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Gestational Methylmercury Exposure Affects Genome-Wide Transcription in 
the Prefrontal Cortex and Decreases Reinforcer Value in Mice 
 
Steven R. Boomhower1, R A Sauer1, Megan A Arnold1, Madison L Morlan1, Svitlana V 
Bach2, Jeremy J Day2, and M C Newland1 
 

1. Auburn University, Auburn, AL, USA.  
2. University of Alabama at Birmingham, Birmingham, AL, USA. 

 
Exposure to methylmercury (MeHg) during gestation disrupts cortical development and 
distorts the impact of reinforcing events on behavior in adulthood. The enduring effects of 
developmental MeHg exposure supports a hypothesis that epigenetic dysregulation is a 
key mechanism underlying MeHg’s toxicity. Pregnant female C57Bl/6n mice were given 0 
or 3 ppm MeHg via drinking water throughout gestation. Genome-wide directional 
poly(A)+ RNA sequencing was performed on prefrontal-cortex samples from one cohort of 
adult male offspring (n=5/group). Lever pressing of adult male offspring from a separate 
cohort (n = 10-12 per group) was maintained under fixed-ratio (FR) schedules of milk 
reinforcement. The response-to-reinforcer ratio increased across sessions (FR 1, 15, 45, 90, 
180, 360, and 590). Responding was analyzed using a theory-driven model of 
reinforcement-based learning, whose parameters provides information about motor 
function, reinforcer efficacy, and the effects of delayed reinforcement (Mathematical 
Principles of Reinforcement). Gestational MeHg exposure decreased estimates of 
reinforcer value. Gene expression in the prefrontal cortex was upregulated (29 genes) and 
downregulated (18 genes) in MeHg-exposed animals by up to about two-fold in either 
direction. Genes underyling monoamine neurotransmission, signal transduction, and cell 
metabolism were primarily affected (e.g., Gng11, Expi, and Gh). Detailed neuroepigenetic 
and behavioral analyses provide a deeper understanding of brain-behavior relations with 
MeHg exposure. 
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Harnessing Inter-individual Variabil ity to Identify Epigenetic Predictors of 
Susceptibil ity to Ozone Exposure 
 
Emma C Bowers1, Doan M. On2, David S. Morgan3, Lisa A. Dailey3, David Diaz-Sanchez3, 
and Shaun D. McCullough3 
 

1. Curriculum in Toxicology, UNC Chapel Hill, Chapel Hill, NC.  
2. Department of Pharmacology and Toxicology, Medical College of Virginia, 

Richmond, VA.  
3. National Health and Environmental Effects Research Laboratory, U.S. 

Environmental Protection Agency, Research Triangle Park, North Carolina. 
 
Predicting the health effects of exposure to ozone, a ubiquitous ambient air pollutant, is 
difficult because responses between individuals are highly variable and current 
susceptibility markers do not faithfully predict exposure outcomes. The epigenome is 
responsive to environmental factors and serves as a master regulator of gene expression. 
To assess the role of the epigenome as a novel susceptibility factor we developed an in 
vitro model of ozone inter-individual response variability using primary lung epithelial cells 
collected from a panel of human donors. We exposed these cells in vitro to ozone and 
monitored the induction of the ozone-responsive genes IL-8, IL-6, COX2, and HMOX1. We 
observed a broad range of donor-specific responses and classified donors into “high” and 
“low” ozone-responding groups relative to the sample population. By examining the 
abundance of activating (5-hmC, H3K4me3, H4Ac, H3K27Ac) and repressive (H3K27me3) 
histone modification within the promoters of these candidate genes we determined that 
high and low-responding groups had discernable differences in epigenetic motifs. While 
baseline levels of H3K4me3, H3K27me3, and 5-hmC correlated with ozone-mediated 
induction of COX2 and HMOX1, postexposure changes in H4ac and H3K27me3 correlated 
with IL-8 and IL-6 induction. These results provide a mechanistic insight into inter-
individual variability in the ozone-mediated inflammatory response, and broadly, may 
implicate chromatin modifications as important determinants of toxicant-induced 
responses. 
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Tris(1,3-dichloro-2-propyl) phosphate Induces Genome-Wide 
Hypomethylation Within Early Zebrafish Embryos 
 
Allison J Kupsco1, Jessica K Leet2, Albert Chen1, Heather M Stapleton3, Neerja Katiyar1, Rakesh 
Kaundal1, Yang Yu1, Yinsheng Wang1, and David C Volz1  
 

1. University of California- Riverside, Riverside, CA, USA.  
2. University of South Carolina, Columbia, South Carolina 29208, United States.  
3. Duke University, Durham, North Carolina 27708, United States.  

 
Tris(1,3-dichloro-2-propyl) phosphate (TDCIPP) is a high-production volume 
organophosphate-based plasticizer and flame retardant widely used within the United 
States. Using zebrafish as a model, the objectives of this study were to determine whether 
(1) TDCIPP inhibits DNA methyltransferase (DNMT) within embryonic nuclear extracts; (2) 
uptake of TDCIPP from 0.75 h post-fertilization (hpf, 2-cell) to 2 hpf (64-cell) or 6 hpf 
(shield stage) leads to impacts on the early embryonic DNA methylome; and (3) TDCIPP-
induced impacts on cytosine methylation are localized to CpG islands within intergenic 
regions. Within this study, 5-azacytidine (5-azaC, a DNMT inhibitor) was used as a positive 
control. Although 5-azaC significantly inhibited zebrafish DNMT, TDCIPP did not affect 
DNMT activity in vitro at concentrations as high as 500 μM. However, rapid embryonic 
uptake of 5-azaC and TDCIPP from 0.75 to 2 hpf resulted in chemical- and chromosome-
specific alterations in cytosine methylation at 2 hpf. Moreover, TDCIPP exposure 
predominantly resulted in hypomethylation of positions outside of CpG islands and within 
intragenic (exon) regions of the zebrafish genome. Overall, these findings provide the 
foundation for monitoring DNA methylation dynamics within zebrafish as well as 
identifying potential associations among TDCIPP exposure, adverse health outcomes, and 
DNA methylation status within human populations. 
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Longitudinal Effects of Developmental Bisphenol A Exposure, Variable Diet, 
and Physical Activity on Epigenetic Drift in Mouse Blood 
 
Joseph Kochmanski1, Elizabeth H Marchlewicz1, and Dana C Dolinoy1, 
 

1. University of Michigan School of Public Health, 1415 Washington Heights Ann 
Arbor, MI 48109, U.S.A. 

 
Previous work indicates that DNA methylation status changes as a function of age in 
humans and animal models, a process described as either “epigenetic drift” or “age-
related methylation.” Recent reports have shown nutrient- and toxicant-mediated shifts 
away from the baseline rate of age-related epigenetic drift, a process we have termed 
“drift deflection.” We tested the hypothesis that developmental exposure to bisphenol A 
(BPA), altered diet, and/or variable physical activity would result in epigenetic drift 
deflection, as measured via longitudinal target loci methylation in matched mouse blood 
(2, 4, and 10 mos old). Methylation was quantified at two repetitive elements (LINE-1, 
IAP), two imprinted genes (Igf2, H19), and one non-imprinted gene (Esr1) in isogenic mice 
developmentally exposed to Control, Control+BPA (50 μg/kg diet), Western, or 
Western+BPA diets. Longitudinal spontaneous physical activity was measured prior to 
each blood draw using an integrated open-circuit calorimetry system. Across age, 
methylation levels in blood significantly increased at Esr1 (p=0.05), but did not show 
significant changes at the other investigated loci. LINE-1 demonstrated significant 
negative drift deflection by Western diet exposure (p=0.01), and Esr1 demonstrated 
significant negative drift deflection by both physical activity (p=0.01) and Western diet 
(p=0.001). Combined, these results suggest that epigenetic drift is a gene-specific 
biological process that is sensitive to both earlylife environmental factor exposures and 
life-course behaviors such as physical activity. 
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ChIP Deconstructed: Increasing Accessibil ity, Util ity, and Reproducibil ity 
when Exploring the Role of Histone Modifications from In Vitro to 
Epidemiological Studies 
 
Doan M On1, Emma C Bowers2, and Shaun D McCullough1 
 

1. National Health and Environmental Effects Research Laboratory, U.S. 
Environmental Protection Agency, Research Triangle Park, North Carolina 27711.  

2. Curriculum in Toxicology, University of North Carolina – Chapel Hill, Chapel Hill, 
North Carolina 27599. 

 
The rapidly emerging field of toxicoepigenetics has enormous potential to provide new 
insight into adverse outcome pathways and new biomarkers for risk assessment. The vast 
majority of toxicoepigenetic studies focus on the role of DNA methylation; however, 
histone modifications work in concert with DNA methylation to regulate cellular structure, 
function, and the response to environmental stimuli. Chromatin Immunoprecipitation 
(ChIP) allows for the exploration of associations between histone modifications and other 
DNA/chromatin-associated proteins across the genome and at specific genomic loci. ChIP 
has a reputation for having a high degree of technical variability and being difficult to 
apply across a broad range of samples. We deconstructed a traditional ChIP protocol and 
optimized critical parameters, such as chromatin fixation, fragmentation, and 
immunoprecipitation, to increase efficiency and improve reproducibility. This refined ChIP 
procedure can be readily applied to samples from a wide range of in vitro (cell lines), in 
vivo (primary cells), and panel/epidemiology (peripheral leukocytes) studies in toxicology. 
Taken together, our protocol and recommendations comprise one of the most complete 
and detailed, yet straightforward, ChIP approaches to date. Expanding toxicoepigenetic 
studies to more readily include histone modifications will facilitate a more comprehensive 
understanding of the role of the epigenome in environmental exposure effects and work 
toward the integration of epigenetic data in adverse outcome pathways and risk 
assessment. 
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High-Throughput Analysis of DNA Methylation and Histone Modifications: 
Mechanisms Mediating Alterations in the Renal Expression of p21 Induced 
by Chronic Bromate Exposure 
 
Ramya T Kolli1, Sukhneeraj P Kaur2, Travis C Glenn3, and Brian S Cummings1 
 

1. Interdisciplinary Toxicology Program, Pharmaceutical and Biomedical Sciences, 
University of Georgia, Athens, GA, USA.  

2. Pharmaceutical and Biomedical Sciences, University of Georgia, Athens, GA, USA.  
3. Interdisciplinary Toxicology Program, Environmental Health Science, University of 

Georgia, Athens, GA, USA. 
 
Bromate (BrO3 -) is a drinking water disinfection byproduct formed from naturally 
occurring bromide during the ozonation of source water. We previously showed that BrO3 
--induced nephrotoxicity in vitro and in vivo correlated to increased expression of the 
cyclin-dependent kinase inhibitor p21. We also showed that the DNA methyltransferase 
inhibitor 5-aza-2-deoxycytidine (5-Aza) and the histone deacetylase inhibitor trichostatin A 
increased p21 expression indicating the role of both DNA methylation and histone 
acetylation in its regulation. In this study we used next-generation sequencing (NGS) to 
determine the percent methylation at the sis-inducible element (SIE-1), a transcription 
factor binding site in the promoter region of human embryonic kidney (HEK293). 
Treatment of cells with 5-Aza decreased DNA methylation by 35%, however BrO3 - failed 
to significantly alter this value, suggesting that promoter demethylation at the SIE-1 site is 
not a major mechanism by which BrO3 - increased p21 expression in kidney cells. In 
contrast, chronic exposure of normal rat kidney (NRK) cells to similar concentrations of 
BrO3 - altered histone acetylation at the promoter region spanning 200bp upstream from 
the start site, as determined using chromatin immunoprecipitation (ChIP) assays, in a 
concentration- and time-dependent manner. Changes in histone acetylation correlated to 
changes in p21 protein expression. These data suggest the novel finding that BrO3 - 
regulates renal expression of p21 using mechanisms that alter histone acetylation, and not 
by inducing de-methylation of its promoter. 
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MicroRNA Biomarker Identification in Serum for Fish Oil- induced Fatty Liver 
Development in Wistar Kyoto Rats 
 
Brian N Chorley1, Gail M Nelson1, Samantha J Snow1, Urmila P Kodavanti1, Haiyan Tong1, 
Charles E Wood1, and Michelle M Angrish1 
 

1. US Environmental Protection Agency, National Health and Environmental Effects 
Research Laboratory, RTP, NC, USA. 

 
Hepatic steatosis (also known as fatty liver) can increase susceptibility to the toxic effects 
of chemical exposures. There is need to develop screening biomarkers for hepatic 
steatosis in toxicological models and human populations. As a case study, serum-based 
microRNAs (miRs) were measured in Wistar Kyoto rats with diet-induced hepatic steatosis 
(60 g/kg fish oil for 8 weeks; n=6/group). Body weight (average ± SD; 288.9±16.1g vs. 
319.6±8.0g in control vs. fish oil diet) and lean body mass % (average ± SD; 79.9±1.1% vs. 
83.8±0.7% in control vs. fish oil diet) increased with diet, but body fluid and fat % did not 
change. Oil Red O stained liver sections indicated significantly increased lipid levels (% 
positive pixel counts of the stain average ± SD; 3.5±2.8% vs. 8.4±4.1% in control vs. fish 
oil diet) and mild hepatic steatosis. Serum miRs were measured by miR-sequencing. 75 
miR were statistically altered with fish oil diet (q-value < 0.05 and > 10 mean normalized 
reads counts across samples). 13 of 75 miRs matched canonical, mature miR sequence and 
5 of those (miRs-92a-3p, 30a-5p, 192-5p, 128-3p, and 122-5p) are recognized as altered 
with liver toxicity/fatty liver. Interestingly, only 2 miRs were significantly higher with fish-
oil diet, indicating that most of the alterations were due to source tissue downregulation 
and not toxicity. Taken together, significant serum-based miR changes occurred in rats 
that exhibited mild hepatic steatosis and therefore may be useful biomarkers. The 
abstract does not necessarily reflect the views and the policies of the Agency. 
 
 
  



	  

Poster: 8 
 
Effect of Particulate Matter 2.5 on the Expression and DNA Methylation 
Pattern of Asthma-Related Genes in Bronchial Epithelial Cells 
 
Priya Tripathi1, Anne M Scruggs1, Yahong Chen2, Furong Deng3, and Steven K Huang1 
 

1. Division of Pulmonary and Critical Care Medicine, University of Michigan, Ann 
Arbor, MI, USA.  

2. Pulmonary and Critical Care Medicine, Peking University Third Hospital, Beijing, 
China. 3. School of Public Health, Peking University, Beijing, China. 

 
Particulate matter (PM) exposure is a major risk factor for asthma, but the mechanisms are 
not fully understood. Several studies have demonstrated that PM induces gene expression 
changes in bronchial epithelial cells, but the effect on asthma-related genes and the ability 
to alter the epigenetic profile of these genes has not been studied. Here, we examine the 
in vitro effects of PM2.5 on the expression and DNA methylation of several asthma-
related genes in bronchial epithelial cells (BEAS-2B). PM2.5 was collected over a 24-h 
period from Peking University School of Public Health. BEAS-2B treated with varying 
concentrations of PM2.5 (0.5 μg/cm2 – 60 μg/cm²) for 24 to 72 h. Gene expression was 
analyzed by RT-PCR. The DNA methylation of CpG sites of select genes was analyzed by 
pyrosequencing. Treatment of BEAS-2B with PM2.5 at various doses was not associated 
with cytotoxicity. Treatment with PM2.5 at low-dose (≤ 5 μg/cm²) was sufficient to 
increase the expression of certain genes such as ADAM33, IL13, IL4R, TNFα, IL13AR2 and 
CY1P1A1, whereas other genes such as GMCSF and IL6 increased only at higher dose 
(30μg/cm²). PM2.5 increased the expression of ADAM33 and decreased the expression of 
DPP10, both genes identified by genome-wide association studies to be highly relevant to 
asthma. DNA methylation analysis of ADAM33 and IL6 demonstrated marked alterations 
in DNA methylation profile in cells treated with PM2.5. The DNA methylation and gene 
expression changes observed here may provide insight into mechanisms by which 
pollution contributes to asthma pathogenesis. 
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Tobacco Smoke Exposure Demethylates Enhancers, Activates and 
Upregulates Enhancer eRNAs in Distinct Leukocyte Cell Types 
 
Douglas A Bell1, Brian D Bennett1, Lindsay M. Reynolds2, Dan Su1, Neal A. Englert1, Gary S. 
Pittman1, Michelle R. Campbell1, Xuting Wang1, Yongmei Liu2, and Ma Wan1 
 

1. NIEHS-NIH, Research Triangle Park, NC USA.  
2. Wake Forest School of Medicine, Winston-Salem, NC USA. 

 
Tobacco smoke exposure dramatically aters DNA methylation in blood cell and this 
immune cell modulation may mediate smoking associated complex disease. We used 
Illumina 450K/850K arrays, reduced representation (RRBS) and whole genome (WGBS) 
bisulfite sequencing to characterize smoking-associated methylation changes in whole 
blood and 7 leukocyte subtypes (CD4, CD8 T cells, CD14 monocytes, CD15 grans, B cells, 
NK cells, and CD34 HSCs). Distinct cell type and lineage-specific differences in smoking-
associated methylation and gene expression were identified. Smoking-altered 450K CpGs 
were frequently located in differentially methylated regions (SM-DMRs), confirmed using 
RRBS or WGBS. To discover additional SM-DMRs we used RRBS in monocyte DNA from 
two independent populations of matched smokers and nonsmokers (n=58; n=40). 
SMDMRs preferentially occurred at enhancers (H3K27ac) and/or CpG island shores, and 
were enriched for transcription factor binding suggesting crosstalk between TFs, DNA 
methylation, and tobacco smoke exposure. Deep WGBS and deep Ribozero RNA-seq 
revealed SM-DMRs had differential expression of noncoding enhancer RNAs (eRNA). Ah 
Receptor Repressor (AHRR) displayed highly significant SM-DMRs which overlapped 
poised intragenic enhancers in nonsmokers, and these were sgnificantly anti-correlated 
with increased eRNA and AHRR mRNA in smokers. Our findings suggest SM-DMRs may 
provide a mechanistic link between smoking driven DNA methyl levels, regulatory element 
activity, gene expression and certain preclinical biomarkers of smoking-related disease. 
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The SIX1 Oncoprotein Contributes to Uterine Carcinogenesis Following 
Neonatal Xenoestrogen Exposure 
 
Alisa A Suen1, Wendy N Jefferson1, Charles E Wood2, Elizabeth Padilla-Banks1, and 
Carmen J Williams1 
 

1. NIEHS, Durham, NC, USA. 2. EPA, Durham, NC, USA. 
 
In a classical model of hormonal carcinogenesis, exposing mice on neonatal days 1-5 to 
the synthetic estrogen diethylstilbestrol (DES; 1 mg/kg/day) results in high incidence of 
uterine carcinoma development. The sine oculis homeobox 1 (SIX1) oncoprotein becomes 
permanently aberrantly expressed in the uterus following neonatal DES exposure, likely as 
a result of altered Six1 locusspecific epigenetic marks. SIX1 localizes to abnormal basal 
cells and all neoplastic lesions, suggesting that it plays a functional role in uterine 
carcinogenesis. Here we investigate if SIX1 is necessary or sufficient for DES-induced 
uterine carcinogenesis using genetic mouse models. First, we confirmed that neonatal DES 
exposure does not induce uterine expression of Six1 transcripts in a Six1 conditional 
knockout (cKO) mouse model. Our preliminary analyses indicate that the number of 
abnormal P63- and cytokeratin 14-positive basal cells in the endometrial glands of 
neonatally DES-exposed Six1 cKO mice is decreased, suggesting that SIX1 contributes to 
this aspect of carcinogenesis. Complete histopathologic analyses are ongoing. Second, we 
confirmed uterine SIX1 overexpression in the absence of neonatal DES exposure in a 
transgenic Six1 mouse model by western blotting and immunohistochemistry. We are 
currently aging these transgenic mice to determine if SIX1 overexpression alone is 
sufficient to induce uterine carcinogenesis. Together, these targeted models will inform 
the role of SIX1 as a molecular driver and biomarker in the development of xenoestrogen-
induced uterine cancer. 
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Perinatal Lead (Pb) Exposures Results in Sex and Tissue-Dependent Adult 
DNA Methylation Alterations in Two Novel Murine IAP Transposons 
 
Luke B Montrose1, Christopher Faulk2, John Francis1, and Dana C Dolinoy1 
 

1. Department of Environmental Health Sciences, University of Michigan, Ann Arbor, 
Michigan, USA.  

2. Department of Animal Science, University of Minnesota, St. Paul, Minnesota, USA. 
 
Previously we identified two divergent clades of intracisternal A particle (IAP) murine 
repetitive elements that were phylogenetically distant from the ancestral element. A 
subdivision of these younger IAPs was more variably methylated, and similar by sequence 
identity to environmentally labile IAPs Avy and CabpIAP. Given the widespread 
distribution of IAPs and their effect on nearby chromatin and gene expression, 
understanding the impact of exposures on epigenetic profiles is essential. In this study, we 
tested whether DNA methylation status of two representative IAPs in adult (10 mos of 
age) liver, brain, and kidney tissue was altered following perinatal exposure to 0 (control), 
2.1 (low), 16 (medium), or 32 (high) ppm Pb-acetate water. When IAPs across the genome 
were evaluated globally, average (sd) DNA methylation levels were 92.84% (3.74) and did 
not differ by dose, tissue, or sex. When individual IAPs were evaluated, however, IAP110 
and IAP236 showed tissue-specific Pb and sex effects. Pb disproportionately impacted the 
IAP methylation levels in the brain. For example, compared to control, the medium Pb 
group had 3.62% less IAP110 methylation and the high Pb group had 2.63% less IAP236 
methylation. Interestingly, females tended to have lower methylation compared to males 
in both elements and in all three tissues except for kidney where males had 3.44% higher 
IAP236 methylation compared to females. Thus, these recently identified IAP insertions 
display epigenetic lability and could serve as biomarkers of environmental exposure 
during critical windows of development. 
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Sexual Epigenetic Dimorphism in the Human Placenta: Implications for 
Susceptibil ity to Stressors During the Prenatal Period 
 
Elizabeth M Martin1, Lisa Smeester1, Paige A Bommarito1, Matthew R Grace2, Karl Kuban3, 
Mike T O'Shea4, Kim Boggess2, and Rebecca C Fry1 
 

1. Department of Environmental Science and Engineering, Gillings School of Global 
Public Health, University of North Carolina at Chapel Hill, Chapel Hill NC USA.  

2. Department of Obstetrics & Gynecology, University of North Carolina School of 
Medicine, University of North Carolina, Chapel Hill, North Carolina, USA.  

3. Department of Pediatrics, Boston Medical Center, Boston, MA.  
4. Department of Pediatrics, School of Medicine, University of North Carolina, Chapel 

Hill, North Carolina, United States of America. 
 
The placenta is a critical temporary organ responsible for providing oxygen and nutrients 
to the fetus. It also serves as the primary membrane through which environmental 
contaminants pass and accumulate. Thus it is an important organ for understanding 
responses to the prenatal environment. It has been observed that many later life health 
outcomes associated with prenatal exposures are sexual dimorphic. Similarly, it has been 
noted that there are key physiological differences between placentas of male and female 
infants. Still, the factors that establish these differences are not known. Epigenetic 
regulation, specifically DNA methylation could play an important role in determining 
differences in the placenta. In this study, we investigated the differences in DNA 
methylation using the Illumina 450k Human Beadchip between placentas from male and 
female pregnancies in the Extremely Low Gestational Age Newborns (ELGANs) cohort and 
replicated these findings in a separate US-based cohort. We identified n=4,371 
differentially methylated CpG sites (p<1x10-7) between male and female placentas in the 
ELGANs cohort, representing 388 genes. We validated n=2,745 of these sites found to be 
differentially methylated in a separate US based cohort (n=587 genes). Among the 
validated set were genes that play key roles in immune functions (n=31), transport 
(n=119), and growth/transcription factors (n=6). We also identified enrichment of 
transcription factor binding sites for NFATC, and PAX4 among hypermethylated genes, 
MAZ, and FOXO4 among hypomethylated genes. SP1 was found to be enriched in both 
hyperand hypo-methylated gene sets. These data suggest a strong epigenetic patterning 
related to sex of the infant and could provide insight into sex-based risk of disease. 
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Linking Socio-Geography and Health Epigenetics: a Methods Pipeline for 
Incongruent Data 
 
Radhika Dhingra1, Jaime E. Mirowsky2, Robert B. Devlin1, Wayne Cascio1, Shannon C. 
Grabich1, Carol Haynes3, Colette Blach3, Elizabeth R. Hauser3,4,5, Svati Shah3,6, William 
Kraus3,6, Kenneth Olden7, Lucas Neas2, and David Diaz-Sanchez1  
 

1. National Health and Environmental Effects Laboratory, US Environmental Protection Agency, Chapel 
Hill, NC, USA  

2. SUNY College of Environmental Science and Forestry, Department of Chemistry, Syracuse NY, USA 
3. Duke Molecular Physiology Institute, Duke University Medical Center, Durham, NC, USA 
4. Department of Biostatistics and Bioinformatics, Duke University Medical Center, Durham, NC, USA 
5. Cooperative Studies Program Epidemiology Center, Durham Veterans Affairs Medical Center, 
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Geographical conditions play a critical role an individual’s risk of cardio-metabolic disease and life expectancy. 
Environmental exposures and socioeconomic conditions are often correlated within neighborhoods, therefore 
neighborhoods can be used as a proxy for aggregate chemical and non-chemical environmental stressors. The 
epigenome is a master regulator of gene expression that is responsive to environmental factors and may serve 
as a biomarker for the effects of environmental exposures on health and susceptibility. Here, we hypothesize 
that individuals from distinct neighborhoods will have measurable differences in DNA methylation. Using a 
novel assemblage of well-established statistical methods, we developed a pipeline for associating differentially 
methylated CpG sites with ‘neighborhood’ of residence. Using census data for Wake, Durham and Orange 
counties in North Carolina, we aggregated ‘neighborhoods’ by similarity into 5 clusters using Ward’s 
hierarchical clustering algorithm. We randomly selected 57 individuals in each neighborhood cluster from the 
existing CATHeterization GENetics cohort (CATHGEN) as our study population (n = 285; ages 40-79). DNA 
methylation profiles of approximately 850,000 CpG sites were determined by analyzing DNA isolated from 
peripheral blood on Illumina’s MethylationEPIC bead arrays. The large number of candidate sites was filtered 
using a linear mixed model and sites were ranked by degree of differential methylation in pairwise comparison 
of all five clusters. The resulting top 100 ranked CpG sites were then analyzed by multinomial elastic net 
regression to ascertain the set of CpG sites most closely associated with neighborhood cluster. Large-scale 
DNA methylation data are typically analyzed in the context of variation between samples at a discrete CpG 
locus; however, individual CpG loci are unlikely to act alone in the regulation of gene expression. Thus, using 
single-locus regression models may not capture the complexity of variations in DNA methylation between 
individuals or sample groups.  To overcome this limitation, we used elastic net regression to select for a subset 
of CpG loci that best predict the outcome. Multinomial extension of elastic net regression allows the 
incorporation of neighborhood cluster membership as an outcome. These findings may subsequently be used 
to investigate mechanisms whereby environmental exposures, such as air pollution, may cause cardio-
metabolic or pulmonary outcomes.  
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Exogenous chemical exposures may modify the epigenome to increase susceptibility to 
different life-stage and life-long diseases including obesity. Specifically, evidence suggests 
epigenetic modifications enhance adipogenesis during critical developmental windows 
leading to obesity later in life. The challenge is demonstrating a causal linkage between 
those epigenetic changes (such as histone modification, DNA methylation, noncoding 
RNA, or chromatin structure) and an adverse outcome. Adverse Outcome Pathways (AOP) 
may provide the framework needed to organize epigenetic information so that causal 
relationships can be identified. In this work an AOP was constructed to understand and 
anchor epigenetic modifications leading to an obesity adverse outcome. AOP construction 
began by a literature search. PubMed was queried by the terms obesity and epigenetic 
and obesogenic. 35 search results were returned and reviewed for physical and molecular 
data. That data were organized into an AOP for obesity using a top-down approach 
outlined by Villeneuve et al., “Adverse Outcome Pathway Development I: Strategies and 
Principles” as well as the Organisation for Economic Co-operation and Development’s 
Guidance Document on Developing and Assessing AOPs. A result was that environmental 
factors such as maternal nutrition, diet, and exposures to endocrine disrupting chemicals 
(tributyltin, brominated diphenyl ether 47, and polycyclic aromatic hydrocarbons) affected 
DNA methylation and the expression of key developmental, adipogenic, and lipogenic 
genes, including the peroxisome proliferator activated receptor gamma (PPARγ) and its 
targets. This information was organized into an AOP network and used to exemplify the 
diverse ways that epigenetic modification can adversely impact obesity. This work is a 
critical step towards applying epigenetic information in chemical prioritization and risk 
assessment applications. This abstract does not reflect official Agency policy. 
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Previously, we demonstrated that dysregulation of histone acetylation homeostasis 
induced by environmental pesticides exposure increases the susceptibility of 
dopaminergic neurons to degenerative processes. We recently also observed that 
exposing N27 dopaminergic neuronal cells to the greenhouse pesticide tebufenpyrad 
induced significant neurotoxicity by affecting mitochondrial structure and function. These 
observations promoted us to examine whether tebufenpyrad-induced mitochondrial 
dysfunction influences epigenetic histone acetylation. Western blot analysis revealed that 
exposure of N27 cells to tebufenpyrad (3 μM) and the classic mitochondrial complex-1 
inhibitor rotenone drastically increased histone H3 and H4 acetylation. 
Immunocytochemical analysis revealed that tebufenpyrad and rotenone exposure 
preferentially acetylate lysine sites K23 and K5 on H3 and H4, respectively. Further 
analysis by means of mitochondria-defective transgenic N27 dopaminergic cells obtained 
by CRISPR/Cas9- based knockdown of TFAM protein also revealed hyperacetylation of 
histone H3/H4 compared to the vector control cells. Similar results of H3/H4 
hyperacetylation were observed in the mitochondrial defective transgenic MitoPark mouse 
model of PD. Importantly, hyperacetylation of histone H3/H4 was observed in the nigral 
dopaminergic neurons from PD brains. Collectively, our data reveal a novel interplay 
between mitochondrial dysfunction and epigenetic dysregulation of core histone 
acetylation, which together may play a critical role in the etiology of environmentally-
linked PD. 
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Maternal and early life exposures are capable of influencing life-long health status. 
Aberrant epigenetic programming is a proposed mechanism by which these lasting effects 
occur. The aryl hydrocarbon receptor (AHR) is a ligand activated transcription factor that 
binds many substances, including numerous pollutants. Developmental exposure to the 
AHR ligand 2,3,7,8, - tetrachlorodibenzo-p-dioxin (TCDD) significantly dampens the 
adaptive immune response to influenza A virus (IAV) infection in adult offspring. For 
example, there are fewer virus-specific and IFNγ producing CD8+ T cells in TCDD exposed 
offspring. CD8+ T cells from TCDD exposed offspring exhibit changes in DNA methylation 
patterns compared to vehicle offspring, with regions of hypo- and hypermethylation 
across the genome. To determine whether altered DNA methylation is responsible for the 
impaired CD8+ T cell response, we treated developmentally exposed mice with S-
adenosylmethionine (SAM, methyl group donor) or zebularine (methylation inhibitor) and 
measured the CD8+ T cell response to IAV infection. SAM restored the number of 
virusspecific and IFNγ+CD8+ T cells in TCDD exposed offspring. While zebularine rescued 
the dampened number of virus-specific CD8+ T cells, it did not alleviate suppression of 
IFNγ producing CD8+ T cells. These results suggest that altered DNA methylation is a 
potential mechanism by which AHR activation during development causes durable 
changes in antiviral immunity, and that hyper- and hypo-methylation may regulate distinct 
aspects of T cell responses.  
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Particulate matter less than 2.5 microns in diameter (PM2.5) is a criterion air pollutant 
associated with adverse perinatal health outcomes, but the mechanisms are not well 
understood. Extracellular vesicles (EVs) in the blood are released by various cells and 
transfer molecular signals from cell-to-cell including microRNAs (miRNAs). We 
hypothesized that PM2.5 may alter miRNA levels in EVs (evmiRNAs) during pregnancy and 
program perinatal health effects. Using a satellite-based model, we calculated trimester-
specific PM2.5 averages for 100 pregnant women in Mexico City. EVs were isolated from 
maternal serum collected in the 2nd trimester. We assessed 754 evmiRNAs using the 
TaqMan OpenArray qPCR platform. We used linear regression to examine the associations 
between 1st and 2nd trimester average PM2.5 and evmiRNA levels, adjusting for maternal 
age, socioeconomic status, and environmental tobacco smoke. Significance was defined as 
p<0.05 and an FDR q-value ≤ 0.4. Pathway analysis was performed to identify potentially 
altered signaling networks. We found that the expression of evmiRNA miR-27b, 130b, and 
197 was positively associated with PM2.5 exposure in the 2nd trimester. No evmiRNAs 
were associated with 1st trimester exposure. The gene targets of the three PM-associated 
evmiRNAs were enriched for cardiovascular function, and embryonic, and organ 
development (p=1x10-21). In conclusion, altered evmiRNA levels in maternal serum during 
midpregnancy were associated with increased PM2.5 exposure. Future research will focus 
on the role of evmiRNAs as mediators of fetal and maternal health outcomes. 
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The expression of mouse Peg3 (Paternally expressed gene 3) is driven by 4 promoters, 
including its main and three alternative promoters. The sexual, temporal and spatial 
specificity of these promoters was characterized in the current study. According to the 
results, the main promoter displays ubiquitous expression patterns throughout different 
stages and tissues. In contrast, the expression of Peg3 driven by the alternative promoter 
U2 was detected mainly in muscle and skin, but not in brain, starting from the late 
embryonic stage, revealing its tissue and stage specificity. The expression levels of both 
the main and U2 promoters are also sexually biased: the levels in females start higher but 
become lower than those in males during early postnatal stages. As an imprinted locus, 
the paternal alleles of these promoters are active whereas the maternal alleles are silent. 
Interestingly, deletion of the repressed maternal allele of the main promoter has an 
unusual effect on the opposite paternal allele, causing the up-regulation of both the main 
and U2 promoters. Overall, the promoters of Peg3 derive sexually biased and tissue-
specific expression patterns. 
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Metastable epialleles (MEs), or stochastically-methylated regions of the genome, are 
vulnerable to environmental stressors and may play a role in the developmental origins of 
health and disease (DOHaD). Methylation perturbations at MEs in developing mice have 
been extensively examined as contributors to metabolic disease later in life. Recently, 
human MEs were identified and found to exhibit altered methylation associated with the 
periconceptional availability of nutrients, in agreement with prior rodent 
studies. However, little is known about the vulnerability of MEs to environmental 
exposures such as tobacco smoke (TS). Considering recent evidence that nicotine 
represses DNA methyltransferase enzymes in the brain, we hypothesized that DNA 
methylation at the human ME PAX8 is altered by developmental exposure to TS. PAX8 
encodes a master regulator transcription factor important to normal cellular function. Our 
data showed that the stochastic and interindividual variation in DNA methylation 
at PAX8 is consistent with PAX8 comprising a ME. Moreover, DNA methylation at PAX8 in 
cord blood increased with increasing cotinine levels (no exposure=0-<0.2 ng/mL, SHS 
exposure=0.2-<15 ng/mL, light smoking=15-<100 ng/mL, heavy smoking= >100 ng/mL). 
Methylation was significantly increased in the light and heavy smoking groups as 
compared to the no smoking group (p=0.005 and p=0.02, respectively). Our data 
suggests that human PAX8 is vulnerable to developmental TS exposure. Further 
investigation is needed to ascertain how hypermethlyation at PAX8 functionally impacts 
PAX8 transcription. 
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The long-term epigenetic and behavioral impact of exposure to methylmercury (MeHg), an 
environmental neurotoxicant, during adolescence has not been adequately explored. Male 
C57Bl/6n mice were given drinking water containing 0, .3, and 3 ppm MeHg (n = 12 in 
each). Exposure lasted from postnatal day 21 to 60, the murine adolescent period. As 
adults, lever-pressing was maintained under a multiple fixed-ratio (FR) schedule of 
reinforcement for sweetened-condensed milk. The response-toreinforcer ratio increased 
within a session: FR 1, 5, 15, 30, 60 and 120. Responding was analyzed using 
Mathematical Principles of Reinforcement, a theoretically-driven model of reinforcement-
based learning whose parameters reveal information about motor function, reinforcer 
efficacy, and the effects of delayed reinforcement. Genome-wide directional poly(A)+ RNA 
sequencing was performed on prefrontal-cortex samples from a separate cohort of 
animals exposed to 0 ppm (n = 7) and 3 ppm MeHg (n = 7) during adolescence. 
Adolescent MeHg exposure decreased estimates of minimum response time thereby 
increasing maximum response rates. MeHg also increased saturation rate, indicating that 
temporally distal responses were less likely to be strengthened by reinforcement. Further, 
adolescent MeHg exposure suppressed expression of fourteen genes, including a number 
of genes underlying signal transduction, learning, and motor function (e.g., Arl4d, Btg2, 
Arc, and Fos). Adolescence represents a vulnerable developmental window for long-
lasting behavioral and epigenetic effects of neurotoxicant exposure. 
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Model to miRNA Expression in Children 
 
Karen Huen1, Daneida Lizarraga1, Maria Escudero-Fung1, Brenda Eskenazi1, and Nina 
Holland1 
 

1. University of California, Berkeley, Berkeley, CA, USA. 
 
Epigenetics plays an important mechanistic role in disease development and is a likely 
interface through which environmental exposures affect gene expression and adverse 
health. Here, we used Paraoxonase 1 (PON1) as a model for integrating epigenetic and 
expression data on a candidate susceptibility gene. PON1 is a multifunctional enzyme 
involved in oxidant defense and organophosphate (OP) pesticide detoxification. 
Susceptible PON1 genotypes and low PON1 quantity were associated with poorer mental 
and psychomotor development at age 2, and lower IQ at age 7. Genetics and age are 
important determinants of PON1 levels and we recently showed that DNA methylation in 
8 PON1 CpG sites also contributes to the broad variability of PON1 molecular phenotype 
in populations. However, the relationship of miRNAs with PON1 protein levels have not 
yet been examined. In this study, we used the NGS-based EdgeSeq assay to characterize 
the miRNAome in 7 year olds (discovery set n=16). Of 400 miRNAs with putative PON1 
binding sites, we identified several that were significantly associated with arylesterase 
activity. We used Nanostring to validate a subset of 40 miRNAs with the highest fold 
change values and the lowest pvalues in 145 7-year old children and found that 21 of the 
miRNAs remained significantly associated with PON1 protein levels. Our data suggest 
both DNA methylation and miRNAs contribute to PON1 variability and thus potential 
susceptibility to OP exposure and oxidative stress. 
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MicroRNAs (miRs) are promising translatable biomarkers of adverse toxicological effects. 
However, miR dose responses and linkages with target pathways are not well defined. In 
this study we evaluated early miR alterations in mouse liver after exposure to di(2-
ethylhexyl) phthalate (DEHP), a reference rodent liver carcinogen and PPAR alpha 
activator. Mice were exposed to DEHP in the diet for 7 d (0.75, 1.5, 3, and 6K ppm) and 
28 d (6K ppm). Liver miR expression was determined by small RNA sequencing. DEHP 
treatment induced a modest miR response at 7 d (35 miRs altered at 6K dose) compared 
to a more robust response at 28 d (88 miRs altered at 6K), capturing 34% of the changes 
seen at 7 d. Notably, miR-182-5p increased with dose at 7 d and remained elevated at 28 
d. Increased miR-182 has been linked to hepatocellular proliferation and cancer in humans 
and mice, along with other cancers and is regarded as an oncogene. MiR changes seen 
with high dose exposure at 7 d were expression paired to 768 mRNA targets previously 
shown to be altered with DEHP exposure in these samples. These mRNA were associated 
with transcriptional activators of liver metabolism and stress response functions, including 
PPARA, PPARG, NFE2L2, POR, and MED1. Top enriched canonical biological pathways 
were associated with lipid metabolism, energy production, and metabolic disease. These 
results identify early miR alterations as candidate biomarkers associated with PPAR alpha 
activation resulting from carcinogenic doses of DEHP in mice. The abstract does not 
necessarily reflect the views and the policies of the Agency. 
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Ample evidence suggests that exposure of environmental toxicants adversely affect 
macrophage functions, the underlying molecular mechanisms of these toxicants in 
regulation of the inflammatory phenotype of peritoneal macrophages that are critical for 
prevention of endometriosis remain largely unknown. In this study, primary macrophages 
exuded from peritoneal cavities of adult female mice were exposed, either in vitro or in 
vivo, to Bisphenol A (BPA) or phthalate at levels relevant to human exposure, then 
activated by IFNγ/LPS stimulation. Our results show that BPA and phthalate enhanced 
production of proinflammatory cytokines, such as IL6, TNFα, and CCL2, but down 
regulated NOS2 and NO production. These toxicants also impaired scavenger receptor 
expression and phagocytic capacity of these cells. To investigate the potential molecular 
mechanisms by which BPA or phthalate regulates target gene expression, toxicant-
exposed macrophages were pretreated with HDAC and DNMT inhibitors, either alone or 
in combination, prior to IFNγ/LPS stimulation. Our studies revealed that these epigenetic 
inhibitors differentially regulated target gene expression, indicating that the chromatin 
landscape at each genetic locus was individually modified by environmental toxicants. Our 
results further showed that BPA or phthalate elevated the global levels of HDAC3, 
HDAC4, and H3K36ac, but downregulated H3K36me2 significantly in peritoneal 
macrophages. Interestingly, H3K36 methylation and acetylation are inversely related in 
the genome, demarcating the regulatory and coding regions of transcribed genes. These 
two evolutionarily conserved histone modifications exert opposite effects on chromatin 
conformation and accessibility, that are critical for DNA damage repair, DNA methylation 
distribution, and transcription initiation and elongation. 
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Protecting the health of military operators involves developing countermeasures to 
substances encountered in harsh, varied environments. Complicating these efforts is the 
unknown effects of an individual’s genetic profile on their response to chemical agents. 
Understanding how genetics can influence physiological responses to chemical exposure is 
critical for advancing personalized medicine. Genetically characterized human B-
lymphoblast cell lines (LCLs) were treated with diverse chemicals to assess cell viability. 
Using high content analysis (HCA) we measured and analyzed morphological features/cell 
to define phenotypic signatures for each chemical toxicant. Pharmacologic quantitative 
trait loci identified comparative “non-normal” phenotypic signatures of LCLs generating 
toxicant-specific signatures and recognition of specific genetic polymorphisms that 
correlate with differential phenotypic responses. Feature selection has produced optimal 
feature sets capable of distinguishing both general toxic phenotypes as well as 
compound-specific effects. Studies to cluster chemically-induced HCA signatures of each 
LCL are underway to identify LCLs that are hypersensitive or resistant to each compound. 
Using GWA and pathway analyses, we will correlate aberrant response profiles for each 
compound with available genetic data. The identification of genetic correlations to 
differential response patterns is essential for personalized countermeasures. This work will 
create a knowledge base and analytical tools to improve risk assessment and hazard 
mitigation. 
 
  



	  

Poster: 25 
 
Perinatal Exposure to Phthalates and Phthalate Mixtures Alters Coat Color 
by Modifying the Fetal Epigenome 
 
Drew Cheatham1, Kari Neier1, Leah D. Bedrosian1, and Dana C. Dolinoy1 
 

1. Department of Environmental Health Sciences, University of Michigan, USA. 
 
Phthalate exposures have been associated with reproductive and developmental 
perturbations, but the mechanisms involved in these effects have not been fully 
elucidated. The developmental origins of health and disease (DOHaD) paradigm indicates 
an individual’s early environment may hold health implications across the life course, and 
epigenetic modifications may serve as a mechanistic link. We used the viable yellow agouti 
(Avy) mouse model, in which coat color serves as a visual proxy for DNA methylation 
status at the Avy locus, to test the hypothesis that perinatal exposure to phthalates or 
phthalate mixtures results in altered epigenetic programming. Dams were exposed to one 
of six diets (Control, 25mg DEHP/kg chow, 25mg DBP/kg chow, 75mg DINP/kg chow, 
25mg DEHP+75mg DINP/kg chow, or 25mg DEHP+25mg DBP+75mg DINP/kg chow) two 
weeks before mating through gestation and lactation. At weaning a single observer 
classified Avy mice into one of five categories based on proportion of brown fur. Coat 
color distributions between exposure groups were compared by the Chi-square goodness 
of fit test. All phthalate diets except for DINP resulted in altered coat color distributions 
compared to control. Coat colors of mice exposed to DBP only and to DEHP+DBP+DINP 
shifted towards brown (hypermethylation, p=0.0001). DEHP and DEHP+DINP treated 
groups were different from controls (p<0.05), but exhibited bimodal coat color 
distributions. These results suggest that perinatal phthalate exposures alter DNA 
methylation at the Avy locus. Molecular analyses of DNA methylation are currently 
underway. 
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Background: The Newborn Epigenetic STudy (NEST) was created to examine how 
environmental exposures and nutrition during pregnancy and childhood affect 
development and gene expression in children. Objective: To examine associations 
between maternal diet and child behavioral outcomes. Methods: We analyzed data from 
NEST for 334 mother/infant (mean age = 14 months, range = 12 – 24 months) pairs who 
completed an Infant-Toddler Social and Emotional Assessment (ITSEA) and a maternal 
food frequency questionnaire concerning diet at or near conception. We used logistic 
regression to assess associations between maternal dietary exposures and behavioral 
outcomes adjusting for maternal education, smoking, obesity, age, diabetes status, folate 
and energy and fiber consumption, paternal age, as well as race, household income, 
preterm status, child birth weight, parity, breastfeeding status, and child age. Results: 
Maternal Mediterranean diet adherence was associated with favorable behavioral 
outcomes in the depression (OR = 0.39; 95%CI = 0.19 - 0.83)), atypical (OR = 0.42; 95%CI 
= 0.20 - 0.89), and maladaptive (OR = 0.36; 95%CI = 0.17 - 0.74) domains of the ITSEA as 
well as autism spectrum behaviors (OR = 0.43; 95%CI = 0.21 - 0.91). Conclusions: In this 
ethnically diverse cohort, maternal adherence to a Mediterranean diet in early pregnancy 
was associated with favorable child behavioral outcomes. 
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The multistage somatic-mutation theory of tumorigenesis predicts that increased tumor 
risks posed by chronic, low-level exposures to mutagenic chemical carcinogens have 
linear-no-threshold low-dose dose-response relationships. An alternative, dysregulated 
adaptive hyperplasia (DAH) tumorigenesis theory posits instead that tissue-specific tumors 
arise most efficiently from a stem cell that (i) is epigenetically activated (via a specific 
microRNA expression profile) to initiate and maintain a state of adaptive hyperplasia (AH), 
and (ii) additionally incurs a single, dysregulating mutation that prevents transduction of 
the signal that normally terminates AH in that tissue (Bogen; Med Hypoth 2013; 80(1):83–
93). Accumulating evidence indicates that sustained oxidative stress associated with 
elevated reactive oxygen species (ROS) can trigger Keap1-Nrf2-ARE-mediated AH-stem-
cell recruitment, with the redox sensor Nrf2 acting as the key transducer. Because Nrf2 
activation has a J-shaped dose-response, Nrf2 activation (even by chemical mutagens) 
could drive DAH-induced tumorigenesis, in which case any (e.g., even linearly) increased 
tumor risk would not be expected at low doses despite experimental or epidemiologic 
data demonstrating such effects at higher doses. This extended, Nrf2-driven DAH theory 
of tumorigenesis is discussed in relation to experimental data that bear on low-dose dose-
response.  
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Traditionally, toxicology paradigms have relied on typological racial models to identify 
variability in responsiveness to environmental toxicants. However, such racial models are 
imprecise and fail to capture important local patterns of human biodiversity. More explicit, 
detailed, and integrated information on relevant geographic, environmental, cultural, 
genetic, historical, and demographic variables are needed to understand group 
expressions of disease and risks. This presentation details the methods used in 
ethnogenetic layering (EL), a non-typological alternative to the current reliance of the 
biological racial paradigm in public health, epidemiology, and biomedicine. EL is 
developed under the theoretical assumption that the expression of an individual’s genetic 
background (the genotype) is modified as it passes through a series of various cultural and 
environmental filters to produce the phenotype or the expressed genotype. It is focused 
on geographically identified microethnic groups or MEGs, a more nuanced and sensitive 
level of analysis than race. Using the MEG level of analysis, EL reveals clinical variations, 
details the causes of health disparities, and provides a foundation for bioculturally 
effective intervention strategies. EL relies on computational approaches by using GIS-
facilitated maps to produce horizontally stratified geographical regional profiles which are 
then stacked and evaluated vertically. Each horizontal digital map details local geographic 
variation in the attributes of a particular database; usually this includes data on local 
historical demography, genetic diversity, cultural patterns, and specific chronic disease 
risks (e.g. dietary and toxicological exposures). Horizontal visual display of these layered 
maps permits vertical analysis at various geographic hot spots. From these analyses, 
geographical areas and their associated MEGs with highly correlated chronic disease risk 
factors can be identified and targeted for further study. This is important because it 
presents an approach that utilizes epigenetic data for risk assessment. 
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Pluripotency and differentiation processes are largely regulated by the stem cell 
epigenome. A biomarker panel capable of detecting a chemical's potential to impact the 
stem cell epigenome could have utility for hazard identification. We used the ACS- 
1007TM human induced pluripotent stem (iPS) cell line and next generation sequencing to 
examine spontaneous gene expression changes in iPS cells cultured in 96-well dishes for 4 
days. Notably, there were dynamic changes in the transcriptome, especially on Days 3-4, 
largely related to cell homeostasis, death and survival, and differentiation. Subsequent 
exposure of iPS cells to valproic acid (histone deacetylase inhibitor), garcinol (histone 
acetyltransferase inhibitor), or 3-deazaneplanocin-A (DZNep; histone methyltransferase 
inhibitor) for 24 hours induced substantial dose-dependent changes in gene expression 
that correlated with increasing cytotoxicity. Bioinformatic analysis demonstrated that over 
multiple doses of all three chemicals there was considerable overlap in the biological 
functions most affected, including processes related to stem cell differentiation and tissue 
development. Moreover, comparison of genes differentially expressed in response to at 
least two doses of all three chemicals identified 542 consensus genes, implying that these 
chemicals affect some common pathways and genes. Our study suggests that a 
toxicogenomic approach may prove useful for developing a predictive signature of 
chemically-induced epigenetic responsiveness in human stem cells. (Supported by 
NIEHS:1R43ES023526-01; 2R44ES023526-02) 
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Smoking cigarettes is a major risk factor in the development and progression of 
cardiovascular disease (CVD) and chronic obstructive pulmonary disease (COPD). 
Candidate Reduced Risk Products (RRPs*) are being developed to reduce smokingrelated 
health risks. We investigated over an 8-month period the effects of exposure to cigarette 
smoke (CS) or to the aerosol of a candidate RRP, Tobacco heating System (THS) 2.2, on 
DNA methylation in the lung of apolipoprotein E-deficient mice. Cessassion or switching 
to THS2.2 after 2 months of CS exposure were also assessed. High-throughput sequencing 
of bisulfate treated DNA revealed a gradual increase in the number of hypermethylatd 
CpG loci in DNA extracted from lungs of mice exposed to CS. The number of 
hypermethylated CpG loci after 2 month exosure to THS2.2 (nicotine concentraton 
matched to CS) also increased, however, hypermethylation was limited from third month 
on. Cessaton or switching to THS2.2 resulted in a decrease in the number of 
hypermethylated CpG loci. In this mouse model initial exposue to CS or THS2.2 resulted in 
hypermethylation of CpG loci in lung. Continuous expose to CS further incresed the 
number of hypermethylated CpG loci while continuous exposure to THS2.2 reverted the 
CpG methylation level to the level observed in the lung of mice exposed to fresh air. 
Likewise, cessation or switching to THS2.2 reverted the hypermethylation of CpG loci. 
*Reduce Risk Products ("RRPs") is the term we use to refer to products with the potential 
to reduce individual risk and population harm in comparison to smoking cigarettes. 
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The in utero environment, including nutritional status and exposure to toxicants, may 
shape the offspring’s epigenome, including DNA methylation, thereby influencing child 
development. This pilot study assessed neonatal DNA methylation changes associated 
with three common in utero conditions that adversely impact neurodevelopment – iron 
deficiency (ID), prenatal lead (Pb) and pesticides exposures. Epigenome-wide analysis via 
the Infinium HumanMethylation450 BeadChip was performed on cord blood leukocyte 
DNA from 36 neonates from a rural area in Zhejiang province, China. Pb levels were 
measured in umbilical cord blood, and 20 pesticides were quantified in cord serum. 
Neonates were selected from four exposure groups: ID (n=6), high Pb (n=7), high 
pesticides (n=11), and control (n=10 with iron sufficiency, low Pb and pesticides). Two 
subjects were ID and had high Pb. Differential methylation analysis by exposure group 
was conducted for 422,108 CpG sites using an empirical Bayes method adjusting for sex 
and blood cell type composition. The false discovery rate approach was used to adjust for 
multiple comparisons (q-values). Pb was associated with the most differential methylation 
(q<0.1), followed by ID and pesticides. For Pb, >1000 CpG sites were differentially 
methylated; for ID there were 93. Detection of vinclozolin and profenofos were associated 
with one and nine differentially methylated sites, respectively. Long-term, we aim to 
identify pathways through which adverse prenatal exposures alter the epigenome and 
impact neurodevelopment. 
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Early developmental exposure to endocrine disrupting chemicals can induce long-term 
dysfunction, including altered hepatic metabolism and increased disease susceptibility, 
mediated by xenobiotic sensors such as the nuclear receptor CAR. In a prior report, 
exposure of neonatal mice to the CAR-specific agonist TCPOBOP (3 mg/kg) led to a 
persistent increase in liver expression of CAR target genes at adulthood, which was 
suggested to reflect long-term epigenetic changes initiated by neonatal activation of CAR 
(PMID: 22488010). Here, we confirm the persistence of CAR-induced gene expression but 
conclude that it is due to persistence of the initial TCPOBOP exposure rather than a long-
term epigenetic memory. We measured an apparent biological half-life of TCPOBOP of 11 
d (males) or 18 d (females) from the rate of decline of neonatal TCPOBOP-induced 
Cyp2b/2c expression in mouse liver. As such, 3 mg/kg TCPOBOP (15x ED50) from 
neonatal exposure will decline to ED50- range at 7 wk, explaining the persistent response. 
Neonatal Cyp2 induction was largely preserved when the TCPOBOP dose was decreased 
to 133 μg/kg (0.67x ED50), but expression did not persist at 7 wk. Further, neonatal 
exposure to this lower dose did not sensitize the mice to repeat TCPOBOP exposure at 7 
wk. We conclude that the long-term persistence of CAR target gene induction after 
neonatal TCPOBOP (3 mg/kg) is largely driven by the persistence of TCPOBOP from the 
initial exposure. 
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Early life environment can impact disease risk later in life, a concept known as the 
developmental origins of health and disease (DOHaD). Our lab is investigating the effects 
of perinatal exposure to the ubiquitous endocrine disrupting compound bisphenol A (BPA) 
on multiple physiological endpoints in adulthood. Chronic, low-dose dietary exposure to 
BPA results in multiple adverse phenotypes. F1 and F2 generation male mice exhibit 
elevated body fat, glucose intolerance, and impaired insulin secretion. Depending on the 
dose, the pancreas of F1 and F2 BPA-exposed male mice display reduced beta-cell mass 
or abnormal mitochondrial function in islets. In addition to altered metabolic health, F1 
adult males exposed to BPA throughout gestation and lactation exhibit reduced bone 
strength as measured by four-point bending, while females are unaffected. Finally, 
behavior testing in F1 adult males demonstrates a more depressed-like state as measured 
by the forced swim test. Neither behavioral nor skeletal changes persisted into the F2 
generation. Following the identification of functional changes in mice exposed to BPA, 
ongoing work is focused on identifying gross morphological as well as molecular changes 
in physiologically relevant tissues to identify mechanisms contributing to the observed 
phenotypes. Taken together, our physiologically relevant exposure paradigm has resulted 
in sex-, dose-, and generation-specific metabolic, skeletal, and cognitive health 
consequences. 
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Multigenerational effects of preconception experiences, from plants to humans, may be 
adaptive or pathological. Understanding of this distinction is essential for risk assessment. 
Our large, statistically rigorous, 2-generation study in Swiss mice included both organism 
and molecular endpoints. Males received a stressor, i.p. chromium III or acidic saline, or 
were untreated, 10/group, then after 2 wks mated to an untreated female. From each 
litter 3 F1 males were mated to untreated females, giving 30 F2 litters/group. For F2 mice 
at 6 wks and F1 fathers at 15 wks, organism endpoints were body wts and serum glucose, 
Igf-1, leptin, insulin, and corticosterone, with significant, treatment-related differences in 
body wts in the F2 mice, and in avg glucose and Igf-1 in both F1 and F2 mice. At the 
molecular level, in lung, liver and sperm, we tested the multicopy rRNA gene (expression 
ratelimiting for cell growth). Genetic and epigenetic rRNA endpoints were SNPs in the 
gene promoter region, and methylation in an upstream promoter. Significant treatment-
related differences were found in ratios of rRNA SNPs, indicative of genome 
rearrangement, in the F2, and in rRNA methylation in both F1 and F2. The organism and 
molecular F2 effects were integrated, as indicated by regression analysis: e.g., 
correlations of rRNA SNPs in tissues, with glucose, leptin and body weights, were altered 
by grandfathers’ treatments. This integration suggests centrally-mediated adaptive 
phenomena, but with potential for pathological sequelae. 
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The epigenome is responsive to environmental factors. Potential applications of 
epigenomic data include identifying variability in exposure responsiveness and specific 
epigenomic targets susceptible to manipulation through intervention. Epigenomic data 
are presented from women aged 18-40 participating in a 6-month health intervention; 
Next Level Health. This program emphasises maintenance of healthy lifestyle choices 
rather than weight-loss and uses an integrated approach to health empowerment 
comprising physical activity, sleep, nutrition, eating behaviour, self-care and stress 
management. Comprehensive qualitative and quantitative data were collected pre and 
post intervention as was 4 mL peripheral blood. Reduced Representation Bisulfite 
Sequencing was carried out on DNA extracted from the blood samples of 21 women for 
genome-wide methylation coverage. The bioinformatics package DMAP was used to 
facilitate quantification of DNA methylation, as well as to investigate interindividual and 
intra-individual variability over the 6 month period. Data are presented here on 
epigenomic variation within and between the population pre- and post- intervention and 
on specific genomic locations found to be differentially methylated. Being able to identify 
genomic regions potentially responsive to lifestyle intervention reinforces the beneficial 
effect of positive changes to health behaviour, provides key information on the 
relationship between gene regulation and human behaviour and a powerful motivational 
tool to encourage participants to achieve lifelong health goals. 
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Early life exposure to lead (Pb) and prenatal stress (PS) are known to impair 
cognitive/behavioral abilities. These adverse outcomes may have an epigenetic basis and 
the type of behavioral experience (BE) that one is exposed to early in life could modulate 
the epigenetic effects of Pb + PS. To explore this, post-translational histone modifications 
(PTHMs: H3K9ac, H3K4me3 H3K9me2 and H3K27me3) were studied in frontal cortex (FC) 
and hippocampus (HIPP) in male and female control (no Pb or PS), Pb, PS, Pb+PS exposed 
adult mice that received different behavioral experiences (BE). Female C57/Bl6 mice were 
randomly assigned to receive drinking water containing 0 or 100 ppm Pb acetate for 2 
months prior to breeding and through lactation and were assigned to non-stress (NS) or 
PS conditions (i.e., restraint stress 3x/day for 45 min/day from gestational day 15-18) 
groups, yielding 4 treatment groups: 0-NS, 0-PS, 100-NS and 100- PS. Offspring were 
separated into non-behavioral, positive, and negative behavioral experience groups. 
Behavioral experience alone (either positive or negative) impacted expression of all 
PTHMs examined and the pattern of changes differed by brain region and sex. In addition, 
in some instances, BE modified effects of Pb and PS on particular PTHMs. Together, these 
data suggest that BE alone not only affects the brain epigenome but may also modulate 
expression of epigenetic marks associated with Pb+PS exposure. The extent to which 
these epigenetic modifications have adaptive or adverse influences on long-term 
behavioral outcomes needs to be explored. Supported by NIH grant ES021534. 
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Prenatal exposure to the anti-epileptic drug, valproic acid (VPA), increases the incidence 
of autism in the offspring of both humans and rodents. We previously showed that a 
single injection of VPA to pregnant mice at gestational day 12.5 rapidly induces a 
transient, 6-fold increase in both Bdnf mRNA and protein in the fetal brains. Here we 
investigate the change in epigenetic marks of Bdnf after exposure to VPA, a histone 
deacetylase inhibitor. We examined the effects of VPA on histone modifications at both 
actively transcribed (exons 1, 4 and 6) and inactive (exon 2) Bdnf 5’-untranslated exons. 
Using native chromatin immunoprecipitation, we found that VPA induced a robust (2.5- to 
6-fold) increase in acetylation of multiple histone 3 and 4 lysine residues at Bdnf exons 1, 
2, 4, and 6. H3 lysine 4 trimethylation (H3K4me3) at exons 1, 2, 4 and 6 was stimulated 
1.5- to 2.5-fold by VPA, whereas, H3K27me3 was unaffected. Stimulation of H3K4me3 by 
VPA was significantly greater in female fetal brains than in male; moreover, VPA 
stimulation of Bdnf exon 1 and exon 4 mRNA transcripts was greater in females than in 
males, tracking the changes in H3K4me3. We also examined the methylation state of all of 
the CpGs in the vicinity of exons 1, 4 and 6, but found no effect of VPA. The results 
demonstrate that the principal epigenetic effects on Bdnf due to fetal exposure to VPA 
are increases acetylation of histones 3 and 4 and trimethylation of H3K4. Sex differences 
in stimulation of H3K4me3 by VPA are correlated with exon-specific Bdnf transcripts 
containing exons 1 and 4, but not 6. 
 
 
 


