organized into working groups 
currently addressing biomarkers for drug-induced liver, kidney, skeletal muscle and vascular injury, as 
well as cardiac hypertrophy and non-genotoxic carcinogenicity. Through sharing of safety biomarker 



 

information and assays, the consortium works to generate qualification 
biomarker datasets for voluntary submission to the regulatory agencies.  
Such collaborative and transparent efforts within industry and between 
industry and regulatory agencies hold tremendous promise for advancing 
drug safety.   
 
 
DENDRITIC CELLS: ENVIRONMENTAL SENSORS OF THE 
IMMUNE SYSTEM 
Dr. David M. Shepherd 
 

Center for Environmental Health Sciences, Department of Biomedical and Pharmaceutical Sciences, 
University of Montana, Missoula, MT 59812 
 

Dendritic cells are an extremely important population of leukocytes that can effectively bridge the gap 
between the innate and adaptive arms of the immune system. It is expected that current and future studies 
directed at elucidating the effects of xenobiotics on dendritic cells will greatly enhance our understanding 
of many disease processes whether they involve immunosuppression or immunoenhancement. 
Consequently, defining the mechanisms of action of various drugs and environmental chemicals with 
respect to their effects of dendritic cells should allow us to ultimately design more effective therapeutics 
with reduced associated toxicity. On the other hand, determining how environmental chemicals affect 
dendritic cells and their function in the immune system will permit the creation of more appropriate safety 
regulations to protect both humans and wildlife from pollution. Although the field of dendritic cell 
biology is relatively new, it is a rapidly advancing area of immunology and immunotoxicology that will 
play a prominent role in our future understanding of how drugs and the environment can affect the 
immune system. 
 
 
CONTAMINANTS PATHWAYS IN MARINE FOOD WEBS OF THE UPPER PANWAT 
REGION 
Dr. Camilla Leiske  
 

O`Hara Lab, Institute of Arctic Biology, University of Alaska, Fairbanks  
 

Alaska represents a region (Upper PANWAT Region) where resource utilization is intensive and operates 
within a different cultural context facing increasingly recognized human health disparities where unique 
challenges are ubiquitous. Research in the Wildlife Toxicology Laboratory at the University of Alaska 
Fairbanks focuses on assessing risk and developing approaches to evaluate and monitor population and 
ecosystem health. Research endeavors include identifying health biomarkers of toxicological exposure in 
polar bears, assessing mercury exposure in Steller Sea Lion populations, and the importance of a balanced 
approach for toxicological/nutritional assessment of subsistence foods.  The work done has immediate 
implications for the regional and international arctic ecosystem, as well as serves as a tool to evaluate 
potential future risks arising from human perturbations of the global environment that are likely to 
disproportionately impact the High North (such as climate change and the transport of some 
contaminants). 
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REGULATION OF CARBONYL REDUCTASE ACTIVITY BY AH 
RECEPTOR LIGANDS 
Eva Amouzougan, Carrie Klocke, *Henry Charlier, Jr. and Kristen 
Mitchell 
 

Department of Biological Sciences, *Department of Chemistry and 
Biochemistry, Boise State University, Boise, ID 
 

Carbonyl reductase (CBR) is a NADPH-dependent enzyme that reduces various carbonyl-containing 
compounds, including the anthracycline family of chemotherapy agents.  CBR reduces anthracyclines to 
their alcohol metabolites, which have reduced cytotoxic activity compared to the parent compound and 
also display cardiotoxicity.  Hence, inhibiting CBR expression and/or activity is a potential strategy to 
increase the efficacy and decrease the toxicity associated with anthracycline chemotherapy.  Recent 
evidence links aryl hydrocarbon receptor (AhR) signaling to the expression of CBR protein.  The goal of 
the present study was to investigate how exposure to AhR agonists and antagonists modulate CBR 
expression and activity, and to determine how such changes impact the efficacy of the anthracycline 
antibiotic, doxorubicin.  We found that doxorubicin regulates CBR expression by an AhR-dependent 
mechanism, as this anthracycline dose-dependently induced CBR expression in 5L rat hepatoma cells, but 
not in the AhR-deficient hepatoma cell line, BP8.  Treatment of 5L cells with the AhR agonist beta-
napthoflavone (bNF) also dose-dependently increased CBR expression.  However, this increase was not 
sufficient to modulate the IC50 for doxorubicin in 5L cells (200 nM).  However, treatment of 5L cells 
with AhR antagonists resveratrol or triclosan significantly enhanced doxorubicin-mediated cytotoxicity.  
This effect may be due to suppression of CBR expression in doxorubicin-treated cells.  However, it could 
also result from a direct effect on the CBR enzyme, as both of these AhR ligands suppressed activity of 
the native CBR enzyme in a cell-free preparation.  Hence, AhR antagonists may provide a novel approach 
to enhancing the efficacy of anthracycline chemotherapy by inhibiting CBR expression and/or activity.   
 
 
NICOTINE-MEDIATED NEUROBEHAVIORAL TOXICITY IN ZEBRAFISH 
Anastasiya Berst1,2, Tamara Tal2, Jill Franzosa2 and Robert Tanguay2. 
 
1Corvallis High School and 2Department of Environmental and Molecular Toxicology, Oregon State 
University, Corvallis, Oregon, USA 
 

Despite the known dangers of cigarette smoking, 11% of women in the United States report smoking 
cigarettes during pregnancy. Maternal cigarette smoking has been linked to low birth weight, increased 
risk of sudden infant death syndrome, delays in neurocognitive development, and behavioral disorders 
such as attention deficit hyperactivity disorder. Nicotine is a biologically active and addictive component 
of the cigarette smoke. Prenatal nicotine exposure has diverse effects on neurobehavioral development in 
offspring. To characterize the effects nicotine exposure on neurobehavioral development, touch response 
was assessed in zebrafish larvae. Exposure to 3-30 uM nicotine from 8-120 hours post fertilization (hpf) 
resulted in abnormal touch response in the absence of morphological defects. Automated larval 
neurobehavioral assessments, obtained by quantifying distance moved during alternating periods of light 
and dark, revealed that nicotine exposure results in concentration-dependent hyperactivity. MicroRNAs 
(miRNAs) are non-coding RNAs, critical for nervous system development, that post-transcriptionally 
repress gene expression. Previous work identified multiple miRNAs that were downregulated upon 
exposure to nicotine. Nicotine-mediated repression of these miRNAs was confirmed by qRT-PCR. 
Putative mRNA targets of candidate miRNAs were identified and computational analysis suggests that 
nicotine exposure represses the expression of miRNAs that control nervous system patterning during 
development. Together, these data indicate that developmental exposure to nicotine disrupts 
neurobehavioral development via a mechanism that may involve the misregulation of miRNAs. 
This research was supported by the Saturday Academy, Lemelson Foundation, P30ES00210, and NIEHS 
T32ES07060. 



 

TRIMETHYLTIN CHLORIDE INDUCES DEVELOPMENTAL 
TOXICITY IN EMBRYONIC ZEBRAFISH 
Jiangfei Chen1, Lisa Truong2, Changjiang Huang1, Robert Tanguay1,2 
and Qiaoxiang Dong1.  
 
1Institute of Watershed Science and Environmental Ecology, Wenzhou 
Medical College, China. 2Department of Environmental and Molecular 
Toxicology, Oregon State University, USA. 
 

Trimethyltin chloride (TMT) is an organotin contaminant widely 
detected in the aqueous environment. There is a large knowledge gap regarding the potential adverse 
effects of TMT on aquatic organisms. In this study, we utilized the embryonic zebrafish model to 
investigate TMT’s impact on embryonic development, behavior, and angiogenesis. To determine whether 
TMT was developmentally toxic, embryos were waterborne exposed to TMT (1-15 µM) from 8 to 96 
hours post fertilization (hpf). We determined that exposure to 8.1 µM TMT induces lethality in 50% of 
the embryos (LC50) at 96 hpf. A predominant malformation observed in surviving embryos was 
pericardial edema with an EC50 of 3 µM. Additionally, using the fli-1-GFP transgenic zebrafish line to 
non-invasively monitor the vascular system, we observed that TMT exposure results in aberrant 
intersegmental vessel (ISV) patterning. At the behavioral level, embryos exposed to 3-5 µM TMT were 
hypoactive in the light and hyperactive in the dark, relative to the control groups. To identify gene 
expression changes that preceded the appearance of pericardial edema, whole genome expression was 
assessed.  RNA was isolated from control embryos or embryos exposed to 10 µM TMT from 48-60 or 48-
72hpf. Microarray analysis yielded 457 transcripts that were misregulated at least two-fold by TMT 
exposure. Pathway analysis of misregulated transcripts revealed perturbations of processes regulating cell 
proliferation and central nervous system development. Taken together, these data support the concept that 
TMT exposure impacts development of the neurobehavioral and vascular systems.  
 
 
 
CHRONIC HERBICIDE EXPOSURE DOES NOT SIGNIFICANTLY IMPACT ZEBRAFISH 
SEXUAL DEVELOPMENT 
MM Corvia*, KA Stanleya, AJ Hosmerb, ML Kentc,d, TS Petersonc, SW Feiste, JK La Dua, RL Tanguaya,d 

 
a Department of Environmental and Molecular Toxicology, Oregon State University, Corvallis, OR ,b 

Product Safety, Syngenta Crop Protection, Inc., Greensboro, NC ,c Department of Microbiology, Oregon 
State University, Corvallis, OR ,d Environmental Health Sciences Center, Oregon State University, 
Corvallis, OR ,e Centre for Environment, Fisheries & Aquaculture Science (Cefas), Weymouth 
Laboratory, UK 
 

The effects of the herbicide atrazine (ATZ) on aquatic species are highly controversial; some studies have 
reported that exposure to low ATZ concentrations adversely impacts gonadal development and/or sexual 
differentiation in amphibians and fish.  A chronic study was performed investigating the potential effects 
of ATZ on zebrafish (Danio rerio). Larval fish were exposed to nominal concentrations of 0, 0.1, 1, 10 
µM ATZ, or 1 nM 17ß-estradiol (E2) from 17-130 days post-fertilization (dpf).  Treatment groups 
consisted of eight replicate tanks with a total of 10 fish per tank. At study termination, body length and 
weight were measured; then fish were histologically processed. Slide sections for each fish were 
examined to assign sex and evaluate potential impacts of E2 or ATZ on gonadal development. Exposure 
to E2 resulted in a significantly higher proportion of females to normal, mature fish, a greater percent of 
abnormally developed male fish, and fish lacking differentiated gonadal tissue. In contrast, ATZ exposure 
did not influence the percentages of female or male fish when compared to control. Estradiol tanks had 
significantly larger male fish while 10 µM ATZ exposures resulted in smaller zebrafish than their control 
counterparts . The study indicates that exposure to 0.1, 1. 10 µM ATZ does not significantly impact 
zebrafish gonadal development or sexual differentiation. 
 
 



 

INVESTIGATING THE TERATOGENIC ROLE OF microRNAs 
Jill A Franzosa, Tamara L Tal, Robert L Tanguay. 
 

Department of Environmental & Molecular Toxicology, Oregon State 
University, Corvallis, OR 
 

MicroRNAs (miRNAs) are a class of small non-coding RNAs that exert 
post-transcriptional  control over gene expression. To obtain a complete 
picture of the molecular responses that lead to biological perturbations, it 
is critical to consider the potential role of miRNAs in teratogenic 
responses. In this study, retinoic acid (RA) was used to investigate whether miRNAs are targets of 
toxicants. Improper spatial and temporal regulation of RA signaling during development results in 
teratogenic outcomes. Previous data demonstrated that developmental RA exposure results in body axis 
defects, suggesting that RA exposure negatively impacts somitogenesis. To determine whether specific 
miRNAs are misexpressed following RA exposure, microarray analyses were conducted. Strikingly, the 
expression of three miR-19 family members was significantly repressed by RA exposure during 
somitogenesis. Bioinformatics analyses predicts that miR-19 miRNAs target a key retinoic acid- 
inactivating enzyme, cyp26a1.  A physiological reporter assay was used to confirm that cyp26a1 is a bona 
fide target of miR-19 in vivo. Antisense oligonucleotide morpholino repression of miR-19 expression 
phenocopied the effects of RA exposure. Furthermore, cyp26a1 expression during somitogenesis was 
increased in RA exposed embryos and miR-19 morphants. In gain-of-function studies, microinjection of 
miR-19 mimic rescued the axis defects induced by RA exposure. Together, these results indicate that the 
teratogenic effects of RA exposure result, in part, from repression of miR-19 expression and the 
subsequent misregulation of cyp26a1. This research demonstrates the strength of zebrafish as a model for 
investigating the functional role of miRNAs in the misregulation of molecular pathways by toxicants 
during development.  
 

This research was supported by NIH P30ES00210, NIEHS T32ES07060, and OSU Linus Pauling 
Institute Pilot Project Grant. 
 
EXPLORING THE ROLE OF THE AHR IN DEVELOPMENT AND TOXICOLOGICAL 
RESPONSES USING AN AHR2 MUTANT ZEBRAFISH 
Britton C. Goodale, Jane K. La Du and Robert L. Tanguay 
 

Department of Environmental and Molecular Toxicology and the Environmental Health Sciences Center, 
Oregon State University, Corvallis, OR 97331 
 

The aryl hydrocarbon receptor (AHR) has been extensively studied as a key player in the toxicological 
mechanisms of a number of persistent environmental contaminants including polycyclic aromatic 
hydrocarbons (PAHs) and halogenated aromatic compounds such as TCDD.  AHR activation results in 
altered gene expression of a suite of downstream targets, including the xenobiotic metabolizing enzyme 
CYP1A.  TCDD-induced developmental toxicity has been shown to be dependent on AHR activation in a 
number of species, and knockdown of AHR provides resistance from toxic effects.  While some PAHs 
exert TCDD-like toxicity, developmental toxicity of other PAHs is differentially dependent on both AHR 
and CYP1A. We developed an AHR2 mutant zebrafish to probe the mechanisms by which structurally-
similar aromatic compounds induce toxicity, and to better investigate the role of the AHR in normal 
development.  The ahr2hu3335 mutant zebrafish line was created using TILLING (Targeting Induced Local 
Lesions IN Genomes) and has a point mutation in residue 534 of AHR2, resulting in a premature stop 
codon. We confirmed functional knockdown of AHR2 in ahr2hu3335 homozygous mutants using both Q-
RT-PCR and immunohistochemistry analysis of CYP1A expression following TCDD exposure. Wild-
type embryos exposed to TCDD from 6-24 hours post fertilization (hpf) exhibited concentration-
dependent developmental malformations and CYP1A expression at 120 hpf. ahr2hu3335 homozygous 
mutants did not express CYP1A following TCDD exposure and were resistant to developmental toxicity 
at all concentrations tested.  These results demonstrate the value of the ahr2hu3335 mutant zebrafish line for 
unraveling the role of the AHR in both normal and chemically-perturbed developmental processes.  This 
research was supported by NIEHS grants P30ES00210, P42ES016465 and T32ES07060. 



 

EXPOSURE TO TCDD INCREASES HEPATIC STELLATE CELL 
PROLIFERATION AND ACTIVATION 
Wendy A. Harvey, Coley J. Doolittle, Kristen A. Mitchell 
 

Boise State University 
 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a halogenated aromatic 
hydrocarbon that elicits toxicity by activating the aryl hydrocarbon 
receptor.  One of the target organs for TCDD toxicity is the liver.  We 
have previously shown that exposure to TCDD suppresses hepatocyte 
proliferation during liver regeneration induced by a 70% partial hepatectomy (PH).  In the present study, 
we investigated the possibility that TCDD alters the activation of hepatic stellate cells (HSCs), which are 
nonparenchymal cells that facilitate liver regeneration by producing chemokines, cytokines and growth 
factors.  Mice were treated with TCDD (20 ug/kg) or peanut oil control 24 hr prior to PH; plasma and 
liver tissue were collected 0-72 hr later.  Exposure to TCDD increased expression of the HSC activation 
marker, alpha-smooth muscle actin (αSMA), in the regenerating liver 48 hr post-PH.  TCDD treatment 
also increased plasma levels of monocyte chemoattractant protein (MCP)-1, which is a chemokine that is 
abundantly produced by HSCs.  Using the LX-2 human hepatic stellate cell line, we found that TCDD 
increased proliferation of these cells 48 and 72 hrs after treatment.  These results indicate that HSCs may 
be targeted by TCDD both in vivo and in vitro.  Hence, it is possible that inappropriate HSC activation 
may contribute to the suppression of liver regeneration observed in TCDD-treated mice through the 
production of soluble mediators that enhance inflammation or suppress hepatocyte proliferation. 
 
 
 
THE AH RECEPTOR ASSOCIATES WITH CDK2 AS A FUNCTION OF CELL CYCLE 
Carrie Klocke, Lauren Troy, Cheri Lamb and Kristen Mitchell 
 

Department of Biological Sciences, Boise State University, Boise, ID 
	  

The aryl hydrocarbon (AhR) is a cystolic, ligand-activated transcription factor that mediates the toxicity 
of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a persistent environmental pollutant. Numerous studies 
demonstrate that exposure to TCDD elicits a G1 cell cycle arrest.  The G1/S phase transition is regulated 
by cyclin-dependent kinases (CDK), which phosphorylate retinoblastoma protein to allow S-phase 
progression. We have previously shown that TCDD treatment suppresses CDK2 activity and decreases 
formation of CDK2/cyclin E complexes.  Both CDK2 and AhR contain LXCXE binding motifs used for 
protein-protein interactions, which prompted us to investigate a possible association between these 
proteins.  Rat hepatoma 5L cells were serum-starved for 24 hours and released in the presence of TCDD 
(10 nM) or vehicle (DMSO).  Using coimmunoprecpitation and western blotting, we found an association 
between CDK2 and AhR in vehicle-treated cells 24 hours after serum release, whereas this interaction 
was completely abolished by TCDD treatment.  To further investigate the AhR/CDK2 interaction, RNA 
was isolated from J447 mouse macrophages, and the CDK2 gene was amplified by PCR.  Genes encoding 
CDK2 and AhR were ligated into cloning vectors and transformed into E. coli.  Resulting recombinant 
protein will be used in binding assays to characterize the interaction between AhR and CDK2.  We 
hypothesize that the AhR-CDK2 complex functions as a scaffold for additional cell cycle proteins, such 
as cyclin E.  Disruption of the AhR-CDK2 interaction by TCDD would presumably prevent cyclin E 
binding and suppress CDK2 activity.  Future studies will identify other proteins in the AhR-CDK2 
complex, which may reveal novel mechanisms of TCDD toxicity. 
 
 
 
 
 



 

MODELING OF THE ARYL HYDROCARBON RECEPTOR 
LIGAND BINDING POCKET AND IDENTIFICATION OF NEW 
LIGANDS BY VIRTUAL LIGAND SCREENING 
D.C. Koch §Ψ, W.H. Bisson §, E.F. O`Donnell § Ψ, P.R. Kopparapu § 
Ψ, S. Khalil Ψ, N. Kerkvliet §, R.L. Tanguay §, R. Abagyan*, S.K. 
Kolluri §Ψ 
 

ΨCancer Biology Laboratory, §Department of Environmental and 
Molecular Toxicology, Oregon State University, Corvallis, OR *School 
of Pharmacy & Pharmaceutical Sciences, University of California, San 
Diego, CA 
 

The Aryl Hydrocarbon Receptor (AhR) is a ligand-activated transcription factor and a member of the 
bHLH/PAS (basic Helix-Loop-Helix/Per-Arnt-Sim) family of proteins that controls the expression of a 
diverse set of genes. The AhR is activated by a variety compounds, including halogenated aromatic 
hydrocarbons such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Upon ligand binding, the AhR 
translocates from the cytoplasm to the nucleus, heterodimerizes with the Ah Receptor Nuclear 
Translocator (ARNT), and binds DNA sequences containing xenobiotic responsive elements (XRE). The 
Per-AhR/Arnt-Sim (PAS) domain of the AhR is known to contribute to ligand binding.  We constructed 
homology models of the AhR PAS domain from several different species using available structural 
information from other closely related proteins.  We modeled the mode of binding for TCDD and of other 
recently described AhR agonists.  Virtual ligand screening of a small library of 540 diverse compounds 
resulted in the identification of two novel compounds that act as AhR agonists.  Additional screens 
identified other potential AhR agonist.  TS1 was identified and its biological effect was characterized as 
AhR dependant. 
 
 
 
 
TCDD TREATMENT SKEWS ACTIVATION OF J774 MACROPHAGES TOWARDS AN M1 
PHENOTYPE 
Ashley E. McCartney, Ricky A. Aguayo, Perry V. Hamilton, and Kristen A. Mitchell 
 

Dept. of Biological Sciences, Boise State University, Boise, ID 83725-1515 
 

Halogenated aromatic hydrocarbons, such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), are potent 
environmental contaminants that elicit toxicity by activating the aryl hydrocarbon receptor.  Although the 
mechanism of toxicity is unclear, exposure to TCDD has been shown to enhance inflammation in several 
model systems.  A typical inflammatory response depends on the production of soluble mediators by 
activated macrophages.  Macrophages can be activated by diverse pathways, leading to at least two 
phenotypically distinct subsets: classically activated M1 (inflammatory) macrophages and alternatively 
activated M2 (rebuilding) macrophages.  In general, M1 macrophages produce soluble mediators such as 
TNF-α, IL-6 and iNOS, which may exacerbate inflammation, whereas M2 macrophages produce 
mediators that curtail inflammation and promote wound healing.  In this study, we tested the hypothesis 
that TCDD treatment enhances activation of M1 macrophages and drives M2 macrophages towards the 
M1 phenotype.  Murine J774 macrophages were primed for 24 hr with either IFNγ (M1) or IL-4/IL-13 
(M2) in the presence or absence of TCDD.  Cells were then stimulated with LPS (50 ng/mL) for 24 hours.  
Cell lysates and supernatants were analyzed to measure TNF-α, IL-6 and iNOS, all of which are markers 
for M1 macrophages.  We found that TCDD treatment enhanced iNOS expression and altered TNF-α and 
IL-6 production in M1 macrophages.  In M2 macrophages, TCDD treatment increased both TNF-α and 
IL-6 but did not induce iNOS expression.  Based on these preliminary findings, it is possible that TCDD 
treatment may promote inflammation by skewing macrophage activation toward the M1 phenotype. 
 
 
 



 

DETECTION OF LOLITREM B IN BOVINE URINE AND FECES 
BY LC-MS/MS 
Lia Murty1, Jennifer Duringer 2, Sara Livesay 3, Ashley Galen3, A. 
Morrie Craig3 
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2Department of Environmental & Molecular Toxicology, Oregon State 
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Perennial ryegrass (PRG) is a hardy cool-season grass that is used on lawns, parks and athletic fields, for 
erosion control and animal forage. It is infected with the endophytic fungus Neotyphodium lolii, which 
enables the plant to be insect repellant and drought resistant, lowering the use of insecticides and 
fertilizers. However, this fungus also produces the compound lolitrem B (LB, m/z 686.4) which causes the 
tremorgenic neurotoxicity syndrome ‘ryegrass staggers’ in livestock. Further, human health concerns 
have arisen from a study which found LB in bovine fat after they were fed PRG containing LB. However, 
limited data exists on the fate and metabolism of LB in cattle. We developed a LC-MS/MS method for 
quantification of LB in bovine urine and feces samples from a feeding trial of 23 beef steers fed PRG 
containing LB. Urine was diluted in 0.1M phosphoric acid, followed by solid phase extraction on a 
Waters Oasis HLB cartridge. Feces were dissolved in ethyl acetate and the organic layer applied to a 
Strata X Silica cartridge. Extracts were analyzed by (+)APCI via multiple reaction monitoring using 
686.4→237.9, 686.4→196.3, 686.4→628.4 and 686.4→238.3 as transitions. The limit of detection and 
quantitation for LB were 13 ng/mL and 42 ng/mL, respectively. Extraction recoveries for urine and feces 
were 58.3% and 79.3%, respectively (10 ng/mL LB matrix spike). Through standard addition, it was 
determined that the control group contained 2 µM fecal LB. Development of this assay will allow for 
detection of LB in matrices which will assist in research and clinical cases of perennial ryegrass staggers.  
 
 
 
DEVELOPMENT OF AN IN-VITRO MODEL TO SCREEN PUTATIVE AHR LIGANDS FOR 
THE ABILITY TO INDUCE A TCDD-Treg PHENOTYPE 
Diana Rohlman1, Jamie Pennington1, Sam Bradford1,2 and Nancy I. Kerkvliet1,2 
 

1Environmental and Molecular Toxicology; 2Environmental Health Sciences Core Center; 
Oregon State University, Corvallis OR 97331 
 

The prototypic ligand for the aryl hydrocarbon receptor (AhR), 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD) is an immunosuppressant that appears to play a pivotal role in the differentiation of adaptive T-
regulatory (Treg) CD4+ T cells. In a graft-versus-host (GVH) model, our lab has shown that TCDD 
induces a TR1-like Treg (CD4+CD25+CD62LlowCTLA-4+GITR+IL-10+).  In an attempt to discover the 
molecular signaling pathways leading to induction of Tregs , we analyzed changes in gene expression in 
purified CD4+ T cells but found few changes under a variety of polarizing conditions. As dendritic cells 
(DC) are the primary antigen presenting cell in a GVH response, we hypothesized that addition of DC to 
T cells in vitro may promote the differentiation of Tregs by TCDD. To simulate a semi-allogeneic GVH, 
CD11c+ dendritic cells were isolated from the spleens of B6D2F1 (H-2b/d) mice and used to stimulate 
CD4+ T cells isolated from the spleens of C57Bl/6 (H-2b/b) mice in the presence of TCDD (10 and 
100nM). After 3 days in culture, proliferation and activation of the T cells was observed as measured by 
CFSE dilution and expression of CD25 and CD62L. TCDD did not inhibit proliferation of CD4+ T cells 
nor affect overall viability. TCDD did not affect the expression of CD62L or CD25, suggesting that Tregs 
were not induced. Addition of IL-27, a Tr1 polarizing cytokine, failed to up-regulate CD25 as expected, 
leading instead to an overall decrease in CD25 expression independent of TCDD treatment. While 
allogeneic dendritic cells will activate donor CD4+ T cells they were insufficient to induce a Treg 
phenotype under our culture conditions.   
 

(NIEHS ES00210 and 1R01ES016651)  
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Bisphenol A (BPA) is detectable in the serum and breast milk of 
pregnant and nursing women. Risk to fetuses and infants is a concern 
based on evidence from rodent studies that exposure to low levels of BPA during central nervous system 
(CNS) development leads to persistent behavioral impairments. The mechanism by which BPA exposure 
impairs CNS development is unclear, but likely involves crosstalk with classical estrogen receptors (ERs). 
BPA binds estrogen related receptor gamma (ERRγ) with 100 to 10,000-fold greater affinity than ERs. To 
assess the effects of BPA on CNS development, zebrafish were exposed to concentrations below the no 
observed adverse effect concentration (NOAEC) during the primary wave of neurogenesis (10–58 hours 
post fertilization, hpf) and behavior endpoints were assessed at 120 hpf. Increased locomotor activity was 
measured in larvae exposed to 0.1 µM (corresponding to a human-relevant tissue dose <5 µg/kg). 
Additionally, larvae exposed to 0.1 µM 17β-estradiol or GSK4716 (an ERRγ agonist) exhibited a 
hyperactive phenotype, consistent with the hypothesis that ERRγ mediates this effect through crosstalk 
with ERs. To confirm a role for ERRγ, an antisense oligonucleotide morpholino (MO) was used to knock 
down endogenous ERRγ expression during BPA exposure. While BPA-exposed embryos injected with 
control MO exhibited a hyperactive phenotype, behavior in BPA-exposed embryos injected with ERRγ 
MO was indistinguishable from unexposed control morphants. Taken together, we have identified a role 
for ERRγ in mediating the neurobehavioral toxicity of developmental BPA exposure.  
 

This research was supported by NIEHS T32ES7060, ES00210, and an EPA STAR Fellowship. 
 
 
ETHANOL REGULATION OF VERTEBRATE NEUROBEHAVIORAL DEVELOPMENT. 
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MicroRNAs (miRNAs) are a class of non-coding RNAs that post-transcriptionally control the expression 
of protein coding genes. While miRNA biogenesis is critical to nervous system development, the 
neurobehavioral function of miRNAs is unknown. Prenatal alcohol exposure produces a range of 
outcomes in offspring, collectively referred to as fetal alcohol syndrome disorders (FASD). 
Epidemiological studies suggest that the majority of children with FASD present with deficits in 
neurobehavioral function in the absence of clinically discernable physical abnormalities. Previous 
zebrafish larval neurobehavioral assessments, obtained by quantifying distance moved during alternating 
periods of light and dark, showed that transient developmental exposure to ethanol (20-300 mM) results 
in concentration-dependent reductions in locomotor activity. To identify miRNAs and their putative 
mRNA targets that are misexpressed following developmental ethanol exposure, miRNA microarray 
analyses were conducted. During critical windows of neurogenesis, expression of multiple CNS-enriched 
miRNAs were significantly reduced relative to unexposed controls. miRNA target predictions were 
employed to identify putative mRNA targets. Subsequent computational predictions revealed that ethanol 
exposure may disrupt the expression of miRNAs that direct neurogenesis. To examine the functional role 
of ethanol-sensitive miRNAs, oligonucleotide morpholinos were used to transiently knockdown miRNA 
expression during development. Knock down of multiple CNS-enriched miRNAs phenocopied ethanol-
induced behavioral hypoactivity. Taken together, these data indicate that ethanol exposure misregulates 
the expression of miRNAs that may collectively choreograph nervous system development and function 
and support the concept that miRNA signaling pathways are targets of developmental neurotoxicants.  
 

This research was supported by P30ES00210, NIEHS T32ES07060, and the OSU Linus Pauling Institute.  



 

EXPOSURE OF ALVEOLAR TYPE II EPITHELIAL CELLS TO 
AMORPHOUS SILICA NANOPARTICLES AT THE AIR-LIQUID 
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Inhaled nanomaterials are likely to interact with epithelial cells lining the 
respiratory tract, where the apical surface of the cells is exposed to 
ambient air. To date, the majority of in vitro studies characterizing these interactions have been carried 
out in cells submersed under growth media. To more closely mimic in vivo conditions, we have 
established the growth of alveolar type II epithelial cells (C10) at the air-liquid interface (ALI), enabling 
their exposure to aerosolized nanomaterials under these conditions.  Cells, cultured on membrane inserts, 
were initially grown under submersed conditions until completely confluent. The apical surface of the cell 
monolayer was then exposed to ambient conditions for 24 hours, following by 10 minutes exposures to 
aerosolized nanoparticles using a vibrating membrane nebulizer.  Cells were maintained at the ALI until 
assayed for LDH release to evaluate cell damage at 6 and 24 hours post exposure, and for proliferation 
rate to evaluate viability at 24 hours post exposure. Cells were exposed to 50 nm bare amorphous silica 
nanoparticles, and the number of particles per cell was determined using electron microscopy to visualize 
the particles on millimeter-size grids that were placed randomly over the cells. The nanoparticles were 
found to elicit no significant cytotoxic response at concentrations ranging from 10 to 1000 particles per 
cell. These observations agree with initial observations obtained in submersed cells exposed to equivalent 
doses, as estimated by a computational model.  Studies with surface modified amorphous silica 
nanoparticles and other particles that have shown to elicit toxic responses under submersed conditions are 
currently being pursued at the ALI. 
 

  
 


