
NIEHS Center for Ecogenetics and Environmental Health (8/07) http://depts.washington.edu/ceeh/ 

CEEH Pilot Projects Program 
Abstracts from Year 2 
(April 1, 1996 to March 31, 1997) 
 

 
 
The behavioral and morphological effects of kainic acid on immature heterozygous 
kv1.1 mouse mutants exhibiting an increased susceptibility to seizures���  • Jong M. 
Rho MD, Departments of Neurology and Pediatrics • Co-Investigators: Carol A. Robbins 
PhD and Jurgen Wenzel PhD, Department of Neurological Surgery; Bruce L. Tempel 
PhD, Department of Otolaryngology; Philip A. Schwartzkroin PhD, Departments of 
Neurological Surgery and Physiology/Biophysics� 
 

(Funded under the title: The Effects of Gene Dosing and Excitotoxin-Mediated 
Injury on the Developing Brains of mKv1.1 Potassium Channel Knockout Mice) 
 
This study evaluated the effects of kainic acid, an excitotoxin, on immature Kv1.1 
potassium channel knockout mice. Because potassium channels are crucial for 
normal cellular functioning and generally dampen excitation in the nervous 
system, one might predict that absence or alteration of these channels would lead 
to increased excitability, and potentially to seizures.  
 
Specifically the investigators addressed the question of whether gene dosing can 
alter the short- and long-term effects of exposure to systematically administered 
kainic acid. Based on preliminary data, no definitive conclusions can be reached 
regarding the relative vulnerability of heterozygotes to seizures and/or brain 
damage. There are suggestions, however, that heterozygotes are slightly more 
susceptible to kainate-induced seizures and brain injury than wild-type mice. 
 
Within one hour of receiving an acute dose of kainic acid, the heterozygotes 
suffered from more severe seizures than the wild-type mice, but fewer than the 
null mutants, most of whom expired. In general, a dose of 5 mg/kg kainic acid 
produced mild-to-moderate seizures in +/+ mice; moderate seizures in +/ mice; 
and severe, life-threatening seizures in the null (/) mutants. 
 
One heterozygote treated with kainic acid at P17 ultimately developed EEG 
evidence of a hyperexcitable state, a condition that may be associated with 
neuronal loss and gliosis seen in the CA1 region of the hippocampus. 
 
Additional mice are currently being studied. The investigators will make depth 
electrode recordings of the hippocampus to ascertain primary hippocampal 
involvement, and cellular electrophysiological recordings from the hippocampal 
neurons. 
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Grant Support Resulting From Pilot Project:  Jong Rho received a five-year NIH 
grant (K08 series, Mentored Clinical Scientist Development Award; July 1, 1997 
through June 30, 2002) to study the developmental mouse epilepsy model utilized 
in the CEEH Pilot Project.� ��� � 

 
 
Toxic effects of lead at the blood-brain interface��  • Damir Janigro, PhD. Department of 
Neurosurgery • Co-Investigator: Lucio G. Costa, PhD, Department of Environmental 
Health���� 
 

In spite of the pivotal role played by the blood-brain barrier (BBB) in regulating 
ion homeostasis, virtually nothing is known about the mechanisms linking BBB 
properties to the development of neurotoxicity. This gap is due in part to the lack 
of an appropriate experimental model of the BBB in vitro. Investigators have 
developed a dynamic in vitro BBB model designed to allow extensive 
toxicological, pharmacological, and physiological testing. They analyzed the 
induction of BBB properties in a tridimensional hollow fiber&shy;culturing 
apparatus by coculturing a bovine aortic endothelial cell line (or rat brain 
endothelial cells) with rat brain astrocytes (or C6 rat glioma cells) under pulsing 
flow conditions to mimic intraluminal blood flow.  
 
The investigators have expanded their initial observations on the induction of 
BBB properties in non-BBB cells in an attempt to determine the molecular 
correlates of this astrocyte-mediated phenotypic switch in the endothelium. As 
part of their study they have used "knock-out" mice lacking expression of GFAP, 
an intermediate filament characteristic of brain astrocytes. These GFAP-deficient 
glia were incapable of inducting BBB properties in aortic endothelial cells. 
 
To expand the possible use of our in-vitro model, investigators "humanized" the 
DIV-BBB model by using endothelial and glial cells of human origin. In addition, 
the investigators have successfully used this model to grow cells of simian origin. 
These experiments also have demonstrated the HIV- and SIV-infectability of 
BBB endothelium. � 
 
Resulting Grant Support:  The investigators have applied for support to the 
following agencies: American Heart Association (Grant-in-Aid, pending); NIH 
RO1, Effects of HIV/SIV on the BBB (with Prof. Nelson, OHSU). � 

 
 
ESR Measurement of Free Radical Production in Cells Overexpressing Antioxidant 
Genes���  •  James S. Woods, PhD, Department of Environmental Health • 
Co-Investigators: Terrance J. Kavanagh, PhD, Department of Environmental Health; 
George Martin, MD, Department of Pathology; Colin Mailer, PhD, Department of 
Chemistry��� 



NIEHS Center for Ecogenetics and Environmental Health (8/07) http://depts.washington.edu/ceeh/ 

 
Chemical-induced free radical (FR) formation in intact cells is thought to underlie 
many injurious conditions and diseases arising from drug and chemical exposures. 
The investigators employed direct electron spin resonance (ESR) to directly 
measure FR production in intact cells resulting from exposure to the prooxidant 
chemical, potassium dichromate (K2Cr2O7). Additionally, investigators tested the 
hypothesis that cells which over-express the gene encoding the antioxidant 
enzyme catalase, or which are chemically modified to over-produce gluathione 
(GSH), sustain diminished intracelluar FR steady state levels, as compared with 
parent cells, following K2Cr2O7 treatment.  
 
Using ESR and the spin trapping agent DMPO, investigators acquired direct 
evidence of intracellular production in a variety of cultured cell lines following 
treatment with K2Cr2O7. Transgenic P19 multipotent mouse embryonic cells that 
expressed 100-450 times the catalase activity of parent cells attenuated the 
chromated-generated ESR signal to 57% that of parent p19 cells. However kidney 
epithelial (NRK52E) cells which were adapted to attain an 8-fold elevated 
endogenous GSH level attenuated the ESR signal to 34% of that observed in 
parent NRK52E cells. In kidney cells over-expressing GSH, dichlorofluoroscein 
fluorescense, a measure of intracellular FR formation, was highly attenuated 
compared with parent NRK cells. These findings provide direct evidence of FR 
production resulting from prooxidant chemical exposure in intact cells. They 
demonstrate that over-expression of specific antioxidants is associated with 
suppression of intracellular FR concentrations. 
 
Findings from this project were presented at the March, 1998 Seattle meetings of 
the Society of Toxicology.� �� � 

 
 
Cellular Toxicity of Nitrogen Dioxide on Nasal Epithelium in Human Subjects���  • 
Jane Q. Koenig, PhD, Department of Environmental Health • Co-Investigators: Daniel 
Luchtel, PhD, Department of Environmental Health; Len Altman, MD, Department of 
Medicine; Federico Farin, MD, Department of Environmental Health� 
 

Investigators exposed 11 subjects with asthma and allergic rhinitis to air, or NO2 
at 0.5 or 1.0 ppm, and collected nasal lavage samples for detection of interleukin 
8 (IL-8). A decrease in IL-8 expression at 0.5 ppm NO2 and an increase in IL-8 
expression at 1.0 ppm NO2 was observed. Investigators also assayed for ICAM-1 
following NO2 exposure. However levels of ICAM-1 in the nasal lavage samples 
were below detection.  
 
Another study aim is to assess human nasal epithelial cells as a tool for 
identifying cytokines and other inflammatory mediators. Cultured cells from six 
donor turbinates were assayed for IL-8, ICAM-1 and RANTES, following a one 
hour exposure to 1.0 ppm NO2. No significant changes in either ICAM-1 or 
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RANTES were observed. However, IL-8 expression decreased (p = 0.06) 
following NO2 exposure. 
 
Another goal, to determine the association between ICAM-1 polymorphisms and 
atopy, has been expanded to include three polymorphisms in the beta2-adrenergic 
receptor (beta2-ADR) as well as polymorphisms in the IL-4 gene and the high 
affinity IgE receptor. Investigators collected buccal cells from staff and students 
at the University of Washington, and at the Northwest Asthma and Allergy Clinic. 
Polymorphisms were analyzed by the Molecular Biomarker Lab (SC2) and a 
significant association between the Arg/Gly16 allele of beta2-ADR and subjects 
with maternal asthma was found.���� 
 

 
GSTM1 and GSTT1 Polymorphisms as Risk Factors for Renal Cell Carcinoma: 
Case-Control Study��  •  Diana C. Farrow, PhD, Department of Epidemiology 
Co-Investigators: Thomas L. Vaughan, MD, MPH, Department of Epidemiology; 
Stephen M. Schwartz, PhD, Department of Epidemiology � 
 

This investigation is evaluating polymorphisms in glutathione-S-transferase mu 
(GSTM1) and glutathione-S-transferase theta (GSTT1) enzymes as risk factors 
for renal cell carcinoma (RCC). Reports of increased risk of lung and other 
smoking-related cancers in GSTM1-null individuals provide evidence that the 
carcinogenicity of chemicals in cigarette smoke is modulated by this enzyme. 
Recent investigations also report associations of GSTT1-null status with some 
other cancer sites. Risk factors for RCC that might interact with GSTM1 and 
GSTT1 include cigarette smoking and occupational exposures to combustion 
products and to chlorinated solvents.  
 
In this population-based case-control study, newly diagnosed cases with RCC (n 
= 120) from a five-county area of western Washington will be compared with 
controls (n = 411) from the same area. Continuing studies will provide controls 
who have already been interviewed and genotyped for GSTM1 and GSTT1. Data 
collection will include telephone interviews on smoking and occupational history, 
DNA extraction from tissue blocks, and genotyping. Odds for association between 
occurrence of RCC and GSTM1 or GSTT1 deletion will be calculated. This study 
will provide pilot data critical to obtaining external funding for a larger study of 
the roles of multiple biotransformation enzymes in RCC. 
 
Work on this project has been delayed. Results will be documented in the 1998 
(Year 4) Center report.� � 
 

 
Role of p53 Mutations and Drug-Metabolizing Polymorphisms in Defining 
Susceptibility for Childhood Brain Tumors���  • Elaine M. Faustman, PhD, Department 
of Environmental Health • Co-Investigators: Beth Mueller, PhD, Department of 
Epidemiology; Federico Farin, MD, Department of Environmental Health� 



NIEHS Center for Ecogenetics and Environmental Health (8/07) http://depts.washington.edu/ceeh/ 

 
Compelling laboratory and animal evidence suggests that exposure to N-nitroso 
compounds (NOC) plays a role in the occurrence of childhood brain tumors. 
Alterations in tumor-suppresser genes associated with NOC exposure and with 
brain tumors are potentially useful as biomarkers of chemical exposure and of 
susceptibility in human studies. Before molecular methods for detecting genetic 
changes can be used in large epidemiologic studies. However, further research 
into patterns of gene alterations in human tissues is needed. To better understand 
the molecular mechanisms of susceptibility to childhood brain tumors and the 
importance of exposure to environmental NOCs, the investigators are evaluating 
the genotypes of tumor and non-tumor brain tissues for which we have exposure 
data. Certain patterns of p53 and ras mutations have been associated with NOC 
exposures in animals. The investigators are studying p53, ras, and a set of toxicant 
metabolizing gene polymorphisms (CYP2E1, CYP2A6, CYP2D6 and 
GSTM1/GSTT1) to learn these genetic changes also occur in humans.  
 
The investigators have analyzed samples from 46 children and have located four 
ras mutations so far. Three of these mutations are discussed in the publication 
listed below. The investigators are continuing to evaluate the meaning of the 
fourth mutation. They have optimized the PCR amplification of the p53 codons 
(exons 4 -9) and are just finishing the optimization of the p53 sequencing. SC2 
has also optimized the CYP2E1 amplifications and characterized 10 samples. 
Optimization of the other assays is underway. � 
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CEEH Pilot Projects Program 
Abstracts from Year 3 
(April 1, 1997 to March 31, 1998) 
 

 
 
Role of sonic hedgehog in cyclopamine-induced holoprosencephaly ��  • Raj P. Kapur, 
PhD, Department of Pathology, Henk Roelink, Department of Biological Structure� 
 

Investigators hypothesized that the teratogen cyclopamine and structurally related 
alkaloids might interfere with the intercellular signals mediated by the protein 
sonic hedgehog (SHH). Genetic perturbations of the SHH gene produce 
holoprosencephaly and the active form of SHH is covalently-linked to cholesterol 
through a biosynthetic process that might be vulnerable to steroidal agents, like 
cyclopamine. Investigators focused on chick embryos as a model system for in 
vivo manipulations. Cyclopamine treatment induces holoprosencephaly 
reproducibly, whereas the other agents tested do not. In addition, changes (e.g., 
absent floor plate, diminished and displaced motor neurons) consistent with loss 
of SHH-mediated signals are evident in the neural tubes of embryos treated with 
cyclopamine, but not those treated with the other alkaloids. These observations 
are consistent with the hypothesis that cyclopamine reduces SHH biosynthesis 
from its endogenous source in the notochord.  
 
A collaboration with David Raible (UW Biostructure) was established to examine 
effects of cyclopamine on embryogenesis in zebrafish. Preliminary studies 
indicate that cyclopamine interferes with ventral patterning in the caudal neural 
tube and somites, but not in the forebrain. The alterations observed in the affected 
sites are consistent with disruption of established functions of SHH in vivo.  
 
Investigators are presently working to confirm some of these preliminary findings 
and to examine other potential targets for cyclopamine action, such as cells that 
respond to SHH inductive signals. The plan is to study other teratogenic and non-
teratogenic steroids with a particular interest in how these agents interfere with 
SHH processing.  
 
Resulting Grant Support: Based on preliminary findings, investigators submitted 
an RO-1 proposal with Henk Roelink as the principle investigator and Raj Kapur 
as a co-investigator. This proposal has been reviewed and will be funded by the 
NIEHS (RO1ES09201).� ��� � 
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Polymorphisms in biotransformation enzymes and risk of lung cancer: a 
population-based study�  •  Thomas L. Vaughan, MD, MPH, Epidemiology, UW��� 
 

This project investigates whether inherited polymorphisms in two 
biotransformation enzymes, CYP1A1 and microsomal epoxide hydrolase (mEH), 
are associated with varying risks of lung cancer in humans. These enzymes are 
involved in the metabolism of polycyclic aromatic hydrocarbons in tobacco 
smoke. Several previous studies indicate that polymorphisms in these enzymes 
may affect their activity or production, and the sparse epidemiologic evidence to 
date suggests that persons with one or both of the variant alleles may be at 
increased risk of lung cancer.  
 
This proposal builds upon two ongoing NIH grants at the Fred Hutchinson Cancer 
Research Center. These grants are funding the collection of detailed exposure 
information and blood samples on population-based cases and controls; blood 
processing; DNA extraction; GSTM1, GSTT1 and GSTP1 genotyping; and 
GSTP1 protein expression. The present proposal seeks to assay DNA on a subset 
of the participants (250 cases and 250 controls matched on smoking status) for 
their mEH and CYP1A1 genotypes. Odds ratios associated with the variant 
genotypes will be calculated, after adjusting for the potential confounding effects 
of tobacco use and other risk factors for lung cancer. Vaughan's laboratory also 
will investigate modifications of any gene associations by various risk factors, and 
by the genotype of the other biotransformation enzymes.  
 
DNA extraction of 500 subjects has been completed.  
 
This study will provide preliminary data that will be critical to funding larger 
studies investigating the roles of multiple biotransformation enzymes in lung 
cancer. �� 

 
 
Inhibition of cell cycling in the developing CNS by methylmercury: Role of p21��  • 
Elaine M. Faustman, PhD, Environmental Health, UW�� 
 

Methyl mercury (MeHg) is a global environmental pollutant and well recognized 
developmental neurotoxicant in humans, primates, and rodents, causing cell loss 
and microcephaly. Histologic evidence suggests that cell cycle inhibition, not cell 
death, underlies the reduction in numbers of central nervous system (CNS) cells. 
This suggests a central role for cell cycle inhibition in MeHg neurodevelopmental 
toxicity.  
 
Preliminary experiments indicate that MeHg can cause a biphasic inhibition of 
primary CNS cell proliferation with an S-phase inhibition after 12 hours of 
chronic exposure in vitro, followed by inhibition at the G2/M phase. Under 
similar exposure conditions, MeHg also appears to induce expression of cell cycle 
regulatory genes, including p21, associated with cell cycle arrest. These data are 
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consistent with a hypothesis that altered expression of cell cycle regulatory genes 
underlies the observed inhibition of cell proliferation upon exposure.  
 
The project will evaluate the role of p21 and altered cell cycling in response to 
MeHg exposure during development using p21-deficient and normal mice. 
Because p21 is involved in halting cell cycle progression in response to cell 
injury, p21-deficiency may enhance sensitivity to MeHg during development. 
Pregnant female mice will be exposed to MeHg, their uteri will be removed, and 
CNS tissue analyzed by flow cytometry for cell cycling. Cells will also be sorted 
by flow cytometry according to cell cycle phase, collected and analyzed for 
alterations in p21 gene expression and protein level. These analyses will provide 
key information regarding the events at the molecular level which may underlie 
MeHg-induced cell cycle inhibition during CNS development. �� �� � 

 
 
Mitochondrial toxicants and the mammalian stress response��  •  Sam A. Bruschi, PhD, 
Department of Medicinal Chemistry, UW� 
 

This project is isolating mammalian homologs of yeast proteins necessary for a 
retrograde communication phenomenon between organelles and the nucleus. The 
RTG genes (RTG1, RTG2, and RTG3) switch on and upregulate nuclear genes in 
response to functional perturbations in the mitochondria and/or peroxisomes. 
Given the large number of environmental chemicals and therapeutic agents that 
alter mitochondrial function, the possibility was raised the mammalian homologs 
of RTG genes may be useful biomarkers to assess alternations to organelle 
function.  
 
PCR was used to clone RTG genes directly from Saccharomyces cerevisiae 
genomic DNA. Restriction digests were used to determine that both RTG1 and 
RTG2 were inserted in the correct orientation in all but one of the colonies 
selected from each group. However, of the forty colonies of RTG3 screened, all 
sequences were inserted backwards. The biological significance, if any, of this 
observation is unknown. Each selected colony was amplified and purified as a 
working stock.  
 
The investigators confirmed the identity of these inserts by using the SC2 DNA 
sequencing facility. Slot blot experiments indicated that each RTG probe, in 
addition to the GAPDH probe (a positive control), hybridized specifically to both 
yeast DNA and mouse DNA. As expected, the relative signal strength for each 
probe was diminished with mouse DNA in comparison to yeast DNA. Southern 
blot experiments for each genomic DNA (E. coli., C. elegans, S. cerevisiae, 
mouse and human) are continuing. Preliminary results confirm that non-isotopic 
labeling procedures used are sensitive enough to detect single copy sequences. 
Moreover, specific RTG1 cross-hybridization with a higher molecular fragment in 
C. elegans DNA indicates that a high homology sequence is evident in this 
species. �� ��� 
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Mechanisms Of Ethanol-Induced Neuronal Apoptosis�  •  Zhengui Xia, PhD, 
Department of Environmental Health, UW� 
 

Alcohol abuse causes several physiological effects including fetal alcohol 
syndrome resulting from maternal ethanol exposure in the developing fetus. 
However, the exact mechanisms of ethanol-induced neurotoxicity have not been 
defined. To determine if ethanol induces cell death in primary neurons, Xia's 
laboratory cultured cortical neurons from newborn rats in BEM-based medium 
containing 10% fetal calf serum. Six days later, neuron cultures were treated with 
1% or 2% ethanol for 48 hours, and cell viability examined by MTT metabolism. 
Preliminary data showed that ethanol can induce cell death in primary cortical 
neurons under normal culture conditions. Ethanol previously has been shown to 
promote apoptosis in cerebellar granule neurons by inhibiting the trophic effect of 
NMDA.. To the principal investigator's knowledge this is the first report that 
ethanol, added to normal healthy neuron cultures in the presence of serum, can 
induce cell death. � 
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CEEH Pilot Projects Program 
Abstracts from Year 4 
(April 1, 1998 to March 31, 1999) 
 

 
 
Developmental neurotoxicity in maternal phenylketonuria�  • Lucio G. Costa, PhD, 
Department of Environmental Health�, UW����� 
 

Phenylketonuira (PKU) is a genetic defect characterized by the absence of a 
hepatic enzyme that metabolizes phenylalanine (Phe) to tyrosine. Offspring of 
mothers with untreated PKU display a number of developmental abnormalities, 
the most notable of which are central nervous system defects (microencephaly 
and mental retardation). Animal studies suggest that the Phe metabolite 
phenylacetate (PA) is responsible for the neurotoxicity, while limited evidence in 
humans suggests that Phe also may play a role. This study proposes to test the 
hypothesis that PA and/or Phe causes neurotoxicity by inhibiting astrocyte 
proliferation and/or by inducing apoptosis in glial and neuronal cells. This 
hypothesis is supported by data indicating that PA can exert these two effects in 
tumor cells, including gliomas. In these cells, the action of PA has been ascribed 
to its ability to inhibit isoprenylation of proteins. Because developing glial and 
neuronal cells share some of the characteristics of tumor cells, it is hypothesized 
that a similar mechanisms may also account for the neurotoxicity observed in 
maternal PKU. ��� � 

 
 
Functional significance of the cytochrome P450 1A1 m4 polymorphism: Is the 
variant form differentially active toward 17b-estradiol and/or PAHs?�������  •  David L. 
Eaton, PhD, Department of Environmental Health�� 
 

Cytochrome P450 1A1 (CYP1A1) is an important biotransformation enzyme in 
the metabolism of a variety of environmental carcinogens. A newly described 
polymorphism of human CYP1A1, termed CYP1A1*M4, is formed when a 
mutation in codon 461 results in a change of amino acid from threonine to 
asparagine. A recent epidemiological study found that the CYP1A1*M4 allele 
was associated with a 6-fold increased risk of endometrial cancer. Because other 
studies have demonstrated that human CYP1A1 is active in the metabolism of 
estradiol to several less estrogenic, but potentially genotoxic metabolites (catechol 
estrogens, semiquiones and quiones), we are interested in determining whether the 
protein product from this variant allele alters enzymatic activity toward estradiol 
and/or benzo(a)pyrene. To test this hypothesis, we will create the *M4 mutant 
cDNA by site-directed mutagenesis of the wild-type CYP1A1 cDNA, express the 
variant and wild-type proteins in yeast, and determine the catalytic activity of the 
two enzymes toward estradiol and benzo(a)pyrene.Study results may be of value 



NIEHS Center for Ecogenetics and Environmental Health (8/07) http://depts.washington.edu/ceeh/ 

in the design of future molecular epidemiology studies of CYP polymorphisms as 
determinants of susceptibility to a variety of environmentally related diseases, 
especially smoking-related cancers. The study approach also may lay the 
groundwork for a program that utilizes yeast and other eukaryotic expression 
systems to study the functional significance of other human biotransformation 
enzyme polymorphisms. � 

 
 
Polymorphisms in biotransformation enzymes and renal cell carcinoma risk�  •  
Diane C. Farrow, PhD, Department of Epidemiology � 
 

The goal of this study is to investigate whether inherited polymorphisms in 
biotransformation enzymes involved in the metabolism of polycyclic aromatic 
hydrocarbons (PAHs) are associated with the risk of renal cell carcinoma (RCC). 
Polymorphisms proposed for analysis include cytochrome p450 1A1 (CYP1A1), 
microsomal epoxide hydrolase (mEH), NAD(P)H:quinone oxidoreductase 
(NQO1), and glutathione S-transferase P1 (GST-P1). The work will expand on 
data already available from an existing population-based case-control study of 
RCC, including extensive exposure data from telephone interviews, DNA isolated 
from normal tissue, and GST-M1 and GST-T1 genotypes. Strengths of the 
proposed study include its population-based design, the existence of extensive 
interview data on exposures that may confound or modify the associations of 
interest, and the cost-effectiveness of conducting the proposed assays on already-
collected samples. The ultimate goal of this research is to understand observed 
variability in susceptibility to RCC among individuals with well-characterized 
environmental exposures. Results should provide a unique pilot dataset that may 
form the basis for a large study of gene-gene and gene-environment interactions 
in RCC. � �� � 

 
 
Effect of ozone on airway inflammation and hyperreactivity in a mouse model of 
asthma �  •  William R. Henderson, MD, Department of Allergy and Infectious Diseases�� 
 

Asthma is characterized by a complex inflammatory response of airway 
eosinophilia, edema, mucus hypersecretion, bronchial epithelial injury, and 
hyperreactivity. We have developed a protocol for administration of ovalbumin 
(OVA) as allergen to induce late-phase allergen-specific pulmonary disease in 
mice (Henderson et al., J. Exp. Med. 184:1482-1494, 1996; Henderson et al., J. 
Clin. Invest. 100: 3083-3092, 1997). OVA-treated mice display a disease 
strikingly similar to allergen-induced human asthma with airway mucus release 
and eosinophil infiltration and airway hyperreactivity (AHR) to methacholine. 
Ozone (O3) produces adverse respiratory health effects in both animals and 
humans. Genetic susceptibility to O3 may be important in O3-induction of airway 
inflammation and AHR. In particular, asthmatics may have enhanced sensitivity 
to O3. 
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In these multidisciplinary studies, which involve investigators in the UW 
departments of medicine, pathology, and environmental health, the objective is to 
characterize the effect of O3 on allergic pulmonary inflammation and AHR in a 
mouse model of asthma. The investigators will utilize inbred mouse strains that 
are O3-susceptible and O3-resistant to O3-induced inflammation and AHR in this 
asthma model. They will examine these questions:  
 

a) Will an allergic diathesis convert an O3-resistant mouse strain to O3-
susceptibility? 
 
b) Will an allergic diathesis increase O3-induced airway inflammation and 
AHR in O3-susceptible mouse strains? 

 
Through this study, investigators hope to define the key molecular mechanisms 
involved in O3-induced augmentation of allergic injury in the lung. Employing a 
mouse strain of asthma, they hope to better understand the genetic susceptibility 
to this important environmental agent of respiratory toxicity. The more specific 
knowledge of these biochemical and immunological changes becomes, the more 
likely it is that interventions to reduce O3-induced inflammation will be found.� ��� 
 

 
Environment and T-cell dysfunction: A nutritional model in transgenic mice��  • 
Warren Ladiges, DVM, Department of Comparative Medicine�� 
 

The mechanisms by which environmental factors such as foods may affect the 
immune system in the aging population are not well understood or appreciated. 
The global theme behind this proposal is to identify food factors that can enhance 
immunity and thus decrease the incidence of age-related immune dysfunction. We 
have developed a T-cell receptor transgenic (Tg) mouse model of T-cell 
dysfunction that phenotypically expresses acute onset of inflammatory joint 
disease in the digits of the paws 30 days after immunization with bovine collagen. 
A preliminary experience has shown that N-acetylcysteine (NAC), a thiol 
compound similar to that found naturally in commonly ingested foods, such 
vegetables, lessens the severity of inflammation in this Tg mouse model. The 
investigators hypothesize that NAC will delay the onset and lessen the severity of 
T cell-driven joint disease by a selective inhibition of the proinflammatory T 
helper (Th1) cell cytokine pattern. Investigators will first administer NAC in the 
drinking water at 3 dosage levels for 5 weeks, beginning the day of immunization, 
to determine the dose response required to prevent or delay the onset and/or 
lessen the severity of joint disease. Secondly, Th cytokine patterns, either Th1 or 
Th2 in NAC-treated or -untreated Tg mice, will be determined by measuring the 
IL2/IFNg and IL-4, respectively, in supernatants of lymph node T-cell cultures. 
Thirdly, the role of NF-kB, a transcriptional mediator for cytokine activity in T 
cells, will be correlated with the ability of NAC to suppress joint disease. Results 
of this project will be useful in designing studies to evaluate the effects of food or 
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other environmental factors on T cell dysfunction in Tg mice and, ultimately, in 
older adults.�� �� � 

 
 
Ecogenetics of nicotine addiction: Search for functional polymorphisms in the gene 
for the beta2-subunit of the neuronal nicotinic acetylcholine receptor (CHRNB2)�  • 
Carl C. Ton, PhD, Department of Medical Genetics�� 
 

Chronic exposure to the toxic and carcinogenic components of cigarette smoke, in 
contrast to occupational or environmental exposure to other hazardous 
xenobiotics, occurs largely through a behavioral choice driven by an individual's 
addiction to nicotine. The neurochemical basis of this self-injurious psychomotor 
response appears rooted in the complex interactions between the nicotine agonist 
and the neuronal nicotinic acetylcholine receptors (nAChR) of the central nervous 
system. One predominant component of the nAChR, the beta2-polypeptide 
subunit, appears to play a key role in mediating this addictive response to 
nicotine. What would be the pharmacogenetic and ecogenetic consequences of 
functional polymorphisms in this molecule? 
 
This pilot project proposes to develop the preliminary data necessary to address 
this question in detail by:  
 

1) determining the genomic sequences of the gene for the beta2-subunit of 
the neuronal nicotinic acetylcholine receptor (CHRNB2),  
 
2) using this information to develop sequencing primers covering the 
exons and splice donor/acceptor sites of CHRNB2, and 
 
3) performing direct genomic sequencing of these targeted regions in 
CEPH family progenitors and specimens in the Human Diversity 
Collection, in order to identify common CHRNB2 variants in the human 
population. 

 
This work will make it possible to develop rapid PCR- or ligation-based assays 
for such variants for future large-scale surveys. Knowledge of the ecogenetics and 
pharmacogenetics of the nAChRs might suggest more effective therapeutic 
measures to help addicted persons stop smoking.� � �� � 
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CEEH Pilot Projects Program 
Abstracts from Year 5 
(April 1, 1999 to March 31, 2000) 
 

 
 
Characterization of a glutathione biosynthesis polymorphism: Relationship to 
idiopathic pulmonary fibrosis����  •  Terrance J. Kavanagh, PhD, Associate Professor,  
Department of Environmental Health, UW����� 
 

Pulmonary fibrosis (PF) is a progressive debilitating interstitial lung disease 
which usually leads to death within 5 years of diagnosis. While many case of PF 
are due to occupational exposure to fibrogenic agents, approximately one-half to 
two-thirds of all cases of PF are of unknown cause and are thus termed idiopathic 
pulmonary fibrosis (IPF). IPF can be subdivided into sporadic and familial forms. 
IPF is characterized by inflammatory alveolar infiltrates and oxidative injury to 
the lung. Examination of the bronchoalveolar lavage fluid from patients with IPF 
has revealed a decrease in the levels of the antioxidant thiol glutathione (GSH). In 
preliminary experiments, we have found that fibroblasts cultured from the lungs 
of IPF patients have an attenuated ability to resynthesize GSH after 
chlorodinitrobenzene-mediated GSH depletion. The rate-limiting enzyme in GSH 
synthesis is glutamate-cysteine ligase (GLCL; also known as gamma-
glutamylcysteine synthetase).  
 
This enzyme is composed of two subunits: a catalytic subunit (GLCLC) and a 
regulatory subunit (GLCRC), both of which have been shown to be induced by 
oxidative stress and glutathione depleting agents. It has recently been shown that 
the 5' untranslated region of the mRNA and GLCLC contains a GAG 
trinucleotide repeat polymorphism. It is our hypothesis that this repeat 
polymorphism influences the rate of transcription or translation of GLCLC, or the 
stability of its mRNA, ultimately influencing GSH homeostasis and the ability of 
the lung to respond to the oxidative stress associated with lung inflammation. We 
propose to determine if a particular GLCLC GAG repeat polymorphisms is 
associated with IPF; to determine if the GAG polymorphism influences the rates 
of translation of GLCLC; and to determine if the GAG polymorphism is 
associated with altered GSH homeostasis. This information will reveal if this 
genetic polymorphism is an important risk factor in IPF, as well as determine if 
this polymorphism has functional consequences that may be important in other 
diseases in which oxidative stress is thought to play a role.�� � 
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Mechanisms of Fungicide Neurotoxicity������  •  Richard Morrison, Associate Professor, 
Neurological Surgery, UW� 
 

There is significant public concern over the agricultural use of fungicides, 
stemming from the observation that a significant majority of fungicides exhibit 
carcinogenic activity in animal models. Fungicides have also been shown to 
produce DNA damage and cell cycle inhibition in several mutagenicity models, 
providing mechanistic support for the supposition that these agents convey 
potential carcinogenic and developmental toxic risks.  
 
Benzimidazoles represent a class of fungicide which are neurotoxic and 
teratogenic. Benzimidazoles interfere with microtubule polymerization, causing 
effects similar to those of anti-mitotic agents used clinically as 
chemotherapeutics. Although the anti-mitotic effects of benzimidazoles are 
reported to be species-specific, the factors defining their toxicity and cell- and 
species-specificity are largely unknown. Recent literature describes a link 
between perturbations in microtubule integrity and induction of the p53 tumor 
suppressor gene. This gene regulates cell cycle progression and promotes 
apoptosis, providing a link between the benzimidazoles and neuronal damage.  
 
We will evaluate potential mechanisms by which the benzimidazoles damage 
developing neurons. We will determine if benzimidazole-induced cell death is 
dependent on p53 expression. Using cultured neurons containing p53 alleles and 
those deficient in p53 (knockout mice), we will assess the specific contribution 
made by p53 to neuronal vulnerability following fungicide exposure. We will also 
determine whether benzimidazole exposure produces changes in the expression or 
distribution of the proapoptoic protein, Bax. Changes in Bax expression will be 
assessed using immunocytochemistry and Western blot analysis. Changes in Bax 
localization will be assessed by expressing a Bax-green fluorescent protein (GFP) 
fusion protein in neurons.  
 
This work will provide insight into the molecular mechanisms by which 
environmental exposure to fungicides promotes damage to the developing central 
nervous system, an aim consistent with the theme of the CEEH.���� 

 
 
New polymorphisms in thymidylate synthase, an enzyme in folate metabolism, and 
risk of colorectal adenomas����  •  John D. Potter, Professor, Fred Hutchinson Cancer 
Research Center ����� 
 

This proposal focuses on pilot research on polymorphisms of thymidylate 
synthase (TS), a central enzyme in folate metabolism. Functional polymorphisms 
in this gene may affect carcinogenesis via effects on nucleotide synthesis, 
particularly if such genetic variation is combined with low folate or coenzymes of 
folate metabolism (vitamin B12 and B6). A repeat polymorphism in the 5' 
promoter region of TS has been reported among Japanese individuals (allele 
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frequency 19%), but has not been investigated in previous epidemiologic 
research. We propose to 1) establish the frequency of this polymorphism and 2) 
evaluate the risk of colorectal adenomas associated with this polymorphism using 
data from subjects registered in an existing case-control study. Methods include 
sequencing the region of interest in the first 140 individuals, and PCR-genotyping 
the following 1,000 cases and controls. We will use logistic regression to evaluate 
the risk of colorectal adenomas associated with this polymorphism, in particular 
among individuals with low intakes of relevant nutrients.  
 
A second part of the proposed research will include searching databanks of 
nucleic acid sequences (especially of expressed sequence tags) to identify new 
candidate polymorphisms in the TS gene. The prevalence of identified candidate 
polymorphisms will be verified in a subset of cases and controls (n=80) from the 
case-control study. We have already identified one region of interest. This 
research will help to evaluate the utility of searching for polymorphisms via gene 
databanks. It will also constitute pilot work for future studies on candidate 
polymorphisms.  
 
This project reflects the CEEH mission and objectives to evaluate gene-
environment interactions and their impact on disease risk. We will evaluate the 
risk of adenomatous polyps associated with the TS 5'-regulatory region 
polymorphism. The proposed studies will potentially yield interesting findings on 
cancer prevention and, with some other planned studies, also extend to clinical 
applications. � �� � 

 
 
Epidemiology of smoking cessation: Genetic Influences���  •  Mary Anne Rossing, 
Research Associate Professor, FHCRC, Epidemiology � 
 

Cigarette smoking remains the single most preventable cause of cancer mortality 
in the United States. However, although most current smokers report a desire to 
quit, the decline in tobacco use has slowed in recent years. These observations 
highlight the need for new insights into determinants of smoking cessation. 
Available data support a role of genetic influences on smoking behavior; these 
effects may be most evident in populations, such as the United States, with 
relatively strong social pressures against smoking.  
 
The goal of the proposed study is to examine genetic influences on smoking 
cessation. Of particular interest are: the dopamine transporter (DAT1), which is 
an important element of neurotransmission in the mesolimbic "reward" pathway 
of the brain, through which the addictive effects of tobacco and nicotine operate; 
and CYP2A6, which is involved in the primary pathway of nicotine metabolism. 
Among 460 female smokers who participated in a smoking cessation trial, we will 
assess the relation of polymorphisms of these genes with the likelihood of being a 
non-smoker at the end of the trial and when re-contacted several years later.  
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The proposed multidisciplinary study is closely related to the CEEH's goal to 
understand molecular mechanisms underlying human variability in response to 
environmental exposures. The study will provide pilot data critical to obtaining 
external funding for a larger, more comprehensive study of this topic. Increased 
understanding of genetic influences on the ability of motivated, healthy 
individuals to quit smoking may lead to improvements in success rates of 
smoking cessation efforts. In the future, such knowledge may allow the 
identification of subgroups of individuals who are most likely to benefit from 
particular pharmacologic interventions. Thus, it may become possible to improve 
the effectiveness of these interventions by targeting genetic subgroups of 
individuals to receive particular medications. �� 
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CEEH Pilot Projects Program 
Abstracts from Year 6 
(April 1, 2000 to March 31, 2001) 
 

 
 
Role of Glutamate-L-cysteine Ligase in Cystic Fibrosis���  •  Terrance J. Kavanagh, PhD, 
Associate Professor,  
Department of Environmental Health, UW����� 
 

Cystic fibrosis is a debilitating systemic disorder that affects the lungs, the 
pancreas and the intestine. Most CF is thought to be due to a mutation in the 
cystic fibrosis transmembrane regulator protein (CFTR0. However, other factors 
certainly contribute the severity and progression of this disease. Recently, it has 
been shown that CFTR may influence the ability of airway epithelial cells to 
transport the antioxidant glutathione. Glutathione is important in preserving lung 
function in the face of oxidative stress, which is a frequent occurrence in CF. 
Individuals with CF have been shown to have lower levels of GSH in their 
alveolar lining fluid. This suggests that CF may be characterized by an inability to 
supply the alveolus with sufficient GSH. We have recently shown that a 
polymorphism in the GSH biosynthetic enzyme glutamate-L-cysteine ligase 
(GLCL) is associated with risk for idiopathic pulmonary fibrosis, a condition that 
also is characterized by low GSH in the alveolar lining fluid. The aims of this 
proposal are to examine the prevalence of the GLCL polymorphism in CF 
patients, and to assess the association of various alleles with disease severity. This 
information will help to define the variability in disease severity seen in this 
condition and also lead to rational antioxidant therapy for these patients. � � 

 
 
Candidate Genetic Polymorphisms for Stroke in Young Women�����  •  Stephen M. 
Schwartz, PhD, Associate Professor, Department of Epidemiology, UW�� 
 

The role of genetics in stroke is not well understood. We propose a pilot study of 
three candidate genes with known functional mutations suspected of being 
involved in the pathogenesis of ischemic and hemorrhagic strokes. Specifically, 
using data from a study of early-onset stroke in women from the Puget Sound 
metropolitan region, the proposed pilot study will allow us to 1) determine the 
prevalence of susceptibility alleles for the atrial natriuretic peptide gene (ANP) 
and two matrix metalloproteinase genes (MMP), and 2) obtain preliminary 
estimates of the association of polymorphisms in these genes with ischemic and 
hemorrhagic stoke. Subjects were between the ages of 18 to 44 years with no 
previous history of clinical cerebrovascular or cardiovascular disease. A total of 
41 ischemic stroke cases, 52 hemorrhagic stroke cases, and 250 controls have 
DNA available for genetic analysis. The results from this pilot study will help us 
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determine the feasibility of submitting a larger NIH grant that would allow us to 
build upon our existing study of population-based stroke cases and controls. This 
larger study will be a collaborative effort involving several investigators at the 
University of Washington and will enable us to collect additional stroke cases and 
their relatives, evaluate gene-environment interactions, and perform association 
and family-based analyses. Thus, the proposed study fits well with the goals of 
the UW Center for Ecogenetics and Environmental Health (CEEH). ��� 

 
 
Role of Platelet Thrombin Receptor (PAR1) Genetic Variants and Environmental 
Factors in the Susceptibility of Young Women to Acute MI���  •  David S. Siscovick, 
MD, MPH, Professor, Departments of Epidemiology and Medicine, UW���� 
 

There is increasing evidence that genetic prothrombotic factors are important in 
the occurrence of athero-thrombotic diseases such as acute myocardial infarction 
(MI). We have previously demonstrated the importance of several coagulation 
factor and platelet receptor genetic susceptibility markers in combination with 
cigarette smoking in the risk of MI using a case-control study of MI in young 
women. We are thus in a unique position to evaluate prothrombotic candidate 
genetic susceptibility markers and their interaction with environmental factors in 
the pathogenesis of early-onset athero-trombotic disease. Thrombin is a multi-
functional coagulation enzyme that is also important in platelet-dependent 
thrombosis following arterial wall injury. Very recently, we and others have 
identified several single nucleotide polymorphisms within the human platelet 
thrombin receptor gene (PAR1). We propose to perform genotype association 
studies for selected PAR1 polymorphisms in our case-control study of acute MI in 
young women and assess potential interactions with traditional cardiovascular risk 
factors such as cigarette smoking. The genetic influence on platelet thrombin 
receptor function will also be assessed through correlation of in vitro platelet 
thrombin aggregation response as well as platelet surface receptor levels with 
PAR1 genotypes. The results of these studies will provide important new 
information regarding the role of candidate prothrombotic genetic factors in the 
susceptibility to athero-thrombotic disease, and enhance our understanding of the 
interaction between genetic and environmental risk factors in the development of 
a common, but complex disorder. �� � 

 
 
The Role of CYP209 Genotype in Modulating the Risk from Exposure to Exogenous 
Substrates: Warfarin and the Risk of Adverse Bleeding Events��  •  David Veenstra, 
PharmD, PhD, Assistant Professor, Department of Pharmacy, UW�� 
 

CYP2C9 is a major liver enzyme (cytochrome P450) that is involved in the 
metabolism of substrates such as (S)-warfarin, tolbutamide, and benzo[a]pyrene. 
Two variant alleles of CYP2C9 have been identified, the *2 and *3 alleles. Both 
alleles are associated with diminished CYP2C9 activity. Warfarin is an oral 
blood-thinning agent used to prevent clotting events in patients with 
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thromboembolic diseases, and is metabolized primarily by CYP2C9. The use of 
warfarin is associated with significant risks of bleeding complications and 
requires frequent monitoring. The rate of major bleeding due to warfarin ranges 
from 0.9 to 2.7 percent per year.  
 
It is our hypothesis that individuals with CYP2C9 *2 or 83 alleles are more likely 
to have a higher risk of bleeding events due to impaired metabolism, experience 
greater variability in anticoagulation levels, and require lower maintenance doses 
of warfarin. We propose to use a retrospective, case-control study design to 
examine the association between CYP2C9 genotype and three clinical parameters: 
bleeding episodes, dose requirements, and anticoagulation variability. Results will 
be stratified based on smoking exposure. Patients at the UWMC anticoagulation 
clinics will be identified according to their daily warfarin dose requirements. We 
will then collect clinical information and obtain blood samples from consenting 
study participants. Full sequencing of exons 3 and 7 of the CYP2C9 locus, which 
contain the *2 and *3 mutation sites, will be completed.  
 
This proposed project is aligned with the CEEHÕs mission to understand 
molecular mechanisms underlying human variability in response to environmental 
exposures because CYP2C9 is a biotransformation enzyme of relevance to 
ecogenetics. The results of this study may directly influence the clinical 
management of warfarin patients, will be used in a cost-effectiveness study to 
evaluate the societal implications of genetic testing of warfarin patients, and may 
suggest the need for a larger, prospective study. � 
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CEEH Pilot Projects Program 
Abstracts from Year 7 
(April 1, 2001 to March 31, 2002) 
 

 
 
Modulation of Hypericin Effects by Glutathione S-Transferases��  • William M. 
Atkins, PhD, Associate Professor, Department of Medicinal Chemistry, UW���� 
 

The long term goal of this proposal is to understand, at the molecular and cellular 
levels, light-dependent and light-independent interactions between hypericin and 
glutathione s-transferases (GSTs). Hypericin is an active ingredient in the 
naturopathic extract of St. John’s Wort, which has found wide use as an 
antidepressant and an anti-HIV agent. A significant toxicity associated with 
hypericin therapy is photoxicity. In fact, hypericin has been explored also as a 
photosensitizer for photdynamic therapy against several types of cancers. Very 
recently, drug-drug interactions have been observed between hypericin and 
substrates for cytochrome P450’s, thereby forshadowing the potential for 
numerous drug interactions and genetic polymorphisms in response to hypericin 
therapy. This proposal explores the hypothesis, based on preliminary data, that 
hypericin/glutathione s-transferase interactions could contribute to tissue-
dependent and inter-individual variation in response to St. John'’ Wort. Whereas it 
is well established that glutathione s-transferases bind many exogenous and 
endogenous non-substrate ligands with high affinity, no interactions between 
GSTs and hypericin have been reported. Preliminary data demonstrate a high 
affinity of hypericin for the isoforms GSTA1-1 and GSTP1-1 (KD~200 nM). 
Moreover, upon complexation with GSTs, the fluorescene quantum yield of 
hypericin increases by ~ 100-fold. As a result, it is nearly certain that 
complexation with GST increase the light-dependent singlet oxygen quantum 
yield of hypericin, which in turn determines its use in photodynamic therapy and 
its phototoxic potential. In order to understand the potential contribution of GSTs 
to the therapeutic and toxic profile of St. John’s Wort, photodynamic interactions 
between GSTs and hypericin will be studied in vitro. In addition, cell culture 
studies will be performed in order to determine whether GST expression 
contributes to uptake and subcellular distribution of hypericin. With sufficient 
documentation of GST/hypericin interactions, resulting from CEEH support, 
funding for a collaborative project will be sought, from federal agencies, wherein 
the ESR Core Facility, the Analytical Cytology Core Facility, and the Molecular 
Visualization Core Facility will be engaged. � 
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Genomic Analysis of Ozone Effect on Airway Inflammation in Mouse Asthma 
Model ����  •  William R. Henderson, Jr., MD, Professor, Department of Medicine, UW� 
 

Chronic allergic inflammation mediated by mast cells, eosinophils, T 
lymphocytes, and other inflammatory cells in asthmatics is accompanied by 
structural changes of the airways termed airway remodeling. Characteristic 
features of airway remodeling are hyperplasia of mucus glands, smooth muscle, 
and blood vessels in the lungs and airway wall thickening with subepithelial 
collagen deposition and fibrosis. We have developed a murine model of asthma 
that reproduces these key features of allergic airway inflammation and fibrosis of 
human asthma. Ozone (O3) produces adverse respiratory health effects in both 
animals and humans. Genetic susceptibility to O3 may be important in O3-
induction of airway inflammation and airway hyperractivity (AHR). In particular, 
asthmatics may have enhanced sensitivity to O3. Functional genomics using 
cDNA microarrays and proteomics enables global discovery of the critical genes 
and proteins expressed in complex inflammatory disorders such as asthma. 
Specific Aim 1 is to identify by genomic analysis of lung tissue, the temporal 
pattern of gene activation important for development of allergic airway 
inflammation and fibrosis in the mouse asthma model. Specific Aim 2 is to 
characterize the effect of O3 on this allergic pulmonary response to examine the 
question: "Will an allergic diathesis increase O3-induced airway inflammation?" 
Our overall aim is to increase our understanding of the genetic susceptibility to 
this toxic environmental agent.�� 

 
 
Variation in the Human CAR Receptor��  •  Curtis J. Omiecinski, PhD, Professor, 
Department of Environmental and Occupational Health Sciences, UW��� 
 

An array of nuclear receptor proteins serve as key transducers of xenobiotic 
stimuli. Like the cytochrome P450s (CYPs), the nuclear hormone receptors 
(NHRs) are encoded by a superfamily of genes and integrate the chemical and 
hormonal stimuli for transmission to the nuclear transcriptional machinery. This 
proposal will focus specifically on the human constitutive androstane receptor, 
CAR, an NHR that has been identified only recently. CAR, together with its 
dimerization partner, RXRa, are most abundantly expressed in the liver, and act as 
sensors of a variety of chemical signals. These signals are integrated and 
transmitted via receptor interaction to a variety of DNA target elements regulating 
a number of ‘inducible’ genes. The primary hypothesis that will be tested in this 
research is that the CAR nuclear receptor is genetically polymorphic and 
structurally variant in human populations. Furthermore, we will test the 
hypothesis that the respective variant receptors dictate differential biological 
responses. The aims of our project are to: 1) identify the nature of structural 
diversity of CAR within a human liver bank representing over 70 individual 
donars, and 2) use in vitro techniques to characterize the biological effects of 
CAR receptor variants. The presence of variant NHR receptor isoforms in the 
population will likely dictate adverse reactions to drug response, individual 
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differences in toxic outcomes due to xenobiotic exposures, and perhaps contribute 
to risk of human diseases, including certain cancers. These investigations will 
provide important data relating to the identification and biological 
characterization of CAR structural variation among individuals, and form the 
basis of a more extended series of investigations on CAR polymorphism. The 
proposed studies fit well within the theme of the CEEH as the investigations will 
seek to examine genetic and structural variation within a receptor system that 
engages environmental chemicals to effect altered cellular and individual 
responses to xenobiotic exposure. � � 

 
 
Mutational Analysis of a Human Xenobiotic Transporter OAT1 �  •  Joanne Wang, 
PhD, Assistant Professor, Department of Pharmaceutics, UW� 
 

OAT1 is a multispecific organic anion transporter primarily expressed in the 
kidney. OAT1 mediates membrane transport of many structurally diversified 
organic anions and plays a critical role in in vivo elimination of various 
xenobiotics including drugs and environmental toxins. Despite the much 
information on the kinetic properties of OAT1 and its interactions with various 
drugs, little is known about the molecular mechanism by which OAT1 recognizes 
and transports various organic anions. The OAT1 binding site for organic anions 
is unknown; and the amino acid residues important for substrate specificity, 
charge recognition, and transport function have not been identified. Because 
OAT1 is a multispecific transporter with tremendously diversified substrate 
specificity, multiple residues in the substrate binding site may contribute to its 
multispecificity; and different residues may be involved in the recognition of 
individual or subsets of organic anions. Since the substrates of OAT1 are 
characterized by one or more negative charges, positively charged residues in 
OAT1 may be responsible for charge recognition. In order to elucidate these 
mechanisms, it is necessary to identify important residues in OAT1 and determine 
their specific roles for OAT1 function. In this pilot study, we propose to develop a 
novel approach to quickly generate and analyze a large number of OAT1 mutants 
and use this approach to identify residues important for human OAT1 function. 
This proposed study meets the goals of the CEEH in that it studies a specific gene 
product that is important for in vivo elimination and disposition of drugs and 
environmental substances. Knowledge of the structural and mechanistic basis of 
OAT1 may help to design better drugs or drug regimes. It may also help to predict 
potential clinical effects caused by non-synonymous polymorphisms of the OAT1 
genes. � 
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CEEH Pilot Projects Program 
Abstracts from Year 8 
(April 1, 2002 to March 31, 2003) 
 

 
 
Functional Analysis of SNP’s in Human Bypass DNA Polymerases in Relation to 
Exogenous DNA Damaging Agents�  • Eitan Glick, PhD, Acting Instructor, Department 
of Pathology, UW��� 
 

The functional significance of SNP (single nucliotide polymorphism) variants in 
relation to environmental carcinogens is largely unknown. Our overall objective is 
to determine whether SNPs in human bypass DNA polynerase genes affect 
responses to environmental exposure. Bypass DNA polymerases can copy past a 
variety of DNA modifications induced by exogenous and endogenous agents. 
This ability to catalyze translesion synthesis is essential for genomic integrity, 
because many of the lesions block synthesis by the major replicative DNA 
polymerases, apparently leading to stalled replication forks. Fifteen of the SNP 
variants that have been identified in bypass polymerase genes result in amino acid 
substitutions. However, the functional significance of these SNPs remains to be 
determined. We will utilize in vitro and in vivo assays to evaluate possible 
correlations of the genomic variants with functional phenotype. We have recently 
developed an in vitro system to produce DNA polymerases and characterize their 
activity; the system is highly sensitive, reproducible, and cost-effective. The 
combination of this in vitro system with in vivo analysis in mouse embryonic 
stem cells is an efficacious approach to determining the effect of SNP’s on 
cellular responses to DNA damage. This approach, which is applicable to other 
enzymes, can expand our knowledge of the mechanisms underlying human 
variability in response to environmental exposures. � 

 
 
Genetic Markers of Susceptibility to Air Pollution in Susceptible Populations���  •  Jane 
Q Koenig, PhD, Professor, Department of Environmental and Occupational Health 
Sciences, UW��� 
 

Susceptibility to adverse health effects following exposure to ambient air 
pollution varies significantly among the population in terms of lung function 
decrements, exhaled nitric oxide levels, blood concentrations of coagulation 
(fibrinogen or d-dimer) or inflammation (C reactive protein), and measures of 
heart rate. Subjects with asthma in general experience reductions in lung function 
following exposure to sulfur dioxide. However, one recent study found that of 63 
adult subjects with asthma, only 13 had a 10% decrease in lung function after a 
10-minute exposure. These subjects did not appear to differ from the other 50 
subjects in terms of any demographic descriptors or in severity of asthma. It is 
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known that adverse outcomes associated with cigarette smoke, in some cases, 
depend on the presence of certain genetic polymorphisms. Research in our 
laboratories over the past two years has developed a pool of subjects with known 
cardiorespiratory sensitivities to particulate matter air pollution. The objective of 
this project is to obtain DNA from these subjects and test various common 
polymorphisms in an attempt to identify genetic components associated with 
responses to air pollution. 

� 
 
Heat Shock Proteins as Potential Biomarkers for Hemorrhagic Shock and 
Encephalopathy Syndrome�  •  David S. Jardine, M.D., Associate Professor of 
Anesthesiology and Pediatrics, Children’s Hospital and Medical Center and UW�� 
 

The toxic properties of excessive heat are well known. If core body temperature 
exceeds 41 C° for more than a brief period, the result is heat stroke (hypotension, 
seizures, coma, anemia, and thrombocytopenia). In addition, both animal models 
and human experience have shown that in utero, exposure of the fetus to elevated 
temperatures results in fetal malformations or death. Finally, hyperthermia has 
been implicated as a possible cause of two pediatric illnesses: hemorrrhagic shock 
and encepalopathy syndrome (HSES) and sudden infant death syndrome (SIDS). 
Infants who are afflicted with this HSES experience symptoms identical to those 
of heat stroke. The mortality rate of HSES is high (>25%) and approximately 
75% of the survivors have permanent neurologic disability. SIDS remains the 
greatest cause of infant death beyond the immediate neonatal period. HSES and 
SIDS may represent different points on the continuum of heat related illness. If 
HSES and some cases of SIDS can be linked to excessive body temperature, 
hyperthermia will represent an environmental toxin of highest magnitude. 
Unfortunately, there are no biomarkers or diagnostic tissue abnormalities for heat-
induced illness, a problem that greatly hampers our understanding of these 
illnesses. A tragic consequence is that we are precluded from formulating 
definitive infant care recommendations that could prevent these illnesses. The 
specific aims of this investigation are designed to determine if heat shock proteins 
or patterns of stress gene expression may be used as potential biomarkers of heat-
related injury. To maintain an achievable set of goals, we have elected to limit this 
investigation to the study of biomarkers for HSES, although it is likely that a 
biomarker for HSES could also function as a biomarker for SIDS. � 

 
The Human Equilibrative Nucleoside Transporter(es): Genetic Variability, 
Alcoholism and Sensitivity to Nucleoside Analogs�����  •  Jashvant D. Unadkat, PhD, 
Professor and Dhruba J. SenGupta, PhD, Research Associate, Department of 
Pharmaceutics, UW�� 
 

The human Equilibrative Nucleoside Transporter (hENT1) is an ubiquitously 
expressed nucleoside transporter. While hENT1 is thought to play a role in 
maintaining extracellular concentration of adenosine in the vicinity of adenosine 
receptors, it also serves as a major nucleoside transporter for scavenging 
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nucleosides into cells. In fact, it has been shown that ethanol inhibits ENT1 
function, leading to an accumulation of extracellular adenosine. Further, due to 
the ubiquitous expression of hENT1 in different tissues of the body, it also serves 
as the major facilitator for the entry of nucleoside analog drugs into a variety of 
human tissues. hENT1 has been shown to be the transporter used for the entry of 
ribavirin, an antiviral drug, into erythrocytes. Inside erythrocytes, ribavirin is 
phosphorylated and the phosphorylated ribavirin is thought to cause depletion of 
ATP and subsequent lysis of the cells. This ribavirin induced hematological 
toxicity is dose-limiting in 5-25% of patients and therefore a significant clinical 
problem. Sensitivity or resistance to ribavirin induced hemotoxicity does not 
correlate with the patient’s body weight. Since the transport of ribavirin into 
RBCs is the rate-limiting step that eventually leads to toxicity, we have 
hypothesized that variability in hENT1 activity causes the genetic variability in 
ribavirin toxicity. As a first step in investigating a possible genetic basis for the 
apparent sensitivity or resistance to ribavirin toxicity, we propose to analyze the 
sequence of the hENT1 gene from those individuals who are highly resistant or 
highly sensitive to ribavirin induced hemotoxicity. If our hypothesis is correct, we 
should be able to provide a simple genetic method to predict ribavirin-induced 
toxicity before administration of the drug. Moreover, a genetic basis of difference 
in hENT1 mediated nucleoside transport that we expect to find can also shed light 
on the role of hENT1 sequence variation on the insensitivity to ethanol induced 
inhibition of adenosine uptake after chronic ethanol consumption.� 
 

 
CYP3A Allelic Discrimination Assay for Genotyping Studies������  •  Kenneth Thummel, 
PhD, Professor, Department of Pharmaceutics, UW� 
 

The cytochrome P4503A (CYP3A) subfamily is responsible for metabolism of 
many drugs, pesticides, carcinogens, steroids and other endogenous and 
exogenous chemicals ingested from natural and artificial sources. Recently, 
several variant alleles that may influence enzyme activity or function have been 
identified in CYP3A4 and CYP3A5. These genetic variants in the CYP3A 
subfamily may influence in vivo CYP3A-dependent drug metabolism, bio-
activation of environmental exposures and disease susceptibility (e.g., prostate 
cancer). Therefore, as large-scale association studies are undertaken, a reliable, 
rapid and cost-effective assay to genotype large populations for various CYP3A 
alleles is becoming increasingly critical for the ultimate success of 
pharmacogenetic research. The TaqmanTM-based allelic discrimination assay is a 
cost-effective, robust, and reliable method compared to other allelic 
discrimination methods. Using funding from this proposal, we will develop a 
TaqmanTM-based assay for prominent CYP3A4 and CYP3A5 single nucleotide 
polymorphisms (SNPs). The monies requested will be used to validate the 
TaqmanTM assay by comparing the TaqmanTM-based assay allele assignments 
to results obtained using direct gene resequencing. Validation will be conducted 
using 174 previously genotyped (direct gene resequencing samples) from tissue-
bank livers, midazolam-phenotyped healthy volunteers, and childhood-cancer 
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survivors. The rapid and cost-effective identification of various CYP3A SNPs 
may allow researchers to better understand disease risk or prevention in certain 
populations or provide more effective drug therapy. Development of this assay 
will support future funding of a Pharmacogenomics grant to assess the 
associations between CYP3A4 and CYP3A5 genotypes and disease risk, toxicity 
prevention and drug disposition.� 
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CEEH Pilot Projects Program 
Abstracts from Year 9 
(April 1, 2003 to March 31, 2004) 
 

 
 
Molecular Mechanisms and Functional Significance of As3+-Induced Regulation of 
the Glutathione Antioxidant Defense System ����  • Christopher C. Franklin, PhD, 
Research Assistant Professor, Department of Pathology, UW�� 
 

Trivalent arsenite (As3+) is a known human carcinogen associated with cancers 
of the skin, lung, liver, and bladder. While the molecular events mediating Az3+-
induced cell transformation remain unclear, increased production of reactive 
oxygen species (ROS) and aberrant gene expression have been implicated in 
As3+-induced genotoxicity and cytotoxicity. Mammalian cells possess a number 
of antioxidant defense mechanisms to counteract the deleterious effects of 
oxidative stress. The tripeptide glutathione (GSH) is the most abundant non-
protein thiol antioxidant within the cell and plays a central role in maintaining 
cellular redox homeostasis and protecting against oxidative injury. Glutamate 
cysteine ligase (GCL) is the first and rate-limiting step in GSH biosynthesis. GCL 
is a heterodimeric holoenzyme consisting of a catalytic subunit (GCLC) and a 
modifier subunit (GCLM). Transcriptional control mechanisms play important 
roles in regulating GCL activity and intracellular GSH homeostasis and the 
expression of both GCL subunits are transcriptionally induced in response to most 
xenobiotics that induce Phase II detoxication enzymes, including heavy metals, 
oxidants, phenolic antioxidants, and GSH-pepleting agents. Interesting, our 
preliminary studies suggest that while high concentrations of As3+ (>5 uM) 
induce apoptotic cell death in hepatocytes, subtoxic doses of As3+ (>5 uM) 
enhance cellular GSH biosynthethic capacity by inducing GCL expression and 
activity. However, while GSH regulates cellular sensitivity to As3+-induced 
apoptosis, it is not clear whether up-regulation of the GSH antioxidant defense 
system per se alters cellular sensitivity to As3+-induced apoptotic cell death. The 
goals of this study are to examine the molecular mechanisms mediating As3+-
induced GSH biosynthesis and determine whether this response regulates cellular 
sensitivity to As3+-induced cytotoxicity. The specific aims of this study are: (1) 
To identify the cis-acting promoter elements and transription factors that mediate 
As3+-inducible expression of gclc and gclm. (2) To determine whether increase 
GSH biosynthetic capacity regulates cellular sensitivity to As3+-induced 
cytotoxicity.� 
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Chemical-Viral Interaction in a Mouse Model for Liver Cancer��  •  Warren C. 
Ladiges, DVM, Professor, Department of Comparative Medicine, UW�� 
 

Primary hepatocellular carcinoma is one of the most common malignancies 
worldwide. It is the most frequent primary malignancy of the liver and is rising in 
incidence at an alarming rate in the United States and other developed western 
countries. Clinically, HCC is usually diagnosed late in the disease process, so the 
prognosis is extremely poor with medium survivals of less than one year. The 
main risk factors of HCC are the hepatitis B and hepatitis C viruses, which 
together account for three fourths of all cases worldwide. Other risk factors 
include aflatoxin B1 ingestion, alcohol consumption, and several hereditary 
diseases. Recently, diabetes has been implicated as an additional risk factor. Even 
though these risk factors have been associated with HCC, the viral-chemical 
etiology, as well as molecular mechanisms, of HCC pathogenesis remains largely 
unknown. The objective of this proposal is to determine if chemical 
carcinogenesis in the liver is enhanced by hepatic expression of hepatitis C NS5A 
viral protein in a transgenic mouse model. The specific aims are to 1) evaluate the 
liver tumor phenotype NS5A transgenic mice treated with the chemical 
carcinogen diethyl-nitrosamine (DEN), and 2) investigate the molecular 
mechanisms in the liver associated with DEN-NS5A interaction. Further 
characterization of the investigators’ NS5A transgenic mouse model would help 
establish its usefulness in identifying important chemical risk factors. This pilot 
project proposes to use the well-established hepatic carcinogen DEN as a 
prototype chemical to investigate the pathological effect of exposure to a 
carcinogen in the presence of NS5A viral protein.� 

 
 
Development of an in situ Assay for Detection of Random Single Nucleotide 
Mutations����  •  Lawrence A. Loeb, MD, PhD, Professor, and John P. Anderson, PhD, 
Department of Pathology, UW� 
 

The goal of this study is to measure and quantitate random mutations in normal 
human tissue following exposure to exogenous carcinogens. Detection of random 
nucleotide mutations in DNA obtained from human tissue samples is hampered 
by the exceedingly low rate of mutation for these events. For random base 
substitutions estimates of 1 x 10-7 – 10-10 nucleotides/cell/generation have been 
measured at the HPRT (hypoxanthine guanine phosphoribosyl transferase) locus. 
The HPRT reversion assay utilized the ability of HPRT mutants to grow in 6-
thioguanine selective media while cells with functional HPRT genes cannot. This 
assay is limited to cells that can grow from single clones and has been applied to 
peripheral lymphocytes and fibroblasts obtained from human and other species, as 
well as to cells grown in tissue culture. The investigators are developing a method 
to measure single nucleotide changes within the repetitive rRNA genes that relies 
on detection and amplification of a single base change and subsequent 
visualization in intact nuclei. In addition, the assay should be applicable to any 
organism that has multiple identical copies of rRNA genes and will be useful for a 
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variety of studies including endogenous and environmental mutagenic exposures, 
mutagenicity of chronic disease and population studies. Preliminary results have 
shown that the assay can detect a single nucleotide change in nuclei obtained from 
mouse cells grown in tissue culture, with a sensitivity of approximately 1x10-
6/nt/cell.� 

 
 
Genomic Response After Exposure to Particulate Matter����  •  Daniel Luchtel, PhD, 
Department of Environmental and Occupational Health Sciences, University of 
Washington� 
 

The proposed research is a parallel physiological and genetic study of the 
mechanism of toxicity caused by exposure to ambient particulate matter (PM). 
The physiological study is supported by an existing grant while funding is being 
requested to carry out the genetic (microarray) studies. Responses of a normal 
C57BL/6J mouse strain will be compared with two transgenic single knockout 
strains–apolipoprotein E null (ApoE-/-) and glutamate cysteine ligase modifier 
subunit null (GCLM-/-)–and one double knockout strain (ApoE-/-, GCLM-/-), all 
on the same background. Two types of exposure will be done: 1) a fine fraction of 
Seattle ambient PM collected on filters will be administered to animals via oro-
laryngeal instillation and 2) diesel exhaust inhalation studies. Cardiovascular 
function will be monitored continuously during and after exposure to determine 
the temporal response to PM exposure. This data will then be used to determine 
time points when genetic responses will be studied using microarrays. The aim is 
not to determine the response of individual genes, but to identify genetic and 
metabolic pathways that are upregulated or downregulated. � 
 

 
Functional Polymorphisms of BCRP�����  •  Qingcheng Mao, PhD, Assistant Professor, 
Department of Pharmaceutics, UW�� 
 

The human breast cancer resistance protein (BCRP/ABCG2), the recently 
discovered ABC transporter, has substantial substrate and tissue localization 
overlap with P-glycoprotein. Therefore, like P-glycoprotein, BCRP may play a 
significant role in drug disposition of a wide variety of drugs. Recent clinical 
studies demonstrated a considerable degree of interindividual variability in the 
oral bioavailability and clearance of drugs that are BCRP substrates such as 
topotecan. This interpatient variation is likely a consequence of genetic variations 
within the BCRP gene that might alter BCRP expression or activity. Indeed, 
common allelic variants of BCRP have recently been identified in DNA isolated 
from different ethnic groups with marked variatiion in genotypes and allele 
frequencies among different populations. At present, these naturally occurring 
mutations have not been fully characterized with respect to their effect on BCRP 
function and expression. Changes in BCRP activity associated with drug-selected 
mutations have been reported. Selection of cells in mitoxantrone or adriamycin 
plus verapamil resulted in changes in amino acid at position 482 in BCRP and the 
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mutants displayed altered substrate specificity. This suggests that genetic 
variations leading to differences in function and expression are possible for 
BCRP. Furthermore, BCRP has been implicated in protection from toxicity of 
environmental factors such as normal food constituents. Thus, humans with 
genetic variations in BCRP gene leading to reduced transport activity may be at 
increased risk exposure to environmental toxins that are BCRP substrates. To 
investigate genetic basis for the apparent interindividual variability in the 
pharmacokinetics and toxicity of BCRP substrates, the investigators propose to 
characterize naturally occurring BCRP variants with respect to their expression 
and transport activity. A genetic basis of changes in BCRP function and 
expression that the investigators expect to observe can help explain and predict 
alterations in pharmacokinetics and toxicity of drugs or environmental toxins that 
are BCRP substrates in patients. � 
 
 

Loss of Imprinting in Chemically Induced Mammary Carcinogenesis������  •  Helmut 
Zarbl, PhD, Cancer Biology, Fred Hutchinson Cancer Research Center; Affiliate 
Professor, Dept. of Environmental and Occupational Health Sciences, UW� 
 

The CTCF gene encodes a multivalent transcription factor with tumor suppressor 
activity. A comparison of CTCF cDNA sequences in rat strains that are resistant 
(Cop) or susceptible (F344) to mammary carcinogenesis failed to detect 
constitutional differences within the CTCF coding sequences. CTCF protein 
levels were also comparable in normal mammary cells of F344 and Cop rats. 
However, a comparison of CTCF protein levels in normal mammary tissues to 
those in tumors, demonstrated significantly reduced expression of CTCF protein 
levels in about 70% of mammary carcinomas, and in general lower CTCF 
expression was correlated with more malignant histopathologies. When the 
investigators evaluated the level of CTCF protein expressed in mammary tumors 
arising in ((F344 X Cop) F1 X F344) N2 backcross progeny, there was a lack of 
concordance between reduced CTCF expression levels and susceptibility to 
mammary carcinogenesis. Thus genetic susceptibility to mammary carcinogenesis 
was not due to mutations in CTCF or regulations of its expression. However, our 
data suggested that somatic alterations in CTCF protein expression do contribute 
to chemically induced mammary carcinogenesis. In addition to its function as a 
transcription factor, CTCF plays a central role in gene imprinting. More recent 
studies have identified BORIS (Brother of the Regulator of Imprinted Sites), a 
paralog of CTCF with a high degree of structural similarity. However, unlike the 
ubiquitously expressed CTCF gene, BORIS is only expressed in testis during 
spermatogenesis, and is associated with genome wide demethylation (loss of 
imprinting) and concomitant silencing of CTCF expression. Co-expression of 
CTCF and BORIS has only been detected in tumors, where BORIS may direct 
epigenetic reprogramming of CTCF target sites, thereby interfering with the 
expression and tumor-suppressing function of CTCF. The overall goal of the 
proposed studies is to define the role of the altered DNA methylation, repression 
of CTCF, and reactivation of BORIS expression in mammary carcinogenesis.�� 
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CEEH Pilot Projects Program 
Abstracts from Year 10 
(April 1, 2004 to March 31, 2005) 
 

 
 
Apolipoprotein H and Angiotensin-Converting Enzyme as Candidate Genes for the 
Atherogenic Lipoprotein Phenotype���  •  Melissa A. Austin, PhD, Professor, Department 
of Epidemiology; Director, Institute for Public Health Genetics UW� 
 

The atherogenic lipoprotein phenotype, characterized by small, low density 
lipoprotein (LDL) particles, elevated levels of plasma triglyceride, and low levels 
of high density lipoprotein (HDL) cholesterol, is associated with an increased risk 
for coronary heart disease. We propose a candidate gene association study to 
investigate the influence of genetic variation and gene-drug interactions on this 
complex phenotype. Specifically, the proposed project will use existing 
lipoprotein measurements, medication information, DNA samples and validated 
pedigree data for 558 relatives of Japanese descent in 68 extended kindreds. 
Single nucleotide polymorphisms (SNPs) will be identified and genotyped to 
characterize the variation in two candidate genes, apolipoprotein H (APOH) an 
angiotensin-converting enzyme (ACE). Genetic association analyses will be 
performed to determine whether variation in APOH and/or ACE influences the 
atherogenic lipoprotein phenotype, and to determine whether this association is 
modified by exposure to lipid-altering medications. The family study design will 
allow for direct construction of halotypes and for performance of quantitative 
transmission disequilibrium tests. The proposed project includes a 
multidisciplinary team of collaborators who share the CEEH goal of 
understanding how genetic factors influence an individual’s response to 
environmental exposures. Ultimately, this line of research may lead to more 
effective intervention strategies to prevent the development of the atherogenic 
lipoprotein phenotype and related cardiovascular complications. � 
 

 
Genotype-Phenotype Relationships of Dopamine Transporter 5’ Region 
Polymorphisms: Relevance to Parkinson’s Disease�  •  Lucio G. Costa, PhD, Professor, 
Department of Environmental and Occupational Health Sciences� 
 

The role of the dopamine transporter (DAT1) in Parkinson’s disease (PD) has 
been an area of considerable interest over the past two decades. Besides allowing 
for reuptake of dopamine from dopaminergic nerve terminals, DAT1 also serves 
as a gateway for neurotoxicants, most notably MPP+ (1-methyl-4-
phenylpyridinium), and thereby has been implicated in the neurodegeneration 
involved in PD. Recent research has focused on genetic polymorphisms in the 
gene encoding DAT1, SLC6A3, which could modify DAT1 expression and be 
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associated with PD. In this proposal, newly discovered SLC6A3 5’ region 
haplotypes will be tested for differences in transcriptional activation using two in 
vitro methods. In cooperation with the CEEH Functional Genomics Facility Core, 
genotyping assays will then be developed for sequence variants (i.e., SNPS) that 
are shown to affect gene expression; subsequently, about 300 PD cases and about 
450 controls will be genotyped to estimate the effect of these SNPs on PD risk. 
Thus, this project proposes to examine the importance of variation in the 
dopamine transporter at the genetic level using two different types of phenotypic 
analysis (in vitro and epidemiologic testing), and should provide new insight into 
the role of genetic susceptibility to PD, as well as generate new ideas for further 
investigation. 

 
 
Role of Polymerase Delta Proofreading in Preventing Oxidative DNA Damage���  • 
Bradley D. Preston, PhD, Professor, Department of Pathology, UW� 
 

Mutations resulting from oxidative DNA damage are widely believed to 
contribute to cancer, aging, and degenerative diseases. Recent evidence suggests 
that components of the normal DNA replication and repair machinery play a 
significant role in preventing the accumulation of oxidative damage-induced 
mutations. Here we propose a series of experiments that address the role of DNA 
polymerase delta (pol delta) proofreading in mitigating the genotoxic effects of 
oxidative damage. We will also screen single nucleotide polymorphisms (SNPs) 
to identify mutations in the human pol delta–encoding gene that compromise this 
protective function of the polymerase. In addition, engineered mouse strains will 
be used to examine the importance of pol delta proofreading for maintaining 
fidelity and cellular proliferative capacity in response to oxidative stress. The 
experiments outlined in this proposal represent an entirely new line of 
investigation for our laboratory, and are not part of any of our past or current 
research initiatives. These studies will strengthen our understanding of the 
contribution of oxidative stress to the development of cancer and other diseases 
and will provide important preliminary data for a new NIH application.� 

 
 
IL-2 and IL-2Rgamma Gene Polymorphisms, Cigarette Smoking, and Risk of 
Squamous Cell Cervical Cancer���  •  Stephen Schwartz, PhD, MPH, Professor, 
Department of Epidemiology, UW� 
 

Beyond the central role of persistent oncogenic human papillomavirus (HPV) 
infection in the etiology of squamous cell cervical carcinoma (SCC), several 
cofactors influence the risk of disease, including cigarette smoking and a family 
history of SCC (although the specific genetic variants are largely unknown). One 
pathway clearly implicated in oncogenesis that may underlie these cofactors has 
yet to be complexly elucidated: a woman’s immunologic response. Cigarette 
smoking and persistent HPV infection in the cervix are associated with a cytokine 
milieu that suppresses a cell-mediated immune response. Interleukin 2 (IL2) is a 
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cytokine that is a critical promoter of a cell-mediated response by activating and 
promoting differentiation of T lymphocytes. We hypothesize that variation in the 
genes encoding the cytokine IL2 (IL2) and its receptor IL2Rg (IL2Rg) in 
conjunction with cigarette smoking increases the risk of SCC among women 
infected with HPV, above what would be expected by each risk factor alone. The 
rationale is that variation in IL2 and IL2Rg may cause variation in the functional 
aspects of these proteins, which could either promote or inhibit an appropriate 
cell-mediated response to an HPV infection. Cigarette smokers may be more 
likely to suffer from potential inhibitory effects of variation in these genes, since 
they already have depressed counts of T lymphocytes. To test this hypothesis, 350 
SCC cases will be genotyped for 10 SNPs in IL2 and IL2Rg by the CEEH 
Functional Genomics Facility Core and analyzed using the case-only study 
design. Risk ratios for the interaction effect with smoking will be estimated for 
each SNP and haplotype using a log-linear model. The proposed study will 
contribute to our understanding of the mechanism whereby cigarette smoking 
increases the risk of SCC. Data collected from this pilot study will provide 
information to assist us in our plans for a larger study of cytokine genes, smoking, 
and HPV-related cancers.� 
 

 
Flutamide Induced Up-Regulation of CYP1A1 and CYP1b1 Expression: A Possible 
Role in Hepatocyte Toxicity����  •  Sidney D. Nelson, PhD, Professor/Dean, Medicinal 
Chemistry/School of Pharmacy, UW� 
 

CYP1A1 and CYP1B1 are expressed constitutively at low levels in many tissues. 
They are known to play an important role in the biotransformation of 
environmental procarcinogens to carcinogens. Our recent microarray data show a 
specific up-regulation of these two genes in TAMH cells when treated with 
flutamide, an anti-androgen drug used to treat prostate cancer. We have confirmed 
this specific up-regulation with real time PCR. Compared with the microarray 
data generated from bicalutamide, a flutamide analog, we found that the up-
regulation is highly selective for flutamide treatment. We propose to study the 
possible involvement of these two genes in flutamide-induced hepatotoxicity. In 
addition, we will assess how specific flutamide is as an inducer of CYP1A1 and 
CYP1B1 vs CYP1A2. Recent clinical studies show that flutamide can induce liver 
cell injury in Japanese prostate cancer patients despite the fact that their flutamide 
dosing is half that of Caucasians. This indicates that a population-specific genetic 
polymorphism may play a role in the flutamide-induced toxicity. Results of the 
present studies will hopefully provide a basis for investigating the possible role of 
a genetic polymorphism as a risk factor in flutamide therapy.� 
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CEEH Pilot Projects Program 
Abstracts from Year 11 
(April 1, 2005 to March 31, 2006) 
 

 
 
Population Genetics and Molecular Evolution of SPRR1B�� • Joshua Akey, PhD, 
Assistant Professor, Department of Genome Sciences, UW�� 
 

The goal of ecogenetics is to understand how genetic variation and environmental 
exposures interact to mediate susceptibility to complex disease. In order to 
understand how genetic risk factors vary between individuals within and between 
populations, population genetic and evolutionary studies are also an important 
component to ecogenetics research. To this end, we have performed an initial 
evolutionary analysis of 399 environmental response genes that were sequenced 
as part of the National Institutes of Environmental Health Sciences (NIEHS) 
SNPs Program at the University of Washington. This preliminary analysis 
suggests that the small proline-rich protein 1B (SPRR1B) gene possesses one of 
the strongest signatures of balancing selection to be described to date. SPRR1B 
plays an important role in terminal differentiation of the human epidermis, is 
upregulated in response to environmental insults, and is an early biomarker for 
bronchial carcinogenesis. However, little is known about how the amount, 
structure, and patterns of genetic variation in SPRR1B are distributed in 
geographically diverse populations. The goal of this proposal is to bridge this lack 
of knowledge by studying the population genetics and molecular evolution of 
SPRR1B. In specific aim 1, we will re-sequence SPRR1B in 80 individuals from 
ten human populations and 15 non-human primates. These data will provide the 
first large-scale assessment on patterns of SPRR1B genetic variation with and 
between populations and allow detailed evolutionary hypotheses to be tested. In 
particular, patterns of linkage disequilibrium, haplotype structure, confirmation of 
the signature of balancing selection, and comparative genomics analyses will be 
performed. In specific aim 2, we will perform phylogenetic footprinting to 
identify putative cis-regulatory motifs in SPRR1B. The data generated in this 
project will furnish detailed information on the population genetics and molecular 
evolution of SPRR1B, which will provide the necessary foundation for 
subsequent disease based association and gene-x-environment studies.� 

 
CYP1B1, COMT, and GST Polymorphisms as Modifiers of the Effect of HRT on 
the Risk of Breast Cancer��  • Kathleen Malone, PhD, Associate Member, Fred 
Hutchinson Cancer Research Center �� 
 

Breast cancer is the most common cancer in women and predominantly affects 
older women. Hormone replacement therapy (HRT) is reemerging as a risk factor 
for breast cancer and is the dominant source of exogenous estrogen for post-
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menopausal women. Estrogen has been shown to have direct genotoxic effects via 
the formation of catechol estrogens (CE). Genetic polymorphisms along the 
estrogen metabolism pathway involved in the formation and inactivation of CEs 
need to be investigated within the CYP1B1, COMT, and GST genes as potential 
modifiers of the effect of HRT. CYP1B1 is responsible for converting estradiol 
into CE, COMT is responsible for inactivating CEs through methylation, and the 
GST genes are involved in CE inactivation through conjugation of the CE. We 
hypothesize that a profile of susceptibility alleles within these genes increases the 
risk of breast cancer overall and among the subset of women who have used HRT. 
 
To test these hypotheses, we propose to genotype functional single nucleotide 
polymorphisms (SNPs) in CTO1B1, COMT, and the GST genes to investigate 
whether alleles leading to higher enzyme activity in CYP1B1 and alleles leading 
to lower protein activity in COMT, GSTM1, GSTP1, and GSTT1 alter the risk of 
breast cancer overall and among HRT users. No prior study has targeted these 
pathway components in combination. An emerging paradigm suggests that 
hormone-mediated factors like HRT exhibit differential effects according to 
histologic type and hormone receptor status. Thus, a subset analysis will be 
performed in ER+/PR+ tumors and within lobular tumors. This study will be 
conducted on the foundation of a population-based case-control study of breast 
cancer in women ages 65-79 (891 cases and 878 controls). This study offers the 
best study to-date to test this hypothesis due to the large sample of post-
menopausal women with blood samples available to analyze and the pathway 
based approach. �� 

 
 
Genetic Variations in Calcium Sensing Receptor (CASR) and Colon Cancer��  • Ulrike 
Peters, PhD, Assistant Member, Research Assistant Professor, Department of 
Epidemiology, UW and FHCRC� 
 

Colorectal cancer is the third leading cause of cancer death in the US. Diet is 
considered a major environmental cause of colorectal cancer. Several studies, 
including randomized clinical trials, have provided strong evidence for a 
beneficial effect of calcium on colorectal cancer. The overall goal of our research 
is to better understand the molecular mechanisms underlying the preventive 
effects of calcium and to study interactions between calcium intake and key genes 
of the calcium pathway. This research is in line with the goal of the CEEH to 
study “Mechanisms Underlying Human Variability in Response to Environmental 
Exposures” – in our case calcium. The aim of this proposal is to identify the 
genetic variation in the calcium sensing receptor (CASR) a key gene of the 
calcium pathway that has not been sufficiently studied. Therefore, we propose to: 
1) sequence the CASR gene in 32 unrelated individuals; and 2) use re-sequencing 
information to identify tagging single nucleotide polymorphisms (tagSNPs) in the 
CASR gene based on functionality and an algorithm to capture the common 
genetic variation. Results from this study will strongly support the application for 
funding to evaluate associations of genetic polymorphisms in CASR and gene-
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environment interactions between CASR and calcium intake and colon cancer 
risk, using samples from a previously completed population-based case-control 
study (1676 cases, 2004 controls). This research will shed light on the 
mechanisms underlying the variability in response to the protective effect of 
calcium against colon cancer. Genetic variation may be found to alter the risk of 
colon cancer or modify the chemo-preventive response to calcium supplements in 
the US. This study will build a multidisciplinary collaboration between Peters, a 
new research assistant professor and Farin of the CEEH Functional Genomics 
Facility Core.� � 

 
 
Functional Protein Analysis in Asbestosis��  •  Tim K. Takaro, MD, PhD, Assistant 
Professor, Departments of Environmental and Occupational Health Sciences and 
Epidemiology, UW; FHCRC� 
 

Asbestosis is a major cause of pulmonary fibrosis. Epidemiologic evidence 
strongly suggests that genetic factors play an important role in disease 
susceptibility in populations exposed to occupational or environmental asbestos. 
The Beta-Carotene and Retinol Efficacy Trial (CARET) coordinated by the Fred 
Hutchinson Cancer Research Center (FHCRC) has stored serum and whole blood 
samples on over 4,000 asbestos exposed workers and 12,000 non-asbestos 
exposed smokers. This cohort offers unprecedented opportunities to study factors 
that influence asbestosis. We propose to show whether the serum stored from this 
cohort can be used to determine levels of proteins relevant in asbestosis. Using the 
CEEH protemics Core, we will a) measure differences in levels of cytokines and 
other proteins relevant to the disease process by standard ELISA methods and b) 
assess differential patterns of protein expression with matrix assisted laser 
desorption/ionization time-of-flight spectroscopy (MALDI-TOF). This effort will 
provide a rich database for future studies to elucidate potential novel proteins in 
this human model of pulmonary fibrosis. We will validate the MALDI-TOF scan 
results with an ELISA analysis of nitrotyrosine modified proteins. As such a 
protein pattern analysis has not been previously reported in asbestos disease, a 
manuscript is expected from this work. Additionally, the improved phenotypic 
characterization of asbestosis through this proteomics approach will help direct 
proposed future genomic studies of this cohort. That will lead to a better 
understanding of the biological mechanisms in asbestos related pulmonary 
fibrosis will help to identify potential therapeutic targets in this untreatable 
progressive respiratory condition. The proposal utilized the outstanding 
collaborative opportunities fostered by the CEEH and, in addition to involving the 
FHCRC, also involves the Cardiovascular and Respiratory Toxicology Research 
Cores, and the Functional Genomics and Proteomics Facility Cores. �� 
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CEEH Pilot Projects Program 
Abstracts from Year 12 
(April 1, 2006 to March 31, 2007) 
 

 
 
Evaluation of Paroxonase Status as a Risk Factor for Cholinesterase Depression 
Among Organophosphate-Exposed Pesticide Handlers� • Anneclaire J. De Roos, PhD, 
MPH, Assistant Professor, Department of Epidemiology, UW� 
 

Studies in animal models have clearly demonstrated that low paraoxonase (PON1) 
activity is associated with an increased risk of neurotoxic effects resulting from 
exposure to various organophosphate (OP) insecticides. However, thus far few 
human studies have investigated the relationship between PON1 activity and 
neurological endpoints such as cholinesterase (ChE) depression among OP-
exposed individuals. 
 
In the proposed study we will characterize the relationship between PON1 activity 
and ChE depression among OP-exposed pesticide handlers in the Washington 
State ChE monitoring program. The overall goal of the proposed epidemiologic 
study is to validate the role of PON1 as a determinant of susceptibility to 
neurological effects of OP exposure. PON1 activity will be measured using a 
high-throughput two-substrate enzyme assay, and will be analyzed in relation to 
ChE levels among study participants. We will also evaluate whether PON1 
activity modifies the association between OP exposure and ChE activity. Finally, 
we will characterize ChE activity in relation to several polymorphisms in the 
PON1 promoter and coding regions. 
 
An additional benefit of the proposed research project is that it will provide 
preliminary data for a larger, multi-year study to evaluate risk factors for ChE 
depression among agricultural workers who handle OP insecticides. � 

 
 
Role of Placental CYP26 Enzymes In Regulating Fetal Exposure to Retinoic Acid�  • 
Nina Isoherranen, PhD, Acting Assistant Professor, Department of Pharmaceutics, UW� 
 

Human birth defects are a significant socio-economical burden affecting 3-5% of 
babies born in the US. In addition, 10-30% of pregnancies are lost due to 
miscarriages. Despite considerable effort, the mechanisms that lead to birth 
defects are still largely unknown. The long-term aim of the proposed research is 
to characterize the metabolism of retinoic acid (RA) in the placenta and to 
determine the mechanistic role of aberrant RA metabolism in development of 
birth defects and placental insufficiency. The CYP26 enzymes selectively oxidize 
RA to biologically inactive metabolites. Cyp26a1 and Cyp26b1 null mice are 
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unviable and have multiple developmental defects, illustrating the role of these 
enzymes in regulating normal development.  
 
The primary hypothesis of the proposed research is that placental CYP26 
enzymes regulate the fetal exposure to RA and that inhibition or induction of 
placental CYP26 enzymes causes developmental defects. The first part of the 
proposal aims at expressing recombinant CYP26 enzymes to elucidate the role of 
individual isozymes in metabolizing all-trans, 9-cis, and 13-cis RA. The second 
part of the proposal characterizes the temporal and spatial expression of 
CYP26A1, B1, and C1 in the human placenta at different stages of gestation and 
quantifies the metabolic capacity of the placenta towards RA. This proposal 
focuses on characterizing the CYP26-mediated RA metabolism in the placenta. In 
the future the investigators intend to study the influence of environmental 
exposures, xenobiotics, and genetic factors on CYP26 activity in the fetus, 
placenta, and mother. The investigators �  overall research plan is so study RA-
related mechanisms of teratogenicity and the genetic and environmental factors 
that make certain individuals more susceptible to teratogenic insults than others. � 

 
 
In Vivo Function of CYP4B1 �  • Edward J. Kelly, PhD, Acting Assistant Professor, 
Department of Pharmaceutics, UW� 
 

The overall goal of this research is to understand the structural basis for the 
unique substrate specificities of the human cytochrome P450 family 4 enzymes. 
CYP4A and 4F enzymes play important roles in the thermodynamically 
disfavored omega-oxidation of endogenous fatty acids such as arachidonic acid 
and the leukotrienes. CYP4B1 enzyme, which is the focus of this proposal, is 
mainly associated with the bioactivation of a diverse array of pro-toxins, 
including carcinogenic aromatic amines and the pneumotoxins, 4-ipomeanol and 
3-methylindole, while also maintaining omega-hydroxylase selectivity for fatty 
acids and alkyl hydrocarbons. All in vitro studies with human CYP4B1 conducted 
to date have been fraught with difficulty in expressing a functional holoenzyme. 
This may be due to unique sequences within the human enzyme or a deficiency of 
heterologous expression systems. The generation of a mouse line with the Cyp4b1 
gene deleted will not only address the endogenous role of CYP4B1, but also its 
contribution to metabolism of carcinogeneic arylamines. Although the role of 
CYP4B1 in the metabolism of such environmental carcinogens is well 
established, having an animal deficient in CYP4B1 may allow the identification 
of other genes modulating the carcinogenic potential of these xenobiotics. In 
addition, the ability to study human CYP4B1 in an in vivo system (transgenic 
mice) will be best suited to animals lacking endogenous CYP4B1 enzyme. Such 
studies of human CYP4B1 will be key to understanding structure/function 
relationships. � 
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APOA4 Common Genetic Variation and its Relation to Lipid Profiles in 7,000 
Americans�  • Deborah A. Nickerson, PhD, Professor, Department of Genome Sciences, 
UW� 
 

With the completion of the human genome reference sequence and the subsequent 
knowledge of more than 10 million single nucleotide polymorphisms from several 
human populations, investigators have begun the arduous task of understanding 
how genetic variability affects susceptibility to common disease in the context of 
environmental exposures. One such disease with a substantial genetic and 
environmental component is coronary heart disease (CHD), a disease with 
significant morbidity and mortality for both sexes and all racial/ethnic groups in 
the United States. To better understand the impact genetic variation has on known 
risk factors for CHD, we propose here the candidate gene study of the 
APOA1/C3/A4/A5 cluster on chromosomes 11 and its impact on lipid profiles in 
a population-based survey of approximately 7,000 Americans. This specific 
proposal outlines a pilot project to assess the effects of APOA4 genetic variation 
on serum lipid levels using data from the National Health and Nutrition 
Examination Survey III, a survey collected by CDC containing >100 phenotypes 
and environmental variables on non-Hispanic whites, non-Hispanic blacks, and 
Mexican-Americans of both sexes who participated in the survey. The results 
from this pilot study will provide data specifically on the proportion of variance 
of serum lipids levels common genetic variants with APOA4 can explain among 
the three population samples while accounting for environmental context. More 
importantly, this pilot study will provide the opportunity to begin the systematic 
catalogue of the effects of known candidate genes on risk factors for CHD at a 
time when the genetic research community is beginning to invest in whole-
genome association with common human disease. A better understanding of the 
biology of CHD, including specific genetic variants associated with the known 
risk factors, will ultimately lead to better intervention and prevention strategies 
for all populations.� 
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CEEH Pilot Projects Program 
Abstracts from Year 13 
(April 1, 2007 to March 31, 2008) 
 

 
Neurotoxicity of PBDEs in a Genetic Model of Glutathione Deficiency •  Lucio G. 
Costa, PhD, Professor, Department of Environmental and Occupational Health Sciences, 
University of Washington 
 

Polybrominated diphenyl ethers (PBDEs) are a group of flame retardants widely 
used in a variety of consumer products. Levels of PBDE in the environment and 
in human tissues have been increasing in the USA in the past few decades; 
particularly high levels are found in infants and toddlers because of exposure 
through maternal milk and household dust. The greatest concern for potential 
adverse health effects of PBDEs relates to their developmental neurotoxicity, 
whose underlying mechanisms are not known, though some preliminary evidence 
suggests that PBDEs may cause oxidative stress. The aim of this proposal is to 
investigate the in vitro neurotoxicity of PBDEs in a genetic model of glutathione 
(GSH) deficiency. Neurons isolated from mice lacking the modifier subunit of 
glutamate cysteine ligase (GCLM) have very low GSH levels and are more 
susceptible to neurotoxicants that increase oxidative stress. Gclm (-/-) mice 
represent a model for the relatively common human C588T GCLM 
polymorphism, in which individuals carrying the T allele have low GSH levels 
and are less capable of coping with oxidative insults. Neurotoxicity of various 
PBDEs will be assessed in vitro in cerebellar granule neurons isolated from Gclm 
(+/+) and (-/-) mice. The possible protective role of antioxidants will be 
determined. The ability of PBDEs to induce reactive oxygen species and lipid 
peroxidation will be assessed, and the possible protective role of antioxidants 
toward PBDEs will also be determined. These pilot experiments will allow the 
initial testing of the hypothesis that genetic polymorphisms leading to low GSH 
levels may increase susceptibility to PBDe-induced neurotoxicity by enhancing 
oxidative stress. The Gclm null mouse thus represents a useful model for GCLM 
polymorphisms, amenable to further in vitro, as well as in vivo studies. 

 
 
Genetic Polymorphisms as Modifiers of the Effects of PCB and Dietary Trans Fat 
Exposure on the Risk of Endometriosis  •  Victoria L. Holt, PhD, Professor, 
Department of Epidemiology, University of Washington and FHCRC 
 

Endometriosis is a common gynecological disorder that affects up to 10% of 
women in their reproductive years. Two novel environmental exposures, dietary 
intake of trans fat and exposure to polychlorinated biphenyls (PCB) via 
consuption of contaminated fish and animal products, are potential risk factors for 
endometriosis. We propose to examine variability in response to these 



NIEHS Center for Ecogenetics and Environmental Health (8/07) http://depts.washington.edu/ceeh/ 

environmental exposures through the investigation of the interaction with genetic 
polymorphisms involved in estrogen and progesterone biosynthesis and 
metabolism. Specifically, we will focus on potentially functional polymorphisms 
in the estrogen receptor alpha (ESRI) and the progesterone receptor (PGR) genes 
as well as tagSNPs characterizing the CYP17al gene. We hypothesize that gene 
variants that alter the estrogen/progesterone ratio or increase the circulating levels 
of unopposed estrogen will increase the risk of endometriosis among the subset of 
women exposed to PCBs and trans fat. 
 
We propose a study design that maximizes available information regarding 
genetic variability in the estrogen/progesterone pathways by examining non-
synonymous SNPs and other candidate polymorphisms as well as common 
haplotypes with tagging SNPs. This study provides a unique opportunity to study 
risk factors for endometriosis, a disease affecting approximately 5 million U.S. 
women, while offering a good setting to test hypotheses regarding hormone-
mediated factors due to the existence of a population-based sample of pre-
menopausal women with available genomic DNA samples. By combining 
environmental risk factors with genetic polymorphisms related to hormone 
biosynthesis and metabolism we will attain a comprehensive picture of the causal 
mechanisms of endometriosis, and perhaps identify subgroups towards whom 
prevention programs should be targeted. 

 
 
Pre- and Postnatal PCB Exposure and Antibody Responses in Slovak Infants  •  
Stephen Marc Schwartz, PhD, Professor, Department of Epidemiology, University of 
Washington and FHCRC 
 

The goal of the proposed research is to better understand the potential 
immunotoxic consequences of developmental polychlorinated biphenyl (PCB) 
exposure. Only a handful of epidemiologic studies have directly assessed immune 
function in infants following in utero and lactational exposures to PCBs, and even 
fewer have assessed the impact of these exposures on infant and child 
vaccinations. In the proposed research, we will determine the association between 
PCB exposure and immune responses to Bacillus Calmette-Guerin (BCG) 
vaccination in 6-month-old infants. PCB exposure has already been estimated 
from measurement of specific congeners in blood from 1000 pregnant mothers, 
umbilical cord blood from infants, and blood from children at 6 months of age. 
Measurements of the immune response of interest–post-vaccination lgG and lgA 
antibody levels to BCG, quantified by ELISA–will be performed with the funding 
provided by the grant, and serve as a biomarker for immunologic function in this 
study. Multivariate models incorporating data from PCB measurements, antibody 
response, maternal questionnaires, medical chart abstraction (mother), and from 
pediatricians’ records will be fit to test the specific aims. This collaborative, 
multidisciplinary project draws on the expertise of investigators in environmental 
epidemiology (Drs. Schwartz, De Roos, and Hertz-Picciotto), immunotoxicology 
(Drs. Lawrence and Silverstone), and functional proteomics (Dr. Farin) at several 
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U.S. universities. Results from this study will provide much-needed clinically 
relevant outcome measures of immune function in relation to pre- and postnatal 
PCB exposure. 

 
 
Genetic Polymorphisms, Mercury Exposure and Porphyrinuria in Children with 
Autism  •  James S. Woods, PhD, Research Professor, Department of Environmental and 
Occupational Health Sciences, University of Washington 
 

Autism, a serious developmental disorder, afflicts one in 166 children in the United 
States.  Environmental factors are hypothesized in the etiology of autism, and 
inheritance studies suggest that such factors impact principally persons who are 
genetically susceptible to this disorder.  One such factor, mercury, has been linked to 
increased risk of autism, although genetic factors affecting this susceptibility have not 
been defined.  We have shown that mercury in any form impairs the heme pathway 
enzyme, coproporphyrinogen oxidase (CPOX), producing a change in the urinary 
porphyrin excretion pattern that is both specific and selective for mercury exposure.  
Additionally, we identified a novel polymorphism (CPOX4) in the human CPOX 
gene that is associated with impaired neurobehavioral functions, exacerbates mercury 
neurotoxicity, and produces an atypical change in the porphyrin excretion pattern in 
persons with mercury exposure.   This precise change in the porphyrin excretion 
pattern has been independently observed in several populations of autistic children.  
These findings suggest that CPOX4 may increase the risk of developing autism by 
increasing sensitivity to mercury-mediated neurologic deficits.  The proposed project 
will test the hypothesis that autistic children have a greater prevalence of CPOX4 
than observed among neurotypical control subjects and that the altered porphyrin 
excretion pattern observed among autistic children associates with CPOX4 and 
mercury exposure.  The study will be conducted in collaboration with the UW Autism 
Center, which will provide DNA and urine sample from autistic children. Genotyping 
for CPOX4 will be conducted by the CEEH Functional Genomics Core.  The 
proposed research directly addresses CEEH programmatic goals by focusing on a 
gene-environment interaction that may play a role in the etiology of autism and will 
establish both theoretical and collaborative grounds for an NIEHS grant application to 
define how CPOX4 increases susceptibility to autism in relation to mercury exposure. 
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CEEH Pilot Projects Program 
Abstracts from Year 14 
(April 1, 2008 to March 31, 2009) 
 

 
Pesticide Exposure and Asthma in Farmworker Children • Catherine J. Karr, MD, 
PhD, Assistant Professor, Department of Pediatrics, University of Washington 
 

Deciphering asthma etiologies and translating this knowledge into effective 
asthma prevention strategies requires understanding complex environmental and 
genetic factors, as well as the interaction between the two. A number of important 
asthma environmental triggers have been identified and incorporated into optimal 
clinical management protocols. This proposal develops novel preliminary data 
focused on elucidating the influence and mechanism of a commonly-encountered 
toxicant that, despite biological plausibility, has been largely unexpored for its 
role in pediatric asthma, organophosphate pesticide (OP) exposure. 
 
Twelve farmworker children with asthma will be evaluated at monthly intervals 3 
times throughout the typical spray season. Short term variation in OP exposure 
will be assessed (via urinary metabolite biomonitoring) for association with state 
of the art biological markers of pulmonary inflammation (exhaled nitric oxide) 
and oxidative stress (isoprostanes), as well as traditional measures of disease 
status (symptoms, spirometry). Glutathione-S-transferase functional 
polymorphisms that may modify the effect of OP exposure will also be 
determined. If OP exposure worsens asthma control in farmworker children, it 
may be possible to reduce morbidity by recommending techniques of exposure 
reduction. Such direct translation of research findings is enhanced by the 
collaborative nature of this project, wherein UW investigators work within an 
ongoing environmental trigger reduction program in a farmworker population. 
The pilot data and the research partnerships established by this project provide the 
foundation for a larger and more definitive study. 
 

 
An Antioxidant Protein as a Stable and Sensitive Biomarker of Organophosphate 
Exposure  • Jerry Hyun Kim, MD, Acting Instructor/Senior Fellow, Department of 
Anesthesiology, University of Washington 
 

Over 1 billion pounds of organophosphorus (OP) chemicals are manufactured 
worldwide each year, including 70 million pounds of pesticides sprayed in the 
UW. Current methods to monitor environmental and occupational exposures to 
Ops such as chlorpyrifos (CPS) have limitations, including low specificity and 
sensitivity, and short time windows for detection. Biomakres for the OP tricresyl 
phosphate (TCP), which can contaminate bleed air from jet engines and cause an 
occupational exposure of commercial airline crewmembers, have not been 
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identified. Meanwhile, hundreds of crewmembers have reported exposure to cabin 
fumes, resulting in memory loss and cognitive dysfunction of sufficient severity 
to result in lost time at work and even permanent removal from the workforce. 
 
We recently purified to near-homogeneity acylpeptide hydrolase (APH), a red 
blood cell (RBC) cytosolic serine esterase that removes n-acetylated amino acids 
from peptides and cleaves oxidized proteins. It is an excellent candidate for a 
biomarker of OP exposure. APH is inhibited by several Ops, including CPS and 
metabolites of TCP, and may have a lifespan that approaches the RBC’s 120 days. 
Our preliminary experiments indicate that we will be able to use mass 
spectrometric (MS) analysis to document both TCP and OP insecticide exposure. 
 
The objective of the proposed research is to explore the use of APH for 
monitoring both TCP and OP insecticide exposure over longer durations of time 
than are currently possible. Enzyme activity over time and OP modification of 
peptide will be determined in mice. The usefulness of APH as a clinical 
biomarker in agriculture and commercial airline workers will be assessed. MS 
analysis of OP modified serine active site tryptic peptide will be performed with 
immuno-bead purified APH to quantify OP exposure. 
 
This research will use functional proteomics and enzyme activities to validate a 
sensitive biomarker for neurotoxic environmental and occupational OP exposure. 
 

 
Identifying Genetic Variants Associated with Shortened Anogenital Distance and 
Incomplete Testicular Descent in Male Infants • Sheela Sathyanarayana, MD, MPH, 
Acting Assistant Professor, Department of Pediatrics, University of Washington 
 

Hypospadias and cryptorchidism are known risk factors for the development of 
testicular cancer in humans. Rates of these conditions are rising in industrialized 
populations, and the etiology is thought to be multi-factorial involving an 
interplay of genetic and environmental factors. Phthalates are synthetic chemicals 
that are ubiquitous in our environment. Some are anti-androgenic or pro-
estrogenic and have been associated with changes in normal hormone production 
and regulation. In animal studies, phthalate exposure to di-2-ethylhexyl phthalte 
(DEHP) and dibutyl phthalate (DBP) during gestation leads to significant 
developmental toxicity in offspring, including decreased anogenital distance 
(AGD), hypospadias, cryptorchidism and testicular tumors later in life. Our long-
term goal is to determine whether the increased risk of altered gental development 
associated with phthalate exposure in utero is modified by genetic polymorphisms 
involved in the regulation of male genital development. To obtain preliminary 
data to support this goal, we will determine whether common variation in several 
candidate genes regulating male genital development is associated with anogenital 
distance and testicular descent in a population of 138 male infants for who 
phthalate concentrations in maternal pregnancy urine samples have been 
measured. We will assay for single nucleotide polymorphisms (SNPs) and repeat 
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polymorphisms in the following genes: the androgen receptor (AR), estrogen 
receptors alpha (ESR1) and beta (ESR2), insulin like factor 3 (INSL3), activating 
transcription factor 3 (ATF3), connective tissure growth factor (CGTF), and 
cysteine-rich angiogenic induced 61 (CYR61). Differences in the distribution of 
AGD and frequency of incomplete testicular descent will be compared between 
genotypes. Data from this study will lay the groundwork for a larger assessment 
of genes potentially involved in genital development that may have variants that 
predispose individuals to be more or less responsive to anti-androgens or 
estrogens, including phthalates. 
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CEEH Pilot Projects Program 
Abstracts from Year 15 
(April 1, 2009 to March 31, 2010) 
 

 
Human Fetal Hematopoietic Stem Cells as a Model to Study Chemo-protection of 
PBDE Toxicity by Omega-3 Polyunsaturated Fatty Acids • Evan P. Gallagher, PhD, 
Professor, Department of Environmental and Occupational Health Sciences, University 
of Washington 
 

Brominated flame retardants constitute a novel group of global environmental 
contaminants and include the polybrominated diphenyl ethers (PBDEs). Levels of 
PBDEs have markedly increased in fish, wildlife and human tissues during the 
last decade. PBDE residues in Pacific Chinook salmon are extremely high relative 
to other sites and to other salmon. There is concern associated with PBDE 
exposures from consumption of contaminated salmon. In a broader context, there 
are increasing public health concerns regarding the high levels of PBDE 
congeners in North American women from exposures during pregnancy and 
developmental injury that may occur after birth. BDE 47 is the predominant 
PBDE congener in most biological samples and media, including Chinook 
salmon. We have shown that oxidative stress and mitochondrial injury are 
mechanisms of BDE 47 toxicity to human fetal cells that are targets of 
transplacental chemicals. This toxicity is reversed in the presence of N-
acetylcysteine that induces cellular glutathione content. However, the balance 
between the human health benefits and risk of fish consumption needs to be better 
characterized. Specifically, consumption of salmon is also associated with health 
benefits due to nutrients such as omega-3 polyunsaturated fatty acids (omega-3 
PUFAs, including eicosapentaenoic acid, EPA and docoshexaenoic acid, DHA) 
with antioxidant properties. These omega-3s are bioavailable in utero, and are 
present in salmon fillets at levels that far exceed those of PBDEs and other 
persistent organics. Accordingly, these compounds likely interact biochemically 
with PBDEs. In particular, these agents can protect against oxidative stress by 
inducing cellular antioxidant genes and glutathione content. These observations 
suggest that any consumption of omega-3s in salmon tissue could negate toxicity 
from PBDEs. The purpose of the proposed CEEH pilot project is to determine the 
utility of using fetal liver hematopoietic stem cells as a relevant human in utero 
cell model to investigate chemoprotective interactions of salmon omega-3s on the 
toxicity of PBDEs. If we can demonstrate the applicability of fetal HSC cell 
culture model in chemoprotection studies, we can test mechanism-based 
hypotheses in a follow-up R01 proposal. 
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Role of Placental P-gp in Fetal Exposure to DMBA and Mammary Cancer Risk •  
Qingcheng Mao, PhD, Associate Professor, Department of Pharmaceutics, University of 
Washington 
 

In utero exposure to environmental carcinogens during pregnancy could increase 
the risk of mammary carcinoma development later in the female offspring. This is 
likely caused by penetration of carcinogens in the fetus across the placental 
barrier, resulting in genetic changes in utero. ABC efflux transporters highly 
expressed in the placenta such as P-glycoprotein (P-gp) have been shown to limit 
placental penetration of xenobiotics by expelling them from the fetal compartment 
back to the maternal circulation thus protecting the fetus. The hypothesis of this 
proposal is that placental P-gp limits fetal exposure to 7,12-
dimethylbenz[a]anthracene (DMBA) and thus protects the fetus by reducing the 
occurrence of mammary tumors in female progeny. DMBA, a well-known 
experimental carcinogen and a P-gp substrate, as well as FVB mouse, a well-
established animal model for DMBA-induced mammary tumorigenesis, will be 
utilized in our studies. P-gp knockout mice (Mdrla-/-/lb-/-) generated from FVB 
background are commercially available. Our studies will address two specific 
aims: (1) determine if placental P-gp limits fetal distribution of DMBA in vivo. 
We will measure and compare the concentrations of DMBA in Mdrla+/+/lb+/+, 
Mdrla+/-/lb+/-, Mdrla-/-/lb-/- fetuses of FVB mice treated with DMBA; (2) 
determine if placental P-gp protects the fetus by reducing the incidence of 
mammary tumors in female progeny. We will examine and compare the incidence 
of mammary tumors in the first generation of female progeny carrying different P-
gp genotypes after the pregnant dams are administrated DMBA. Completion of 
the above studies will enhance our understanding of the role placental P-gp plays 
in the protections of the fetus against DMBA-induced mammary tumorigenesis 
and may enable us to design new strategies for the prevention of breast cancer. 
Since DMBA is a widespread environmental carcinogen, our proposed studies are 
clearly relevant to the goals of the CEEH and the mission of the NIEHS. 
 

 
Facilitating and Improving Mass Spectrometry Analyses in the CEEH • William 
Stafford Noble, PhD, Associate Professor, Department of Genome Sciences, University 
of Washington 
 

The Center for Ecogenetics and Environmental Health investigates how genetics 
and environmental factors combine to affect susceptibility to human disease. The 
proposed project will facilitate the use of mass spectrometry technology to 
understand the pathogenesis of Parkinson’s disease and to investigate gene-
environment interactions in salmon neurotoxicity. Both of these existing projects 
use mass spectrometry to characterize protein mixtures, searching on the one hand 
for splicing variants and post-translational modifications and on the other hand for 
differential protein expression in two different fish populations. 
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The primary goal of this project is to promote the use of the Crux software toolkit, 
which was recently developed at the University of Washington for conducting 
analyses like those described above. This project will improve the usability of the 
Crux software by expanding its existing documentation and adding a graphical 
user interface. The project will also facilitate future mass spectrometry analyses 
within the CEEH by training research scientists within the Bioinformatics and 
Biostatistics core to use Crux. Finally, the project will carry out analyses of the 
two data sets described above, related to Parkinson’s disease and toxic exposure 
to salmon. 
 
By making Crux widely available to the members and collaborators of the CEEH, 
this project will facilitate the use of advanced proteomics technologies to 
investigate the interplay between genetics and the environment. 
 

 
Analysis of Efficiency of the DNA Damage Response in Systemic Lupus 
Erythrematosus and Normal Cells Using a Single Molecule Technology • Julia 
Sidorova, PhD, Acting Assistant Professor, Department of Pathology, University of 
Washington 
 
 

Systemic lupus erythrematosus (SLE) is a chronic autoimmune disease that 
affects many organs and tissues, including kidneys, skin, and nervous system, and 
that involves expression of autoantibodies against self nucleic acids and 
nucleoprotein complexes. It is thought that in the majority of cases susceptibility 
to SLE is determined by interaction of multiple genetic determinants and as yet 
poorly characterized environmental factors. Evidence suggests that increased 
apoptosis and altered recognition, intake, and processing of self and pathogen 
nucleic acids may play a role in disease etiology. In addition, some studies 
showed indications of impaired DNA damage response in cells of SLE patients 
though overall this line of research has received relatively little attention. Recent 
research has placed several DNA processing enzymes at the crossroads of DNA 
replication, repair, damage response, and innate immunity, making quantitative 
characterization of the DNA damage response in SLE cells a high priority. In the 
proposed research we will lay a foundation for our future mechanistic dissection 
of connections between DNA damage and autoimmunity. We will use a 
quantitative, sensitive single molecule technology, microfluidic-assisted 
replication track analysis that we have developed, to measure DNA damage 
response in SLE and control cells. We will also determine whether presence of 
exogenous DNA in the cell, or pro-inflammatory signaling are sufficient to alter 
efficiency of DDR on host DNA. The significance of this research is in that it may 
give insight into one of the potential environmental contributors to SLE 
pathogenesis – genotoxic stress, and that it will help better understand a novel 
pathway of an organism’s protection against genotoxic environment – innate 
immune response. Relevance to the CEEH areas of interest: the project will apply 
a functional marker of DNA damage stress response to characterize a prototypical 
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autoimmune syndrome with the ultimate goal of revealing new environmental and 
genetic contributors to chronic autoimmune disease. 
 

 
Identifying Genetic Variants Associated with Shortened Anogenital Distance and 
Incomplete Testicular Descent in Male Infants (Year 14 pilot project continued in 
Year 15) • Sheela Sathyanarayana, MD, MPH, Acting Assistant Professor, Department 
of Pediatrics, University of Washington 
 

Hypospadias and cryptorchidism are known risk factors for the development of 
testicular cancer in humans. Rates of these conditions are rising in industrialized 
populations, and the etiology is thought to be multi-factorial involving an 
interplay of genetic and environmental factors. Phthalates are synthetic chemicals 
that are ubiquitous in our environment. Some are anti-androgenic or pro-
estrogenic and have been associated with changes in normal hormone production 
and regulation. In animal studies, phthalate exposure to di-2-ethylhexyl phthalte 
(DEHP) and dibutyl phthalate (DBP) during gestation leads to significant 
developmental toxicity in offspring, including decreased anogenital distance 
(AGD), hypospadias, cryptorchidism and testicular tumors later in life. Our long-
term goal is to determine whether the increased risk of altered gental development 
associated with phthalate exposure in utero is modified by genetic polymorphisms 
involved in the regulation of male genital development. To obtain preliminary 
data to support this goal, we will determine whether common variation in several 
candidate genes regulating male genital development is associated with anogenital 
distance and testicular descent in a population of 138 male infants for who 
phthalate concentrations in maternal pregnancy urine samples have been 
measured. We will assay for single nucleotide polymorphisms (SNPs) and repeat 
polymorphisms in the following genes: the androgen receptor (AR), estrogen 
receptors alpha (ESR1) and beta (ESR2), insulin like factor 3 (INSL3), activating 
transcription factor 3 (ATF3), connective tissure growth factor (CGTF), and 
cysteine-rich angiogenic induced 61 (CYR61). Differences in the distribution of 
AGD and frequency of incomplete testicular descent will be compared between 
genotypes. Data from this study will lay the groundwork for a larger assessment 
of genes potentially involved in genital development that may have variants that 
predispose individuals to be more or less responsive to anti-androgens or 
estrogens, including phthalates. 
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