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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Joel Abramowitz, Ph.D. National Institutes of Health 
Special Assistant to the Scientific Director National Institute of 
Tel: 919-541-4892 Environmental Health Sciences 
Fax: 301-480-2820 Division of Intramural Research 
abramow1@niehs.nih.gov Bldg. 101, Room A220 

P. O. Box 12233, Mail Drop A2-09 
Research Triangle Park, NC 27709 

November 3, 2016 

Dear Fellow NIEHS scientists and guests: 

On behalf of Dr. Linda Birnbaum, Director NIEHS, I would like to welcome you to Science Days. 
This event is a celebration of our research achievements, and is a way to recognize and honor 
specific scientists. This year Science Days is part of the NIEHS 50th Anniversary Celebration. 

We have asked regional environmental health scientists to join us here today and participate as 
judges of the posters and platform presentations. We recognize their efforts and welcome them to 
the campus. I urge each of you to make the effort to meet these visitors and to learn about their 
own environmental health research. 

The NIEHS Trainees Association has selected the recipient of the Mentor of the Year Award, and 
the Association’s representatives will bestow that award. The Fellow of the Year Award is given by 
the Office of Fellows’ Career Development and a committee of intramural Principal Investigators 
and Staff Scientists selected the award winner. 

We are also grateful to the DIR Principal Investigators and Staff Scientists who are serving as 
judges of the poster and platform presentations. 

I would also like to acknowledge the other members of the NIEHS Science Days Steering 
Committee, Drs. Brandi Baughman, Abee Boyles, Serena Dudek, Kristin Gabor, Michele Heacock, 
Anton Jetten, Leping Li, Alex Merrick, Thad Schug, Erik Tokar, Jack Taylor, Gregory Whitehead 
and Carmen Williams. Without their time and effort in planning and organizing the Program and 
judging, Science Days would not have been possible. 

I especially wish to thank the members of the web development team that worked to update and 
maintain the Science Day web application. 

Please enjoy the Science Days’ events and join me in celebrating our scientific achievements. 

Sincerely, 

Joel Abramowitz, Ph.D. 
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Extramural Judges 
Corton, Chris 

Environmental Protection Agency 
Liedtke, Wolfgang 
Duke University 

Erikson, Keith M. 
University of North Carolina Greensboro 

Mattingly, Carolyn 
North Carolina State University 

Griffith, Jack D. 
University of North Carolina Chapel Hill 

Murphy, Susan 
Duke University 

Herring, Amy H. 
University of North Carolina Chapel Hill 

Satterwhite, Lisa L. 
Duke University 

Levin, Edward D. 
Duke University 

Styblo, Miroslav 
University of North Carolina Chapel Hill 

Intramural Judges 
Archer, Trevor 
Balbus, John 

Beard, Bill 
Bird, Gary 

Bortner, Carl D. 
Cho, Hyeyoun 

Cidlowski, John A. 
Collins, Tammy R. 

Cook, Don 
Copeland, Bill 

Devito, Michael J. 
Dudek, Serena M. 
Fargo, David C. 

Fenton, Sue 
Ferguson, Stephen S. 

Fessler, Michael B. 
Garantziotis, Stavros 

Garbacz, Marta 
Gordenin, Dmitry 

Gu, Zhenglin 
Hall, Janet 

Harrill, Alison 
Harry, G J. 
Hu, Guang 

Jensen, Patricia 
Jetten, Anton M. 

Jothi, Raja 
Kadiiska, Maria 

Kang, Hong Soon 
Kunkel, Thomas A. 

Li, Leping 
Li, Xiaoling 

London, Bob 
London, Stephanie J. 
Martinez, Jennifer A. 

Mason, Ronald P. 
McIntyre, Barry 
Merrick, Alex 

Negishi, Masa 
Peddada, Shyamal D. 

Perera, Lalith 
Putney, Jim 

Ray, Manas K. 
Sandler, Dale 
Santos, Janie 

Schaaper, Roel 
Shears, Stephen B. 

Shaw, Natalie 
Stanley, Robin E. 

Stein, Paula 
Wade, Paul 

Weinberg, Clarice R. 
Williams, Carmen J. 

Williams, Scott 
Wilson, Samuel H. 

Yao, Humphrey 
Zeldin, Darryl 
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NIEHS Science Days
 
November 3-4, 2016
 
Rodbell Auditorium
 

Thursday, November 3, 2016 

9:00-9:15 am	 Introduction and Welcoming Remarks, Linda Birnbaum, Ph.D., Director 
NIEHS and Joel Abramowitz, Ph. D., Science Day Committee Chair 

Oral presentations chaired by DERT Representative: Michelle L. Heacock, Ph.D. 

9:15-9:45 am Mini-Symposium on Nuclear receptors: mediators of environmental 
impacts on physiology and disease. Presentation by DERT-invited 
Scientist, Heather B. Patisaul, Ph.D., Department of Biological Sciences, 
North Carolina State University, Raleigh, NC, “Endocrine Disruption and 
Sexual Differentiation of the Developing Brain: New Questions and New 
Tools.” 

9:45-10:30 am 3 Oral Presentations by Fellows/Students/Technicians 

9:45-10:00 am #1. Flores VJ, Mosley B, Rice A, Cannon C, Sridhar R, Adams JM, 
Filie AC, and Shaw ND. Earlier puberty in girls: what’s body fat got to 
do with it? (CRB) 

10:00-10:15 am #2. Gam KB, Kwok RK, Engel LS, Curry MD, Stewart PA, Stenzel 
MR, McGrath JA, Jackson WB, Jensen RL, Lichtveld MY, and 
Sandler DP. Pulmonary function in oil spill response and clean-up 
workers 1-3 years following the 2010 Deepwater Horizon disaster. 
(EB) 

10:15-10:30 am #3. Catlin NR, Foster P, and McIntyre B. In utero exposure to the 
dietary supplement vinpocetine is associated with rat and rabbit 
embryo-fetal toxicity. (TB) 

10:30-10:45 am Break 

10:45 am-12:30 pm Posters, Odd numbered posters staffed 

12:30-1:45 pm Lunch 

12:45-1:30 p.m. The Application and the Grant:  Roles of Program, Review and Grants 
Management, presented by staff from DERT, Rodbell 

1:45-3:30 pm Posters, Even numbered posters staffed 

1:45-3:30 p.m. DERT Resource Room, Lake View Conference Room 

3:30-3:45 pm Break 

Oral presentations chaired by DNTP Representative: Erik Tokar, Ph.D. 

3:45-4:30 pm	 3 Oral Presentations by Fellows/Students/Technicians 

3:45-4:00 pm	 #4. Kadmiel M, Xu X, He B, and Cidlowski J. Glucocorticoid Actions 
at the Window of the Eye. (STL) 

4:00-4:15 pm	 #5. Hashiguchi T, and Negishi M. Nuclear receptors utilize a 
conserved phosphorylation motif to regulate activity and cross talk. 
(RDBL) 
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4:15-4:30 pm	 #6. Hoffman J, Trotter KW, and Archer TK. The Brg1 chromatin 
remodeler pre-patterns hormone dependent nuclear receptor DNA 
binding. (ESCBL) 

4:30-5:00-pm	 Mini-Symposium on Nuclear receptors: mediators of environmental 
impacts on physiology and disease. Presentation by DNTP Scientist, 
Nicole C. Kleinstreuer, Ph.D, “Nuclear Hormone Receptors as Targets for 
Environmental Chemicals.” 

Friday, November 4, 2016 
Oral presentations chaired by DIR Representative: Brandi Baughman, Ph.D. 

9:00-9:45 am	 3 Oral Presentations by Fellows/Students/Technicians 

9:00-9:15 am	 #7. Sciolino NR, McGee C, Amin J, and Jensen P. Activation of 
norepinephrine-locus coeruleus neurons produces anorexia (NL) 

9:15-9:30 am	 #8. Jeon K, Conway A, Brown R, Hong-Soon K, Jothi R, and Jetten 
AM. The transcription factor Glis3 plays a critical role in lineage 
determination of neural progenitor cells through its regulation of WNT 
signaling. (IIDL) 

9:30-9:45 am	 #9. Andres SN, Li Z, Erie D, and Williams RS. Tetrameric Ctp1 
filaments coordinate DNA binding and bridging in DNA double-strand 
break repair. (GISBL) 

9:45-10:00 am	 Break 

10:00-10:30 am	 Mini-Symposium on Nuclear receptors: mediators of environmental 
impacts on physiology and disease. Presentation by DIR Scientist, Anton 
M. Jetten, Ph.D., “Retinoic acid-related Orphan Receptors (RORs): their 
relevance to the environment, regulation of physiological functions, 
disease and therapy.” 

10:30-11:10 am	 Presentation by Former NIEHS Trainee, Katherine A. Burns, Ph.D., 
Department of Environmental Health, Division of Environmental Genetics 
and Molecular Toxicology, University of Cincinnati College of Medicine, 
Cincinnati, OH, “Endometriosis and Environmental Endocrine Disrupting 
Chemical Exposure: Bisphenol AF potentiates the development of 
endometriosis in a mouse model.” 

11:10 am -Noon	 Award Ceremony, Chaired by Joel Abramowitz, Ph.D. 
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Poster Presentations 

Poster 1.	 Zhao F, Franco HL, Rodriguez K, Brown PR, Tsai M, Tsai SY, and Yao HH. 
Wolffian duct regression in the female embryo is the result of COUP-TFII action, 
not a lack of androgen action(RDBL). 

Poster 2.	 Xu Q, Xu X, and Li X. 
Sirt1 promotes methionine deprivation-mediated cancer cell death by inhibiting 
asparagine synthetase(STL). 

Poster 3.	 Xu H, Gilliam RS, Peddada SD, and Collins TR. 
Analysis of NIEHS Postdoctoral Alumni Career Outcomes (STL). 

Poster 4.	 Wong S, Tseng H, Ko C, and Martinez J. 
OPTN knockout mouse as a novel model for Paget’s Disease of the Bone(IIDL). 

Poster 5.	 Williams JS, Huang SN, Arana ME, Gehle DB, Pommier Y, and Kunkel TA. 
Topoisomerase 1-dependent cleavage at genomic ribonucleotides incorporated 
during replication causes multiple forms of genome instability(GISBL). 

Poster 6.	 White AJ, and Sandler DP. 
Indoor stove and fireplace use is associated with breast cancer in a prospective 
cohort study(EB). 

Poster 7.	 Westmoreland JW, Mihalevic MJ, Bernstein KA, and Resnick MA. 
The global role of CDC13 (POT1) and Ku70 in protecting telomeres(GISBL). 

Poster 8.	 Warmack JK, Chappell V, and Fenton S. 
Effects of Pyrethrins on Murine 3T3-L1 Preadipocyte Differentiation and Lipid 
Production(NTPLB). 

Poster 9.	 Wang X, Adams N, Wu S, Lanz R, Lydon J, Jeong J, and DeMayo F. 
Proliferation-to-Quiescence Decision: SOX17 Regulates the Indian Hedgehog 
Pathway to Promote Uterine Fertility(RDBL). 

Poster 10.	 Wang C, Chen R, Shi M, Cai J, Shi J, Yang C, Li H, Lin Z, Meng X, Liu C, Niu Y, 
Xia Y, Zhao Z, Kan H, and Weinberg C. 
Acute effects of personal exposures to fine-particulate air pollution on inflammation 
biomarkers and methylation(BCBB). 

Poster 11.	 Van'T Erve TJ, Kadiiska MB, and Mason RP. 
Quantitative Evaluation of the Most Indicative Biomarker of Oxidative Stress in 
Human Disease and Environmental Exposure(IIDL). 

Poster 12.	 Twist JL, Takaku M, Roberts J, and Wade P. 
Biochemical analysis of CHD4 mutants in autism (ESCBL). 

Poster 13.	 Tumbale PP. 
Molecular basis of the Aprataxin-linked Cerebellar Degeneration, Ataxia with 
Oculomotor Apraxia Type 1 (AOA1)(GISBL). 

Poster 14.	 Tucker DK, Hayes-Bouknight SA, and Fenton SE. 
Increased Susceptibility to Mammary Carcinogenesis following a prenatal to BPA 
Analogs(NTPLB). 

Poster 15.	 Trempus CS, and Garantziotis S. 
Primary cilia and the pathogenesis of pulmonary fibrosis.(IIDL). 
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Poster 16.	 Thomas SY, Whitehead GS, Takaku M, Ward JM, Xu X, Nakano K, Lyons-Cohen 
MR, Nakano H, Gowdy KM, Wade PA, and Cook DN. 
MyD88-dependent dendritic and epithelial cell crosstalk in the lung orchestrates 
immune responses to inhaled allergens(IIDL). 

Poster 17.	 Tang S, Fang Y, Xu X, Xu Q, Foley J, Dowdy S, Fargo D, Guan Z, and Li X. 
SIRT1 regulates methionine metabolism and maintenance of mouse embryonic 
stem cells(STL). 

Poster 18.	 Takaku M, Roberts JD, Chrysovergis K, Myers P, Grimm SA, and Wade PA. 
GATA3 mutation induces an aggressive phenotype in luminal breast cancer via 
reprogramming of the cancer cell transcriptome(ESCBL). 

Poster 19.	 Sutherland CD, and Kang H. 
Loss of Glis3 expression in the collecting ducts and glomeruli results in the 
development of a polycystic kidney phenotype(IIDL). 

Poster 20.	 Stanko JP, Walker VR, Holmgren SD, and Fenton SE. 
Chemical Factors Affecting Breast Cancer Risk: A Review of the State of the 
Science(NTPLB). 

Poster 21.	 Snyder RJ, Hussain S, Randell SH, Tucker J, and Dykstra M. 
Impaired ciliogenesis in differentiating human bronchial epithelia exposed to 
nontoxic doses of multi-walled carbon nanotubes(IIDL). 

Poster 22.	 Shockley KR, Gupta S, Kaul A, Harris SF, Lahiri SN, and Peddada SD. 
ANOVA-Based Clustering to Improve Potency Estimation in Quantitative High 
Throughput Screening Data(BCBB). 

Poster 23.	 Shalaby K, Whitehead GS, Thomas SY, and Nakano H. 
TLR4 is necessary to maintain house dust-dependent Th17 inflammation in the 
lungs(IIDL). 

Poster 24.	 Scoville DW, Kang H, Yang X, Gruzdev A, and Jetten AM. 
Examination of Glis3 function and regulation of a novel long non-coding RNA in 
pancreatic β-cells(IIDL). 

Poster 25.	 Schellenberg MJ, Lieberman JA, Williams JG, Mueller GA, Vilas CK, London RE, 
Cortes-Ledesma F, and R Scott W. 
ZATT SUMO Ligase Licenses Direct Reversal of Topoisomerase 2 DNA-protein 
crosslinks by Tdp2(GISBL). 

Poster 26.	 Sakofsky CJ, Landis M, Chan K, Malc E, Mieczkowski P, and Gordenin D. 
Mechanisms of genome instability in cells repairing multiple double-strand 
breaks(GISBL). 

Poster 27.	 Saini N, Roberts SA, Klimczak LJ, Chan K, Grimm SA, Dai S, Fargo DC, Boyer JC, 
Kaufmann WK, Taylor JA, Lee E, Cortes-Ciriano I, Park PJ, Schurman SH, Malc 
EP, Mieczkowski PA, and Gordenin DA. 
Mutation load in a human somatic cell-derived clonal lineage reveals genetic 
changes accumulated over the lifetime of an individual (GISBL). 

Poster 28.	 Rotgers ES, Ungewitter E, Kawakami Y, and Yao H. 
Teratological effects of in utero exposure to di-(2-ethylhexyl)-phthalate (DEHP) in 
C57BL/6 mice (RDBL). 

Poster 29.	 Rice JR, Boyd WA, Dunlap PE, Dunnick JK, Ferguson SS, and Ramaiahgari S. 
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An in-vitro Toxicological Evaluation of Goldenseal using Primary Human 
Hepatocytes(NTPLB). 

Poster 30.	 Reese SE. 
A Genome-wide Consortium Meta-analysis of DNA Methylation and Childhood 
Asthma: The Pregnancy and Childhood Epigenetics Consortium(EB). 

Poster 31.	 Ramaiahgari S, Waidyanatha S, Dixon D, Devito MJ, Paules RS, and Ferguson 
SS. 
Three-dimensional HepaRG Spheroid Model with Physiologically-Relevant 
Xenobiotic Metabolism Competence & Hepatocyte Functionality for Liver Toxicity 
Screening(BSB). 

Poster 32.	 Rai P, and Fessler MB. 
Deletion of the immunity-related GTPase IRGM1 induces a cell-autonomous 
interferon response(IIDL). 

Poster 33.	 Quinn MA, Xu X, and Cidlowski JA. 
Loss of Ovarian Function Results in Metabolic Syndrome and Steatosis via a 
Glucocorticoid Receptor dependent mechanism(STL). 

Poster 34.	 Qin Y, Roberts JD, Grimm SA, Lih FB, Deterding LJ, Li R, Chrysovergis K, and 
Wade PA. 
Gut Microbiota Drive Epigenomic Alterations in Colonic Epithelium(ESCBL). 

Poster 35.	 Pillon MC, Sobhany M, and Stanley RE. 
Unraveling Regulatory Roles of the Grc3 Polynucleotide Kinase in Ribosome 
Assembly. (STL). 

Poster 36.	 Petrillo MG, and Cidlowski JA. 
A Novel Role for Arrestin proteins in Glucocorticoid Receptor Regulation(STL). 

Poster 37.	 Perry CE, Blachut B, Harry GJ, and Fessler M. 
Examination of the Acute Effects of Organotin Toxicants on Inflammasome 
Activation and Mitochondrial Disruption(NTPLB). 

Poster 38.	 Park Y, O?Brien KM, Zhaou S, Weinberg CR, Baird DD, and Sandler DP. 
The association between gestational diabetes mellitus and risk of breast 
cancer(EB). 

Poster 39.	 Otto SL, Middlebrooks M, and Yakel JL. 
Adult neurogenesis in the dentate gyrus is regulated by α7 nAChR activation.(NL). 

Poster 40.	 Oguin TH, Yang E, and Martinez J. 
Regulation of radical production during LC3-associated phagocytosis.(IIDL). 

Poster 41.	 O'Brien K, Sandler DP, Taylor JA, Xu Z, and Weinberg CR. 
The Joint Effects of Vitamin D, Genetics, and Epigenetics in the Prevention of 
Breast Cancer (BCBB). 

Poster 42.	 Nicol BC, Liying G, Flaws JA, and Yao HH. 
From Granulosa Cells To Oocytes: RUNX1 Is a New Regulator for the 
Establishment of the Oocytes Stock (RDBL). 

Poster 43.	 Nichols CE, House JS, Li H, Miller L, Flake G, Driehuys B, Zeldin D, and London 
SJ. 
Neural Innervation Regulates Pulmonary Function Phenotype of Htr4-null 
Mouse(IIDL). 
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Poster 44.	 Nguyen T, Menendez D, Grimm SA, Bushel PR, Ward JM, Freudenberg JM, Jothi 
R, and Resnick MA. 
p53 binding and regulation of immune response genes in human primary T­
lymphocytes(GISBL). 

Poster 45.	 Nakano H, Lyons-Cohen MR, Whitehead GS, Nakano K, and Cook DN. 
Distinct roles of CXCR4, CCR2 and CX3CR1 in coordinating dendritic cell 
precursor trafficking from bone marrow to peripheral tissues(IIDL). 

Poster 46.	 Mueller G, DeRose E, Thompson P, O'Connell T, and London R. 
A metabolomic, geographic, and seasonal analysis on the contribution of pollen-
derived adenosine to allergic sensitization(GISBL). 

Poster 47.	 Mesev EV, Lowe JM, Menendez D, and Fessler MB. 
DNA damage promotes STING expression via p53(IIDL). 

Poster 48.	 McPherson C, and Harry GJ. 
Dysregulation of a pro-inflammatory response in microglia, consequences on 
phagocytic activity. (NTPLB). 

Poster 49.	 McClelland K, Perea-Gomez A, Zhao F, Franco H, Tsai M, Tsai S, Chaboissier M, 
and Yao H. 
Loss of COUP-TFII (NR2F2) in Different Interstitial Cell Populations Has Varying 
Effects on Fetal Testicular Development. (RDBL). 

Poster 50.	 Lyons-Cohen M, Nakano H, Whitehead GS, Thomas SY, Nakano K, and Cook DN. 
Localization and Trafficking of Pulmonary Dendritic Cells During Allergic 
Sensitization(IIDL). 

Poster 51.	 Lo D. 
Structural Analysis Reveals the Features of Ribosome Assembly Factor 
Nsa1/WDR74 Important for Localization and Interaction with Rix7/NVL2(STL). 

Poster 52.	 Liu J, Wang T, Cho S, Wu S, and DeMayo FJ. 
Ablation of Lkb1 in Mouse Lungs Induces Squamous Cell Carcinoma Majorly by 
Inhibition of JNK Pathway (RDBL). 

Poster 53.	 Lin W, Gowdy K, Madenspacher J, Lyons-Cohen M, Nakano H, Cook D, Williams 
C, and Fessler M. 
Epithelial Membrane Protein 2 Regulates Transepithelial Migration of Neutrophils in 
the Inflamed Lung(IIDL). 

Poster 54.	 Li Y, Umbach DM, and Li L. 
A comprehensive genomic pan-cancer analysis using The Cancer Genome Atlas 
gene expression data(BCBB). 

Poster 55.	 Li Y, Perera L, Coons L, Burns K, Ramsey T, Teng C, Pelch K, and Korach K. 
Insights into the structure and molecular mechanisms of the ligand-estrogen 
receptor α complex with bisphenol A analogues(RDBL). 

Poster 56.	 Li R, Grimm S, Mav D, Gu H, Djukovic D, Merrick A, Shah R, Raftery D, and Wade 
P.
 
Epigenetic memory of obesity in mouse colonic epithelium(ESCBL).
 

Poster 57.	 Li P, Li P, Wang L, Bennett B, and Hu G. 
Rif1-dependent Repressive Chromatin Modifications are Required for Endogenous 
Retrotransposons Silencing in Embryonic stem cell(ESCBL). 
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Poster 58.	 Lavender CA, Shapiro AJ, Burkholder AB, Bennett BD, Adelman K, and Fargo DC. 
ORIO: a web-based resource for integrative analysis and visualization of genomics 
data(ESCBL). 

Poster 59.	 Kumar A, Ganini D, and Mason RP. 
Cytochrome c as a peroxidase plays a role in α-synuclein radical formation: 
Implications of α-synuclein in alterations of biological pathways and neuronal death 
in Maneb- and paraquat-induced model of Parkinson’s disease (IIDL). 

Poster 60.	 Kolb JP, and Martinez J. 
Microglia are capable of LC3-associated phagocytosis(IIDL). 

Poster 61.	 Kim K, Pedersen LC, DeRose EF, Kirby TW, and London RE. 
Multiply-phosphorylated binding motifs in DNA repair - identifying the roles of 
individual phosphate groups(GISBL). 

Poster 62.	 Kaul A, and Peddada SD. 
Microbiome data: classification and identification of microbial markers(BCBB). 

Poster 63.	 Janoshazi AK, Wu S, Scappini E, Tucker CJ, and Putney JW. 
New fluorescence method to reveal mobility of low concentration proteins in living 
cells: Comparing the two isoforms of Orai1 in Mouse Embryonic Fibroblast (MEF) 
cells (STL). 

Poster 64.	 Iannone MA, and Bortner CD. 
Mass Cytometry: Introducing a new capability for simultaneously characterizing 
phenotype and function in complex cell populations.(STL). 

Poster 65.	 Hussain S, Zhaoxia J, Degraff L, Taylor A, Tucker C, Margaret G, Rice A, 
Marshburn J, Snyder R, Bonner J, and Garantziotis S. 
Multi-walled Carbon Nanotube Functionalization with High Molecular Weight 
Hyaluronan Significantly Reduces Pulmonary Injury(IIDL). 

Poster 66.	 Howard MJ, Rodriguez Y, and Wilson S. 
DNA Polymerase β uses its lyase domain in a processive search for DNA 
damage(GISBL). 

Poster 67.	 Hoff K, DeBalsi KL, Longley MJ, Naini AB, and Copeland WC. 
Characterization of the first clinical homozygous PolG2 mutation, R182W (GISBL). 

Poster 68.	 Henry H, Carlin D, Heacock M, and Suk WA. 
Superfund Research Program Water Innovation: An Integrated Approach to 
Sustainable Solutions(HSRB). 

Poster 69.	 He B, Cruz-Topete D, Oakley R, and Cidlowski J. 
Human Glucocorticoid Receptor β (hGRbeta) Regulates Gluconeogenesis and 
Inflammation in Mouse Liver (STL). 

Poster 70.	 Hagler TB, Gruzdev A, Scott G, Xu F, Woychik R, and Ray M. 
Using CRISPR/Cas9 to Disrupt Novel Brain-specific PPARg Coactivator 
Transcripts to Study Their Role in Behavioral Neurology.(RDBL). 

Poster 71.	 Haam J. 
Modulation of the hippocampal circuit by oriens lacunosum-moleculare 
neurons(NL). 

Poster 72.	 Glenn KF, Singh D, and Schaaper RM. 
Use of a hyperactive dGTPase mutant to investigate the role of E. coli dGTP 
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triphosphohydrolase(GISBL). 

Poster 73.	 Gillera SA, Tucker DK, Filgo AJ, Flaws JA, Davila J, Rock K, Horman B, Patisaul 
HB, and Fenton SE. 
Low dose developmental Tetrabromobisphenol-A exposure in the rat: impact on 
the female reproductive tissues(NTPLB). 

Poster 74.	 Garbacz MA, Cox P, and Kunkel TA. 
Consequences of DNA polymerase epsilon deficiency in Saccharomyces 
cerevisiae(GISBL). 

Poster 75.	 Ganini da Silva D, Leinisch F, Kumar A, Jiang J, Tokar E, Malone CC, Petrovich 
RM, and Mason RP. 
Fluorescent proteins such as eGFP catalytically generate superoxide anion free 
radical and H2O2 in the presence of NAD(P)H(IIDL). 

Poster 76.	 Gambini A, and Williams CJ. 
Tankyrase mediated protein degradation regulates the mouse oocyte-to-embryo 
transition(RDBL). 

Poster 77.	 Fostel JM, Devito MJ, Gao X, Stanko JP, Lea I, Martini C, and Rashid A. 
Publications in Chemical Effects in Biological Systems (CEBS) Database(NTPLB). 

Poster 78.	 Farris SL, Ward JM, Samadi M, and Wang Y. 
Transcriptome profiling in hippocampal dendrites reveals a role for mitochondria in 
CA2 physiology and function(NL). 

Poster 79.	 Fang Y, and Li X. 
SIRT1 regulates cardiomyocyte differentiation and maturation(STL). 

Poster 80.	 Dunlap PE, Blystone C, Ramaiahgari S, Rice JR, Ferguson SS, Boyd WA, and 
DeVito M. 
Toxicological Evaluation of Phenolic Benzotriazoles using a Human In Vitro Liver 
Model(NTPLB). 

Poster 81.	 Duncan CG, Grimm SA, Morgan DL, Bushel PR, Burkholder AB, Fargo DC, 
Merrick BA, and Wade PA. 
DNA methylation landscape of the X chromosome in mouse liver(ESCBL). 

Poster 82.	 Dorr KM, DeGraff LM, Gruzdev A, Liao G, and Jetten AM. 
Deletion of JAZF1 protects against high fat diet-induced obesity, glucose 
intolerance and insulin resistance (IIDL). 

Poster 83.	 Devito MJ, Gao X, Stanko JP, Lea I, Martini C, Rashid A, and Fostel JM. 
Publications in Chemical Effects in Biological Systems (CEBS) Database(NTPLB). 

Poster 84.	 Debalsi KL, Longley MJ, Hoff KE, and Copeland WC. 
Biochemical characterization of the in cis T251I and P587L PolG disease 
mutations(GISBL). 

Poster 85.	 Cox PB, Garbacz M, and Kunkel T. 
The Role of Polymerase ζ in the pol2-16 Mutant DNA Replication(GISBL). 

Poster 86.	 Cinghu S, Yang P, Kosak J, Conway AE, Oldfeild AJ, Adelman K, and Jothi R. 
Transcription at intragenic enhancers attenuates gene expression(ESCBL). 
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MTA3 deletion may play a role in plasma cell development(ESCBL). 
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pathogenesis of primary open angle glaucoma(IIDL). 
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Frye SV, and Shears SB. 
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Poster 95.	 Banks DB, Lierz SL, Hewitt SC, Arao Y, Cannon RE, and Korach KS. 
Estrogenic Membrane-Initiated Steroid Signaling at the Mouse Brain 
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Poster 96.	 Arao Y, Hamilton KJ, Lierz SL, and Korach KS. 
Estrogen receptor α transactivation domain 1 controls fat accumulation with 
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Poster 97.	 Alexander GM, Brown L, Farris S, Lustberg D, Gloss B, Plummer N, Jensen P, and 
Dudek S. 
Chemo-Genetic Silencing of Hippocampal Area CA2 Neurons Decreases 
Hippocampal Low Gamma Oscillations (NL). 

Poster 98.	 Adams NR, Vasquez YM, Mo Q, and DeMayo FJ. 
The Role of WNK1 in the Decidualization of Human Endometrial Stromal 
Cells(RDBL). 
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Mini-Symposium Presentation #1 
9:15 AM, Thursday, November 3, 2016 

Endocrine Disruption and Sexual Differentiation of the Developing Brain: New 
Questions and New Tools 

Heather B. Patisaul, 

Department of Biological Sciences, North Carolina State University, Raleigh, NC 

Neonatal exposure to endocrine disrupting compounds (EDCs) results in a spectrum of 
neurobehavioral effects in rodents including the loss of behavioral and morphological sexual 
dimorphisms.  Because hormones play such a critical role in central nervous system maturation 
and sexual differentiation, it is hypothesized that the brain is particularly vulnerable to EDC 
exposure, especially during gestation and early life while circuits critical for sexual, social and 
other complex behaviors are still forming.  Using a wide variety of rodent species with unique 
social characteristics, including the prairie vole which is socially monogamous and biparental, 
we are assessing how developmental exposure to endocrine disruptors affects the sex specific 
development of the brain.  Evidence of altered neuroendocrine development, including age and 
sex specific expression of estrogen receptors (ERα and ERβ), in multiple species, supports the 
hypothesis that environmental exposures alter brain development and contribute to behavioral 
change. 
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Mini-Symposium Presentation #2 
4:30 PM, Thursday, November 3, 2016 

Nuclear Hormone Receptors as Targets for Environmental Chemicals 

Nicole C. Kleinstreuer 

NICEATM Deputy Director, DNTP, NIEHS 

Nuclear hormone receptors are critical components of the endocrine system and are implicated 
in the pathogenesis of developmental and reproductive impairment, obesity, diabetes, and 
certain cancers. People are exposed to tens of thousands of environmental chemicals 
throughout their lives, and some of these are known or suspected to interact with the endocrine 
system, in particular the estrogen and androgen pathways via their corresponding nuclear 
hormone receptors. Therefore, screening for endocrine disrupting chemicals (EDCs) is both a 
scientific and a regulatory priority. Given the complexity of the in vivo tests currently used to 
identify and fully characterize EDCs, only a small fraction of the chemical exposure universe has 
been studied in any depth. This has led to the development of in vitro and in silico approaches, 
including the federal Tox21 and ToxCast high throughput screening (HTS) programs, allowing 
rapid testing of thousands of chemicals and identification of potential EDCs. Under these 
programs, diverse in vitro HTS assays measure perturbations of the estrogen receptor (ER) and 
androgen receptor (AR) pathways at multiple points (e.g. receptor binding, co-regulator 
recruitment, gene transcription and protein production) in multiple cell types using several 
different analytical technologies (e.g. fluorescence, luminescence, electrical impedance). A 
certain number of chemicals could be expected to act as true agonists or antagonists in these 
pathways, but there are also chemicals that are known to interfere with the various assay 
technologies through false signals such as auto-fluorescence or cytostatic mechanisms. Here, 
we leverage orthogonal assays that help distinguish non-specific activity from interaction with 
the intended target, and build computational network models that integrate the data and predict 
whether chemicals are true agonists, antagonists, or are acting via interference pathways. 
These computational toxicology approaches are then validated using a performance based 
approach against large sets of reference chemicals spanning a wide range of potencies. The 
validated ER pathway model was accepted by the U.S. Environmental Protection Agency (EPA) 
for ER bioactivity screening as an alternative to multiple lower-tier approaches, including the 
rodent uterotrophic bioassay. Recent work has shown excellent performance of the AR pathway 
model against a group of well-characterized reference chemicals, and these results are also 
being considered as a replacement for existing animal-based test methods. Approximately 1850 
chemicals to date have been screened and run through the ER and AR pathway models, and a 
subset of environmental chemicals including pesticides, plasticizers, flame retardants, and 
personal care product ingredients have been identified for their endocrine disrupting potential. 
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Mini-Symposium Presentation #3 
10:00 AM, Friday, November 4, 2016. 

Retinoic acid-related Orphan Receptors (RORs): their relevance to the 
environment, regulation of physiological functions, disease and therapy 

Anton M. Jetten, Immunity, Inflammation and Disease Laboratory, DIR, 
NIEHS 

The retinoic acid-related orphan receptor γ (RORγ) is a member of the ROR nuclear 
receptor subfamily of transcription factors. RORs regulate gene transcription by binding 
as monomers to ROR response elements (ROREs) in the regulatory regions of target 
genes. RORγ play a critical role in the regulation of several immune functions, including 
thymopoiesis and the development of secondary lymphoid tissues. In addition, RORγ 
plays a critical role in lineage specification of uncommitted CD4+ T helper cells into Th17 
cells and IL17 expression, which are implicated in a number of inflammatory diseases, 
including rheumatoid arthritis, inflammatory bowel disease, multiple sclerosis and 
asthma. Deficiency in RORγ protects against the development of autoimmune disease 
and allergic lung inflammation. RORγ plays also an important role in the regulation of 
lipid and glucose homeostasis. Loss of RORγ function reduces the susceptibility to 
insulin insensitivity and glucose intolerance. 

The recent discovery that ROR activity can be regulated by endogenous 
(hydr)oxysterols and metabolites of the cholesterol biosynthetic pathway. Moreover, 
endogenous hydroxyl metabolites of vitamin D3 can function as RORγ antagonists. The 
fact that RORγ acts as a ligand-dependent transcription factor and its role in various 
diseases led to the concept that RORγ antagonists might be useful in the treatment of 
various autoimmune and metabolic diseases. This led to the identification of several 
series of high affinity RORγ inverse agonists, including various sulfonamides. These 
RORγ antagonists inhibit IL17 promoter activation and reverse psoriatic skin lesions in 
skin explants suggesting that they might be useful in the treatment of psoriasis and other 
autoimmune diseases. Several clinical trials are ongoing to treat autoimmune disease. 

RORs also provide a target for endocrine disruptors and mechanisms by which 
environmental agents can influence physiological functions regulated by RORs by 
interfering with their activation. We showed that azole-type fungicides, such as 
ketoconazole and clotrimazole, inhibit RORγ activation by inhibiting the sterol 14α­
demethylase cytochrome P450, Cyp51a1, an enzyme upstream in the cholesterol 
biosynthetic pathway, caused a dramatic reduction in zymosterol and desmosterol levels 
and a decrease in RORγ-mediated transactivation, Th17 differentiation, and IL-17 
expression. 
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Former Trainee Presentation 
10:30 AM, Friday November 4, 2016 

Endometriosis and Environmental Endocrine Disrupting Chemical Exposure: 
Bisphenol AF potentiates the development of endometriosis in a mouse model 

Katherine A. Burns, Stephanie A. Lang, Jessica A. Kendziorski 

University of Cincinnati College of Medicine, Department of Environmental Health, Division of 
Environmental Genetics and Molecular Toxicology, 160 Panzeca Way, Cincinnati, OH 45267 

Endometriosis is a gynecological disease resulting from abnormal growth of endometrial tissue 
outside the uterine cavity. This disease causes chronic pelvic pain, extreme pain with 
menstruation, pain with intercourse, and/or infertility in 5.5 million women in the US. 
Endometriosis is affecting more and more women, but it is not known if this is due to disease 
awareness or environmental exposures from daily ubiquitous toxicant exposure. Bisphenol A 
(BPA), a well-studied endocrine disrupting chemical used to manufacture hard clear plastics, is 
known to have estrogenic activities. As BPA is removed from products, BPA analogues are 
replacing BPA. One such analogue is Bisphenol AF (BPAF) which can have stronger estrogenic 
activity than BPA. In our studies, we use a mouse model of endometriosis to examine if these 
endocrine disrupting chemicals potentiate endometriosis disease. Ovariectomized mice were 
fed a phytoestrogen reduced diet for 6 weeks with 30, 300, and 900 ppm BPA and BPAF to 
correspond to 5 – 90 mg/kg gavage doses. We find increased uterine weight and increased 
endometriosis lesion weight with BPAF, but not with BPA. Gene expression analysis from BPAF 
exposed endometriosis lesions is similar to what is examined with ethinyl estradiol. Studies are 
currently underway to examine the concomitant effects of BPA/BPAF exposure and the 
endogenous hormone milieu on the potentiation of endometriosis using intact mice. Thus far, we 
conclude that BPAF exposure could play a role in the development of endometriosis in women. 
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Oral Presentation 1 
9:45 AM, Thursday, November 3, 2016 

Earlier puberty in girls: What’s body fat got to do with it? 

Flores VJ, Mosley B, Rice A, Cannon C, Sridhar R, Adams JM, Filie AC, and Shaw ND 

Pediatric Neuroendocrinology, NIEHS, Pediatric Neuroendocrinology Group, CRB, NIEHS, 
Reproductive Endocrine Unit, Massachusetts General Hospital, Boston, Laboratory of 
Pathology, NCI, Bethesda, 

BACKGROUND: Recent observational studies in the US and abroad report an alarming trend of 
earlier puberty in girls, with the median age at breast development now approaching 9.7 and 8.8 
years in white and black girls, respectively. The contemporaneous pediatric obesity epidemic 
suggests that obesity may be driving earlier puberty, however, two critical questions surrounding 
this temporal association remain unanswered: 1) Can standard physical exam (PE) techniques 
used to document pubertal onset in normal weight girls be reliably applied to overweight girls?, 
and, 2) Does breast development in overweight girls reflect activation of the hypothalamic-
pituitary-ovarian axis (central puberty, as in normal weight girls) or the local effect of estrogen 
synthesized in adipose tissue (peripheral puberty)? 

METHODS: We launched the Body Weight and Puberty Study (BWPS), the first pediatric-
focused study at the NIEHS Clinical Research Unit, to systematically address these 
questions. To determine if PE overestimates breast development in overweight girls, we 
compared breast stage (Tanner stage I-V) determined by inspection and palpation with gold 
standard ultrasound-based morphological stages (A-E) of glandular development. We 
correlated breast morphological stages with other end-organ signs of systemic estrogen in 
overweight compared with normal weight girls to determine if breast maturation in overweight 
girls reflects circulating (ovarian-derived) or local (adipose tissue-derived) estrogen 
action. Ovarian and uterine volume and endometrial thickness were measured by pelvic 
ultrasound, bone age was determined with hand x-ray, and fat mass was calculated using DXA. 

RESULTS: 38 normal weight (BMI<85th%) and 8 overweight/obese (BMI>85th%) pre­
menarchal, pubertal girls (8.7-14.6 yrs, 67.4% non-Hispanic White, 19.6% non-Hispanic Black, 
8.7% Hispanic and 4.3% Other) have been studied to date. Girls in the lowest (n=18) and 
highest (n=11) tertiles of percent body fat (%BF) were compared. We found that in girls with 
higher %BF, Tanner staging overestimated breast maturation 30% of the time, whereas breast 
maturation was never overestimated in the lower %BF group (p<0.01). Preliminary analyses 
suggest that girls with higher %BF demonstrate trajectories of uterine growth (uterine length, 
volume, and endometrial thickness), ovarian volume, and bone age advancement relative to 
breast morphological stage that are comparable to girls with lower %BF. 

CONCLUSIONS: Using a novel ultrasound approach to precisely assess breast development in 
girls with increased body fat, the current studies suggest that misclassification of adipose tissue 
as breast tissue may in part underlie reports of earlier puberty among obese girls. These studies 
also suggest that despite harboring an increased reserve of body fat (a potential source of 
estrogen), overweight girls develop breast tissue, like their leaner counterparts, in response to a 
systemic increase in ovarian-derived estrogen. 
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Oral Presentation 2 
10:00 AM, Thursday, November 3, 2016 

Pulmonary function in oil spill response and clean-up workers 1-3 years following 
the 2010 Deepwater Horizon disaster 

Gam KB, Kwok RK, Engel LS, Curry MD, Stewart PA, Stenzel MR, McGrath JA, 
Jackson WB, Jensen RL, Lichtveld MY, and Sandler DP 

Chronic Disease Epidemiology, DIR EB, NIEHS, Department of Epidemiology, Gillings School 
of Global Public Health, University of North Carolina, Chapel Hill, Social and Scientific Systems 
Inc, 

Background: Oil spill clean-up workers are exposed to known and suspected respiratory 
toxicants and may have reduced pulmonary function compared to non-workers. Previous 
studies have shown increased respiratory symptoms and elevated markers of lung inflammation 
in clean-up workers compared to non-workers. Few studies have examined the impact of oil spill 
exposures on lung function. Objective: To determine the impact of oil spill response and clean­
up work on pulmonary function 1-3 years following the 2010 Deepwater Horizon 
disaster. Methods: Data were from the Gulf Long-term Follow-up Study (GuLF STUDY), a 
longitudinal cohort of oil spill response and clean-up workers and others who received oil spill 
training but were not hired (32,608). Occupational data were obtained at telephone enrollment 
and included having worked at least one day on the oil spill, activities/tasks performed, dates of 
work, and information related to potential for contact with dispersants or combustion products of 
burning crude oil. Pulmonary function testing (PFT) was performed in 10,040 home visits 
between March 2011 and March 2013, and 8,414 participants with acceptable PFT quality were 
analyzed. FEV1, FVC, and FEV1/FVC ratio were assessed for differences by work status, job 
type, exposure to dispersants, and exposure to burning oil using multivariable linear and 
modified Poisson regression. We restricted job and exposure analyses to workers to avoid 
possible healthy worker bias (n=6,122), and further restricted to workers living within direct 
proximity of the oil spill as a sub-population of interest (n=4,439). Results: There were no 
overall differences in PFT measures between workers and non-workers. Among workers, we 
observed a small decrement in FEV1 (Beta:-0.063 L, 95% CI:-0.112, -0.005) in decontamination 
workers compared to support workers. No association was found between potential 
occupational contact to dispersants and pulmonary function. Workers with the highest potential 
exposure to burning oil had lower PFT measures compared to workers with no exposure to 
burning oil: FEV1 (Beta: -0.185 L, 95% CI: -0.319,-0.052) and FEV1/FVC (Beta: -0.021 L, 95% 
CI: -0.037, -0.005), and were nearly 50% more likely than those unexposed to burning to have 
an FEV1/FVC measure in the lowest tertile (Prevalence Ratio: 1.47, 95% CI: 1.06, 2.04). 
Associations with burning oil were stronger among workers who also lived in direct proximity of 
the oil spill. Conclusions: Although there were no differences in pulmonary function measures 
between workers and non-workers overall, workers with the highest potential exposure to 
burning crude oil have reduced pulmonary function compared to workers with no exposure to 
burning crude oil. 
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Oral Presentation 3 
10:15 AM, Thursday, November 3, 2016 

In utero exposure to the dietary supplement vinpocetine is associated with rat 
and rabbit embryo-fetal toxicity 

Catlin NR, Foster P, and McIntyre B 

Developmental and Reproductive Toxicology, NIEHS, Toxicology Branch, NIEHS, 

Vinpocetine, a semi-synthetic derivative of the Vinca minor extract vincamine, inhibits 
phosphodiesterase type 1 and voltage-sensitive Na2+ channels, and display vasodilatory 
activity in cerebral tissue. Human exposure occurs through its use as dietary supplement for its 
purported nootropic and neuroprotective effects. Rat and rabbit prenatal toxicity studies were 
conducted to characterize potential maternal and embryo-fetal toxicity. Vinpocetine was 
administered via gavage to time-mated Hsd rats (n = 25) at dose levels of 0, 5, 20, and 60 
mg/kg from gestation day (GD) 6-20, and time-mated NZW rabbits (n=8) at dose levels of 0, 25, 
75, 150, and 300 mg/kg from GD 7-28. Pregnant rats administered vinpocetine exhibited dose-
related decreases in body weight gain, as well as concomitant increases in vaginal discharge 
that were observed from GD 13-19. At necropsy, dams exhibited dose-dependent increases in 
post-implantation loss (3.3, 10.7, 11.1, and 83.1% at 0, 5, 20, and 60 mg/kg, respectively) that 
was associated with a higher frequency of early resorptions and fewer live fetuses at term. 
There were no effects on rat fetal weight or any external fetal findings. However, rat fetuses 
exposed to 0, 5, 20, and 60 mg/kg exhibited a dose-dependent increase in ventricular septum 
defects, with incidences of 0/293 (0/21), 3/239 (3/19), 8/261 (7/21), and 2/51 (2/8) of the fetuses 
(litters), respectively. In the pregnant rabbits, apparent maternal toxicity was minimal (sporadic 
decreases in food consumption). However, rabbits in the 300 mg/kg high dose group displayed 
post-implantation loss (20.4% vs 1.4% in controls), a decrease in the mean number of live 
fetuses, and fetal body weights that were 10% lower than controls. Toxicokinetic studies 
performed in the rat and rabbit indicate significant fetal transfer of vinpocetine in the rat, and 
species differences in metabolism may explain the differences in toxicity between the two 
species. These data indicate that vinpocetine administration to pregnant rats and rabbits results 
in embryo-fetal toxicity in both species, suggesting a potential hazard for pregnant women who 
may be taking vinpocetine. 
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Oral Presentation 4 
3:45 PM, Thursday, November 3, 2016 

Glucocorticoid Actions at the Window of the Eye 

Kadmiel M, Xu X, He B, and Cidlowski J 

Molecular Endocrinology, DIR STL, NIEHS, Integrative Bioinformatics Support Group, DIR, 
NIEHS, 

The cornea is the transparent ‘window’ of the eye, which is essential for visual acuity. By 
providing a physical barrier, the cornea protects the interior of the eye from external agents such 
as bacteria, viruses and debris. Allergies, conjunctivitis, bacterial infections and viral infections 
of the eye can result in corneal diseases that may lead to blindness if left untreated. 
Corticosteroids- the synthetic form of glucocorticoids, are widely used in the treatment of ocular 
infections and disorders to restore vision. For example, glucocorticoids are used to inhibit the 
growth of blood vessels in the cornea, the outermost layer of the eye that is normally devoid of 
vasculature to maintain transparency. Glucocorticoids are steroid hormones made by the 
adrenal glands under tight regulation from the hypothalamus. Glucocorticoids are necessary for 
life after birth and they regulate numerous biological processes in man, including glucose 
homeostasis, skeletal growth, respiratory function, behavior, fertility, development, inflammation 
and apoptosis. They are also one of the most prescribed classes of drugs worldwide, 
particularly for treating inflammatory disorders. Corticosteroid actions in the cornea have been 
exploited clinically, however the physiological and molecular functions of the glucocorticoid 
receptor signaling system are poorly understood. We have explored the possibility that corneal 
glucocorticoid receptor signaling may be involved in ocular development and in contributing to 
the immune privilege status of the eye. Global transcriptome analyses identified glucocorticoid­
regulated genes in biological functions involved in tissue development, organismal injury and 
inflammatory responses. Cornea specific knockout of the glucocorticoid receptor defines precise 
roles for the receptor in both eye development and function. 
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Oral Presentation 5 
4:00 PM, Thursday, November 3, 2016 

Nuclear receptors utilize a conserved phosphorylation motif to regulate activity 
and cross talk 

Hashiguchi T, and Negishi M 

Pharmacogenetics, RDBL, NIEHS 

Nuclear receptors conserve a phosphorylation motif between two zinc fingers within the DNA 
binding domain (DBD). Studies with 11 different nuclear receptors and their motif’ mutants have 
characterized this phosphorylation as their protein degradation signal. Farnesoid X receptor 
(FXR) regulates bile acid metabolism in liver. FXR is now found to utilize this signal to regulate 
its trans-activation activity in liver. FXR becomes phosphorylated at its conserved Ser154 in the 
nucleus of hepatocytes of mouse livers after treatment with GW4046, a FXR ligand. FXR 
phosphorylated at Ser154 is unable to bind to and activate FXRE and degrades through a 
proteasome pathway. Thus, the phosphorylation of FXR links ligand activation, inactivation and 
degradation in the nucleus. Estrogen sulfotransferase (SULT1E1) inactivates estrogens, thereby 
affecting various estrogen-related diseases. Its expression is induced and repressed by nuclear 
receptors CAR and RORalpha, respectively, in mouse liver. Both CAR and RORalpha are 
constitutively activated and cross talk through phosphorylation to co-regulate the SULT1E1 
promoter in transient transfection assays. These observations re-define nuclear receptors being 
regulated by cell signaling through phosphorylation of the conserved motif in the DBD. 
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Oral Presentation 6 
4:15 PM, Thursday, November 3, 2016 

The Brg1 chromatin remodeler pre-patterns hormone dependent nuclear receptor 
DNA binding 

Hoffman J, Trotter KW, and Archer TK 

Chromatin & Gene Expression, NIEHS, Chromatin and Gene Expression, ESCBL, NIEHS, 

Upon hormone stimulus, type I nuclear receptors (NRs) bind to their hormone ligand, enter the 
nucleus, and interact with regulatory elements in the DNA to elicit changes in transcriptional 
activity. NRs are required throughout development and in adult life, and NR activities are 
frequently targeted in the treatment of human diseases. For instance, activation of 
Glucocorticoid Receptor (GR) activity with the synthetic corticosteroid dexamethasone is 
commonly used to promote fetal lung development and to combat auto-immune and 
inflammatory disorders. Elucidating the genetic and transcriptional mechanisms by which GR 
and other NRs perform their myriad functions is critical for human health and disease treatment. 

Brg1, the catalytic ATPase of the human SWI/SNF complex, is critical for hormone-induced 
transcriptional regulation by GR. Previous studies from our lab demonstrated that upon DNA-
binding, GR recruits Brg1 to remodel the local chromatin architecture to alter the transcriptional 
output of specific genes. Our work significantly expands this model and suggests that Brg1 may 
act on hormone-regulated genes prior to hormone stimulus and GR binding. Using chromatin 
immunoprecipitation and next-generation sequencing, we have generated a genome-wide map 
of Brg1 chromatin interactions in untreated and dexamethasone-treated cells. We show that 
Brg1 interacts with a large number of GR binding sites in untreated cells and remains at these 
sites upon dexamethasone treatment and subsequent GR binding. Motif analysis of Brg1 and 
GR peaks indicated that GR binding is segregated across different classes of existing Brg1 
binding sites. Ectopic expression of Brg1 in the Brg1-deficient SW13 adrenal carcinoma cell line 
altered the global profile of dexamethasone-induced DNA binding by GR and enhanced the 
hormone-responsiveness of GR target genes. Taken together, these data suggest that in some 
cases, Brg1 interacts with GR binding sites prior to hormone signaling and is required for GR 
activity. As such, we propose a model in which Brg1-mediated pre-patterning of regulatory DNA 
elements is required to create a genomic chromatin landscape competent for NR activity. 
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Oral Presentation 7 
9:00 AM, Friday, November 4, 2016 

Activation of norepinephrine-locus coeruleus neurons produces anorexia 

Sciolino NR, McGee C, Amin J, and Jensen P 

Developmental Neurobiology, DIR NL, NIEHS, Comparative Medicine Branch, 

Through the synthesis and release of norepinephrine (NE), locus coeruleus (LC) neurons 
influence a variety of behavioral and physiological processes, including affect, attention, and 
mood. Pharmacological evidence suggests that norepinephrine may also play a role in 
regulating appetite. Yet, it remains unknown whether LC neurons elicit or suppress feeding. We 
hypothesize that hyperactivity of the LC will directly promote anorexia. This hypothesis is based 
on toxicological evidence that shows exposure to various environmental toxicants, like methyl 
parathion and perfluorooctane sulfonate, increases LC activity and decreases feeding. 
However, because exposures are chronic and systemic, it has been virtually impossible to 
directly link hyperactivity of the LC to changes in feeding. To overcome this obstacle, we used a 
mouse line to model the increased LC activity associated with environmental exposures. To 
selectively activate LC neurons, we used mice that express the Gq-coupled hM3Dq. hM3Dq is a 
mutated muscarinic receptor that is activated by the designer drug clozapine-n-oxide (CNO), but 
not by its native ligand acetylcholine. We characterized hM3Dq mice using histology, 
electrophysiology, and behavioral analyses. Histological analysis of mice expressing hM3Dq 
and littermate controls revealed selective expression of hM3Dq in the LC. Electrophysiological 
recordings showed that CNO (10 uM) increased the firing rate of hM3Dq-expressing LC 
neurons, demonstrating that LC hyperactivity is achieved by chemoactivation of hM3Dq. Next, 
to test whether hyperactivity of the LC would suppress feeding, we measured food intake in 
hM3Dq and littermate mice given CNO (0.03 or 0.1 mg/mL) in the drinking water. Mice drank 
similar volumes of CNO-infused water compared to vehicle, confirming that CNO is palatable to 
mice at these concentrations. We found CNO (5 or 15 mg/kg/d) dose-dependently reduced the 
amount of food consumed in hM3Dq mice, but not littermate controls. To ensure the anorexia 
observed was not due to a locomotor deficit, we next examined the microstructure of feeding 
behavior following activation of the LC. In hM3Dq mice, we found CNO had no effect on meal 
size, or the rate of consumption, indicating that activation of the LC does not disrupt motoric 
aspects of feeding. Interestingly, CNO dose-dependently reduced the frequency of meals in 
hM3Dq mice, demonstrating that hyperactivity of the LC produces anorexia. Collectively, these 
data suggest that increased LC activity is a direct mechanism by which select environmental 
toxicants alter feeding. Experiments are underway to identify the neural circuits that allow 
noradrenergic LC neurons to regulate appetite. 
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Oral Presentation 8 
9:15 AM, Friday, November 4, 2016 

The transcription factor Glis3 plays a critical role in lineage determination of 
neural progenitor cells through its regulation of WNT signaling 

Jeon K, Conway A, Brown R, Hong-Soon K, Jothi R, and Jetten AM 

Cell Biology, DIR IIDL, NIEHS, Eukaryotic Transcription Regulation Group, NIEHS, 

The differentiation of human pluripotent stem cells (hPSCs) into neural progenitor cells (NPCs) 
and their subsequent differentiation into various functional neuronal subtypes, provide a great 
tool to obtain novel insights into CNS development and the function of neuronal cells. Neuronal 
induction occurs by default in the primitive ectoderm, forming anterior NPCs (aNPCs), which 
can be induced to differentiate into posterior NPCs (pNPCs) by a number of factors. However, 
our knowledge of the mechanisms that control the initial anterior-posterior (A/P) patterning of 
neuronal development is not well understood. Our study shows that Krüppel-like zinc finger 
transcription factor Gli-similar 3 (Glis3) can control the A/P patterning by regulating endogenous 
WNT signaling during neuronal induction. In addition to enhanced expression of common neural 
markers, induction of Glis3 expression in hPSCs inhibits the expression of anterior lineage 
markers and instead induces the expression of posterior lineage markers. These results indicate 
that Glis3 expression causes a shift in NPC differentiation pathways from the default, anterior 
pathway to the posterior NPC pathway. This was supported by gene profiling analysis and 
immunohistochemistry. Microarray analysis further revealed that Glis3 induced the expression 
of several WNT genes and inhibited the expression of several WNT inhibitors. Glis3 particularly 
increased the expression of WNT3a, which has been reported to promote the induction of 
posterior-related genes and the pNPCs pathway. ChIP-Seq analysis showed that Glis3 binds 
the WNT3a promoter suggesting that it directly regulates WNT3a transcription. The WNT 
inhibitors (Wnt-C59 and IWP2) greatly abrogated Glis3-induced posterior NPC differentiation 
supporting the conclusion that Glis3 promotes the differentiation of hPSCs into posterior NPCs 
via the induction of WNT3a expression and repression of WNT inhibitors. Our demonstration 
that Glis3 regulates A/P specification and patterning may be relevant to the various 
neuropathologies in which Glis3 is implicated. 
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Oral Presentation 9 
9:30 AM, Friday, November 4, 2016 

Tetrameric Ctp1 filaments coordinate DNA binding and bridging in DNA double-
strand break repair 

Andres SN, Li Z, Erie D, and Williams R 

Genome Stability Structural Biology, DIR GISBL, NIEHS, Department of Physics and 
Astronomy, UNC, Department of Chemistry, UNC, 

DNA double-strand breaks (DSBs) generated by environmental factors such as ionizing 
radiation destabilize the genome and lead to carcinogenesis. Error-free repair of DSBs utilizes 
the homologous recombination repair pathway, whereby the Mre11-Rad50-Nbs1 (MRN) 
complex carries out initial nucleolytic degradation of the damaged DNA ends. This activity is 
stimulated by Ctp1, a protein which we previously demonstrated forms a homotetramer capable 
of bridging duplex DNA via DNA binding domains at both N- and C-termini that together bind 
DNA with nanomolar affinity. Disruption of either DNA binding region in fission yeast yields cells 
incapable of DNA repair, yet a thorough understanding of the Ctp1-DNA interaction and how 
this impacts DNA repair remains elusive. To determine the structural nature of the Ctp1-DNA 
interaction and the impact of tetramerization on this activity, we combined both in vitro 
biochemical studies and atomic force microscopy imaging with in vivo genetic analyses of S. 
pombe Ctp1. 

We investigated the impact of tetramerization on Ctp1 activity by generating N-terminal 
deletions of Ctp1 that yielded both Ctp1 dimers and monomers, as determined by size-exclusion 
chromatography coupled to multi-angle light scattering. We also used structure-guided 
mutagenesis to engineer a disulfide bond into the Ctp1 tetramerization domain, preventing 
formation of monomeric Ctp1. Utilizing these Ctp1 variants we found that Ctp1 dimers and 
monomers exhibit lower DNA binding affinity compared to Ctp1 tetramers, even though residues 
identified as critical to N-terminal DNA binding are present, suggesting that higher order 
oligomerization is necessary for the Ctp1-DNA interaction. Using our previously established 
bridging assay, we similarly found that Ctp1 dimers are capable of bridging, but at much lower 
affinity than wildtype Ctp1. A role for multiple Ctp1 oligomeric states in repair is needed, as 
evidenced by fission yeast sensitivity to DNA damaging agents, where wildtype Ctp1 is replaced 
with dimeric Ctp1 containing a disulfide bond in the tetramerization domain, preventing 
oligomeric state transitions. 

Atomic force microscopy (AFM) imaging revealed the structural nature of the Ctp1-DNA bridging 
interaction, showing that tetrameric Ctp1 forms elongated filamentous structures on two duplex 
DNA molecules. Bridging events were observed in ~60% of the Ctp1-DNA interactions while the 
remainder consisted of DNA binding events. Furthermore, Ctp1-DNA filaments generated longer 
complexes when bridging, compared to binding. We calculated the volume of Ctp1-DNA 
bridging complexes from AFM images to find that bridging events average one Ctp1 tetramer 
per ~96bp of DNA involved in the bridging complex (~48bp per each DNA duplex). Therefore 
DNA bridging involves an extended network of Ctp1 to stabilize DNA breaks during repair, and 
suggests that a loss of human CtIP-DNA bridging underlies CtIP-linked neurodegenerative 
Seckel and Jawad syndromes. 
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Poster Presentation 1 

Wolffian duct regression in the female embryo is the result of COUP-TFII action, 
not a lack of androgen action 

Zhao F, Franco HL, Rodriguez K, Brown PR, Tsai M, Tsai SY, and Yao HH 

Reproductive Developmental Biology, DIR RDBL, NIEHS, Department of Molecular and Cellular 
Biology, Baylor College of Medicine, Houston, TX, 

Sexually dimorphic establishment of the reproductive tracts is essential for forming sex-specific 
and functional reproductive organs. This establishment depends upon two concurrent events: 
regression of one of the two primitive ducts (Müllerian and Wolffian ducts) and maintenance of 
the other one. These two events ensure that the embryo possesses only one reproductive tract 
corresponding to its sex: Müllerian duct for the female and Wolffian duct for the male. The 
dogma in the field has been that the fate of the male reproductive tract (Wolffian duct) is 
controlled exclusively by the testicular hormone androgen. In the presence of androgen, as in 
normal male embryos, Wolffian duct is maintained whereas the Wolffian duct regresses in the 
absence of androgen as in normal females. The action of androgen on the Wolffian duct is 
mediated via its receptor in the mesenchyme of Wolffian duct. We identified a novel 
transcription factor, chicken ovalbumin upstream promoter-transcription factor II (COUP-TFII), 
which isexpressed exclusively in the mesenchyme of the Wolffian duct. Its unique mesenchymal 
expression suggests a potential role in the Wolffian duct development. To test this hypothesis, 
we generated a tamoxifen-inducible Wt1CreERT2 conditional knockout mouse model (referred 
to as KO thereafter), where Coup-tfII was ablated specifically in the ductal mesenchyme in the 
presence of tamoxifen. Upon analyzing the KO embryos, we found unexpectedly that Wolffian 
ducts were maintained in the female KO embryo similarly to their male counterparts. The 
maintenance of the Wolffian duct suggests an ectopic androgen action; however, we found no 
evidence of androgen production in the ovary or stimulation of androgen responsive genes in 
ductal tissues of the KO female. Therefore, the Wolffian duct maintenance is not caused by 
aberrant androgen action and instead, is the result of a local defect in the ductal mesenchyme. 
In search of the mechanisms underlying this defect, we performed microarray analyses and 
found significant upregulation of components of the fibroblast growth factor (FGF) signaling 
pathway in the absence of Coup-tfII. We speculated that the enhanced FGF signaling could be 
responsible for maintaining the Wolffian duct. Indeed, under ex vivo culture condition, addition of 
FGFs was able to maintain Wolffian ducts in the normal female whereas the Wolffian ducts 
degenerated in the vehicle control group. These results implicate that in the female embryos, 
COUP-TFII promotes the regression of the Wolffian duct by suppressing FGF signaling. These 
genetic evidences provide novel insights into sexually dimorphic establishment of reproductive 
tracts: regression of the Wolffian duct in the female embryos is the result of active action of 
COUP-TFII, instead of a passive outcome in the absence of androgen action. This research was 
supported by NIEHS Intramural Research Funds. 
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Poster Presentation 2 

Sirt1 promotes methionine deprivation-mediated cancer cell death by inhibiting 
asparagine synthetase 

Xu Q, Xu X, and Li X 

Metabolism, Genes, and Environment, DIR STL, NIEHS, Division of Intramural Research, 

Dietary methionine restriction (MR) has been shown to mimic calorie restriction to promote 
beneficial metabolic outcomes including extended life span, decreased body weight and fat, and 
improved insulin sensitivity. MR has also been proposed as an alternative nutritional strategy to 
treat cancers, especially those with defects in methionine metabolism. Many hepatocellular 
carcinomas exhibit dysregulation in methionine pathways and global DNA methylation. Here we 
have used human hepatoma cell line Huh7 as a model to study the molecular mechanisms 
underlying hepatoma cell death mediated by methionine deprivation. We observe that Sirt1, an 
NAD+ dependent protein deacetylase and a metabolic sensor, suppress the survival of MR-
treated Huh7 cells. MR treatment activated the expression of both Sirt1 and tumor survival gene 
asparagine synthetase (ASNS). Depletion of Sirt1 by CRISPR knockout or selective Sirt1 
inhibitor EX527 led to elevated ASNS expression and increased cell viability after MR 
treatment. Sirt1 deficiency together with MR treatment also resulted in reduced DNA 
methylation of ASNS promoter, and enhanced recruitment of activating transcription factor 4 
(ATF4) to the ASNS nutrient sensing response element-1 (NSRE-1). Our findings suggest an 
essential role of Sirt1 in MR-induced hepatoma cell death. Lack of Sirt1 in liver tumor cells may 
cause resistance to anticancer MR therapy. 
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Poster Presentation 3 

Analysis of NIEHS Postdoctoral Alumni Career Outcomes 

Xu H, Gilliam RS, Peddada SD, and Collins TR 

Intracellular Regulation, DIR STL, NIEHS, 

Postdoctoral fellows are highly-skilled scientists that, classically, have been trained to enter into 
academic tenure-track positions. The number of these tenure-track academic positions has 
remained largely flat while the number of postdoctoral fellows has increased over the past 10 
years by more than 150%. This disparity causes increased competition for tenure-track 
positions and inevitably leaves a large percentage of postdoctoral scientists searching for other 
types of jobs. To search for these jobs, fellows need knowledge about available career path 
options. Therefore, we sought to analyze the career outcomes of all NIEHS postdoctoral alumni 
within the past fifteen years. We first identified the pool of NIEHS DIR postdoctoral alumni (N = 
891) by analyzing NIEHS records, specifically searching for alumni between January 2000­
December 2014. We conducted searches of publicly available information to determine alumni 
job titles and employers. This information was categorized into three defined groups: job 
sector, job type and job specifics, so that a standard comparison of career outcomes could be 
made and analyzed with Excel and R. Results: Approximately 49% enter into the academic 
sector after leaving NIEHS, while only 30% enter into tenure-track positions—figures that mirror 
those reported in the NIH Biomedical Workforce report (43% and 23%, respectively). 15% enter 
into the government sector, and 27% enter into for-profit companies. Job Specifics: Nearly 2/3 
of NIEHS alumni enter into research positions while the rest enter into a range of fields such as: 
science writing, grants management, sales, technical/customer support, etc. The overall alumni 
population was nearly [46/54: male/female] and [51/49:non-visiting/visiting], with significant 
variation in these ratios among specific job types. Location. At the state level, a large proportion 
(33%) of the total alumni remained in North Carolina. Interestingly, only 11% of individuals who 
entered into academic tenure-track positions found employment in North 
Carolina. Summary. We have accomplished one of the most thorough analyses of specific 
postdoctoral alumni career outcomes at a single institution, notably identifying outcomes of 95% 
of all fellows within a specified time range. Furthermore, we identified factors associated with 
these outcomes which will ultimately help us evaluate the NIEHS training program and predict 
likely career outcomes based on given sets of parameters. 
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Poster Presentation 4 

OPTN knockout mouse as a novel model for Paget’s Disease of the Bone 

Wong S, Tseng H, Ko C, and Martinez J 

Inflammation & Autoimmunity, DIR NL, NIEHS, Duke University Department of Ophthalmology, 
UNC-Chapel Hill Department of Orthodontics, 

Paget’s disease of the bone (PDB) is characterized by increased bone turnover and 
disorganized bone remodeling. Recent genome wide-association studies implicated optineurin 
(OPTN) is genetically related to PDB patients. We generated the OPTN knockout mice to 
examine if they have the PDB phenotype. The floxed OPTN mouse was crossed to a CMV-Cre 
mouse to generate OPTN global knockout mouse. Offsprings were genotyped through PCR and 
characterized for ubiquitous genetic deletion of OPTN protein expression. Micro-CT scanning 
revealed that all aged OPTN knockout mice developed Pagetic lesions in the femur, tibia, 
lumbar spine and pelvis, which was not observed in control mice (n=5 animals per genotype). 
Significantly lower bone mineral density was observed in femur (0.046 ± 0.0033 g/cm2) and 
lumbar spine (0.039 ± 0.0026 g/cm2) of OPTN knockout mice compared to femur (0.056 ± 
0.0016 g/cm2) and lumbar spine in the control mice (0.047±0.0004 g/cm2) (p<0.05). Histological 
analysis showed the presence of howship’s lacunae and a significantly increased osteoclasts 
number (p<0.01) and the nuclei number of osteoclasts(p<0.001) in focal lesions of aged OPTN 
knockout mice. In addition to osteolytic lesions, osteoblastic hypertrophy and mixed lesions 
occured in aged OPTN knockout mice. The OPTN knockout mice had significantly increased 
ALP and TNF-α level in sera compared to controls. Immunohistochemistry further revealed 
increased the local expression of TNF-a in lesions relative to unaffected bones. Therefore, 
aged, OPTN knockout mice exhibited abnormal bone remodeling consistent with a PDB 
phenotype. These mice will be useful for mechanistic study of bone remodeling in PDB and 
future therapeutic development. 
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Poster Presentation 5 

Topoisomerase 1-dependent cleavage at genomic ribonucleotides incorporated 
during replication causes multiple forms of genome instability 

Williams JS, Huang SN, Arana ME, Gehle DB, Pommier Y, and Kunkel TA 

DNA Replication Fidelity, DIR GISBL, NIEHS, Developmental Therapeutics Branch and 
Laboratory of Molecular Pharmacology, CCR, NCI, NIH, Bethesda, MD, USA, 

Ribonucleotides are one of the most frequent non-canonical nucleotides incorporated into DNA 
during replication. Failure of the major pathway by which they are removed, initiated by RNase 
H2 incision during ribonucleotide excision repair (RER), causes RNA-DNA damage phenotypes 
reflective of genome instability and replication stress. One important source of these 
phenotypes is a nick generated when Topoisomerase 1 (Top1) incises DNA containing a 
ribonucleotide that has been incorporated into the nascent leading strand by DNA polymerase 
epsilon (Pol epsilon). When this nick occurs within a tandem repeat sequence, it can be 
converted into a short deletion. 

Here, we present new biochemical and genetic evidence that one of the most lethal forms of 
DNA damage, a DNA double-strand break (DSB), can also be directly generated following 
cleavage by Top1 at sites of unrepaired genomic ribonucleotides. An initial cleavage event in 
vitro by Top1 near a ribonucleotide, followed by a subsequent cleavage on the opposite DNA 
strand, can generate a DSB and recombination products, both of which are potential sources of 
genome instability in vivo. Consistent with these observations, experiments in budding yeast 
demonstrate that homologous recombination (HR) involving the Rad51 and Rad52 enzymes is 
critical for the repair of Top1-induced DNA damage at sites of unrepaired genomic 
ribonucleotides. Use of a mutant form of RNase H2 that is unable to perform RER but retains 
catalytic activity on RNA-DNA hybrids (Rnh201-RED) reveals that unrepaired single genomic 
ribonucleotides are an important source of Top1-dependent genome instability. Furthermore, 
our genetic evidence is consistent with a model in which, like other Top1 processing events at 
unrepaired ribonucleotides, Top1-dependent DSB formation is asymmetric, being associated 
with ribonucleotides incorporated during leading strand synthesis by Pol epsilon but not the 
lagging strand DNA polymerases, Pols alpha or delta. Taken together, these data identify DSBs 
as an important source of genome instability generated when Top1 cleaves at unrepaired single 
ribonucleotides incorporated into DNA by Pol epsilon. 
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Poster Presentation 6 

Indoor stove and fireplace use is associated with breast cancer in a prospective 
cohort study 

White AJ, and Sandler DP 

Chronic Disease Epidemiology, DIR EB, NIEHS, 

Background. Indoor burning of fuel for heating or cooking releases known carcinogens. Little is 
known about the impact of indoor air pollution from wood-burning stoves or fireplaces on breast 
cancer risk. 

Objectives. In a large prospective cohort study, we evaluated risk of breast cancer in relation to 
stoves/fireplaces and heating and cooking fuels. 

Methods. Sister Study participants (n=50,884) were recruited from 2003-2009. Breast cancer-
free women in the United States or Puerto Rico, ages 35-74, with a sister with breast cancer 
were eligible. Participants completed questionnaires on indoor heating and cooking practices for 
both their enrollment and longest adult residence. Cox regression was used to estimate 
adjusted hazard ratios (HRs) and 95% confidence intervals (95% CI) for the association 
between indoor heating/cooking and breast cancer. 

Results. 2,416 breast cancer cases were diagnosed during follow-up (mean=6.4 years). Having 
a stove/fireplace in the longest adult residence was associated with a higher breast cancer risk 
(HR=1.11, 95% CI: 1.01-1.22); risk increased with average frequency of use (at least 
once/week, HR=1.16, 95% CI: 1.01-1.33) (p for trend=0.02) relative to no stove/fireplace. An 
elevated HR was seen for women burning wood (HR=1.08, 95% CI: 0.98-1.20) or natural 
gas/propane (HR=1.14, 95% CI: 1.00-1.31), but not artificial firelogs (HR=0.98, 95% CI: 0.85­
1.12), except among women from Western states (HR=1.37, 95% CI: 1.03-1.82). 

Conclusions. In this prospective study, using an indoor stove/fireplace in the longest adult 
residence at least once a week and burning either wood or natural gas/propane was associated 
with a slightly higher risk of breast cancer. 

30

http:1.03-1.82
http:1.00-1.31
http:0.98-1.20
http:trend=0.02
http:1.01-1.33
http:1.01-1.22


 
 

  
 

 
 

 
 

 
  

 
 

  

   
  

     
      

  
  

  
    

      
 

  

Poster Presentation 7 

The global role of CDC13 (POT1) and Ku70 in protecting telomeres 

Westmoreland JW, Mihalevic MJ, Bernstein KA, and Resnick MA 

Chromosome Stability Group, DIR GISBL, NIEHS, Microbiology and Molecular Genetics Dept., 
U. Pittsburgh 

The CDC13 gene of yeast (POT1 human) maintains telomere stability by preventing 5’-3’ 
resection of telomeres. The combination CDC13 and the double-strand break endbinding 
protein complex Ku70/Ku80 are considered to prevent excessive resection. However, it has not 
been possible to address global changes in telomere ends including relative roles of these gene 
products on different chromosomes and end preference, as well as in vivo physical distribution 
of the telomeres in the absence of these gene products. In addition, conclusions about the joint 
roles of CDC13 and Ku70/Ku80 have been obscured because of the sickly state of double 
mutants under standard permissive conditions. Using our recently developed approaches 
based on pulse field gel electrophoresis and development of methods for maintaining the cells, 
we observe end resection on many chromosomes in a cell population, as well as one-end and 
two-end resection. In addition we establish that when many telomeres are resected (around 15 
to 20/cell) cells can exhibit a corresponding increase in RPA foci reaching 5 to 10 per cell 
suggesting that the resected telomere ends can be widely distributed across the 
nucleus. Interestingly, RAD52 is typically restricted to only one focus per cell. In spite of the 
large number of resected ends, survival is high when cells are returned to permissive 
conditions, suggesting highly efficient telomere repair. 
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Poster Presentation 8 

Effects of Pyrethrins on Murine 3T3-L1 Preadipocyte Differentiation and Lipid 
Production 

Warmack JK, Chappell V, and Fenton S 

Reproductive Endocrinology, NIEHS, 

Pyrethroids are synthetic organic insecticides structurally similar to the natural pyrethrins 
produced by the flowers of pyrethrums (Chrysanthemum cinerariaefolium and C. coccineum) 
and now constitute the majority of commercial household insecticides. In 2011, the U. S. EPA 
listed the subclass of pyrethroids as endocrine disruption chemicals (EDCs). Exposure to EDCs 
in the environment may increase susceptibility to different metabolic diseases, including obesity. 
Chemical disruption of adipogenesis may increase the number and size of fat cells, rendering 
an organism more susceptible to obesity. As part of a collaborative National Toxicology 
Program (NTP) project, using Tox21 phase II high-throughput screening (HTS) data, pyrethroids 
were identified as chemicals that have the potential to alter signaling pathways involved in the 
progression of obesity. Our study objective was to elucidate if pyrethroid exposure during 
preadipocyte differentiation impacts adipocyte number or lipid accumulation. Thereby, low 
passage 3T3-L1 preadipocyte cells were either induced to differentiate and/or treated with either 
rosiglitazone (1uM; positive control) or pyrethroid (1pM to 10uM) in quadruplicates, with media 
changes every other day. The assays were repeated three different days. Cells were analyzed 
by high-content imaging for adipocyte number and lipid droplet accumulation. Imaging revealed 
differentiated adipocyte cells treated with pyrethroids resulted in a significant increase in both 
adipocyte differentiation and lipid accumulation. Notably, three pyrethroids, Deltamethrin, 
Tetramethrin, and Tralomethrin were shown to increase adipocyte differentiation and lipid 
accumulation at the highest does (10uM) by exposure alone. Conversely, one pyrethroid, 
Cyhalothrin demonstrated a possible inhibition of adipogenesis. These data suggests that some 
pyrethroids may enhance adiopgenesis and lipogenesis in 3T3-L1 cells in vitro, especially at the 
higher doses tested. Additional transcriptomic analyses are needed in order to further 
investigate the molecular effects of pyrethroids on adipogenic and lipogenic signaling pathways. 
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Poster Presentation 9 

Proliferation-to-Quiescence Decision: SOX17 Regulates the Indian Hedgehog 
Pathway to Promote Uterine Fertility 

Wang X, Adams N, Wu S, Lanz R, Lydon J, Jeong J, and DeMayo F 

Pregnancy & Female Reproduction, DIR RDBL, NIEHS, Pregnancy & Female Reproduction, 
DIR RDBL, NIEHS;Department of Molecular and Cellular Biology, Baylor College of Medicine, 
Houston TX. 

SOX17, a member of the SOX (SRY-related HMG-box) transcription factor family, regulates 
embryonic development as well as cell fate in various tissues. Recent studies have 
demonstrated that haploinsufficiency and ablation of SOX17 affects female fertility. However, 
the underlying mechanism remains unknown. Here, we show that loss of SOX17 in the uterine 
epithelia is critical for female fertility via the Indian hedgehog (Ihh) pathway-mediated epithelial 
transition between periods of proliferation and quiescence during the window of implantation. 
SOX17 was expressed in uterine blood vessels, luminal (LE) and glandular epithelia (GE). We 
initially ablated SOX17 in the uterine epithelia using PgRCre mouse model, which resulted in 
epithelial stratification, and therefore, subfertility. However, pre-pubertal inhibition of 
adenogenesis occurred in this model. To exclude any off-target effects caused by such 
developmental defect, we ablated SOX17 in post-pubertal uterine epithelia using LtfiCre mouse 
model whereby adenogenesis was normal, but uterine epithelia underwent hyperproliferation, 
and again, resulted in subfertility. Based on analyses of microarray and ChIP-seq in female 
mice at Day 3.5 of pregnancy, we have validated that SOX17 regulates PgR signaling pathway, 
promotes Ihh-COUPTFII-HAND2-FGF signal transduction between LE and stroma, and 
therefore, inhibits hyperproliferation in uterine epithelia. Interestingly, SOX17 disruption 
eliminated FOXA2 in structurally normal uterine glands, whereas loss of SOX17 down-regulated 
ARID1A (modulating epithelial proliferation and lower in the eutopic endometrium of women with 
endometriosis) and not vice versa, indicating the hierarchy of SOX17 in uterine function. Our 
results suggest that SOX17 has a critical role in maintaining epithelial quiescence from 
hyperproliferation during the window of implantation via Ihh pathway-mediated reduction of FGF 
paracrine signaling. 
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Poster Presentation 10 

Acute effects of personal exposures to fine-particulate air pollution on 
inflammation biomarkers and methylation 

Wang C, Chen R, Shi M, Cai J, Shi J, Yang C, Li H, Lin Z, Meng X, Liu C, Niu Y, Xia Y, 
Zhao Z, Kan H, and Weinberg C 

Methods and Applications in Epidemiology, DIR BCBB, NIEHS, School of Public Health, Fudan 
University, China, 

Background: Acute exposure to air pollution may increase cardiovascular and respiratory risk 
through inflammatory pathways. 

Objectives: To investigate whether particulate matter with aerodynamic diameter 2.5 μm or 
smaller (PM2.5) is associated with increases in inflammation biomarkers and/or changes in 
DNA methylation at candidate loci for genes expressing tumor necrosis factor alpha (TNF-α), 
intercellular adhesion molecule-1 (ICAM-1), soluble CD40 ligand (sCD40L), interleukin-6 (IL-6), 
P-selectin, C-reactive protein (CRP), monocyte chemo-attractant protein-1 (MCP-1) and toll-like 
receptor 2 (TLR2). 

Methods: We enrolled 36 healthy, nonsmoking college students for a longitudinal panel study in 
Shanghai, China. We measured personal exposure to PM2.5 over 72-hour intervals preceding 
each of four clinical visits, at which we drew blood to measure biomarkers and methylation. We 
applied linear mixed-effects models to examine effects on proteins and methylation over various 
lag times. When results suggested mediation, further analyses were carried out to evaluate the 
importance of methylation as mediator. 

Results: Exposure to PM2.5 was positively associated with levels of TNF-α, ICAM-1, IL-6, and 
P-selectin within 24 hours after exposure and negatively associated with methylation at selected 
loci near TNF- α and ICAM-1 within 24 hours, and in TLR2 methylation later. For instance, a 30 
µg/m3 increase in PM2.5 was associated with a 10.43% (95% CI: 3.05%, 18.72%) increase in 
TNF-α and a 1.92 (95% CI: 0.69, 3.15) decrease in TNF-α methylation (%5mC), both within 24 
hours. We estimated that TNF-α hypo-methylation at locus 2 mediated 30.5% of the association 
between PM2.5 exposure and the TNF-α protein (P=0.01). 

Conclusions: PM2.5 was associated with rapid changes in inflammation biomarkers and 
methylation at loci associated with inflammation-related genes. 
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Poster Presentation 11 

Quantitative Evaluation of the Most Indicative Biomarker of Oxidative Stress in 
Human Disease and Environmental Exposure 

Van'T Erve TJ, Kadiiska MB, and Mason RP 

Free Radical Metabolism, DIR IIDL, NIEHS, 

The notion that oxidative stress is a part of virtually every disease and environmental exposure 
has now become ingrained in everyday knowledge. However, the magnitude of this pathway’s 
importance to the initiation, progression and even the ability to cure pathologies and toxicities is 
critically debated and largely unknown. Due to a methodological focus on detecting statistically 
significant changes with little regard to the actual change in biomarker concentration, 
quantitative comparison between pathologies has never been available. 

The goal of this study is to evaluate the increases of oxidative stress due to pathologies and 
exposures on a quantitative level using published studies with F2-isoprostanes as the oxidative 
stress biomarker. Cohen’s d value was determined to quantify the magnitude of change 
between control and affected populations. In total, 378 different study populations from 168 
distinct publications totaling 24,045 individuals were included in this analysis. Of this total 
population, a little over half (13,473) of the analyzed individuals where considered control. 

Numerous pathologies report a statistically significant difference in F2-isoprostane 
concentrations between their measured affected and control populations. But after further 
calculation, the size of the observed effect was small (d = <0.8). This includes: smoking (d = 
0.1), metabolic syndrome (d = 0.2), type 1 and 2 diabetes (d = 0.6) and Alzheimer’s disease (d 
= 0.7). In contrast, big quantitative effects where observed in pathologies of the kidney (e.g. 
chronic kidney failure d = 4.0), circulatory system (hypertension d = 2.7), liver (e.g. hepatitis C, 
steatosis, and cirrhosis; d = 3.6, 1.4, and 1.2), and respiratory tract (e.g. asthma and COPD but 
only in breath condensate, d = 4.0, 3.7). Also, when comparing control populations among the 
various studies large differences were often observed. This can be explained by biased 
selection, application of measurement methodologies, or small sample sizes and could lead to 
incorrect interpretation of the effect magnitude. 

In conclusion, after evaluating published studies, we have determined the quantitative difference 
in the magnitude of oxidative stress in different human pathologies. The calculated effect sizes 
should convey the true involvement of oxidative stress in the toxicity of environmental exposure 
and disease. 
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Poster Presentation 12 

Biochemical analysis of CHD4 mutants in autism 

Twist JL, Takaku M, Roberts J, and Wade P 

Eukaryotic Transcriptional Regulation, DIR ESCBL, NIEHS, 

The nucleosome remodeling and deacetylase complex (NuRD) is one of the ATP-dependent 
chromatin remodeling complexes. This complex is unique in that it couples chromatin 
remodeling activity with protein deacetylation, both key steps in the regulation of gene 
expression in mammalian cells. Chromodomain helicase DNA binding protein 4 (CHD4) is the 
core component of the NuRD complex. CHD4 contains several domains, including a SNF2-like 
ATPase catalytic domain, which drives chromatin remodeling. Inappropriate remodeling of 
chromatin can lead to a number of human diseases as a consequence of altered gene 
expression programs. These changes may arise due to mutations in genes encoding 
components of the NuRD complex. Recent large-scale genomic analyses of patients have 
uncovered dozens of mutations in the NuRD components. There has been increasing evidence 
linking mutations in CHD proteins to neurological syndromes. For example, genes encoding 
CHD chromatin remodelers such as CHD2, CHD7, and CHD8 play important roles in the 
development of autism spectrum disorders (ASD). More recently, mutations in the ATPase 
domain of CHD4 were identified in patients with ASD. This project aims to understand the 
impact(s) of these mutations on CHD4 function. To address this question, I have started the 
purification of recombinant CHD4 proteins by E.coli expression system. The fragment containing 
the CHD4 ATPase domain was successfully expressed and pulled-down by Ni-NTA beads. I will 
further optimize the conditions to increase the purity of the CHD4 protein. The mutant proteins 
will be purified by the same purification strategy. Utilizing the purified proteins, I will perform 
biochemical analyses to compare the key functions of CHD4 such as DNA-binding activity, 
ATPase activity, and nucleosome remodeling activity. These analyses will provide insight into 
the impact of CHD4 mutations in autism. 
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Poster Presentation 13 

Molecular basis of the Aprataxin-linked Cerebellar Degeneration, Ataxia with 
Oculomotor Apraxia Type 1 (AOA1) 

Tumbale PP 

Genome Stability Structural Biology, DIR GISBL, NIEHS 

DNA is constantly under assault, leading to mutations and cell death. Although mutations often 
occur during meiosis and mitosis, post-mitotic neurons are also at risk of DNA damage. Given 
that the lifespan the DNA of post-mitotic neurons is many decades for humans, efficient repair is 
critical for neuronal cell survival, preventing onset of some neuropathologies. All DNA repair and 
replication transactions are finalized in a nick-sealing reaction by DNA ligases, which seal DNA 
breaks through an intermediate step where an adenylate moiety (AMP) is attached to the 5′­
phosphate (5′-P) at the break to be sealed. However, DNA ligase can abort ligation at this 
intermediate step when it encounters damaged DNA structures near the break, generating 5′­
AMP-DNA termini, compounding existing damage. Aprataxin (Aptx) proofreads ligation by 
removing 5′-AMP to prepare the 5′-P for re-ligation, preventing persistent DNA strand breaks. 
Aptx deficiency causes AOA1. Although the catalytic mechanism of Aptx has been illuminated 
by recent structural work, the link between biological substrates for Aptx and progression of 
AOA1 is unclear. Given that ribonucleotide misincorporation represents a major source of DNA 
damage, we investigated whether ribonuleotides can be a source of substrates for Aptx. Here 
we show 5′-RNA/DNA junctions generated during Ribonucleotide Excision Repair trigger 
abortive ligation, generating 5′-AMP-RNA/DNA intermediates that are efficiently processed by 
Aptx. We report high-resolution X-ray structures of human Aptx WT and 5 AOA1-linked Aptx 
variants in the context of processing 5′-AMP-RNA/DNA junctions. To gain insights into how Aptx 
dysfunction contributes to AOA1, we characterized 17 AOA1-linked Aptx variants. Our 
biochemical and structural data show these mutations have major negative impacts on catalytic 
activity, protein stability, DNA binding, protein interaction, and active site assembly, underlying 
the causes of AOA1. Together, our data point to a crucial role for Aptx in genome maintenance, 
and suggest loss of Aptx results in progressive accumulation of DNA breaks in the nervous 
system, resulting in cerebellar degeneration. 
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Poster Presentation 14 

Increased Susceptibility to Mammary Carcinogenesis following a prenatal to BPA 
Analogs 

Tucker DK, Hayes-Bouknight SA, and Fenton SE 

Reproductive Endocrinology, NIEHS, Pathology Associates, Charles River Laboratories, 
Durham, NC, Reproductive Endocrinology, NTPLB 

The continued efforts to phase out Bisphenol A (BPA) from consumer products have been met 
with the challenges of finding safer alternatives. Several replacement analogs have been 
implemented including, Bisphenol AF (BPAF) and Bisphenol S (BPS); however, both possess 
estrogenic characteristics very similar to BPA and may equally pose a risk to the developing 
mammary gland, including an increased susceptibility to developing later life diseases. This 
study aimed to determine whether the effects of an early life exposure to BPAF and BPS on the 
mammary gland persisted into adulthood. Timed pregnant CD-1 mice were exposed to vehicle, 
BPA (0.5-50 mg), BPAF and BPS (0.05-5 mg/kg) via oral gavage between gestational days 10­
17. Mammary glands were collected at 8 and 14 months for whole mount, histo-pathological 
evaluation and qPCR. At 8 months mammary whole mounts exhibited varied morphology that 
included hyperplastic and inflammatory lesions within and surrounding the ducts and stroma. 
This was especially prominent in the BPAF 5 mg and BPS 0.5 mg group. By 14 months, lesion 
incidence within these groups had increased (50% BPAF and 89% BPS) but was also shown to 
increase within all treated groups. H&E sections identified these lesions as perivascular 
inflammation, tubuloalveolar or papillary hyperplasia, adenocarcinoma, squamous cell 
carcinoma and squamous metaplasia. Interestingly, analysis of serum estradiol and 
progesterone levels as well as mammary mRNA levels of the estrogen receptor alpha, 
progesterone receptor and the androgen receptor at 8 and 14 months revealed no changes 
compared to vehicle control. Altogether, this data may suggest that early exposure to bisphenol 
analogs may shift the window of development to make the gland more susceptible to pre­
neoplastic formations in a similar manner to BPA. It also suggests that earlier life events and 
non-classical estrogen pathways may play a critical role in mediating these phenotypes, 
however, further studies will be required to pinpoint the exact timing and pathways involved. 
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Poster Presentation 15 

Primary cilia and the pathogenesis of pulmonary fibrosis. 

Trempus CS, and Garantziotis S 

Matrix Biology, DIR IIDL, NIEHS, Matrix Biology, DIR IIDL NIEHS 

Idiopathic Pulmonary Fibrosis (IPF) is characterized by progressive loss of lung function due to 
excessive accumulation of connenctive tissue. A signature feature of IPF is the fibrotic focus, 
which is populated by mesenchymal cells that actively synthesize connective tissue. We have 
recently determined that mesenchymal cells with the fibrotic focus of IPF lung, and in fibrotic 
areas of animal models, express primary cilia (PC), which are antenna-like organelles that 
extend from the cell surface and are critical for signal transduction, mechanosensory functions, 
and cellular migration. In order to determine how PC affect fibroblast function in fibrosis, we 
developed a mouse line in which the ciliary protein Ift88 is knocked down in mesenchymal cells, 
specifically fibroblasts and smooth muscle cells. Primary lung fibroblasts were isolated from 
bleomycin or PBS-exposed Ift88 fx/fx;SMa22.Cre (FxFxCre) mice, and controls (Ift88 
fxfx;SMa22.WT (FxFxWt) and Ift88 WtWt;SMa22.Cre (WtWtCre)) and established into culture 
for subsequent experimental characterization. We found that: 1) fibroblasts from FxFxCre mice 
express fewer PC in culture, 2) the kinetics of migration over time in the Transwell migration 
assay is decreased in fibroblasts from FxFxCre mice, and 3) FxFxCre fibroblasts are less 
proliferative based on cell cycle analysis compared to control cells. Initial results also support 
that there are fewer fibroblasts and PC-expressing cells in FxFxCre mice following bleomycin 
exposure. Taken together, these studies will provide functional insights into the cellular origins 
of pulmonary fibrosis, focusing on a key role for PC in the pathogenesis of the disease. 
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Poster Presentation 16 

MyD88-dependent dendritic and epithelial cell crosstalk in the lung orchestrates 
immune responses to inhaled allergens 

Thomas SY, Whitehead GS, Takaku M, Ward JM, Xu X, Nakano K, Lyons-Cohen MR, 
Nakano H, Gowdy KM, Wade PA, and Cook DN 

Immunogenetics, DIR IIDL, NIEHS, Eukaryotic Transcriptional Regulation, DIR ESCBL, 
Integrated Bioinformatics, Dept of Pharmacology & Toxicology, Brody School of Medicine at 
East Carolina University, 

Allergic asthma is an inflammatory disease of the airway stemming from inappropriate immune 
responses to inhaled environmental allergens. Although asthma was previously regarded as a 
single disease, it is now seen as a heterogeneous set of diseases. Some forms of asthma are 
predominantly eosinophilic and steroid-responsive, whereas others are neutrophilic and steroid-
resistant. Thus, there is an urgent need for new therapies that target specific types of asthma. 

MyD88, the adaptor molecule for TLR and IL-1 family member signaling, is required for allergic 
sensitization through the airway. It has been proposed that airway epithelial cells (AECs) 
communicate with lung dendritic cells (DCs), but the molecular signals involved remain poorly 
understood. To address these questions, we used mice bearing a ‘floxed’ version of the Myd88 
gene to generate animals lacking MyD88 in either AECs (AEC-KO), or in CD11c+ DCs (DC­
KO). Following allergic sensitization and challenge, AEC-KO mice had significant reductions in 
eosinophils compared to WT mice, whereas DC-KO mice had marked reductions in airway 
neutrophils. 

To better understand how MyD88 signaling in AECs and DCs affect immune responses in the 
airway, we analyzed RNA from AEC-KO and DC-KO mice post-sensitization. MyD88 signaling 
in AECs triggered immune response gene activation as early as 2 hours following sensitization, 
whereas CD11c-dependent MyD88 signaling directed delayed responses. Analysis of RNA from 
purified AECs and DCs revealed MyD88-dependent transcriptional crosstalk from AECs to DCs. 

Next, we employed ATAC-seq to study how cell-intrinsic and AEC-dependent MyD88 signaling 
affects chromatin structure in DCs. We identified a large number of loci in DCs where open 
chromatin near transcription start sites (TSS) was dependent on MyD88 signaling. In comparing 
WT and DC-KO DCs, a number of WT loci appeared “poised” for activation with open chromatin 
at both baseline and following sensitization as compared to DC-KO, while increases in WT gene 
transcription were detected only after allergic sensitization. A separate set of loci were identified 
in which open chromatin at TSS in DCs was dependent on MyD88 signaling in AECs. Thus, 
MyD88 signaling in AECs and DCs controls chromatin structure and gene transcription in 
distinct sets of genes, and is associated with specific forms of inflammation of the airway. 
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Poster Presentation 17 

SIRT1 regulates methionine metabolism and maintenance of mouse embryonic 
stem cells 

Tang S, Fang Y, Xu X, Xu Q, Foley J, Dowdy S, Fargo D, Guan Z, and Li X 

Metabolism, Genes, and Environment, DIR STL, NIEHS, Integrative Bioinformatics, National 
Institute of Environmental Health Sciences, Cellular and Molecular Pathology Branch and 
Comparative Medicine Br 

Embryonic stem cells (ESCs) possess unique metabolic programs and epigenetic profiles to 
sustain their pluripotency and self-renewal. However, how ES cell metabolism and epigenetic 
states are regulated remains unclear. Here we provide evidence that SIRT1, the most 
conserved mammalian NAD+-dependent protein deacetylase, is critically involved in regulating 
methionine metabolism thereby impacting maintenance of mESC and embryogenesis. We 
demonstrate that SIRT1 deficient mESCs are hypersensitive to methionine restriction/depletion­
induced differentiation and apoptosis, primarily due to a reduced conversion of methionine to S­
adenosylmethionine (SAM). This reduction markedly decreases methylation levels of histones in 
SIRT1 deficient mESCs, resulting in dramatic alterations of gene expression profiles. We further 
show that SIRT1 modulates methionine metabolism in part through Myc-mediated expression of 
methionine adenosyltransferase 2. Consistently, SIRT1 KO embryos are sensitive to maternal 
methionine restriction-induced lethality. 

Our findings establish a direct link between SIRT1, epigenetic regulation of mESCs, and 
embryonic development, and highlight the importance of SIRT1 as a metabolic master regulator 
in mediating environmental influences on stem cell biology and animal development. 
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Poster Presentation 18 

GATA3 mutation induces an aggressive phenotype in luminal breast cancer via 
reprogramming of the cancer cell transcriptome 

Takaku M, Roberts JD, Chrysovergis K, Myers P, Grimm SA, and Wade PA 

Eukaryotic Transcriptional Regulation, DIR ESCBL, NIEHS, Comparative Medicine Branch, 
NIEHS, Integrative Bioinformatics Support Group, NIEHS, 

Despite extensive study, breast cancer is still the second leading cause of cancer mortality 
among women in the United States. Recent large-scale genomic and transcriptome profiling of 
breast tumors have substantially improved diagnosis and therapeutic strategies. As a result of 
this profiling, the GATA3 transcription factor was identified as the third most frequently mutated 
gene in breast cancers. However, the impact of GATA3 mutation on breast tumor properties is 
poorly understood. 

Based on the TCGA (The Cancer Genome Atlas) data cohort, more than 10% of breast tumors 
harbor somatic mutations in GATA3, and over 90% of these mutations were observed within the 
luminal subtype of breast cancer. Strikingly, mutations in GATA3 are concentrated in the C-
terminal region, where the DNA binding domain is located. This finding strongly suggests that 
GATA3 mutations may be cancer “drivers”, determining many of the characteristics of luminal 
breast tumors. 

In this study, we focused on one of the recurrent mutations (R330fs) found in the second zinc 
finger domain of GATA3. In many cases, mutations in this domain are heterozygous and lead to 
a frameshift that results in truncation of the protein. The R330fs mutation falls into this group, 
inducing a premature stop codon in exon 6. To dissect the impact(s) of this mutation, we 
generated a GATA3 mutant breast cancer cell clone by the CRISPR-Cas9 technique. This cell 
line was engineered to carry a heterozygous R330fs mutation at the genomic locus; therefore, 
both wild-type and mutant GATA3 are expressed endogenously. Interestingly, these GATA3 
mutant cells exhibited clear morphological changes and increased cell motility, as compared to 
the control T47D cells. A xenograft mouse model also showed increased tumor growth capacity 
of the GATA3 mutant cells. Genome-wide transcriptome analyses revealed differential gene 
expression, which partially overlapped with the gene expression patterns observed in 
aggressive breast tumors. In particular, the expression level of the progesterone receptor (PR) 
was significantly reduced in the T47D-modified GATA3 mutant cells. This result is of great 
interest since a reduction in PR expression is frequently observed in luminal breast cancers of 
poor prognosis. To understand the mechanism of these phenotypic alterations, we determined 
the chromatin localization of GATA3 as well as other key luminal breast cancer regulators, such 
as estrogen receptor alpha (ERalpha) and FOXA1. ChIP-seq analyses revealed differential 
binding of GATA3 in mutant vs wild type T47D cells, as well as genomic relocalization of 
ERalpha and FOXA1. These data suggest that mutations in the second zinc-finger domain of 
GATA3 confer an aggressive cancer phenotype by the altering breast cell transcriptional 
program. 
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Poster Presentation 19 

Loss of Glis3 expression in the collecting ducts and glomeruli results in the 
development of a polycystic kidney phenotype 

Sutherland CD, and Kang H 

Cell Biology, DIR IIDL, NIEHS, 

The Krüppel-like zinc finger transcription factor Glis3 is necessary for normal kidney function 
and when mutated or knocked out in humans and mice results in polycystic kidney disease 
(PKD). This cystic phenotype is observed in both kidney specific and whole mouse Glis3 
knockout models. PKD is a genetic disorder that occurs when cysts develop and grow in the 
kidney affecting more than 600,000 Americans. Unfortunately, PKD is a chronic disease that 
cannot be cured and eventually leads to kidney failure. To better identify populations at risk and 
provide new therapeutic strategies we must first understand the molecular mechanisms that 
give rise to PKD. It is our objective to identify the cell types and molecular mechanisms 
associated with Glis3 in the kidney. Investigation of the developing mouse kidney between 
E15.5 and PND7 in Glis3-EGFP mice by immunohistochemistry, we identified Glis3 expression 
in the ureteric bud, glomeruli, collecting ducts and the distal tubules. Upon further investigation 
of these cell types we demonstrate that the loss of Glis3 results in cysts arising primarily from 
the glomeruli and collecting ducts. Furthermore, we have identified that Glis3 co-localizes within 
the primary cilia of collecting duct cells. It is our hypothesis that Glis3 plays a key role in 
maintaining duct length and diameter through signaling pathways involving the primary cilia that 
regulate planar cell polarity. We plan to use fluorescence-activated cell sorting (FACS) to isolate 
RNA from the collecting ducts of Glis3 WT and KO mouse kidneys for microarray analysis to 
identify Glis3 regulated genes and pathways. Also, CRISPR will be utilized to develop an in vitro 
model using mIMCD3 cells to study the effects of the loss of Glis3 in collecting duct cells. In 
addition to microarray, we plan to utilize other proteomic approaches that include identification 
of Glis3 interacting proteins by mass spectrometry and Glis3 regulated genes using ChIP-seq. 
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Poster Presentation 20 

Chemical Factors Affecting Breast Cancer Risk: A Review of the State of the 
Science 

Stanko JP, Walker VR, Holmgren SD, and Fenton SE 

Reproductive Endocrinology, NIEHS, Office of Health Assessment and Translation, DNTP, 
Library & Information Services Branch, OD, Reproductive Endocrinology, NIEHS 

Breast cancer remains one of the most common cancers worldwide. Though breast cancer 
cases can be linked to established risk factors, including genetics, the majority are associated 
with exogenous components such as environmental chemical exposures. Our goal is to 
develop an understanding of the environmental causes of breast cancer and chemical factors 
that influence breast cancer risk by conducting a review of the current state of the 
science. This will be achieved by first conducting a comprehensive review of peer-reviewed 
literature to identify all chemicals, pharmaceuticals, and dietary components that are associated 
with adverse effects on the mammary gland and summarizing the aspects of those studies and 
the outcomes. We will then conduct a systematic review of the relevant studies identified in the 
comprehensive review in order to develop evidence-based conclusions on the causes of breast 
cancer and factors influencing breast cancer risk. The overall process will comprise four 
general steps: 1) conduct an initial search of peer-reviewed literature utilizing an expansive list 
of breast related search terms and retrieve references, 2) screen references to identify those 
that are relevant to breast cancer and mammary gland development using DistillerSR review 
software, 3) extract data from the relevant articles into the Health Assessment Workspace 
Collaborative (HAWC) data management software, and 4) conduct a systematic review using 
the Office of Health Assessment and Translation systematic review process. The initial search 
will be repeated periodically to ensure that the recently published studies are included in the 
review. Our initial search returned 8961 references, which were categorized based upon the 
>100 breast related search terms. In order to develop a workflow for steps 2 and 3, a subset of 
1153 references pertaining to endocrine disrupting chemicals was selected for screening in 
DistillerSR. A level 1 screening of the title and abstract of these 1153 references identified 282 
which were relevant to the project. These 282 references were then subjected to a level 2 
screening of the pdf in order to identify various aspects of the studies including the model, 
chemical exposure, exposure route, and outcomes. The results of these initial screenings, 
presented here, will be used to generate a workflow for screening the remaining 7808 
references in DistillerSR. 
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Poster Presentation 21 

Impaired ciliogenesis in differentiating human bronchial epithelia exposed to 
nontoxic doses of multi-walled carbon nanotubes 

Snyder RJ, Hussain S, Randell SH, Tucker J, and Dykstra M 

Matrix Biology, DIR CRB, NIEHS, UNC Chapel Hill, FMIC, DIR STL, NIEHS, DNTP CMPB, 
NIEHS 

Multi-walled carbon nanotubes (MWCNTs) are engineered nanomaterials used for a variety of 
industrial and consumer products. Their high tensile strength, hydrophobicity, and semi-
conductive properties have enabled many applications which potentiate accidental nanotube 
inhalation by either consumers or factory workers. While MWCNT inhalation has been 
previously shown to cause inflammation and pulmonary fibrosis at high doses, the potential 
susceptibility of damaged and regenerating airways to MWCNT exposure remains 
unexplored. In this study, we investigate the effect of MWCNT exposure on cilia development in 
a differentiating air-liquid interface (ALI) model. Primary bronchial epithelial cells (BECs) were 
taken from human donors via bronchoscopy and treated with non-cytotoxic doses of MWCNTs 
in submerged culture for 24 hours. Cultures were then allowed to differentiate in ALI for 28 days 
in the absence of further MWCNT exposure and a variety of mucociliary differentiation markers 
and endpoints were assessed, including whole-mount immunofluorescent staining, histological 
cross-sections, FOXJ1 and mucin expression, microarray, cilia beating motion capture analysis, 
TEM of aberrant microtubule formation, and confocal imagery of early cilia docking. Results 
indicate a reduction in the prevalence and beating of ciliated cells in MWCNT-treated cultures, 
but no effects on goblet cell development or expression of mucociliary genes. Confocal and 
TEM images suggest a disruption of cellular microtubules during ciliogenesis and docking may 
be responsible for the observed effects. 

45



 
 

 
 

   
 

 
  

 

   
      

   
   

    
   

   
  

   
  

 
  

  
     

  
   

  
 

Poster Presentation 22 

ANOVA-Based Clustering to Improve Potency Estimation in Quantitative High 
Throughput Screening Data 

Shockley KR, Gupta S, Kaul A, Harris SF, Lahiri SN, and Peddada SD 

Applications in Environmental Sciences, DIR BCBB, NIEHS, Department of Statistics, University 
of California, Davis, Social and Scientific Systems, Inc, Department of Statistics, North Carolina 
State U 

Thousands of concentration-response profiles are generated by quantitative high-throughput 
screening (qHTS) experiments in phase II of the Tox21 collaboration. Therefore, qHTS 
technology provides an opportunity to test the large inventory of chemicals for potentially 
adverse effects on humans and prioritize chemicals for in vivo toxicity testing. However, it is 
currently not clear how to take into account influential factors such as experimental run, plate 
orientation, chemical supplier and potential signal flare in qHTS analysis. Experimental artifacts 
and systematic error may lead to multiple clusters within a single chemical profile. Therefore, 
response profiles are typically analyzed separately and summarized after statistical modeling of 
individual profiles. However, it is desirable to summarize outcomes at the chemical level in order 
to make assessments of activity calls and potency values on a chemical-specific basis. Here, 
we describe a novel approach to categorize concentration-response patterns from qHTS data 
into similar and disparate sub-clusters for aggregating activity calls and improving the estimation 
of chemical-specific Hill equation parameters. In an extensive simulation study, we found that 
the error rates for incorrectly separating true sub-clusters and incorrectly clumping disparate 
sub-clusters were both less than 5%. Furthermore, clustering improves the relative efficiency of 
the bias and precision of potency estimation compared to averaging potency estimates from 
separate profiles. Our approach is illustrated with an example data set corresponding to a 
Tox21 Phase II estrogen receptor agonist assay. 
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Poster Presentation 23 

TLR4 is necessary to maintain house dust-dependent Th17 inflammation in the 
lungs 

Shalaby K, Whitehead GS, Thomas SY, and Nakano H 

Immunogenetics, DIR IIDL, NIEHS, Immunogenetics, IIDL, NIEHS 

Microbial products in the environment can prime antigen-specific T helper 17 cell responses to 
inhaled allergens. However, once Th17 inflammation in the lung is established, it is unclear how 
pathogenic Th17 responses are sustained. To study this, we sensitized mice by allowing them 
to inhale ovalbumin (OVA) together with various environmental adjuvants, including house dust 
extract (HDE). Animals were then challenged with OVA alone, or OVA plus the adjuvant 
previously used during allergic sensitization. Mice challenged chronically with OVA plus HDE 
displayed more airway neutrophilia, lymphocytosis and IL-17A than those challenged with OVA 
alone, or OVA plus LPS. We also investigated how HDE exposure affected adoptively 
transferred Th17 cells generated in vitro using cells from OVA-specific, IL-17A-fate mapping 
mice. Challenge of recipient mice with OVA plus HDE promoted greater expansion of the 
transferred fluorescently marked cells than challenge with either OVA alone or HDE alone. The 
effect of HDE was independent of its enzymatic activity, but required TLR4 signaling. IL-23 
contributed partially to the maintenance of these lung Th17 cells. Th17 transfer to animals 
lacking distinct lung myeloid cell subsets indicated that while CX3CR1/ CCR2-dependent cells, 
possibly monocytes or macrophages, play a role in sustaining lung Th17 cells, conventional 
CD103+ or CD11b+ dendritic cells do not. Cell-specific deletion of Tlr4 revealed that the effect 
of HDE on lung Th17 cells partially depends on TLR4 signaling in CD11c+ cells and not in 
airway epithelial cells. Thus, the maintenance of lung Th17 inflammation requires persistent 
innate immune signals and specifically the concerted activation of TLR4 in a variety of cell 
types. 
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Poster Presentation 24 

Examination of Glis3 function and regulation of a novel long non-coding RNA in 
pancreatic β-cells 

Scoville DW, Kang H, Yang X, Gruzdev A, and Jetten AM 

Cell Biology, DIR IIDL, NIEHS, Knockout Mouse Core, DIR RDBL, NIEHS, 

Glis3 is a Krüppel-like zinc finger transcription factor critical for the formation and function of 
several mammalian organs. One prominent role for Glis3 is within the pancreatic β-cells, as human 
deletions in the GLIS3 gene have been associated with neonatal diabetes. Similarly, genome wide 
association studies (GWAS) have shown that mutations in GLIS3 are correlated with development of both 
Type 1 and Type 2 Diabetes. Mice lacking a functional Glis3 gene also develop diabetes, with a reduced 
number of β-cells postnatally and impaired insulin secretion. Glis3 therefore plays a critical role in the 
development of functional β-cells, yet the mechanism through which it exerts these effects on β-cell 
development and the roles of its target genes remain unclear. 

My focus has been to determine the mechanisms by which Glis3 regulates β-cells. To that end, I 
have focused on two aspect of Glis3: Identification and characterization of interacting proteins, and 
characterization of the role of novel target genes. In order to identify interacting partners of Glis3, we used 
a combination Immunoprecipitation/Mass Spectrometry approach in a mouse β-cell line (βTC-6) 
containing a dox-inducible mouse Glis3 with an N-terminal Flag tag and C-terminal HA tag (Flag-mGlis3­
HA). Immunoprecipitation results have indicated a number of potential interacting proteins, which are 
currently under investigation. Previous work in the lab has also identified a number of potential target 
genes whose expression are regulated by Glis3. One of the most highly downregulated genes in Glis3 
knockout pancreatic islets encodes a previously uncharacterized long non-coding RNA (lncRNA), which 
we refer to as Glis3-Regulated-1 (G3R1). Further examination of G3R1 has revealed that its expression is 
restricted to the pancreatic islets and the brain within the mouse. Additional in situ hybridization 
experiments have revealed that expression within the pancreatic islets is restricted to the insulin-
producing β-cell population. Interestingly, a homolog of G3R1 appears to exist in humans, and its 
expression pattern closely mimics that of the mouse. Experiments are currently underway to develop a 
knockout mouse model for this lncRNA, in order to further characterize its function. Information gained 
from these studies should help further elucidate the role of Glis3 in the pancreatic β-cell, and provide 
greater insight into the potential mechanisms through which β-cell dysfunction leads to Diabetes. 
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ZATT SUMO Ligase Licenses Direct Reversal of Topoisomerase 2 DNA-protein 
crosslinks by Tdp2 

Schellenberg MJ, Lieberman JA, Williams JG, Mueller GA, Vilas CK, London RE, 
Cortes-Ledesma F, and R Scott W 

Genome Stability Structural Biology, DIR GISBL, NIEHS, CABIMER, Spain, ESCBL, 

Topoisomerase 2 (Top2 alpha and Top2 beta in mammalian cells) regulates DNA topology 
through the production of transient DNA double strand breaks that gate passage of one DNA 
duplex past a second. A key intermediate in the topoisomerase reaction is a reversible Top2 
DNA protein-crosslink (Top2 cleavage complex, or Top2cc) that forms between the active site 
Top2 tyrosine and the 5′-terminus of an incised DNA duplex. Though critical for facilitating vital 
cellular DNA transactions including DNA replication, recombination and transcription, the 
production of Top2cc also poses a unique threat to genomic integrity. Top2 engagement of 
existing DNA damage and repair intermediates imbalances the Top2 DNA cleavage/re-ligation 
equilibrium, leading to complex forms of protein-adducted DNA damage and front-line anti­
cancer Top2 poisons such as etoposide stabilize of Top2cc to create genome instability and cell 
death in cancer cells. Vertebrate Tyrosyl-DNA phosphodiesterase 2 (Tdp2) directly reverses 5′­
phosphotyrosyl linkages, and is important for modulating cellular and organismal survival 
following etoposide treatment. However, if and how Tdp2 activity is regulated is unknown. 

We identify ZATT (Zinc finger associated with Tdp2 and Top2) as a SUMO ligase that directly 
binds and SUMOylates Top2, and licenses hydrolysis of abortive intact (non-proteolysed) 
Top2cc by Tdp2. ZATT is not only required for robust in vitro Top2cc reversal by Tdp2, but also 
for efficient cellular targeting of Tdp2 to SUMO2ylated-Top2 in mammalian cells. Furthermore, 
ZATT knockdown sensitizes mammalian cells to Top2 poisons, while its overexpression confers 
resistance. X-ray structural and functional analyses of Tdp2-SUMO2 and Tdp2-SUMO2-DNA 
ternary complexes provide a mechanism for SUMO2-mediated targeting of Tdp2 to Top2­
SUMO2 through an extensive and novel SUMO2 engagement platform bearing a “split-SIM” 
interaction core. Altogether, these results delineate a ZATT–Tdp2 catalyzed and SUMO2 
regulated pathway for the direct reversal of Top2 DNA-protein crosslinks, with implications for 
cancer therapy and chemotherapy resistance. 
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Mechanisms of genome instability in cells repairing multiple double-strand 
breaks 

Sakofsky CJ, Landis M, Chan K, Malc E, Mieczkowski P, and Gordenin D 

Mechanisms of Genome Dynamics, DIR GISBL, NIEHS, University of North Carolina, Chapel 
Hill, University of Ottawa, Canada, 

Genome instability is a hallmark of cancer and other diseases, which makes our knowledge of 
molecular mechanisms underlying severe cases of genome destabilization important for the 
prevention and cure of human illness. High-resolution genome analyses of yeast and cancer 
genomes have confirmed that single-strand (ss) DNA formed in the presence of DNA damage 
promotes hypermutation that frequently co-localizes with chromosomal rearrangements. 
Lesions in ssDNA pose a high risk of hypermutation since these lesions cannot be removed by 
many types of high-fidelity repair pathways requiring the second DNA strand as a template for 
repair. Therefore factors that increase the incidence and persistence of ssDNA must be 
identified, as they can be powerful sources of genome instability. One major source of ssDNA is 
double-strand break (DSB) repair by homologous recombination (HR) due to the fact that 
generation of ssDNA is an essential intermediate of this repair pathway. Here, we use the 
budding yeast Saccharomyces cerevisiae model to generate multiple, random DSBs in cells 
experiencing conditions similar to those resulting from radiation cancer treatments in order to 
determine how much persistent ssDNA is vulnerable to chromosomal rearrangements and 
hypermutation by a known endogenous cancer mutagen, human APOBEC3A cytidine 
deaminase. Specifically, diploid yeast harboring an inducible APOBEC3A enzyme, were 
arrested at the G2-stage of the cell cycle and exposed to 80 krads of gamma irradiation 
generating ~250 DSBs per cell. Phenotypic analyses of isolates with fully-repaired 
chromosomes showed up to 50-fold increase in mutation frequencies in CAN as compared to 
yeast not exposed to gamma-irradiation. Importantly, there was a significant increase in 
coincident mutations in reporters (ADE, URA) adjacent to CAN, which is indicative of localized 
hypermutation events. Structural analysis of chromosomes in small isolate colonies showed 
~30% chromosomal rearrangements which likely formed from aberrant DSB repair after 
gamma-irradiation. Finally, initial whole-genome sequencing data revealed an enrichment of C-
or G-strand-coordinated mutation clusters enriched with APOBEC3A-signature 
mutations. Multiple, distinct clusters of mutations that extended up to 38kb were identified, with 
one isolate having up to 7 different mutation clusters. These data provide the first evidence that 
large amount of persistent ssDNA vulnerable to hypermutation is formed in cells with multiple, 
ionizing radiation-induced DSBs. 
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Mutation load in a human somatic cell-derived clonal lineage reveals genetic 
changes accumulated over the lifetime of an individual 

Saini N, Roberts SA, Klimczak LJ, Chan K, Grimm SA, Dai S, Fargo DC, Boyer JC, 
Kaufmann WK, Taylor JA, Lee E, Cortes-Ciriano I, Park PJ, Schurman SH, Malc EP, 
Mieczkowski PA, and Gordenin DA 

Mechanisms of Genome Dynamics, DIR GISBL, NIEHS, Washington State University, Pullman, 
Washington, USA., Integrative Bioinformatics Support Group, National Institute of 
Environmental Health Sciences, 

Somatic mutations accumulated over the lifetime of an individual, due to both endogenous and 
environmental processes, have been associated with aging and age-related pathologies 
including cancers. However, despite the large amount of data on somatic mutations in cancers, 
the direct quantitation of genome-wide mutation spectra and mutation loads accumulated in 
lineages of normal human cells is still missing. 

In this study, we compared somatic mutations from single fibroblast clones isolated from the 
dermis of the forearms and hips of two healthy Caucasian males (ages 58 and 62). We show 
that the mutation loads in the clones are comparable to mid-range mutated cancers (600 – 
13,000), with more mutations present in the forearm samples than in the hip samples. Since the 
cells from the forearms have had a greater chance of exposure to sunlight than the cells from 
the hips, the increase in mutations in the forearm samples could be attributed to the activity of 
UV radiation. Consistent with this, the genomes of clones isolated from the forearms harbored 
more UV-signature mutations (C to T changes of the 3′ cytidine within a di-pyrimidine context, 
tandem CC to TT changes, and increased mutations in TT motifs) than the clones from the 
hips. We found that the incidence of mutations in all isolated clones was higher in late 
replicating regions of the genome, which are also rich in heterochromatin, as compared with 
early replicating, gene-rich euchromatic regions. Furthermore, our methodology allowed us to 
define the role of endogenous and environmental factors in mutagenesis within the same 
individual. We found that, both of these processes can have a comparable impact on somatic 
mutation loads. 

In summary, somatic mutations in a single-cell clone can reflect an individual’s lifetime history of 
exposure to mutagens and provide clues for understanding the metabolic pathways involved in 
mutagenesis. 
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Teratological effects of in utero exposure to di-(2-ethylhexyl)-phthalate (DEHP) in 
C57BL/6 mice 

Rotgers ES, Ungewitter E, Kawakami Y, and Yao H 

Reproductive Developmental Biology, DIR RDBL, NIEHS, Genetics, Cell Biology, and 
Development, University of Minnesota, 

Intrauterine exposure to phthalates is known to cause disorders of male reproductive functions 
such as androgen insufficiency, decreased fertility, and germ cell defects in rodents. In this 
study, we set out to investigate the effects of intrauterine exposure to di-(2-ethylhexyl)-phthalate 
(DEHP) on the fetal development of C57BL/6 mouse strain. Time-mated pregnant C57BL/6 
dams were exposed to 0, 5, 250, or 500 mg/kg of DEHP with corn oil as the vehicle via oral 
gavage from embryonic days (E)7 to 16. Pup survival and gross morphology were analyzed one 
day after the last treatment. In addition, anogenital distance (AGD) and testicular cell functions 
were examined in the male embryos to confirm the known effects of phthalate exposure. DEHP 
exposure decreased significantly the survival rate of the pups in the 250 and 500 mg/kg 
treatment groups compared to the control and 5 mg/kg groups. Exposure to 250 and 500 mg/kg 
of DEHP was teratogenic, and induced exencephaly and limb malformations in the C57BL/6 
embryos. No gross malformations were observed in the control and 5 mg/kg DEHP groups. In 
the male embryos, exposure to both 5 and 250mg/kg of DEHP in utero was sufficient to induce 
the formation of multinucleated germ cells in the testes and widespread changes in mRNA 
expression of germ cell, interstitium and Sertoli cell-associated genes. C57BL/6 mouse strain 
appears to be more susceptible to the lethal and teratogenic effects of DEHP than the outbred 
strains used in other studies. Furthermore, we observed a trend between increased limb 
malformations and intrauterine phthalate exposure. 
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An in-vitro Toxicological Evaluation of Goldenseal using Primary Human 
Hepatocytes 

Rice JR, Boyd WA, Dunlap PE, Dunnick JK, Ferguson SS, and Ramaiahgari S 

Targeted Testing, NIEHS, DNTP NTPL, NTPL TB, NTPL BSB, 

Goldenseal (hydrastis canadensis) is a perennial herb native to 
southeastern Canada and the eastern United States. It is considered it to have anti-
inflammatory, anti-diabetic, anti-cancer properties, and is commonly used as a muscular 
stimulant, a digestive aid, and to prevent colds, canker sores and infections. 

Goldenseal is one of the most popular herbal supplements sold in the US. However, 
little is known about its toxicity. What is known is that long-term use can reduce 
absorption of B vitamins, and that it has been found to inhibit cytochrome P450s 
including CYP3A4, CYP3A5, and CYP2D6. Most of the research looks only at 
berberine, the active constituent in goldenseal. Another concern is that constituent 
concentrations can vary greatly by lot, depending on growing conditions including 
temperature, soil, and rainfall. One study analyzed contents of 20 commercial 
goldenseal and goldenseal-containing products and found the concentrations for 2 of 
the constituents (hydrastine and berberine) varied from 0-2.9% and 0.82%-5.9% 
respectively. Another constituent, palmatine, was present in only one of the samples. 

NTP Technical Report 562, Chronic Toxicity and Carcinogenicity Study on Goldenseal 
Root Powder, reported no evidence of genotoxicity in salmonella and in vivo using the 
micronucleus assay. However, there was clear evidence of carginogenic activity in 
male and female F344/N rats, and some evidence in male B6C3F1 mice, though none 
in the female mice. 

Five goldenseal test articles and 4 isoquinoline alkaloids (berberine, canadine, 
hydrastine and palmatine) found in goldenseal were tested for cytotoxicity and gene 
expression in primary human hepatocytes. All of the test articles showed cytotoxicity at 
the highest concentrations, with dose response curves similar to berberine and 
palmatine, though none of them showed any nuclear receptor activation. Further tests 
will be run using primary rat hepatocytes to observe any differences between the human 
and rat responses. 
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A Genome-wide Consortium Meta-analysis of DNA Methylation and Childhood 
Asthma: The Pregnancy and Childhood Epigenetics Consortium 

Reese SE 

Asthma is the most common chronic disease of childhood. There have been consortia meta-
analyses of GWAS for asthma, which have identified various loci. This has not been done for 
methylation data to examine the possible epigenetic mechanisms of childhood asthma. Within 
the Pregnancy And Childhood Epigenetics (PACE) consortium, we meta-analyzed, across 20 
cohorts, the association between childhood asthma and wheeze and DNA methylation from 
newborns and older children at over 450,000 CpG sites using the Illumina 
HumanMethylation450 BeadChip. Additional analysis of differentially methylated regions is 
being performed using the comb-p and DMRcate methods, as well as a lookup of genes from 
the literature and the GWAS catalog. Results of these analyses will be presented. 
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Three-dimensional HepaRG Spheroid Model with Physiologically-Relevant 
Xenobiotic Metabolism Competence & Hepatocyte Functionality for Liver Toxicity 
Screening 

Ramaiahgari S, Waidyanatha S, Dixon D, Devito MJ, Paules RS, and Ferguson SS 

Molecular Toxicology and Informatics, NIEHS 

In vitro hepatocyte models are widely used in high-throughput chemical screening assays. 
Generally, these cell culture models are often deficient in xenobiotic metabolic competence as 
compared to the levels observed in primary human hepatocytes. While this could be mainly due 
to the inherent nature of cell lines, methods used to culture cells ex vivo under non-physiological 
conditions play a major role in determining the state of differentiated phenotype. Likewise, 
primary hepatocytes rapidly de-differentiate in two-dimensional monolayer cultures losing their 
tissue-specific functionality and therefore limiting our ability to study long-term effects of 
xenobiotics. In vitro models that maintain stable hepatocyte functionality while showing less 
variation between lots and that are cost-effective are needed for understanding human 
physiological responses to chemical exposures. 

We have developed a three-dimensional spheroid model with HepaRG cells that uses fewer 
numbers of cells than 2-D cell culture models and exhibits physiologically-relevant levels of 
xenobiotic metabolism enzymes and tissue-specific functionality. When cultured on low-binding 
plates, HepaRG cells form spheroid-like structures that show several hallmarks of polarized 
hepatocytes with distinct apical/basolateral domains and robust levels of xenobiotic metabolism 
enzymes that are near median levels of metabolism seen in primary human hepatocyte 
suspensions, as observed over hundreds of preparations. Spheroid size, time in culture and 
culture media composition are important factors affecting basal xenobiotic metabolism, ability to 
induce of hepatic nuclear receptors AhR, CAR and PXR, and consequential metabolite profiles 
to xenobiotic metabolism transformations. This in vitro model allows long term maintenance of 
differentiated spheroids thereby offering feasibility for repeated dose studies, which indeed 
showed an increased sensitivity in identifying compounds that cause toxicity due to metabolic 
activation and that cause liver injury. This HepaRG 3-D spheroid model is implemented in 96 
and 384-well formats representing a novel and physiologically-relevant method for evaluating 
liver toxicity potential of drugs and environmental chemicals. 
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Deletion of the immunity-related GTPase IRGM1 induces a cell-autonomous 
interferon response 

Rai P, and Fessler MB 

Clinical Investigation of Host Defense, DIR IIDL, NIEHS, 

Irgm1 is a major immunity-related GTPase responsible for orchestrating critical macrophage 
host-defense functions against various intracellular pathogens. In addition to maintaining a 
functional phagocytic and pathogenic vacuolar membrane, Irgm1 is known to be required for 
antimicrobial autophagy during infection. Recently, we identified that naïve Irgm1-deficient mice 
have abnormal lymphocytic aggregates in the lungs and exocrine organs and increased serum 
autoantibodies, consistent with an autoimmune disorder. Interestingly, this spontaneous 
phenotype is accompanied by induction of interferon-stimulated genes (ISGs) in several organs 
in vivo. Stimulator of interferon genes (STING) is an endoplasmic reticulum protein that interacts 
with cytoplasmic double-stranded DNA sensors to trigger type I interferon production. Given 
that Irgm1 has previously been implicated in mitochondrial autophagy (mitophagy), we 
hypothesized that the elevated interferon response observed in Irgm1-deficient cells may be 
driven by immune sensing of mitochondrial DNA that has soiled the cytoplasm. In support of 
this, we have found that interferon-primed Irgm1-/- bone-marrow derived macrophages display 
reduced levels of the autophagy marker LC3-II, as well as induction of multiple interferon 
stimulated genes. In ongoing studies, we are investigating mitophagy and STING activation in 
Irgm1-null macrophages and murine embryonic fibroblasts, and preparing lentiviral shRNA 
constructs to silence the STING pathway in Irgm1-null cells. Taken together, our preliminary 
findings support a model wherein Irgm1-mediated mitochondrial maintenance represses 
inappropriate activation of the interferon response. 
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Loss of Ovarian Function Results in Metabolic Syndrome and Steatosis via a 
Glucocorticoid Receptor dependent mechanism 

Quinn MA, Xu X, and Cidlowski JA 

Molecular Endocrinology, DIR STL, NIEHS, 2Laboratory of Integrative Bioinformatics National 
Institute of Environmental Health Sciences, National Institutes of Health, 

Menopause is characterized by decreased ovarian function, which results in a sequela of 
pathologies including the metabolic syndrome. Classically, the lack of ovarian hormones is 
thought to underlie the metabolic abnormalities associated with menopause. Here, using a 
surgical model of menopause in mice via ovariectomy we show in fact stress hormones, via the 
glucocorticoid receptor (GR), are the pathogenic driver of metabolic syndrome and steatosis 
during menopause. Targeting the GR pathway via adrenalectomy (ADX) or hepatocyte-specific 
deletion of GR rescued/blocked OVX-induced steatosis. Mechanistically, we identified perilipin-5 
(PLIN5) as a novel GR-regulated hepatic lipid metabolism gene contributing to corticosteroid-
driven steatosis in OVX’d mice. Furthermore, we found the hepatic GR transcriptome and 
cistrome is reprogrammed in OVX’d mice, with the GR-regulated lipogenic network being most 
sensitive to dysregulation in OVX’d mice. Thus, we provide evidence stress hormones, rather 
than lack of ovarian hormones, are the pathogenic driver of metabolic complications in response 
to menopause. 
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Gut Microbiota Drive Epigenomic Alterations in Colonic Epithelium 

Qin Y, Roberts JD, Grimm SA, Lih FB, Deterding LJ, Li R, Chrysovergis K, and Wade 
PA 

Eukaryotic Transcriptional Regulation, DIR ESCBL, NIEHS, Integrative Bioinformatics Support 
Group, Collaborative Mass Spectrometry Support Group, 

Gut microbiota reside on intestinal mucosal surfaces and are in direct contact with intestinal 
epithelial cells. Dysbiosis of the gut microbiome has been shown to alter both the transcriptome 
and proteome of colonic epithelia. Numerous studies have identified associations between 
alterations in the gut microbiome and various diseases. Thus, gut microbiota, as environmental 
stimuli, have been implicated as modulators of obesity though the underlying regulatory 
mechanisms remain unresolved. It is clear that microbial metabolism can generate many 
bioactive compounds, including short chain fatty acids, such as butyrate, which is rapidly 
adsorbed from the colonic lumen and constitutes a preferred energy source for colonic epithelial 
cells. High concentrations of butyrate in the epithelium have the potential to inhibit the activity of 
histone deacetylases (HDACs), which affects histone modifications and transcriptional 
regulation. Based on these concepts, we hypothesized that microbiota can remodel the 
enhancer landscape of the colonic epithelium, altering gene expression and playing a role in the 
development of obesity. Our current data show diet and obesity shaped the microbiota 
composition along with chromatin states in colon epithelium and provide new insights in 
understanding the host-microbiota interactions, potentially suggesting new therapeutic 
strategies for battling obesity and related diseases. 
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Unraveling Regulatory Roles of the Grc3 Polynucleotide Kinase in Ribosome 
Assembly. 

Pillon MC, Sobhany M, and Stanley RE 

Nucleolar Integrity, DIR STL, NIEHS, 

Ribosomes catalyze protein synthesis making them essential for cell growth and proliferation. 
The assembly of ribosomes begins with transcription of ribosomal RNA (rRNA) in the nucleolus 
of the cell. The precursor rRNA must be processed, modified, and assembled with ribosomal 
proteins to form the small (40S) and large (60S) ribosomal subunits in a carefully orchestrated 
manor. Over 200 assembly factors involved in ribosome biogenesis have been identified, but 
their critical roles in this process remain largely unclear especially in higher organisms. One of 
the essential ribosome assembly factors, shown to be upregulated in cancer cells, is the Grc3 
polynucleotide kinase. Grc3 is functionally correlated with its binding partner Las1, an 
endonuclease, and is essential for Internal Transcribed Spacer 2 (ITS2) rRNA removal; 
however, its coordinate action in regulating rRNA processing is unknown. Therefore, we aim to 
unravel the spatial and temporal regulation governing the eukaryotic Grc3/Las1 complex using a 
combination of biochemistry, molecular biology, and fluorescence microscopy. We observed 
that Grc3 predominantly localizes to the dense fibrillar centers of the nucleolus suggesting a role 
for the Grc3/Las1 complex in the early stages of rRNA processing. To identify the molecular 
determinants of this complex, we reconstituted Grc3/Las1 to reveal a high affinity heterodimer 
capable of phosphorylating single strand RNA. This kinase activity is strictly dependent on Grc3 
while the presence of Las1 imposes single strand RNA substrate preference. Disruption of 
conserved ATP- and RNA-binding motifs in Grc3 causes severe growth phenotypes in vivo 
suggesting a vital role for Grc3-Las1 crosstalk. Furthermore, defects in Grc3 kinase activity 
cause inefficient production of the large 60S subunit due to defects in ITS2 rRNA processing. 
While distal to its polynucleotide kinase domain, we also identified a distinct region of Grc3 
enriched in charged residues that is essential for cell proliferation. Truncation of these charged 
residues has no effect on its nucleolar localization or Las1-binding activity, but produces a 
dramatic shift in the ribosomal population. This observation suggests the possibility for a 
ribosome assembly defect that may inhibit productive translation initiation. Together our work 
highlights intricate regulatory mechanisms of the Grc3/Las1 complex in early rRNA processing 
events of ribosome assembly. 
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A Novel Role for Arrestin proteins in Glucocorticoid Receptor Regulation 

Petrillo MG, and Cidlowski JA 

Molecular Endocrinology, DIR STL, NIEHS 

Beta-arrestin1 and b-arrestin2 are ubiquitously expressed and play an important role in 
regulating G-protein coupled receptors (GPCRs) signaling. Upon GPCR activation, arrestins 
translocate to the cell membrane, bind to the receptors thus inducing receptor desensitization 
and internalization. In addition to being negative regulators of GPCRs, arrestins also act as 
scaffolds that interface with several proteins generating a new wave of signaling pathways, 
altering the subcellular redistribution of proteins, and interfering with the ubiquitination 
machinery. Moreover, it has been described that arrestins can bind transcription factors thus 
promoting gene regulation. Recent studies have demonstrated that glucocorticoids (GC) can 
regulate the expression of b-arrestin1 and 2 thereby redirect the GPCR signaling profile. The 
GC responses are mediated by the glucocorticoid receptor (GR), a member of the nuclear 
receptor family. By binding specific DNA responsive elements, GR activates or represses the 
transcription of target genes, in this case, GR induces b-arrestin1 and inhibits b-arrestin2 
transcription. By this way GCs can shift the balance between GPCR and b-arrestin responses 
influencing GPCR activity. Thus, the b-arrestin proteins provide a link through which the GR and 
GPCR signaling cascades can crosstalk each other. We have discovered that b-arrestin1 can 
associate with GR. To determine if such association alters the genomic activity of GR we 
performed an RNAseq in wild type A549 cells and A549 cells depleted of b-arrestin1 that were 
treated with vehicle or Dexamethasone (Dex) for 3h. A comparison among the genes regulated 
by Dex revealed that b-arrestin1 has a wide impact on the transcriptome regulated by GCs. 
While 1765 genes were uniquely regulated by Dex only in the presence of b-arrestin1, 1554 
gene were uniquely regulated by Dex only in the absence of b-arrestin1 and 3944 genes were 
regulated by Dex independently of b-arrestin1 expression. Analysis of these gene sets by IPA 
software identified post-translational modification as one of the top-ranked cellular functions 
significantly regulated by GCs. Moreover, within the annotation, lack of b-arrestin1 altered the 
GR gene signature regulating a total of 130 genes compared to 55 genes that were regulated by 
Dex only in the presence of b-arrestin1. Of the above mentioned 130 regulated genes we found 
PELI1, KLHL3, and ZNFR3 genes highly upregulated. These genes encode for the E3 ubiquitin 
ligase protein family, suggesting that b-arrestin1 may be involved in regulating ubiquitination of 
proteins. Indeed, our data revealed that b-arrestin1 affects Dex-induced GR downregulation by 
altering its expression and controlling its proteasome-mediated degradation. This study will 
surely lead us to better understand the molecular mechanism underlying the nexus between 
GC-GPCR signaling in which b-arrestin1 and Glucocorticoid Receptor act as the mediators of 
the crosstalk. 
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Examination of the Acute Effects of Organotin Toxicants on Inflammasome 
Activation and Mitochondrial Disruption 

Perry CE, Blachut B, Harry GJ, and Fessler M 

Neurotoxicology, NTPL, NIEHS, Clinical Investigation of Host Defense, IIDL, NIEHS 

Inflammasomes are a component of the innate immune system recently shown to contribute to 
inflammatory disease when dysregulated. Among them is the Nod-like receptor, pyrin domain 3 
(NLRP3). NLRP3 is a well-characterized inflammatory cascade involving the aggregation of 
apoptosis-associated speck-like protein (ASC), recruitment and cleavage of caspase-1, leading 
to the production and secretion of interleukin-1 beta (IL-1b). Inflammasomes can be activated 
by pathogen-associated and damage-associated molecular patterns with a link to mitochondrial 
DNA alteration and reactive oxygen species production. The NTP Tox21 screening efforts 
identified several chemicals with mitochondrial disrupting properties including a number of 
organotins. We examined targeted responses in mouse macrophage RAW264.7 cells to 
address the possibility that these compounds could mount an inflammasome response via 
mitochondrial disruption, and to further examine the link between mitochondrial membrane 
potential (MMP) and inflammasome activation. Five organotin compounds, triethyltin bromide 
(TET Br), trimethyltin hydroxide (TMT OH), bis(tributyltin) oxide, tributyltin chloride, and 
triphenyltin hydroxide were examined for their potential to initiate a response following 
lipopolysaccharide (LPS) priming. Of these, TET Br and TMT OH produced a 30-50% 
disruption in MMP in RAW264.7 cells without overt cell death (>80% viability). Cells were 
treated with LPS (33ng/mL) for three hours, followed by TET Br (10 uM) or TMT OH (1.25 uM) 
for six hours. Ultimately, the two organotins exhibiting an MMP drop at non-cytotoxic levels 
presented hints of inflammasome activation. Flow-cytometry assays for caspase-1 indicated 
activation of caspase-1 in 20% of the tin-dosed cells, coinciding with pyroptotic inflammatory cell 
death as suggested by propidium iodide (PI) uptake. Under similar dosing conditions, 
approximately 20% of cells transfected with fluorescent ASC protein as a biomarker for NLRP3 
inflammasome assembly displayed “speck-like” aggregation of protein suggesting initiation, 
consistent with the presentation of caspase-1 cleavage. Elevated release of bioactive IL-1 
cytokine was detected in supernatant via the HEK-Blue bioassay for IL-1 receptor binding, 
exhibiting a significant increase over control doses. Supernatant was examined using IL-1B 
ELISA, which showed an increase in the release of IL-1B protein for these doses. Western blot 
analysis for both pro- and mature IL-1B showed production of primarily the pro- form, while the 
mature form was not detected. Taken together, the data suggests that TET Br and TMT OH, 
confirmed mitochondrial membrane potential disruptors, could trigger inflammasome activation, 
though this was not pronounced but rather occurred in a small sub-population of the cells. The 
release of biologically active IL-1 likely reflects induction of a concurrent non-canonical 
inflammatory pathway involving the production and secretion of IL-1 alpha. 

61



 
 

  
 

   
 

  

   
  

 
  

  

 
   

  

   
   

    
     

  

 
   

    
      

  
 

  

 
 

  
  

  
  

  

   
    

 

Poster Presentation 38 

The association between gestational diabetes mellitus and risk of breast cancer 

Park Y, O’Brien KM, Zhaou S, Weinberg CR, Baird DD, and Sandler DP 

Chronic Disease Epidemiology, DIR EB, NIEHS, DIR BB, 

Background: Gestational diabetes mellitus (GDM) is associated with pregnancy complications 
as well as long-term adverse health outcomes such as type 2 diabetes and cardiovascular 
diseases. A positive association between type 2 diabetes and breast cancer has been reported, 
with insulin resistance proposed as potential mechanisms. Less is known about any link 
between GDM and breast cancer risk. 

Methods: Data came from 50,884 Sister Study cohort participants aged 35 to 74 years enrolled 
from 2003 through 2009 and observed until August 14, 2015. Participants were designated as 
having GDM if they reported having had pregnancy-related diabetes or an abnormal glucose 
tolerance test during pregnancy. Data analysis was limited to 39,324 parous women without a 
history of any cancer except non-melanoma skin cancer at baseline. Cox proportional hazards 
models were used to estimate multivariable adjusted hazard ratios (HR) and 95% confidence 
intervals (CI) for breast cancer risk, after adjusting for race or ethnicity, educational attainment, 
age at first birth, age at menarche, relative weight at age 10, BMI at age 30, and physical 
activity (metabolic equivalent hours/week in their childhood and teens). 

Results: Among the study subjects, 4.2% ever had GDM and 0.9% had GDM in more than one 
pregnancy. During follow-up (mean, 7.4 years), 2,152 breast cancers were diagnosed. Overall, 
there was no association between a history of GDM and risk of breast cancer except for 
estrogen receptor negative breast cancer (HR=1.77, 95% CI:1.00-3.13). However, having ≥ 2 
episodes of GDM was associated with an increased risk of total and invasive breast cancer 
(HR=1.70, 95% CI:1.17-2.45; HR=1.66, 95% CI:1.08-2.56, respectively). A significant 
association was seen for premenopausal breast cancer (HR=1.84, 95% CI:1.03-3.28) and 
estrogen receptor positive breast cancer (HR=1.78, 95% CI:1.09-2.93). Furthermore, when we 
restricted to women with two full term pregnancies to address potential bias due to selection 
factors, the association was more pronounced, especially for premenopausal breast cancer 
(HR=2.78, 95% CI:1.45-5.32). When expanded the definition to include women who reported 
borderline GDM (which may represent subclinical glucose intolerance at pregnancy), the 
association between the recurrent GDM and risk of breast cancer persisted. However, the 
association between GDM and breast cancer was not explained by type 2 diabetes diagnosed 
after GDM pregnancy. 

Conclusion: Multiple episodes of GDM may identify women with multiple or chronic episodes of 
insulin resistance. Women with recurrent GDM may be an important target population for breast 
cancer prevention efforts. 
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Adult neurogenesis in the dentate gyrus is regulated by α7 nAChR activation. 

Otto SL, Middlebrooks M, and Yakel JL 

Ion Channel Physiology, DIR NL, NIEHS, 

Hippocampal adult neurogenesis is a life-long process whereby neural stem cells located in the 
subgranular zone of the mammalian dentate gyrus divide, differentiate, mature and integrate in 
the local circuitry. Our overall objective is to determine how cholinergic input affects the 
generation of new granule cells, and whether these changes impact learning and memory. A 
hallmark of neurodegenerative disorders is impaired adult neurogenesis. Alzheimer’s disease 
shows both loss of cholinergic innervation and impairment of neurogenesis. The dentate gyrus 
receives cholinergic input from the basal forebrain, a source of signaling that may impact adult 
neurogenesis. Cholinergic receptors could contribute a counterbalanced set of signals to 
modulate neurogenesis. Here we focus on the α7 nicotinic acetylcholine receptors (nAChRs), 
considered important in maturation of granular cells in the dentate gyrus and expressed on cells 
in the subgranular zone. α7 nAChRs are highly expressed in neonates and then decline until 
reaching adult levels. Though environmental factors as diverse as exercise and solitude have 
been shown to have an effect on adult neurogenesis, extant literature conflicts as to possible 
cholinergic effects. Little is known of the possible mechanism(s) through which cholinergic 
signaling may act. To better understand adult neurogenesis in the dentate gyrus, we use a 
nestinCrERT2 mouse that permits the labeling of nestin+ neural stem cells. Using this model we 
show that expression of nestin+ neural stem cells in global α7 nAChR knock-out (KO) mice is 
significantly decreased. In addition, in organotypic cell culture, adding MLA (a selective 
antagonist of the α7 nAChR) caused a decline in the quantity of nestin+ cells. To further study 
the mechanism involved we are quantifying nestin+ cells from organotypic cultures treated with 
PNU-120596, an α7 nAChR positive allosteric modulator, and choline. One possible explanation 
of the decline in nestin+ cells is that maturation of adult born granule cells is delayed, resulting 
in overall loss of neurons as they fail to integrate in a timely fashion. This may result in a 
compensatory increased neurogenesis, decreasing the neural stem cell pool. To investigate this 
we are using EdU to birthdate adult born granule cells as well as quantifying immature granule 
cells present in α7 nAChR KO or wild-type mice. We are also investigating whether pattern 
separation, a function of adult neurogenesis, is affected in α7 nAChR KO mice with reduced 
nestin stem cell expression. Ongoing research is using an AChRα7 fl/fl mouse to determine 
which cells are most responsible for the loss of nestin+ cells seen in a global α7 nAChR KO. 
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Regulation of radical production during LC3-associated phagocytosis. 

Oguin TH, Yang E, and Martinez J 

Inflammation & Autoimmunity, DIR IIDL, NIEHS, 

LC3 associated phagocytosis (LAP) is a distinctive cellular process that can alter the engulfment 
of cargo and subsequent immune reaction in cell types such as macrophages. Previous work 
has identified a key player in the regulation of LAP, the protein Rubicon can mediate the cellular 
response to stimuli via interactions with proteins involved in lipid and reactive oxygen species 
signaling. Radicals generated by the NOX2 complex near the phagosome are a requirement for 
LAP to proceed. However, the source and kinetic regulation of radical generation following 
stimulation remains unclear in the case of LAP. We hypothesized that the loss of Rubicon would 
lead to a dysregulation of members of the NOX2 complex leading to a shift in radical production 
that could shift the early immune response to various agents. Here we investigate the source of 
radicals during LAP using spin trapping technology. Macrophages from animals that can 
undergo LAP generate more radicals in response to LPS and zymosan. Additionally, the 
immune response to these stimuli differ based on the ability to perform LAP, and these 
differences may be priming the immune response for later response. Using a variety of 
inhibitors, we are able to deduce the source of radical generation in relation to the incoming 
phagosome. 
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The Joint Effects of Vitamin D, Genetics, and Epigenetics in the Prevention of 
Breast Cancer 

O'Brien K, Sandler DP, Taylor JA, Xu Z, and Weinberg CR 

Methods and Applications in Epidemiology, DIR BCBB, NIEHS, EB, 

Background: We previously observed that women with serum 25-hydroxyvitamin D [25(OH)D] 
levels in the highest quartile (>38.0 ng/mL) had a reduced risk of breast cancer over the 
subsequent five years of follow-up, compared to those in the lowest quartile (<24.6 ng/mL). 
Here, we examine whether single nucleotide polymorphisms (SNPs) in vitamin D-related genes 
modify the 25(OH)D-breast cancer association and whether 25(OH)D is associated with DNA 
methylation in blood cells. 

Methods: The Sister Study includes 50,884 women from the US and Puerto Rico who had a 
sister with breast cancer, but had never had it themselves. We used liquid chromatography-
mass spectrometry to measure baseline serum 25(OH)D in 1,611 women who developed breast 
cancer within 5 years of enrollment and 1,775 women who did not. Women were categorized as 
having 25(OH)D values above or below 38.0 ng/mL, after correcting for batch and season. 
Genotyping was done with the Illumina OncoArray-500K BeadChip and blood DNA methylation 
level was assayed with the Illumina HumanMethylation450 BeadChip. To examine whether the 
protective association between high 25(OH)D and breast cancer was modified by any of 85 
SNPs in 8 vitamin D-related genes, we used logistic regression to estimate coefficients for 
25(OH)D-by-SNP interactions. We also used robust linear regression to examine the 
association between continuously-measured 25(OH)D and DNA methylation at 416,478 CpG 
sites in non-cases. Methylation values were corrected for blood cell-type composition. 

Results: The SNP with the smallest uncorrected p-value for interaction was rs4328262 in VDR 
(p=0.0006). Relative to those homozygous for the common allele, the protective association 
between 25(OH)D and breast cancer was 35% stronger in individuals carrying the minor allele. 
Several other VDR SNPs showed evidence of gene-by-vitamin D interaction (p<0.05), as did 
some SNPs in RXRA, GC, and CYP24A1. Methylation at three CpG sites was associated with 
25(OH)D at false discovery rate q<0.05 (cg13243168 in SMARCD2, cg05126036 in ARHGEF2, 
and cg24350360 in EPHX1). 

Conclusions: We found evidence that SNPs in VDR and other vitamin D-related genes modify 
the protective association between serum vitamin D levels and breast cancer risk. We also 
found some evidence that vitamin D levels are associated with DNA methylation. 
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From Granulosa Cells To Oocytes: RUNX1 Is a New Regulator for the 
Establishment of the Oocytes Stock 

Nicol BC, Liying G, Flaws JA, and Yao HH 

Reproductive Developmental Biology, DIR RDBL, NIEHS, Department of Comparative 
Biosciences, University of Illinois, Urbana, IL, 

Starting a family later in life has become increasingly common in the past few decades. This 
change poses unwanted consequence to women, as their ability to conceive declines with age 
due to the “ticking biological clock” of their ovaries. The ovary contains only a finite number of 
oocytes that is set around the time of birth. Overtime, this stock is gradually exhausted, 
ultimately limiting women’s fertility and their reproductive lifespan. Understanding how the 
definitive stock of oocytes is initially established is therefore of great importance. Here we show 
that RUNX1, a transcription factor expressed in the granulosa cells, regulates the size of 
ovarian reserve in mice. RUNX1 is an early marker of granulosa cells, expressed in an ovary-
specific manner starting at 12.5 days post-coitum with a peak expression around the time of 
birth. Conditional ablation of Runx1 (cKO) in the somatic cells of the fetal ovary led to a 
significant increase in oocyte number shortly after birth compared to control ovaries. At 
postnatal day 3 (PND3), expression of oocyte markers such as Sohlh1, Nobox or Foxo3 
became significantly higher in Runx1 cKO ovaries. At PND21, Runx1 cKO ovaries contained 
significantly more primordial, primary, and pre-antral follicles than control ovaries. Despite these 
differences, the fertility of Runx1 cKO females was comparable to control females over a period 
of 6 months. At advanced age (8-12 months), Runx1 cKO ovaries still contained significantly 
more small follicles than control ovaries, suggesting that the conditional ablation of Runx1 in the 
fetal ovary delays the age-related exhaustion of oocytes. The definitive stock of oocytes is set 
around the time of birth, after a wave of apoptosis that eliminates about two-third of oocytes. 
Interestingly, the appearance of Runx1 cKO ovarian phenotype coincides with this critical event, 
suggesting that the larger stock of oocytes in Runx1 cKO could be the result of repression of 
germ cell apoptosis. Indeed, fewer apoptotic cells were observed in the Runx1 cKO ovary at 
birth. In summary, we have uncovered a novel role of RUNX1, a granulosa cell-specific 
transcription factor, in the control of the ovarian reserve size. In the normal ovary, RUNX1 
promotes germ cell apoptosis around the time of birth, therefore determining the number of 
oocytes in the initial pool of the ovarian reserve. In the absence of RUNX1, a larger stock of 
oocytes is maintained, resulting in an increased follicle pool throughout reproductive lifespan. 
Based on the fact that RUNX1 is only found in the granulosa cells, our findings further support 
the hypothesis that establishment of the definitive stock of oocytes is not exclusively cell-
autonomous. Instead, granulosa cells through the action of RUNX1 play a critical role in this 
determining process. 
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Neural Innervation Regulates Pulmonary Function Phenotype of Htr4-null Mouse 

Nichols CE, House JS, Li H, Miller L, Flake G, Driehuys B, Zeldin D, and London SJ 

Immunity, Inflammation, and Disease Laboratory, National Institute of Environmental Health 
Sciences, Research Triangle Park, NC, Radiology, Duke University Medical Center, Durham, 
NC, Cellular & Molec 

Human genome-wide association studies (GWASs) have now identified close to 20,000 sources 
of variation associated with over 1,500 traits. So far, over 50 loci have been associated with 
alterations in pulmonary function, yet follow-up studies to determine causality are rare. Single 
nucleotide polymorphisms (SNPs) in serotonin receptor 4 (HTR4) were associated with human 
pulmonary function in genome-wide association studies and follow-up work by our group 
demonstrated that Htr4 is related to pulmonary function in mice. While our study identified a 
significant pulmonary function phenotype in Htr4-null animals, it did not elucidate the 
mechanism driving this phenotypic difference. HTR4 is expressed somatically but is most highly 
expressed in nervous tissue, and removal of Htr4 impacts the function of neurons 
including vagal nerve efferents. In addition, recent studies also suggest that Htr4 may play a 
significant role in the development of pulmonary tissue. Thus, we further sought to elucidate the 
impact of Htr4 on pulmonary function and identify the role of neural innervation and pulmonary 
architecture on the observed phenotypic differences. We tested the hypothesis that neural 
control of pulmonary function, and not the development of pulmonary architecture, is disrupted 
in adult animals by the removal of Htr4 and responsible for the observed alterations in 
pulmonary function. We first began by investigating differences in pulmonary architecture 
followed by the examination of the effects of neural innervation on pulmonary function. 
Polarized-gas imaging and stereological assessment of wild-type and Htr4-null mice revealed 
no observable differences in lung volume, inflation characteristics, or pulmonary­
microarchitecture. We report here that the Htr4-null phenotype in mice is dependent on vagal 
innervation to the lung. Both, ex vivo tracheal ring contractility and in vivo flexiVentTM functional 
analyses following vagotomy result in ablation of our previously reported Htr4-null phenotype. 
Thus, our results suggest HTR4’s role in the regulation of pulmonary function is related to neural 
innervation and not as a result of alterations in pulmonary architecture. 

67



 
 

 
 

    
 

 
    

  
 

    
  

 
  

   
   

  
   

  

     
      

   

   
  

  
   

   
   

   
    

 
     

    
  

 

Poster Presentation 44 

p53 binding and regulation of immune response genes in human primary T-
lymphocytes 

Nguyen T, Menendez D, Grimm SA, Bushel PR, Ward JM, Freudenberg JM, Jothi R, 
and Resnick MA 

Chromosome Stability Group, DIR GISBL, NIEHS, Integrative Bioinformatics Group, 
Biostatistics & Computational Biology Branch, Systems Biology Group, DIR ESCBL, NIEHS 

The p53 tumor suppressor, known as “guardian of the genome,” is a transcription factor that 
regulates expression of cell cycle, DNA repair, senescence, and apoptosis genes in response to 
stress. Besides regulating these canonical cellular processes, our lab recently extended the 
biological role of human p53 to several immune responses, including regulation of the innate 
immune Toll-like receptor gene family and cooperation with NF-kB in co-regulation of 
proinflammatory cytokines and chemokines. Surprisingly, most of the p53 response elements in 
these immune-related genes are not conserved in mice, suggesting that many p53-related 
immune responses can only be addressed in human cells. To further address p53 functions in 
the human immune system, we have examined genome-wide p53 binding (via ChIP-seq) in 
primary T-lymphocytes isolated from four healthy donors after ex-vivo phytohemagglutinin 
(PHA) stimulation followed by treatment with p53 activators used in chemotherapy, Doxorubicin 
or Nutlin. Pathway analysis revealed that 10% (400) of the p53 binding sites are at promoters of 
immune/inflammation related genes. This is higher than for other cell types based on our meta-
analysis of p53 genome binding in 20 published p53 ChIP-seq studies. Thus, p53 programmed 
responses appeared to be skewed to immune related genes in lymphocytes. Microarray and 
Nanostring gene expression analysis confirmed that a subset of the immune/inflammation 
related p53-bound genes were also transcriptionally regulated by p53. Although p53 is generally 
considered a transcriptional activator, we unexpectedly found that the numbers of upregulated 
and downregulated putative p53 target immune genes were comparable. Short exposure (2h) to 
the p53 activators upregulated many genes that are involved in communication between innate 
and adaptive immune cells and cytokine-cytokine receptor interactions. By 6 hr, there was 
inhibition of the immune response genes including repression of the proinflammatory genes. At 
24 hr, p53 gene activation was largely confined to the canonical p53 stress responsive genes. 
We are currently using ChIP-qPCR to validate whether the promoters of the putative immune 
targets are bound by p53. This study extends our understanding of the p53 regulatory network 
to human primary cells and by extension to the immune system. We identify unique potential 
targets for immunotherapy as well as consequences of chemotherapy and environmental stress 
on the immune response. 
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Distinct roles of CXCR4, CCR2 and CX3CR1 in coordinating dendritic cell 
precursor trafficking from bone marrow to peripheral tissues 

Nakano H, Lyons-Cohen MR, Whitehead GS, Nakano K, and Cook DN 

Immunogenetics, DIR IIDL, NIEHS, 

Precursors of dendritic cells (preDCs) arise in the bone marrow (BM), egress to the blood, and 
finally migrate to peripheral tissue where they differentiate to conventional dendritic cells 
(cDCs). Upon their activation, mature DCs in peripheral tissue migrate to region LNs in a 
manner dependent on the chemokine receptor, CCR7. To maintain immunoresponsiveness, 
these departing cDCs must be replaced by new cDCs differentiated from arriving preDCs. 
Despite the essential nature of DC replenishment, the molecular signals that direct preDC 
trafficking from the BM to peripheral tissues remain poorly understood. In this study, we found 
that preDCs express the chemokine receptors, CXCR4, CCR2 and CX3CR1, and that each of 
these receptors has different a role in preDC trafficking. CXCR4 was required for the retention 
of preDCs in BM, whereas CCR2 was required for preDC accumulation in the inflamed lung. At 
steady state, neither CCR2 nor CX3CR1 was required for preDC accumulation, but animals 
lacking both receptors had markedly reduced numbers of preDCs and cDCs in the lung. Thus, 
multiple chemokine receptors cooperate in a step-wise fashion to direct the trafficking to preDCs 
to the lung. 
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A metabolomic, geographic, and seasonal analysis on the contribution of pollen-
derived adenosine to allergic sensitization 

Mueller G, DeRose E, Thompson P, O'Connell T, and London R 

Nuclear Magnetic Resonance, DIR GISBL, NIEHS, Duke University, 

Background: Studies on ragweed and birch pollen extracts suggested that the adenosine 
content is an important factor in allergic sensitization. However, exposure levels from other 
pollens and considerations of geographic and seasonal factors have not been evaluated. 

Objective: This study compared the metabolite profile of pollen species important for allergic 
disease, specifically measured the adenosine content, and evaluated exposure to pollen-
derived adenosine. 

Methods: An NMR metabolomics approach was used to measure metabolite concentrations in 
twenty-two aqueous pollen extracts. Pollen count data was analyzed from five cities to model 
exposure. 

Results: A principal component analysis of the various metabolites identified by NMR showed 
that pollen extracts could be differentiated primarily by sugar content (glucose, fructose, and 
sucrose), and to a lesser extent glycerol, and myo-inositol. In extracts of 10 mg of pollen/ml, the 
adenosine was highest for grasses (19 µM) followed by trees (13 µM) and weeds (11 
µM). Pollen count data showed that tree pollen was typically 5-10 times the amount of other 
pollens. At the daily peaks of tree, grass, and weed season the pollen-derived adenosine 
exposure per day is likely to only be 0.6, 0.04, and 0.07 µg, respectively. If a person is 
exercising during the peak hour of tree season, pollen-derived adenosine may be 150 nM in the 
nasal passage, which approaches physiological levels of adenosine. 

Conclusions: Sugar content and other metabolites may be useful in classifying pollens. Unless 
other factors create exposures that are very different from this model, pollen-derived adenosine 
is unlikely to be a major factor in allergic sensitization. 
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DNA damage promotes STING expression via p53 

Mesev EV, Lowe JM, Menendez D, and Fessler MB 

Clinical Investigation of Host Defense, DIR IIDL, NIEHS, Chromosome Stability Group, DIR GISBL, 
NIEHS, 

STING (STimulator of INterferon Genes), an endoplasmic reticulum protein, serves as an important 
regulator of the innate immune response through transducing detection of microbial DNA into production 
of type I interferon. Recent studies have shown that STING may also play a role in the DNA damage 
response via detection of host DNA. Surveying published ChIP-seq data, we recently found several 
potential p53 binding sites in the promoter region of STING. This prompted us to investigate whether p53, 
a transcription factor that serves as a master regulator of the DNA damage response, regulates STING 
expression. Our preliminary results indicate that basal STING mRNA levels are reduced in p53-/- HCT116 
cells compared to p53-sufficient counterparts. Following treatment with either the DNA damaging agents 
doxorubicin and 5-fluorouracil (5FU), or the small molecule p53 activator nutlin, the mRNA level of STING 
increases two-fold in p53-sufficient but not p53-deficient HCT116 cells. Western blotting confirmed that 
STING protein expression also increases in p53-sufficient but not p53-deficient HCT116 cells treated with 
these agents, together suggesting that activation of p53 via DNA damage promotes the expression of 
STING. Our future work will address whether p53 directly regulates STING expression in a variety of 
cancer cell lines and primary immune cells, and whether p53-regulated STING regulates the DNA 
damage response. 
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Dysregulation of a pro-inflammatory response in microglia, consequences on 
phagocytic activity. 

McPherson C, and Harry GJ 

Neurotoxicology, NIEHS, 

Microglia initiate innate immune responses to injury or disease, inducing production of pro-
inflammatory factors including: interleukin: (IL)-1 alpha (α), IL-1 beta (β), IL-6, and tumor 
necrosis factor (TNF)α and contribute to the clearance of aberrant material. Alterations in the 
ability of microglia to perform these normal functions may underlie neurodegenerative 
progression shifting the relative risk for adverse outcomes following brain injury. Using 
inorganic arsenic (iAs) as a chemical tool known to disrupt innate immune function of 
macrophages and dendritic cells, we examined its potential immune-dysregulatory effect on 
microglia. Mice exposed to iAs [42.5 ppm] via drinking water for 6 weeks showed diminished 
staining for microglia in the hippocampus with no specific change in IL-1α, IL-1β, IL-6, TNFα, or 
iNOS mRNA levels. A blunting of the cytokine response to LPS [100 mg/kg/ 3 hrs] challenge 
was observed. Exposure to LPS [1mg/kg/day for 4 days] showed a similar elevation TNFα and 
IL-1α with a blunting of arginase 1(Arg-1) and YM-1 induction suggesting a dysregulation of 
both pro and anti-inflammatory responses. BV-2 cells exposed for 24 h to 1 mM iAs showed 
significant elevation in IL-1β and a blunting of LPS-induced IL-1α, IL-1β, IL-6, and iNOS mRNA 
elevations. Arg-1 was elevated with iAs and a diminished induction by IL-4/IL-13 was observed 
for IL-4 and Arg-1. BV-2 cell phagocytosis of 1 μM latex beads was significantly increased by 
iAs over 3 hrs. No differences were observed with LPS but activity was diminished with IL-4/IL­
13 stimulation. Phagocytosis of apoptotic fragments was stimulated with iAs, LPS, and IL-4/IL­
13. The differential effect of IL-4/IL-13 on the engulfment of latex beads versus apoptotic 
fragments in iAs exposed cells suggests a shift in phagocytic signaling. The blunting of induced 
pro- and anti-inflammatory cytokines following iAs exposure and the increased phagocytic 
activity of iAs exposed cells suggests a functional alteration in microglia that may have 
implications for brain development and repair following injury. 

Supported by NIEHS Division of National Toxicology Program and Intramural Research: Z01 
ES101623 & ES021164. 
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Loss of COUP-TFII (NR2F2) in Different Interstitial Cell Populations Has Varying 
Effects on Fetal Testicular Development. 

McClelland K, Perea-Gomez A, Zhao F, Franco H, Tsai M, Tsai S, Chaboissier M, and 
Yao H 

Reproductive Developmental Biology, DIR RDBL, NIEHS, Institut de Biologie Valrose, 
Universite Nice-Sophia, France, Department of Molecular and Cellular Biology, Baylor College 
of Medicine, USA, 

The gonad provides an ideal system to study cell fate determination. Each cell lineage derived 
from the bipotential progenitor populations lead to distinct reproductive cell types in males and 
females. In the fetal testis, tubular testis cords form in the interstitial space that house diverse 
populations of steroidogenic (Leydig cells) and non-steroidogenic interstitial cells, in addition to 
other cell types such as vascular cells and immune cells. The interstitial compartment of the 
testis is important for male fertility and androgen production later in life. Broadly, the interstitial 
compartment diversifies in three key stages: 1) early somatic progenitors split into cells that 
form testis cords (Sertoli cells) and those that become a part of the interstitium, 2) the 
population of cells that don’t contribute to the cords begins to segregate further, and 3) finally a 
differentiated cell population emerge. In order to tease apart how these populations are 
established, we focused on the role of the transcription factor COUP-TFII (or NR2F2), which is 
important for cell fate decisions in organogenesis. We found that before testis cord formation, 
COUP-TFII expression was restricted to the cells on the surface of the testis and a few non-
Sertoli somatic cells. After cord formation, COUP-TFII expression became restricted to non­
steroidogenic interstitial cell population; this population was exclusive of the steroidogenic fetal 
Leydig cells. To understand the role of COUP-TFII in interstitial cell fate determination, we 
generated genetic models to delete COUP-TFII in different cell populations. When COUP-TFII 
was ablated in the defined interstitial population, no overt testicular defects were observed. 
When COUP-TFII was ablated in cells during the differentiating somatic cells, testis size was 
slightly reduced while typical testicular architecture was maintained. When COUP-TFII was 
ablated in transitioning somatic cells, the size of fetal testes was significantly reduced after cord 
formation; however, the knockout testis maintained typical testicular architecture. In addition, 
ablation of COUP-TFII in early somatic progenitor cells led to a reduction in fetal Leydig cell 
population. However, the most severe restriction of the interstitial compartment was observed 
when COUP-TFII was ablated in the somatic progenitor cell population. Ablation in these cells 
caused a complete collapse of the interstitial space; testis cords formed but were poorly looped. 
In summary, by using different mouse models, we demonstrate that loss of COUP-TFII in 
different somatic populations had varying impacts on testis size and interstitial structure. 
Although testis cord formation can proceed in the absence of COUP-TFII, COUP-TFII appears 
to be involved in initial stages of interstitial fate specification and may control the establishment 
of the interstitial population and compartment early in testis development. 
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Localization and Trafficking of Pulmonary Dendritic Cells During Allergic 
Sensitization 

Lyons-Cohen M, Nakano H, Whitehead GS, Thomas SY, Nakano K, and Cook DN 

Immunogenetics, DIR IIDL, NIEHS, 

Pulmonary dendritic cells (DCs) take up inhaled antigens, migrate to draining lymph nodes 
(LNs), and stimulate antigen-specific T cells. Bona fide pulmonary DCs (CD11c+CD88–) 
comprise CD103+ and CD11b/CD172a+ subsets, and their migration from lung to LNs is 
directed by the chemokine receptor, CCR7. However, the precise localization of these two 
different DC subsets in the lung, and how they move during the early stage of inflammation, is 
largely unknown. Here, using multi-color high resolution imaging of precision cut lung slices, we 
found that at steady state, both CD103+ and CD11bhiCD172a+ DCs (CD11bhi DCs) reside 
immediately adjacent to airways lined with CD324/E-cadherin-expressing epithelial cells. This 
region of the airways is also closely associated with lymphatic vessels, whereas regions lacking 
CD324 are not associated with either DCs or lymphatic vessels. Inhalation of LPS induced 
a Ccr7gfp reporter gene within 2 h post-exposure, but the DCs remained closely associated with 
airways. By 6 h post-exposure, the number of airway-associated DCs decreased, while DCs 
associated with lymphatic vessels increased. This suggests that after sensing danger signals, 
some DCs move directly from the airway to lymphatics. In agreement with this rapid migration, 
activation of antigen-specific T cells was detected in regional LNs within 6 h of exposure. 
Interestingly, other DCs, including CD103+ DCs relocated in the parenchyma following LPS 
exposure. 
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Structural Analysis Reveals the Features of Ribosome Assembly Factor 
Nsa1/WDR74 Important for Localization and Interaction with Rix7/NVL2 

Lo D 

Nucleolar Integrity, DIR STL, NIEHS 

Ribosome assembly is a complex process that requires hundreds of essential assembly factors, 
including Rix7 (NVL2 in mammals) and Nsa1 (WDR74 in mammals). Rix7 is a type II double 
ring, AAA-ATPase, which is closely related to the well-known Cdc48/p97 whose diverse 
functions are largely linked to the recognition of ubiquitinated substrate proteins. Previous 
studies in Saccharomyces cerevisiae suggest that Rix7 mediates the release of Nsa1 from 
nucleolar pre-60S particles however the underlying mechanisms of this release are unknown. 
Through multiple structural analyses we show that S. cerevisiae Nsa1, is composed of an N-
terminal WD40 domain with seven blades, and a lysine rich C-terminus that extends away from 
the WD40 domain and is required for proper nucleolar localization. Co-immunoprecipitation 
assays with the mammalian homologues identified a well-conserved interface within WDR74 
that is important for its association with NVL2. We further show that WDR74 physically 
associates with the D1 AAA domain of NVL2, which represents a novel mode of binding of a co­
factor with a type-II AAA-ATPase. Taken together our data suggests that Nsa1/WDR74 
recruits Rix7/NVL2 to pre-ribosome particles to drive the subsequent release of Nsa1/WDR74 
and promote the progression of the ribosome maturation pathway from the nucleolus to the 
nucleoplasm. 
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Ablation of Lkb1 in Mouse Lungs Induces Squamous Cell Carcinoma Majorly by 
Inhibition of JNK Pathway 

Liu J, Wang T, Cho S, Wu S, and DeMayo FJ 

Pregnancy & Female Reproduction, DIR RDBL, NIEHS, Integrative Bioinformatics, NIEHS, 
Baylor College of Medicine, Houston, TX, USA 

Lung cancer is the leading cause of cancer deaths in USA. Of the four subtypes of lung cancer, 
Squamous Cell Carcinoma (SCC), is the second most common form. Genomic analysis of 
tumors from SSC patients have identified TP53, PTEN and LKB1 as being frequently mutated in 
these tumors. Attempts to model SCC mice have shown that ablation of these genes alone in 
the airway are not sufficient to cause SCC. SCC was only observed in mouse lungs when Lkb1 
was ablated in combination with either overexpression of Sox2, Kras activation or Pten deletion. 
These studies were accomplished using viral delivery of Cre recombinase to ablate or activate 
these genes. In this study, we used the CCSPiCre knock-in model to ablate Tp53, Pten 
and Lkb1 in the airways of the mouse alone or in combination. SCC only developed in mouse 
lungs when the combinations included ablation of Lkb1. Unexpectedly, we found that ablation of 
alone Lkb1 could induce SCC. The progression of SCC in the Lkb1 ablated lungs was 
accelerated by the additional ablation of Pten. This demonstrated that Lkb1 specifically 
determines SCC development. Using this model we further identified the molecular pathways 
governing SCC progression. 

Using kinase array, transcriptome prolife analysis and immunohistochemistry, we identified p­
JNK1/2 was continually down-regulated from the early stage (hyperplastic airways) to late stage 
(tumor) in our mouse SCC development. Downregulation of p-JNK1/2 was also observed after 
knock-out of LKB1 and PTEN in human bronchial epithelial cells using CRISPR/Cas9 system. 
Cellular apoptosis was increased after stimulation of p-JNK1/2 in isolated tumor cells from our 
SCC mouse model. The mouse tumor development was increased after inhibition of p-JNK1/2 
using the inhibitor of p-JNK1/2 (SP600125), and this increase was further proved by tracheal 
delivery of lenti-virus to specifically knock-down of JNK1/2 using shRNA or to knock-out of 
JNK1/2 using CRISPR/Cas9 system. Meanwhile, stimulation of p-JNK1/2 by Anisomycin 
dramatically inhibited mouse SCC progression. In human lung SCC, our preliminary results also 
showed p-JNK1/2 was significantly down-regulated in tumor compared with that in upper 
airways, indicating our mechanistic finding was conservative between mouse and human and 
maintaining activity of JNK1/2 pathway may be a promising strategy for treatment of human 
SCC patients with LKB1 dysregulated background. 

In summary, ablation of Lkb1 in mouse lung induces SCC development majorly by inhibition of 
JNK1/2 pathway. 
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Epithelial Membrane Protein 2 Regulates Transepithelial Migration of Neutrophils 
in the Inflamed Lung 

Lin W, Gowdy K, Madenspacher J, Lyons-Cohen M, Nakano H, Cook D, Williams C, 
and Fessler M 

Clinical Investigation of Host Defense, DIR IIDL, NIEHS, Immunogenetics Group, DIR IIDL, 
NIEHS, Reproductive Medicine Group, DIR RDBL, NIEHS 

The airway epithelium serves as a physical barrier to pathogens in the lung. Although the airway 
epithelium has recently been recognized to have immune functions, whether it regulates 
trafficking of neutrophils from the bloodstream to the airspace lumen is largely unknown. Our 
group has recently identified epithelial membrane protein 2 (EMP2) as an alveolar epithelial 
protein that plays an important role in the pulmonary innate immune response. EMP2 is a 19 
kDa tetraspan membrane protein of the GAS-3/PMP22 family that has largely been studied in 
cancer biology where it has pro-oncogenic functions. Recently, we found that EMP2-deficient 
mice display a substantial reduction in alveolar neutrophil accumulation after aerosol exposure 
to lipopolysaccharide, K. pneumoniae, or P. aeruginosa. Studies using live lung slice 
preparations as well as other approaches including flow cytometry indicate that this arises from 
deficient transepithelial migration of neutrophils from the lung interstitium into the alveolar 
lumen. We hypothesize that EMP2 may regulate cell-surface expression on alveolar epithelial 
cells of one or more proteins that interact with migrating neutrophils. MLE-12 cells, an 
immortalized alveolar type II-like cell line, have been selected from among a panel of epithelial 
cell lines for molecular investigation of EMP2 in vitro. MLE-12 cells display moderate expression 
of EMP2 as well as ICAM-1 and other genes known to regulate neutrophil transmigration. 
Silencing of EMP2 in MLE-12 cells will be performed to investigate the impact of EMP2 on 
expression of ICAM-1 and other neutrophil adhesion proteins. In addition, we will investigate the 
effect of EMP2 silencing on transepithelial migration of neutrophils in vitro. Finally, we will 
establish a global profile of gene expression in EMP2-deficent epithelial cells and parental 
control cells using RNA-seq or Nanostring technology. These approaches will comprehensively 
reveal EMP2-dependent signaling pathways and help further clarify EMP2-mediated lung 
epithelial functions in the innate immune response. 

77



 
 

 
 

 
 

  
    

    
    

    
 

    
 

         

      
   

   
     

    
    

 
       

   
   

  

    
  

   
     

 

  
   

    
 

Poster Presentation 54 

A comprehensive genomic pan-cancer analysis using The Cancer Genome Atlas 
gene expression data 

Li Y, Umbach DM, and Li L 

The Cancer Genome Atlas (TCGA) has made available comprehensive molecular profiles 
including gene expression for many human tumor types and provided a great opportunity to use 
those data to identify features that can classify tumor types. Because gender differences in 
cancer susceptibility are one of the most consistent findings in cancer epidemiology, knowing 
whether the distinguishing features differ between males and females for the same tumor types 
might enhance their utility as biomarkers. 

Our goals are: to identify a set of genes whose expression levels can classify pan-cancer tumor 
types when gender is ignored; and to identify analogous sets of genes in sex non-specific 
tumors from men and from women separately. 

We analyzed RNA-seq data for 9096 TCGA tumor samples from 31 types using the GA/KNN 
algorithm we developed. We randomly assigned half of all samples into a training set and half 
into a test set, proportionally allocating samples from each tumor type and used the training set 
to obtain 2000 near-optimal classifiers (each set consisting of 20 genes) from repeated runs. 
We subsequently applied each resultant near-optimal classifier to the test set and compared the 
predicted class with the true class to calculate training and testing performances. To see if sex 
non-specific tumors (not related to reproductive organs) differ between males and females, we 
repeated the analysis for 24 tumor types separately for males and for females. 

In all analyses, we could accurately classify ~89% training and ~88% testing samples. The top 
20 genes that separated the 31 tumor types 
were TCF21, TBX5, EMX20S, EMX2, PA2G4P4, HNF1B, NACA2, SFTPA1, ATP5EP2, PTTG3 
P, FTHL3, ANXA2P3, GATA3, NAPSA, SFTA3, HSPB1P1, HOXA9, IGBP1P1, RPL19P12, 
and SFTPB. 

Of the 100 top-ranked genes, 74 were common between males and females. A few genes 
showed considerable difference in ranking between genders. For example, BNC1 ranked 36 in 
males but 461 in females. Literature showed that BNC1 was hypermethylated in female 
compared to male hepatocellular carcinoma. It remains unclear if the top genes played any role 
in differential cancer susceptibility between genders. 

In conclusion, we were able to accurately classify ~88% of the tumor samples in all analyses. 
The performances are remarkable given the number of the tumor types (24 and 31) involved. 
We were also identified a few genes that might play a role in gender differences among sex 
non-specific tumors. 
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Insights into the structure and molecular mechanisms of the ligand-estrogen 
receptor α complex with bisphenol A analogues 

Li Y, Perera L, Coons L, Burns K, Ramsey T, Teng C, Pelch K, and Korach K 

RDBL, GISBL, DNTP, 

Estrogens are key regulators of growth, differentiation and physiological functions via the 
estrogen receptors (ERs). Bisphenol A and its analogues (BPAs), including bisphenol AF 
(BPAF) and bisphenol S (BPS) are industrial chemicals. Studies have shown that BPAs can 
differentially disrupt the normal function of the endocrine system. In this study, we used in vitro 
cell models to evaluate the mechanistic estrogenic effects of BPA, BPAF, and BPS. We show 
that all BPAs induce endogenous ER-target genes and weakly activate the estrogen responsive 
element (ERE)-mediated transcriptional activity for ERα in a dose-dependent manner; however 
they show a differential activity for ERβ since BPS did not active ERβ. Molecular modeling 
studies suggest that all three BPAs can bind the ER-LBD active site with agonistic conformation. 
But, only BPAF can bind with an antagonistic conformation. Chromatin immunoprecipitation 
(ChIP) assay shows differential binding of ERα, p300 or CBP to the ERE of the ER-target gene 
promoters with BPA, BPAF, or BPS treatment. Microarray Analysis for Real-Time Coregulator-
Nuclear receptor Interaction (MARCoNI) demonstrates that coactivators, such as SRCs and 
PGC1s are differentially recruited to the ERα ligand bound complex in the presence of BPA, 
BPAF, or BPS. Moreover, BPS recruits more corepressors in the ligand-ERα complex when 
compared with BPA and BPAF. Furthermore, using computational modeling, we predict the 
potential locations in the BPA-ERα complex which are modulated by coregulators. Taken 
together, this study provides new results regarding the molecular mechanisms of BPA actions 
and these findings could help to explain how endocrine disrupting compounds such as BPAs 
impact/affect differential physiological functions in human health. 
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Epigenetic memory of obesity in mouse colonic epithelium 

Li R, Grimm S, Mav D, Gu H, Djukovic D, Merrick A, Shah R, Raftery D, and Wade P 

Eukaryotic Transcriptional Regulation, DIR ESCBL, NIEHS, Integrative Bioinformatics, NIEHS, 
SRA International, Inc., Northwest Metabolomics Research Center, Biomolecular Screening 
Branch, NTP, NIEHS, 

Colorectal cancer is the third most common cancer in the world. Obesity is a major risk factor 
with long-lasting effects on the predisposition to colorectal cancer; however, the mechanistic 
underpinnings remain poorly understood. To explore the epigenetic mechanisms underlying the 
link between obesity and coloractal cancer, we performed whole-genome bisulfite sequencing 
and RNA-Seq in colonic epithelium from control mice, obese mice, and formerly obese mice. 
We found that obesity-induced DNA methylation changes reprogrammed the transcriptome 
leading to a metabolic switch favoring long chain fatty acid oxidation, which is essential to 
colonic stem cell functions and colon tumorigenesis. Remarkably, persistent changes in DNA 
methylation and gene expression were observed after weight loss, mainly at metabolic and 
cancer-related genes, leading to long-term predisposition to colorectal cancer. In summary, we 
provide the epigenetic and metabolic basis of the link between obesity and colorectal cancer. 
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Rif1-dependent Repressive Chromatin Modifications are Required for 
Endogenous Retrotransposons Silencing in Embryonic stem cell 

Li P, Li P, Wang L, Bennett B, and Hu G 

Stem Cell Biology, DIR ESCBL, NIEHS, Epigenetics and Stem Cell Biology Laboratory, 
Integrative Bioinformatics Support Group, 

Almost half of the mammalian genome is derived from retrotransposons that are grouped into 
long terminal repeat retrotransposons such as endogenous retroviruses (ERVs) and non-LTR­
retrotransposons such as long and short interspersed nuclear elements (LINEs and SINEs). 
Retrotransposons not only serve as building blocks for evolution, but also as genetic regulatory 
elements to mediate adjacent gene expression. De-regulation of their transcription and 
retrotransposition often results in harmful effects such as erroneous transcription and mutations. 
As a result, multiple epigenetic mechanisms have been adopted to control retrotransposon 
activities, including histone modifications, DNA methylation, chromatin remodeling and small 
RNAs. 

Here we report the identification of Rif1 as a novel regulator of ERVs. Rif1 was originally found 
as a Rap1 interacting factor at telomeres, and has been previously shown to regulate telomere 
length, genome stability, DNA damage response and replication timing. We found that Rif1 
depletion by RNAi or gene deletion in embryonic stem cells (ESCs) led to significant activation 
of ERVs and their neighboring genes. Rif1 directly occupies genomic regions at ERVs. Its 
binding facilitates the recruitment of histone methyltransferases Setdb1 and EZH2, and 
promotes the deposition of repressive histone marks H3K9me3 and H3K27me3. Finally, in DNA 
methyltransferase deficient ESCs, Rif1 is required for increased H3K9me3 and H3K27me3 
occupancy to ensure ERV silencing in the absence of DNA methylation. Together, our study 
reveals a critical role of Rif1 in the establishment of the repressive chromatin state at ERVs and 
in the integration of different epigenetic mechanisms during ERV silencing. 
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ORIO: a web-based resource for integrative analysis and visualization of 
genomics data 

Lavender CA, Shapiro AJ, Burkholder AB, Bennett BD, Adelman K, and Fargo DC 

With the advent of next generation sequencing (NGS), large-scale production of genome-wide 
data has become an increasingly common practice. The tens of thousands of datasets available 
in public repositories allow for high-dimensional analysis of the genomes and transcriptomes of 
humans and model organisms. However, the size and format of these data limit accessibility 
and utility for many life scientists. The integration of multiple NGS datasets often requires 
extensive technical support from outside groups. Here we present Online Resource for 
Integrative Omics (ORIO), a web-based tool for facile analysis and visualization of high-
dimensional whole-genomic data. ORIO performs rapid correlative analysis of NGS data, 
grouping genome-wide features, such as transcription start sites and protein binding sites, into 
informative clusters. ORIO makes minimal assumptions about analyzed data, broadening its 
use and enabling integration across a wide variety of data types, including those from ChIP-seq 
and DNase-seq experiments. Analysis and data management are completely controlled 
through an intuitive web-based user interface, enabling its use by non-specialists. The interface 
presents results in dynamic displays and allows the user to conduct formal statistical tests, 
facilitating movement between discovery- and hypothesis-based queries. ORIO facilitates rapid 
comparisons with outside data, including validation of experimental data against known 
standards. By combining intuitive visualization strategies with rigorous analytical approaches, 
ORIO effectively empowers life scientists. We anticipate wide use of ORIO in a variety of 
genomics applications. 

82



 
 

  
   

  
 

  
 

 

   
   

  
    

      
   

      
  

    
  

   
   
    

 
  

 
   

    
     

 

Poster Presentation 59 

Cytochrome c as a peroxidase plays a role in α-synuclein radical formation: 
Implications of α-synuclein in alterations of biological pathways and neuronal 
death in Maneb- and paraquat-induced model of Parkinson’s disease 

Kumar A, Ganini D, and Mason RP 

Free Radical Metabolism, DIR IIDL, NIEHS, 

Parkinson's disease (PD) is a neurological disorder that involves the loss of dopaminergic 
neurons in the substantia nigra. Though PD is multifactorial, several reports show an increased 
incidence of PD with coexposure to pesticides such as Maneb and paraquat (MP). In pesticide-
related PD, mitochondrial dysfunction and α-synuclein oligomers have been strongly implicated, 
but the link between the two is not yet understood. Similarly, the biological effects of α-synuclein 
or its radical chemistry in PD is largely unknown. Mitochondrial dysfunction during PD 
pathogenesis leads to release of cytochrome c in the cytosol. In the cytosol, cytochrome c has 
one of two fates: It either binds to apaf1 and initiates apoptosis or acts as a peroxidase. We 
hypothesized that as a peroxidase, cytochrome c leaked from mitochondria can form radicals on 
α-synuclein and initiate its oligomerization. Experiments with MP co-exposed mice showed 
cytochrome c release in cytosol and its co-localization with α-synuclein. Immuno-spin trapping 
experiments of samples from an in vitro reaction mixture consisting of cytochrome c, α­
synuclein, and hydrogen peroxide indicated that cytochrome c catalyzes α-synuclein radical 
formation and oligomerization. Experiments with MP co-exposed α-synuclein knockout mice, in 
which cytochrome c-α synuclein co-localization and interaction can not occur, mice showed 
diminished protein radical formation, minimal changes in overall gene expression and 
diminished neuronal death compared to wild-type MP co-exposed mice. Altogether, these 
results show that peroxidase activity of cytochrome c contributes to α-synuclein radical 
formation and oligomerization, and that α-synuclein, through its co-localization with 
cytochrome c or on its own, affects several biological pathways which contribute to increased 
neuronal death in an MP-induced model of PD. 
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Microglia are capable of LC3-associated phagocytosis 

Kolb JP, and Martinez J 

Inflammation & Autoimmunity, DIR IIDL, NIEHS, Inflammation & Autoimmunity, DIR IIDL, 
NIEHS 

LC3-associated phagocytosis (LAP) occurs when some, but not all, of the mediators of 
autophagy are recruited to the phagosome in response to receptor-mediated phagocytosis of 
particulate cargo. During LAP, cytoplasmic LC3-I is converted to lipidated LC3-II which binds to 
the phagosomal membrane and promotes fusion with the lysosome. LAP has been shown to 
play an important role in the clearance of immune complexes, pathogenic microorganisms, and 
dead cells by innate immune cells. Despite evidence that links defects in autophagic proteins to 
neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s disease, the role of 
LAP in the central nervous system (CNS) has yet to be studied. Here we show that microglia, 
the resident macrophages of the CNS, express key LAP molecular machinery and do indeed 
undergo LAP in response to the TLR2/TLR6 agonist zymosan A. Preliminary data suggest that 
microglia may also undergo LAP and produce pro-inflammatory cytokines and chemokines in 
response to beta-amyloid and alpha-synuclein, two proteins implicated in neurodegenerative 
disease, presented on a latex bead substrate. Therefore, LAP by microglia may be an 
important mediator of homeostasis or disease within the CNS. 
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Multiply-phosphorylated binding motifs in DNA repair - identifying the roles of 
individual phosphate groups 

Kim K, Pedersen LC, DeRose EF, Kirby TW, and London RE 

Nuclear Magnetic Resonance, DIR GISBL, NIEHS, X-ray Crystallography, DIR GISBL, NIEHS, 

DNA repair enzymes frequently make use of phosphorylation-dependent interactions involving 
peptide sequences that are constitutively phosphorylated by casein kinase 2 (CK2). CK2­
dependent phosphorylation selectively targets highly anionic sequences that are typically rich in 
aspartyl and/or glutamyl residues. The resulting phosphorylated peptides exhibit several 
unusual properties that generally include elevated pKa value(s) for the phosphorylated serine or 
threonine residues present in the binding motif, as well as multiple phosphorylation sites. In 
order to investigate the effects of these characteristic pKa values on binding, we have studied 
the interaction of phosphorylated XRCC1 and XRCC4 peptide sequences with the APLF FHA 
domain. For both the XRCC1- and XRCC4- recognition sequences, the binding motif utilizes 
consecutive phosphoserine-phosphothreonine residues. Crystallographic, NMR, and 
fluorescent titration studies demonstrate specialized functions of both phosphates. The pT 
phosphate is involved in binding site recognition, while the pS phosphate functions as a portable 
buffer that facilitates deprotonation of the pT phosphate to form a dianionic species upon 
binding. Despite a lack of specific interactions of the pS phosphate, substitution of pS with Glu 
results in weaker binding, consistent with the buffering role of the phosphoserine. The 
phosphopeptide-APLF FHA domain interaction is also found to be reduced due to competitive 
binding by phosphate-containing cellular metabolites – particularly ATP. Tumor cells, while not 
universally acidic, often experience hypoxia and low pH. Cells exposed to hypoxia and low pH 
have been reported to exhibit a diminished capacity for DNA repair compared with control cells 
grown under standard culture. These results suggest that diminished affinity of pH-dependent 
phosphopeptide binding motifs may contribute to the compromised DNA repair processes that 
have been observed at low pH. 
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Microbiome data: classification and identification of microbial markers 

Kaul A, and Peddada SD 

Applications in Environmental Sciences, DIR BCBB, NIEHS, 

In recent years there has been considerable interest in developing methods for analyzing 
microbial compositional data. A major challenge when performing such inferences is that the 
relative abundances of taxa are not only compositional (sum to 1), i.e. constrained by a simplex, 
but often contain outlier observations. These outlier observations counts are due to external 
reasons and are not representative of the popuation of interest. Existing methods deal with such 
observations in an ad-hoc manner. We develop a methodology to objectively deal with 
the outlier counts in a principled manner and in turn develop methods for estimation of high 
dimensional covariance or precision matrices which can be used to classify observations to two 
or more groups. We also provide a bootstrap based methodology to identify differentially 
abundant taxa in two or more populations. Lastly we analyze the global human gut data of 
Yatsunenko et al. (2012). We classify individuals to geographical locations based on their 
microbiome data and also identify differentially abundant taxa among three populations, namely, 
USA, Venezuela and Malawi. 
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New fluorescence method to reveal mobility of low concentration proteins in 
living cells: Comparing the two isoforms of Orai1 in Mouse Embryonic Fibroblast 
(MEF) cells 

Janoshazi AK, Wu S, Scappini E, Tucker CJ, and Putney JW 

Calcium Regulation, DIR STL, NIEHS, FMIC, 

Previous studies have shown distinct mobility differences between the two isoforms of the 
ORAI1 channel in HEK293 cells using FRAP (Fluorescence Recovery After Photobleaching 
). The low expression of the GFP tagged ORAI1 channel was a limiting factor to study the 
differences in ORAI mobility in MEF cells with FRAP. The signal to noise ratio was close to 1:1 
resulting in FRAP recovery curves heavily contaminated with noise. Fluorescence Correlation 
Spectroscopy (FCS) is a new approach which allows for detection of low fluorescence intensity 
signal fluctuations. We used FCS with a new imaging analysis program on a confocal 
microscope to document mobility differences between the two isoforms. With the successful 
implementation of FCS we are now able to characterize changes of mobility of the two ORAI 
isoforms in MEF cells before and after stimulation with the SERCA inhibitor, thapsigargin. 
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Mass Cytometry: Introducing a new capability for simultaneously characterizing 
phenotype and function in complex cell populations. 

Iannone MA, and Bortner CD 

Molecular Endocrinology, DIR STL, NIEHS, 

Mass cytometry is an adaptation of inductively-coupled plasma mass spectroscopy to single cell 
analysis. The technology enables massive multiparametric analysis of single cell suspensions to 
investigate cellular responses in heterogeneous populations. Cells are labeled with 30 or more 
antibody probes that are each coupled to unique transition elements and lanthanides. The 
presence and abundance of mass tags on individual cells is used to understand cell responses 
in such complex and heterogeneous populations as hematopoietic and cancer cells. 
Experiments begin with panel design where antibodies are paired with mass tags based on 
antigen abundance and tolerance. Cells of interest are stained with mass tag coupled antibodies 
targeted to cell surface epitopes and intracellular markers such as phosphoproteins, nuclear 
antigens or cytokines. Cells are analyzed using the Helios™ mass cytometer. The labeled cell 
suspension is nebulized into single cell containing droplets which are injected into an 
inductively-coupled plasma torch where they are vaporized, atomized and ionized. The resulting 
single cell ion cloud then enters the mass spectrometry component of the instrumentation where 
the quadrupole filters out the lower masses. The filtered cloud then enters a time-of-flight 
module where Ions are ordered from light to heavy based on charge to mass ratio. Single cell 
resolution data are collected and stored. Multi-dimensional data analysis is conducted using 
Cytobank, a web-based software tool that offers high dimensional data visualization tools such 
as SPADE and viSNE. 

The technology is currently being used within NIEHS to understand activation and maturation of 
pulmonary dendritic cells in mouse immune response to aeroallergens, to evaluate the effects of 
smoking on human leucocyte populations and to characterize mouse cancer stem cells in early, 
mid and late progression stages. 
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Multi-walled Carbon Nanotube Functionalization with High Molecular Weight 
Hyaluronan Significantly Reduces Pulmonary Injury 

Hussain S, Zhaoxia J, Degraff L, Taylor A, Tucker C, Margaret G, Rice A, Marshburn J, 
Snyder R, Bonner J, and Garantziotis S 

Matrix Biology, DIR CRB, NIEHS, UCLA, NCSU 

Commercialization of multi-walled carbon nanotubes (MWCNT)-based applications has been 
hampered by concerns regarding their lung toxicity potential. Hyaluronic Acid (HA) is a 
ubiquitously found polysaccharide, which is anti-inflammatory in its native high molecular weight 
form. HA-functionalized smart MWCNTs have shown promise as tumor- targeting drug delivery 
agents and can enhance bone repair and regeneration. However, it’s unclear whether HA 
functionalization could reduce the pulmonary toxicity potential of MWCNTs. Using in vivo and in 
vitro approaches, we investigated the effectiveness of MWCNT functionalization with HA in 
increasing nanotube biocompatibility and reducing lung inflammatory and fibrotic effects. We 
utilized 3-dimensional cultures of differentiated primary human bronchial epithelia to translate 
findings from rodent assays to humans. We found that HA functionalization increased stability 
and dispersion of MWCNTs and reduced post-exposure lung inflammation, fibrosis and mucus 
cell metaplasia compared with non-functionalized MWCNTs. Co-cultures of fully differentiated 
bronchial epithelial cells (cultivated at air-liquid interface) and human lung fibroblasts 
(submerged) displayed significant reduction in injury, oxidative stress, as well as pro-
inflammatory gene and protein expression after exposure to HA-functionalized MWCNTs 
compared with MWCNTs alone. In contrast, neither type of nanotubes stimulated cytokine 
production in primary human alveolar macrophages. In aggregate, our results demonstrate the 
effectiveness of HA functionalization as a safer design approach to eliminate MWCNT-induced 
lung injury and suggest that HA functionalization works by reducing MWCNT-induced epithelial 
injury. 
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DNA Polymerase β uses its lyase domain in a processive search for DNA damage 

Howard MJ, Rodriguez Y, and Wilson S 

DNA Repair & Nucleic Acid Enzymology, DIR GISBL, NIEHS, 

Polymerase (Pol) β maintains genome fidelity by catalyzing nucleotide insertion and removal of 
a reactive DNA repair intermediate during base excision repair (BER). Situated within the middle 
of the BER pathway, Pol β must efficiently locate its substrates before damage is exacerbated. 
The mechanisms of damage search and location by Pol β are largely unknown but are critical to 
understanding the fundamental features of the BER pathway. Toward this end we developed a 
processive search assay to determine if Pol β has evolved a mechanism for efficient DNA 
damage location. These assays revealed that Pol β scans DNA using a processive hopping 
mechanism and has a mean search footprint of ~24 bp at predicted physiological ionic strength. 
Mutational analysis revealed that the positively charged lyase domain is required for processive 
searching, suggesting a novel function for the 8-kDa lyase domain of Pol β. Application of our 
processive search assay into the mononucleosome 601 system revealed that Pol β is not 
processive in the context of a NCP and its single-turnover activity is reduced ~500-fold, as 
compared to free DNA. These data suggest that the repair footprint of Pol β mainly resides 
within accessible regions of the genome and that these regions can be scanned for damage by 
Pol β. 
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Characterization of the first clinical homozygous PolG2 mutation, R182W 

Hoff K, DeBalsi KL, Longley MJ, Naini AB, and Copeland WC 

Mitochondrial DNA Replication, DIR GISBL, NIEHS, Mitochondrial DNA Replication Group, 
Columbia University Medical Center, 

Human mitochondrial DNA (mtDNA) polymerase gamma (Polg) is the only enzyme known to 
replicate and repair the mitochondrial genome. Polg consists of two nuclear encoded subunits, 
the p140 kDa subunit encoded by the POLG gene and a smaller p55 kDa homodimeric 
accessory subunit encoded by the POLG2 gene. While PolG functions as the catalytic subunit, 
PolG2 promotes processivity and enhances PolG’s DNA binding. Recently, a patient presented 
with mitochondrial disease symptoms primarily affecting liver and skeletal muscle. Whole exome 
sequencing revealed a homozygous missense mutation within PolG2, R182W (paper accepted 
pending revision). The apo structure of PolG2 (PDB: 2G4C) shows this amino acid substitution 
to be at the base of the dimerization domain, suggesting the potential for this mutant to affect 
dimerization. Characterization of purified R182W PolG2 has shown this mutation causes a 
15oC drop in thermostability and an important structural change leading to the mutant running 
on an analytical S200 at a molecular weight of 87kDa (which is half way between the size of a 
monomer and dimer). Atomic Force Microscopy suggests that R182W PolG2 is indeed more 
compact in both volume and height than WT PolG2. These structural changes also induce a 
10-fold weaker DNA binding affinity but do not appear to affect R182W PolG2’s ability to interact 
with and stimulate the catalytic subunit as assessed by steady state kinetics, processivity, 
exonuclease inhibition or PolG-PolG2 binding in vitro. Patient dermal fibroblasts, while showing 
a clear growth defect, do not show reduced bioenergetics. However, HEK cells overexpressing 
R182W PolG2 have significantly reduced bioenergetics which suggests that the reduced 
stability of the protein affects mitochondrial function ex vivo. 
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Superfund Research Program Water Innovation: An Integrated Approach to 
Sustainable Solutions 

Henry H, Carlin D, Heacock M, and Suk WA 

Hazardous Substances Research Branch, DERT HSRB, NIEHS, 

The NIEHS Superfund Research Program (SRP) funds multidisciplinary research addressing 
the complex and evolving challenges associated with exposures to hazardous substances. 
Some of this research can be directly applied to addressing challenges in water quality and 
developing the next generation of water technologies. 

Improvements in water quality have dramatically improved the public’s health in the United 
States. However, even in the United States, clean water is not always assured. Some old 
challenges remain, and new ones are emerging. The SRP funds projects related to water 
remediation, detection of contaminants in water, and health effects studies of high relevance to 
drinking water. SRP research combines laboratory, field work, and population-based studies, as 
well as community engagement and research translation, to improve our understanding of and 
minimize the health effects associated with exposures to contaminants in water. 

Research in epidemiology and toxicology informs science-based policy for safe drinking water. 
SRP researchers are contributing to these advances by identifying exposures and linking them 
to a variety of health outcomes, including preterm birth, cancer, neurodevelopmental outcomes, 
and decreased lung function. Researchers are also developing monitors to detect and measure 
contaminants in water and sediments. This work includes real-time monitoring as well as 
untargeted monitoring for a wide range of contaminants. 

SRP researchers are also determining methods to prevent and reduce harmful exposures by 
developing innovative technologies to treat water directly, or indirectly, through remediation of 
groundwater and sediment. This includes testing new approaches for treating emerging 
contaminants that are difficult to remove with existing technologies. The SRP is a technology-
driven program that uses an integrated research model to develop new solutions to complex 
problems, helping water treatment technologies to operate more effectively, more cost 
efficiently, and with greater public safety. 
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Human Glucocorticoid Receptor β (hGRbeta) Regulates Gluconeogenesis and 
Inflammation in Mouse Liver 

He B, Cruz-Topete D, Oakley R, and Cidlowski J 

Molecular Endocrinology, DIR STL, NIEHS, 

Glucocorticoids govern diverse physiological processes and exert their effects through the 
classic glucocorticoid receptor (GR) alpha in many tissues and organs, such as the liver. The 
human GR exists as two alternative splice variants, hGRalpha and hGRbeta. Hepatic GRalpha 
has been shown in vivo to be critically involved in the regulation of liver metabolism and 
inflammatory response. The in vivo function of hGRbeta, however, is poorly understood. In vitro 
studies indicated that hGRbeta, unlike hGRalpha, is unable to bind glucocorticoids yet resides 
exclusively in the nucleus, where it harbors intrinsic gene regulatory activity. Moreover, when 
co-expressed with GRalpha, GRbeta acts as a dominant-negative inhibitor of GRalpha and 
elicits glucocorticoids resistance. These in vitro observations suggest that GRbeta serves as a 
homeostatic mechanism to modulate cellular responses to glucocorticoids. To investigate the 
role of hGRbeta in vivo, we created an Adeno-Associated Virus (AAV) to express hGRbeta 
under the control of the hepatocyte-specific alpha1-antitrypsin promoter to achieve hepatocyte­
specific hGRbeta expression (AAV-GFP was used as a control). Our approach successfully 
achieved hGRbeta specific expression in the livers of 3-month-old C57BL/6 mice. In AAV-hGRβ 
treated animals, blood chemistry tests showed normal serum levels of liver enzymes, and 
hematoxylin and eosin (H&E) staining analysis of the treated livers indicated normal histology, 
suggesting that AAV-mediated hGRβ over-expression does not produce hepatotoxicity. 
Immunofluorescence staining revealed that hGRbeta resides in the nucleus of hepatocytes, 
consistent with in vitro studies. Genome wide expression analysis comparing gene expression 
profiles between AAV-hGRbeta-injected and AAV-GFP-injected mice livers showed that hGRβ 
significantly increased the expression of numerous genes, many of which are involved in 
endocrine system disorders and the inflammatory response. Physiologically, hGRβ antagonized 
GRα's function and attenuated hepatic gluconeogenesis through downregulation of 
phosphoenolpyruvate carboxykinase (PEPCK) in wild-type (WT) mouse liver. Interestingly, 
however, hGRβ did not repress PEPCK in GR liver knockout (GRLKO) mice. In contrast, hGRβ 
regulates the expression of STAT1 in the livers of both WT and GRLKO mice. Chromatin 
immunoprecipitation (ChIP) and luciferase reporter assays demonstrated that hGRβ binds to the 
intergenic glucocorticoid response element (GRE) of the STAT1 gene. Furthermore, treatment 
with RU486 inhibited the upregulation of STAT1 mediated by hGRβ. Our array data 
demonstrate that hGRβ regulates unique components of liver gene expression in vivo by both 
GRα-dependent and GRα-independent mechanisms. Finally, successful gene delivery of the 
glucocorticoid receptors into GRLKO allows us to study the function of other GR isoforms 
harboring various post-translational modifications. 
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Using CRISPR/Cas9 to Disrupt Novel Brain-specific PPARg Coactivator 
Transcripts to Study Their Role in Behavioral Neurology. 

Hagler TB, Gruzdev A, Scott G, Xu F, Woychik R, and Ray M 

Receptor Biology, DIR RDBL, NIEHS, ESCBL, 

Repetitive elements (REs) comprise about 50% of the mammalian genome. These elements 
have been shown to play a critical role in the regulation and expression of some genes. With the 
advent of next generation sequencing, an increasing number of REs have been shown to form 
fusion transcripts (FTs) with adjacent genes. These FTs can result in non-canonical expression 
patterns of the “host” gene from the RE-specific promoter or alter the open reading frame to 
generate a novel protein variant. A recent cocaine exposure study identified 466 differentially 
expressed novel FTs in the nucleus accumbens in the brain of mice. The study identified two 
novel FTs for PPARgamma Coactivator 1a (Pgc1a/Ppargc1a) that utilize two different repetitive 
elements hundreds of kb upstream from the canonical promoter. A neurological role for Pgc1a 
was previously reported for a null mutation of Pgc1a that disrupts a downstream region of the 
common ORF. We were interested in testing whether the novel FTs are responsible for the 
brain-specific functions for Pgc1a. The novel RE-derived Pgc1a exons were mapped to two 
different REs; a simple sequence repeat (SSR) exon and a short interspersed repetitive element 
(SINE) exon. These two novel exons could independently or in combination generate two novel 
brain-specific Pgc1a variants. In order to characterize the role of these novel RE-derived Pgc1a 
variants, we utilized CRISPR/Cas9 to disrupt the two exons to generate mice deficient in either 
the SSR-Pgc1a variant or the SSR-SINE-Pgc1a variant. Single cell embryo microinjection of 
Cas9 mRNA and Cas9 guides targeted to the novel exons; we were able to generate the 
various desired genomic disruption by non-homologous end joining (NHEJ). Founder mice were 
genotyped at weaning by PCR amplification and conventional sequencing. Founders harboring 
NHEJ mutations of interest were bred to wild-type mice and mutant allele sequence was verified 
in the offspring of the founders. Following colony expansion, heterozygous mice were in-
crossed to generate the various Pgc1a variant-deficient mice. Immediate future directions for 
this project will be to confirm the loss of expression of the RE variants in each of the sub-lines. 
Once expression disruption is confirmed, the mice will be assessed for any phenotypes that 
arise from disruption of these novel RE-derived Pgc1a variants. This work will allow us to better 
understand the role of these brain-specific Pgc1a FTs in the animal. 
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Modulation of the hippocampal circuit by oriens lacunosum-moleculare neurons 

Haam J 

Ion Channel Physiology, DIR NL, NIEHS 

The hippocampus is the interface between memory encoding and consolidation processes, 
which serves as the brain structure that temporarily stores the encoded memory, but also as the 
memory module that sends out data for consolidation. Previous studies have suggested that the 
GABAergic interneurons oriens lacunosum-moleculare (OLM) cells in the hippocampus are 
activated during memory encoding, but the physiological role of these neurons is not clear. OLM 
interneurons are major negative regulators of CA1 pyramidal neurons that receive glutamate 
inputs from the CA1 pyramidal neurons and in return project to the dendrites of the CA1 
pyramidal neurons. Here, using electrophysiology, optogenetics, and Cre-expressing mouse 
lines, we investigated how OLM interneurons regulate the hippocampal output to the entorhinal 
cortex (EC) circuit. To examine whether OLM interneurons modulate the hippocampal output to 
the EC, we recorded from the EC layer V (ECV) neurons upon stimulation of CA1 pyramidal 
neurons. Optogenetic stimulation of OLM interneurons caused a significant decrease in the 
amplitude of the evoked glutamatergic current in ECV neurons, suggesting that OLM 
interneurons suppress the CA1-to-EC circuit. Furthermore, using viral expression of diphtheria 
toxin A and mouse behavioral approaches, we investigated how ablation of OLM interneurons 
affects memory formation. Oblation of OLM interneurons impaired the object location memory 
task (OLT), but not the novel object recognition task (NORT), suggesting that the neurons play a 
critical role in hippocampus-dependent memory formation. In addition, OLM-ablated mice 
showed reduced spontaneous alternation performance in the Y-maze task, showing that they 
have impaired spatial working memory. Together, these results demonstrate that OLM 
interneurons regulate the hippocampal output to EC and that these interneurons are critical in 
the encoding of hippocampus-dependent memory, which is impaired when the neurons are 
ablated. 
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Use of a hyperactive dGTPase mutant to investigate the role of E. coli dGTP 
triphosphohydrolase 

Glenn KF, Singh D, and Schaaper RM 

Mechanisms of Mutation, DIR GISBL, NIEHS, 

Escherichia coli dGTP triphosphohydrolase (dGTPase) catalyzes the breakdown of the DNA 
precursor dGTP to deoxyguanosine and tripolyphosphate (PPPi). Our lab has previously 
discovered a mutator phenotype for E. coli upon inactivation of the dgt gene encoding this 
dGTPase. The finding suggested a possible fidelity role of this enzyme, presumably through 
maintaining the dNTP pools, as dNTP pool alterations have been shown to lead to increased 
mutations during DNA replication. More recently, we have generated a hyperactive variant of 
the dGTPase via a single mutation within the active site (C273S) that improves the catalytic 
efficiency of the dGTPase by 3-fold. We refer to this mutant as dgt M9. 

When located on the chromosome, the M9 gene has a deleterious effect on the viability of the 
strain by reducing the viable cell count by 2-fold after overnight growth in liquid LB 
media. Additionally, flow cytometry using nucleic acid stains revealed two populations of M9 
cells compared to the one population for the wild-type, and suggested that expression of M9 
dGTPase may cause an increase in DNA content. 

In order to amplify the possible effects of the dGTPase, we cloned the wild-type and M9 genes 
into a pET30 Ek/LIC vector and transformed into expression strains BL21(DE3) or BL21AI. We 
observed that in BL21(DE3), even in the absence of the inducer ITPG, the M9 clone caused a 
15-fold reduction in viability compared to the wild-type clone, a toxic effect presumably due to 
leaky expression. The toxic effect of the M9 dGTPase was further confirmed by growing the 
BL21(DE3) clones in the absence of antibiotic selection and showing that the M9-plasmid was 
selectively eliminated. Flow cytometry showed BL21(DE3) M9 cells to have an increased 
number of cells with increased DNA content. 

The BL21AI strain provides tighter control over basal expression levels by placing T7 RNA 
polymerase under control of an arabinose-inducible promoter. In this background, there is little 
or no toxic effect of M9 prior to addition of the inducers arabinose and IPTG. However, almost 
immediately after their addition, cell viability of the M9 clone sharply decreases compared to the 
wild-type clone. Utilizing the BL21AI expression system and by adjusting IPTG concentrations 
we have identified a condition that allows us to study the toxic effects of M9 dgt without greatly 
affecting WT dgt cell viability. We intend to utilize this system to understand the increase in 
DNA content of M9 dgt cells and to investigate whether this effect is due to formation of complex 
nucleoids in which chromosome replication is initiated multiple times without being able to 
complete replication due to a lack of dGTP. We also intend to use this system to identify 
possible suppressor mutations that can overcome the detrimental effects of M9 
overproduction. This work on the hyperactive dGTPase is expected to provide more insight into 
the role that dGTPase plays within the cell. 
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Low dose developmental Tetrabromobisphenol-A exposure in the rat: impact on 
the female reproductive tissues 

Gillera SA, Tucker DK, Filgo AJ, Flaws JA, Davila J, Rock K, Horman B, Patisaul HB, 
and Fenton SE 

Reproductive Endocrinology, NIEHS, NTPL, NIEHS, Univ of Illinois, Urbana IL, NCSU, Raleigh 
NC, 

Tetrabromobisphenol A (TBBPA) is a high production volume brominated flame retardant 
commonly used throughout the world. Due to widespread human exposure and little knowledge 
of its effects, TBBPA was evaluated in the National Toxicology Program 2-year bioassay, which 
indicated that adult TBBPA exposure contributed to uterine cancer development in rats. In this 
study, we evaluated a low dose, developmental oral exposure to TBBPA for endocrine 
disrupting activity in reproductive tissues. Wistar rats were orally exposed to 0 or 30 µg TBBPA 
from gestation day (GD) 9 to postnatal day (PND) 21. Mammary glands (male and female) and 
female reproductive tracts were obtained from offspring on PND 21 and at approximately 7 
months of age. All females at 7 months were necropsied in the estrus stage of the cycle. 
Mammary gland whole mounts and histologic sections of mammary and uterine tissues were 
prepared. Tissue evaluations were made in a blinded fashion. Mammary gland development in 
male and female weanlings was delayed significantly by TBBPA exposure. Growth detriments 
included stunted epithelial outgrowth, decreased ductal budding, delayed terminal end bud 
development and prominent gland asymmetry compared to control glands. The epithelial 
abundance and growth delays were also noted in histologic evaluation of mammary sections at 
7 months of age. There was also an increase incidence of simple glandular hyperplasia in the 
female uteri of the TBBPA treated group compared to controls at 7 months. Crowding of the 
uterine glands without any display of nuclear atypia was observed in the treated group. These 
findings suggest that low doses of TBBPA act as endocrine disruptors to the male and female 
mammary glands and cause aberrant uterine development, with some effects suggestive of 
later life disease susceptibility. 
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Consequences of DNA polymerase epsilon deficiency in Saccharomyces 
cerevisiae 

Garbacz MA, Cox P, and Kunkel TA 

DNA Replication Fidelity, DIR GISBL, NIEHS, DNA Replication Fidelity Group, 

In eukaryotes, including humans, three major DNA polymerases are required for nuclear DNA 
replication. DNA polymerase alpha initiates synthesis of both the leading and lagging strands, 
and is then replaced by two more accurate DNA polymerases, Pols delta and epsilon, which 
then perform the bulk of chain elongation. Among several possible models for the exact roles of 
these polymerases in leading and lagging strand replication, several studies support a model 
wherein Pol epsilon replicates the majority of the leading strand and DNA polymerase delta 
replicates the majority of the lagging strand of undamaged DNA. As one approach to investigate 
this model, we are studying a yeast mutant (pol2-16) with an in-frame deletion of the 
polymerase and exonuclease domains of the POL2 gene, which encodes the catalytic subunit of 
Pol epsilon. Colonies of yeast bearing the pol2-16 mutation are very tiny, and have abnormal 
cellular morphology, yet individual cells and the nuclei they contain are much bigger than wild 
type cells. The pol2-16 mutant has a greatly elongated doubling time and an extended S phase, 
and it has a greatly elevated mutation rate and easily accumulates suppressors. These 
observations are consistent with a model wherein Pol epsilon has a critical role in replicating the 
undamaged leading strand of nuclear DNA in yeast. 
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Fluorescent proteins such as eGFP catalytically generate superoxide anion free 
radical and H2O2 in the presence of NAD(P)H 

Ganini da Silva D, Leinisch F, Kumar A, Jiang J, Tokar E, Malone CC, Petrovich RM, 
and Mason RP 

Free Radical Metabolism, DIR IIDL, NIEHS, Stem Cell Toxicology Group, DNTP, NIEHS, 
Protein Expression Core Facility, DIR GISBL, NIEHS, 

Fluorescent proteins are an important tool that has become omnipresent in life sciences 
research. Because of its high fluorescence and light stability, enhanced green fluorescent 
protein (eGFP) is widely used to tag, quantify and locate biomolecules in living systems. It has 
been established that during the maturation of the eGFP chromophore, one molecule of the 
molecular oxygen-derived reactive species H2O2 is produced, reportedly with no consequences 
to cellular homeostasis. However, here we demonstrate that E. coli and HeLa cells expressing 
eGFP show signs of oxidative stress. E. coli bacteria expressing eGFP show expression of 
genes associated with activation of the transcription factors SoxR and OxyR, which are, in turn, 
directly activated by O2•– (superoxide free radical anion) and H2O2. HeLa cells expressing 
eGFP exhibit gene expression associated with H2O2-mediated signaling. We found that an 
immature species of eGFP reacts intracellularly with NAD(P)H to catalytically generate 
biologically significant amounts of O2•– and H2O2. This mechanism was also detected with 
TagRFP, a GFP-homologous red fluorescent protein. Our findings call for a careful 
reinterpretation of experiments using fluorescent proteins in living systems in view of the 
intrinsic oxidative stress induced by GFP-like fluorescent proteins. 
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Tankyrase mediated protein degradation regulates the mouse oocyte-to-embryo 
transition 

Gambini A, and Williams CJ 

Reproductive Medicine, DIR RDBL, NIEHS, 

Understanding the physiology of preimplantation embryo development is critical for optimizing 
the success of assisted reproductive techniques. Transition of an egg into an embryo following 
fertilization requires initiation of transcription from the new embryonic genome (embryonic 
genome activation, EGA). How this process is regulated is not well understood, but recruitment 
of stored maternal mRNAs for translation is essential for its success. Interestingly, maternal 
mRNAs encoding tankyrases 1 and 2 (Tnks) and Wnt signaling proteins are highly expressed in 
mouse oocytes and embryos prior to and during EGA, suggesting they have important 
functions. TNKS-mediated protein poly-ADP ribosylation regulates Wnt/B-catenin and 
PTEN/PI3K/AKT signaling pathways, and there is evidence that both of these pathways are 
required for EGA. To test the hypothesis that Tnks activity controls the mentioned signaling 
pathways during EGA, we inhibited TNKS activity using two approaches: chemical inhibition and 
protein knockdown. In vivo recovered 1-cell embryos were cultured in vitro in the presence of 
the TNKS inhibitor, IWR1-endo, or microinjected with Tnks-morpholino (MO). Chemical 
inhibition of TNKS caused a dramatic arrest in embryo development between the 2- and 4-cell 
stages and a significant reduction in transcription levels at the late 2-cell stage, indicating a 
major failure of EGA. As expected, AXIN2, a direct target of TNKS-mediated protein 
degradation that regulates β-catenin levels, was upregulated by the treatment whereas the level 
of nuclear active β-catenin was reduced. Furthermore, TNKS inhibition significantly reduced 
histone H3, but not histone H4, acetylation at the 2-cell stage. Consistent with the inhibitor 
findings, Tnks-MO knockdown also induced an arrest between the 2- and 4-cell embryo stages. 
To test whether abnormally elevated levels of AXIN2 were responsible for the embryo arrest, 
either wild type AXIN2 or a mutated form of AXIN2 resistant to TNKS-mediated degradation 
were overexpressed through mRNA microinjection in early 1-cell embryos. Only the mutant form 
of AXIN2 impaired preimplantation development, highlighting a critical role for TNKS in 
regulating AXIN2 levels and EGA. Additionally to its role in Wnt signaling, TNKS regulates 
PTEN/PI3K/AKT signaling pathway by inducing PTEN degradation. When TNKS function was 
abolished in embryos, AKT phosphorylation was reduced, a finding consistent with increased 
PTEN levels. We next cultured embryos with IWR-1 and a chemical PTEN inhibitor to maintain 
AKT signaling. This treatment partially rescued the arrested embryo development caused by 
TNKS inhibition. Taken together, these results suggest a novel essential role of maternal 
tankyrase for EGA through the regulation of AXIN2 (negative regulator of the Wnt pathway) and 
PTEN (negative regulator AKT pathway) protein levels. 
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Publications in Chemical Effects in Biological Systems (CEBS) Database 

Fostel JM, Devito MJ, Gao X, Stanko JP, Lea I, Martini C, and Rashid A 

Targeted Testing, DNTP POB, NIEHS, ASRC Federal Vistronix, DNTP NTPLB, 

The Chemical Effects in Biological Systems (CEBS: http://cebs.niehs.nih.gov) database is a 
unique toxicology resource that contains toxicological data from the National Toxicology 
Program (NTP) testing program and other institutions. While much of the data in CEBS are from 
NTP, other government institutions, such as the U.S. Environmental Protection Agency (EPA), 
as well as both academic and commercial laboratories have also deposited data in CEBS. 
These data are made available to the public as published reports, abstracts, or journal articles 
through the CEBS user interface. To facilitate public access the data published in journal 
articles and the corresponding data deposited in CEBS, we have developed the CEBS 
Publications Guided Search (workflow). Users review or search a list of journal articles to select 
the article of interest. A PubMed identifier (PMID) link, abstract, individual animal and/or group 
level data, and GEO Series link (if applicable) are provided for each publication. In some cases, 
figures, tables and images associated with the publication appear along with supplemental 
materials. All data can be downloaded and saved. Making the data publicly available will 
enhance the reproducibility of data. By utilizing a format that provides the public an easily 
accessible database of supplementary and final published materials, CEBS aims to promote 
transparency, accuracy, and validity of the published article by encouraging a complete and 
thorough evaluation of the data. 
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Transcriptome profiling in hippocampal dendrites reveals a role for mitochondria 
in CA2 physiology and function 

Farris SL, Ward JM, Samadi M, and Wang Y 

Synaptic and Developmental Plasticity, DIR NL, NIEHS, Integrative Bioinformatics, DIR, NIEHS, 
Cellular & Molecular Pathology Branch, DNTP , NIEHS 

Several lines of evidence suggest that experience-dependent translation of mRNA in dendrites 
is required for the persistence of experience-dependent changes in the brain. This spatial 
restriction of mRNA to subcellular domains enables local regulation of protein synthesis in a 
synapse-specific manner. It is currently unknown whether different cell types express different 
complements of dendritic RNAs to regulate specific forms of synaptic plasticity. 

Synapses in hippocampal area CA2 differ from those in neighboring subregions in that they do 
not undergo typical long-term potentiation, a process that requires local protein synthesis. In 
fact, we found that even the maintenance of baseline synaptic transmission in CA2 may require 
dendritic protein synthesis, as translation inhibitors led to a decrease in postsynaptic responses 
in CA2, but not in CA1. These data suggest that local protein synthesis may play a critical role in 
gating synaptic plasticity in CA2 dendrites. To identify the RNA transcripts in CA2 and 
surrounding subregion dendrites (CA1, CA3 and DG), we used laser-capture microdissection on 
hippocampal sections from a mouse line that expresses green fluorescent protein in CA2. RNA 
was isolated from the cell bodies and dendrites of each subregion (N=3 adult male mice) and 
used to generate cDNA libraries for RNAseq. Libraries from each animal were eight-plexed and 
run on a single lane of the Illumina NextSeq500 instrument acquiring 100bp paired-end reads. 
Reads were aligned to the mouse genome (mm10) using STAR. Differential gene expression 
was determined using DESeq2 and alternative splicing was assessed using DEXseq. Finally, 
Illumina NextBio analyses were used to identify enriched canonical pathways in dendrites. 

We found that CA2 dendrites are enriched for unique mRNA transcripts compared to 
neighboring CA1, CA3 and DG. In particular, genes involved in lipid metabolism and the 
generation of energy were expressed at higher levels in CA2 cell bodies and dendrites than 
neighboring subregions. Ongoing studies are exploring whether differences in mitochondrial 
efficiency may be linked to the unique physiology and function of CA2 neurons. In addition, 
plasticity-restricting mRNAs, such as Pcp4, Rgs14, Ptpn5 and Necab2 were enriched in CA2 
dendrites and validated using single molecule fluorescent in situ hybridization. Identifying 
molecules in CA2 dendrites may lead to novel therapeutic targets for disorders in which 
dendritic protein synthesis has gone awry, such as those in the autism spectrum. 
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SIRT1 regulates cardiomyocyte differentiation and maturation 

Fang Y, and Li X 

Metabolism, Genes, and Environment, DIR STL, NIEHS, 

SIRT1, a NAD+-dependent protein deacetylase, is a key metabolic sensor that regulates many 
biological processes including metabolism, aging, and cellular stress responses. SIRT1 
knockout mice developed dilated cardiomyopathy, indicating an important role of SIRT1 in heart 
development and function. To tackle the underlying mechanism, we took advantage of a system 
where cardiomyocytes were induced from human embryonic stem cells (hES). We found that 
CM induction was delayed for 2 days from the SIRT1 knockout hES, but no significant 
difference in induction efficiency was observed at later timepoints. SIRT1 knockout 
cardiomyocytes exhibited defects in alignment, morphology and beating at later stage. No 
defects in heart morphology development were observed for SIRT1 knockout mice at E14.5, but 
cardiomyocytes were less organized at E18.5. We are currently characterizing the potential 
targets of SIRT1 that regulates cardiomyocyte organization. 
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Toxicological Evaluation of Phenolic Benzotriazoles using a Human In Vitro Liver 
Model 

Dunlap PE, Blystone C, Ramaiahgari S, Rice JR, Ferguson SS, Boyd WA, and DeVito 
M 

Targeted Testing, NIEHS, Toxicology Branch, BSB, OHAT, NTP Labs 

Phenolic Benzotriazoles (PBZTs)are a group of over 30 compounds that are UV stabilizers 
(absorb UV to increase stability) used primarily as industrial additives: paints and coatings, 
rubber and plastic products, and electrical and electronic products as well as food contact 
polymers and adhesives, cosmetics, sunscreens, and fragrances. There has been very little 
conclusive in vivo data collected and no known human exposure data. As part of program 
assessing the potential toxicity of this class, this study used a primary human hepatocyte (PHH) 
liver model to evaluate the toxicity of nine selected PBZTs in order to identify specific chemicals 
with the highest potential for hazard and/or internal exposure. PHH Cell cultures were exposed 
for 72 hours and subsequently measured for cytotoxicity, gene expression and changes in cell 
morphology. There was no observed cytotoxicity as measured by cell membrane LDH leakage. 
However there were changes in P450 expression, most notably CYP2B6, where 6 0f 9 PBZTs 
showed significant increase in gene expression. Further studies will include other in vitro models 
as well as attempts to link structure to cytotoxicity and gene expression. 
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DNA methylation landscape of the X chromosome in mouse liver 

Duncan CG, Grimm SA, Morgan DL, Bushel PR, Burkholder AB, Fargo DC, Merrick BA, 
and Wade PA 

Eukaryotic Transcriptional Regulation, DIR ESCBL, NIEHS, Integrative Bioinformatics, DIR, 
NIEHS, Respiratory Toxicology, DNTP, NIEHS, Biostatistics & Computational Biology, DIR, 
NIEHS, Molecular Toxic 

The mammalian liver is a sexually dimorphic organ, exhibiting sex-specific differences in hepatic 
function and disease. X chromosome biology is a major difference between the sexes, however 
the impact of X-linked genes on sexual dimorphism of the liver is unclear. DNA methylation 
plays a key role in X chromosome inactivation (XCI), a process that achieves dosage 
compensation for X-encoded gene products between male and female mammalian cells. To 
characterize the X chromosome DNA methylation landscape in liver, we analyzed Whole 
Genome Bisulfite Sequencing (WGBS) data from male and female mice of two genetic 
backgrounds at opposite ends of the spectrum of spontaneous hepatocellular tumor incidence. 
We find that chromosome-wide CpG methylation distributions differ between X chromosome 
and autosomes. Sex-specific differentially methylated regions (DMRs) are enriched on X 
chromosome and reflect the effects of XCI, while strain-specific DMRs are more prevalent on 
autosomes. Sex-specific DMRs are observed on X chromosome in both directions (Female > 
Male and Male > Female) and represent in a shift from extremes to intermediate methylation 
levels in females. Additionally, we examine the relationship between X-chromosome 
methylation patterns and CpG density and find that CpG islands on X chromosome comprise 
two major groups, which differ in proximity to transcription start sites. Sexual dimorphisms at 
regions with low methylation levels (0%-30%) on X chromosome reflect differences at promoter-
proximal CpG islands subject to XCI. However, sexually dimorphic differences at intermediate 
methylation levels (30-70%) are often observed at CpG island shores and shelves. These 
analyses highlight the importance of understanding the influences of sex and genetic 
background in epigenome-wide studies. 
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Deletion of JAZF1 protects against high fat diet-induced obesity, glucose 
intolerance and insulin resistance 

Dorr KM, DeGraff LM, Gruzdev A, Liao G, and Jetten AM 

Cell Biology, DIR IIDL, NIEHS, DIR RDBL, NIEHS, 

Obesity is a global epidemic associated with increased morbidity and mortality. In the United 
States, one-third of adults and seventeen percent of children are obese. Related to this 
epidemic is a substantial rise in obesity-related conditions, including type 2 diabetes, heart and 
cardiovascular disease, and various types of cancer. Homeostasis requires balance a between 
energy intake and energy expenditure. Imbalances in this system can give rise to obesity. There 
is substantial experimental evidence suggesting a genetic predisposition to the development of 
obesity and obesity-related illnesses. The identification of the molecules that regulate 
homeostasis can provide new insights into the genetic basis of obesity, and opportunities for 
new treatments and prevention strategies. Juxtaposed With Another Zinc Finger Gene 1 (JAZF1 
or TIP27) is nuclear zinc-finger protein involved in the regulation of transcription. GWAS studies 
have indicated that single nucleotide polymorphisms in JAZF1 are highly associated with type 2 
diabetes. JAZF1 is expressed in multiple metabolic tissues, including adipose tissue and the 
islet cells of the pancreas. However, the physiological requirement and function of JAZF1 is 
unknown. To further explore the role of JAZF1 in development and disease, we generated 
JAZF1 knockout mice (JAZF1-KO). Here, we show that when fed a high fat diet (HFD), JAZF1­
KO mice exhibit lower body weight and fat mass with reduced adipocyte size compared to 
controls. To assess the effect of the lack of JAZF1 on glucose homeostasis, we performed 
glucose tolerance tests on animals fed either a normal diet (ND) or a HFD. Whereas the obese 
control animals exhibited sustained hyperglycemia, the JAZF1-KO mice on HFD exhibited blood 
glucose concentrations that were similar to those of ND lean controls. While HFD-treated obese 
control mice developed insulin resistance, JAZF1-KO mice maintained high insulin sensitivity. 
Energy expenditure analysis of both oxygen consumption and carbon dioxide output revealed 
that HFD-treated JAZF1-KO mice have increased energy expenditure. In addition, we observed 
a reduced inflammatory response in the white adipose tissue of HFD-treated JAZF1 KO mice 
compared to controls. JAZF1 deficiency prevented hepatic steatosis via the reduction in the 
expression of molecules involved in the onset of fat accumulation. Furthermore, JAZF1 KO mice 
exhibited gene expression signatures that are uncharacteristic of HFD-treatment in multiple 
metabolic tissues. JAZF1 is highly upregulated during 3T3L1 adipocyte differentiation, indicating 
JAZF1 could be a main regulator of this process. Taken together, our results show that JAZF1­
KO mice are resistant to HFD-induced obesity and suggest that JAZF1 regulates adipocyte 
differentiation. Importantly, our findings illustrate the essential role for JAZF1 in regulating 
homeostasis and the development of obesity. 
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Publications in Chemical Effects in Biological Systems (CEBS) Database 

Devito MJ, Gao X, Stanko JP, Lea I, Martini C, Rashid A, and Fostel JM 

Targeted Testing, DNTP POB, NIEHS 

The Chemical Effects in Biological Systems (CEBS: http://cebs.niehs.nih.gov) database is a 
unique toxicology resource that contains toxicological data from the National Toxicology 
Program (NTP) testing program and other institutions. While much of the data in CEBS are from 
NTP, other government institutions, such as the U.S. Environmental Protection Agency (EPA), 
as well as both academic and commercial laboratories have also deposited data in CEBS. 
These data are made available to the public as published reports, abstracts, or journal articles 
through the CEBS user interface. To facilitate public access the data published in journal 
articles and the corresponding data deposited in CEBS, we have developed the CEBS 
Publications Guided Search (workflow). Users review or search a list of journal articles to select 
the article of interest. A PubMed identifier (PMID) link, abstract, individual animal and/or group 
level data, and GEO Series link (if applicable) are provided for each publication. In some cases, 
figures, tables and images associated with the publication appear along with supplemental 
materials. All data can be downloaded and saved. Making the data publicly available will 
enhance the reproducibility of data. By utilizing a format that provides the public an easily 
accessible database of supplementary and final published materials, CEBS aims to promote 
transparency, accuracy, and validity of the published article by encouraging a complete and 
thorough evaluation of the data. 
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Biochemical characterization of the in cis T251I and P587L PolG disease 
mutations 

Debalsi KL, Longley MJ, Hoff KE, and Copeland WC 

Mitochondrial DNA Replication, DIR GISBL, NIEHS, Mitochondrial DNA Replication, GISBL, 
NIEHS, 

Human mitochondrial DNA (mtDNA) polymerase gamma (PolG) is the only polymerase known 
to replicate and maintain the genetic integrity of the mitochondrial genome. PolG is encoded by 
two nuclear genes: POLG encodes the larger p140 subunit and POLG2 encodes the smaller 
p55 homodimeric accessory subunit. While p140 functions as the catalytic subunit, p55 
enhances binding of PolG to DNA and promotes processivity of the polymerase. Mutation 
of POLG impedes maintenance of mtDNA and causes heritable disorders including Progressive 
External Ophthalmoplegia and Alpers syndrome. Two common POLG mutations found in 
patients with such mitochondrial diseases generate T251I and P587L amino acid substitutions 
in PolG. Rarely reported independently, the T251I and P587L mutations are usually found 
in cis. To understand whether T251I or P587L is the primary pathogenic allele or whether both 
mutations are required to cause disease, we overexpressed and purified WT, T251I, P587L and 
T252I/P587L double variant forms of recombinant PolG. Whereas each of the single mutation 
variants displayed approximately half of the DNA polymerase activity of the WT enzyme in 
steady state kinetics analyses in vitro, the double mutant form was severely compromised and 
retained only 5% of the WT polymerase activity. In agreement, both DNA polymerase 
processivity and exonuclease activity were also diminished by the single mutations and severely 
reduced in the double mutant form. Possible causes of this impaired efficiency of DNA 
synthesis are reduced affinity to DNA, impaired thermostability, low catalytic efficiency and/or 
failure to bind the p55 accessory subunit. Functional assays definitively show no defects in 
binding isotherms for p55 and each p140 variant, which indicates inter-subunit affinities similar 
to WT. Conversely, data shows reduced DNA binding affinity as expressed by the fraction of 
DNA bound to the variant forms of p140. This appears to be caused by dramatically 
compromised thermostability of the p140 variants. In conclusion, our biochemical analyses 
suggest both T251I and P587L substitutions functionally impair PolG, with greater pathogenicity 
predicted for the single P587L variant. In combination, T251I and P587L have extreme thermal 
lability leading to synergistic nucleotide and DNA binding defects, which severely impair 
catalytic activity and correlate with presentation of disease in patients. 
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The Role of Polymerase ζ in the pol2-16 Mutant DNA Replication 

Cox PB, Garbacz M, and Kunkel T 

DNA Replication Fidelity, DIR GISBL, NIEHS, 

Replication of chromosomal DNA in eukaryotes is mediated by the B-family polymerases, which 
include polymerases α, δ, ε and ζ. Pol α initiates synthesis on both the leading and lagging 
strands, while Pol ε synthesizes the majority of the leading strand and Pol δ synthesizes the 
majority of the lagging strand. To study consequences of DNA Pol ε deficiency for genome 
integrity, we constructed a mutant Pol ε, pol2-16, wherein the catalytic domains for polymerase 
and exonuclease activities have been removed while the domain for responses to replication 
stress remain intact. Yeast with this mutant protein have been shown to be viable. We observed 
that this yeast strain also has a high mutation rate. Analyzing the CAN1 mutation spectrum, we 
observed an increase in GC→ CG base substitutions and complex mutation rates in the pol2-16 
mutant compared to wild type yeast. These two mutation types are characteristic of Pol ζ. To 
further explore the role of Pol ζ in nuclear DNA replication in the pol2-16 mutant, we have now 
deleted the REV3 gene encoding its catalytic subunit. This pol2-16 rev3? double mutant strain is 
viable, allowing us to begin analyzing its mutational specificity in order to further test if Pol ζ is 
important for replication when Pol ε is missing. 
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Transcription at intragenic enhancers attenuates gene expression 

Cinghu S, Yang P, Kosak J, Conway AE, Oldfeild AJ, Adelman K, and Jothi R 

Systems Biology, DIR ESCBL, NIEHS 

Gene transcription is regulated at multiple rate-limiting steps, including RNA Polymerase II 
(RNAPII) recruitment, initiation, promoter escape, and termination; however, mechanisms 
regulating transcription during productive elongation remain enigmatic. Enhancers, which 
activate/enhance gene transcription, themselves undergo RNAPII-mediated transcription, but 
the functional significance of enhancer transcription/RNA is unclear. Here we show that 
transcription at intragenic enhancers attenuates host gene transcription during productive 
elongation. The extent of attenuation correlates positively with the levels of nascent RNA from 
intragenic enhancers. The act of transcription at intragenic enhancers, but not the transcript 
itself, interferes with gene transcription. Through CRISPR/Cas9-mediated deletions, we 
demonstrate a physiological role for intragenic enhancer-mediated transcription attenuation in 
cell-fate determination during early embryonic development. Our findings reveal that intragenic 
enhancers not only enhance transcription of one or more genes from a distance but also fine-
tune transcription of their host gene through attenuation, facilitating differential utilization of the 
same regulatory element to perform disparate functions. 
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MTA3 deletion may play a role in plasma cell development 

Chrysovergis K, Kondilis-Mangum H, and Wade PA 

Eukaryotic Transcriptional Regulation, DIR ESCBL, NIEHS, 

MTA3 is a cell-type specific component of the Mi2-NuRD chromatin remodeling complex. MTA3 
is expressed in the thyroid, thymus, B cells, mammary gland, oocytes, and placenta. In breast 
cancer cells, MTA3 regulates the epithelial to mesenchymal transition through repression of the 
transcription factor Snail. Previously, we have shown a relationship between MTA3 and BCL-6, 
the master transcription factor in the development of B cells into germinal center cells. To 
investigate the role of MTA3 in B cell activation and development, a MTA3 conditional knockout 
mouse was bred to CD19-Cre mice, deleting expression of MTA3 in early B cell development. 
MTA3 x CD19-Cre mice show no difference in frequency of plasma cells in the spleen, but trend 
towards reduced antibody (IgA) levels in the serum and antigen specific secreting plasma cells. 
Furthermore, initial RT-PCR data show reduced expression of plasma cell marker Xbp1. 
Together, these data suggest that MTA3 deficiency does not affect early B cell development or 
activation, but may play a role in plasma cell generation. 
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Differential cAMP changes induced by α7 nicotinic acetylcholine receptor 
between hippocampal dentate granule cells and GABAergic interneurons 

Cheng Q, and Yakel J 

Ion Channel Physiology, DIR NL, NIEHS, 

The activation of α7 nicotinic acetylcholine receptors (nAChRs) has been shown to improve 
hippocampal-dependent learning and memory. Recently, our studies showed that activation of 
α7 nAChRs potentiated glutamate release through calcium and subsequently cAMP rises. It is 
well known that α7 nAChRs are widespread among different cell types in the hippocampus. 
However it is unclear if α7 nAChRs mobilize differential signaling mechanisms among distinct 
neuronal populations. To address this question, we compared α7 nAChR agonist-induced 
current responses, calcium and cAMP changes between granule cells and GABAergic neurons 
in hippocampal dentate region. We cultured hippocampal slices from POMC-cre (dentate 
granule cell-specific cre line) and GAD2-cre (GABAergic interneuron-specific cre line) 
transgenic mice, and infected with AAV virus containing either floxed EPAC-H150 (cAMP 
sensor) or GCaMP6s (calcium sensor). Consistent with previous studies, application of the α7 
nAChR-selective agonist choline (4 mM; in the presence of the α7 nAChR positive allosteric 
modulator PNU-120596, 5 µM) evoked larger currents (618±87 pA) in GABAergic interneurons 
than that of dentate granule cells (108±24 pA). This suggested that GABAergic interneurons 
have higher α7 nAChR density than granule cells. Next, we found that activation of α7 nAChRs 
induced a significant increase in intracellular cAMP levels in the somas of granule cells, but not 
of GABAergic interneurons. The increase of cAMP in granule cells was blocked by MLA, 
suggesting the requirement of α7 nAChR activation; and by NB001 (a selective AC1 inhibitor), 
suggesting the involvement of AC1. We hypothesize that the lack of cAMP responses is due to 
the expression of a large number of calcium-regulating proteins in GABAergic interneurons. 
Indeed, GCaMP6 imaging revealed robust and prominent calcium rises induced by choline and 
PNU-120596 application in the soma and processes of most granule cells; while the change of 
intracellular calcium of GABAergic neurons was rather small and slow in the soma because of a 
higher endogenous Ca2+-buffering capacity. Increasing external calcium concentration to 10 
mM enhanced calcium responses to activation of α7 nAChRs in GABAergic neurons, and 
conferred them the ability to produce a cAMP rise. This suggests that the restriction of the Ca2+ 
transient could limit α7 nAChR’s action in GABAergic neurons, at least concerning intracellular 
signaling cascades. Our findings also provide better understanding of the complex molecular 
mechanisms of the positive cognitive effects of α7 nAChR agonists in hippocampal circuits, and 
strategies for the development of therapeutic treatments for cognitive impairments. 
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Cnot3 is required for germline stem cell maintenance 

Chen Q, Zheng X, Lackford B, Clement TM, Geyer CB, Brown PR, Eddy EM, Yao H, 
and Hu G 

Stem Cell Biology, DIR ESCBL, NIEHS, Reproductive Developmental Biology Group, DIR 
RDBL, NIEHS, Department of Anatomy and Cell Biology, Brody School of Medicine, East 
Carolina University, Greenville, 

Extensive post-transcriptional regulation occurs during germ cell development. It has been 
suggested that Ccr4-Not, the main deadenylase complex in mammalian cells, plays a critical 
role in male germ cell development, presumably via post-transcriptional gene 
regulation. However, when and how Ccr4-Not regulates germ line development remains 
largely unknown. Here, we show that the Cnot3 subunit in the Ccr4-Not complex is required for 
male germline stem cell maintenance. Germline specific deletion of Cnot3 in adult male animals 
resulted in germ cell loss and infertility. In addition, Cnot3 deletion in neonatal mice led to the 
loss of Plzf+ germline stem cells. To further investigate the underlying mechanism, we derived 
Cnot3 conditional deletion germline stem cells. We will test the hypothesis that Cnot3, likely via 
the Ccr4-Not complex, regulates mRNA poly(A)-tail length and expression in the derived cells 
by measuring poly(A)-tails, mRNA stability, and mRNA polysome-loading using genomic tools. 
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Tetrabromobisphenol-A Promotes Early Adipogenesis and Lipogenesis in 3T3-L1 
Cells 

Chappell VA, and Fenton SE 

Reproductive Endocrinology, NIEHS, 

Tetrabromobisphenol-A (TBBPA) is a flame retardant that is primarily used in electrical 
equipment housings, circuit boards, and automobiles. TBBPA is a brominated analog of 
Bisphenol A, has chemical similarity to estrogen and impairs proper thyroxine activity through 
binding of transthyretin. This interaction gives TBBPA its endocrine disruptor status. TBBPA has 
also been shown to have an agonist effect on peroxisome proliferator-activated receptor gamma 
(PPARγ). In a collaborative National Toxicology Program (NTP) project, using Tox21 phase II 
high-throughput screening data, TBBPA was identified as a compound that has the potential to 
alter multiple signaling pathways involved in the progression of obesity. We hypothesize that 
TBBPA causes alterations in expression of genes that are critical for normal adipogenesis. To 
determine if TBBPA has the ability to alter adipogenesis signaling pathways, low passage 3T3­
L1 preadipocyte cells were induced to differentiate and were treated with either rosiglitazone 
(1uM; positive control) or TBBPA (1pM to 10uM) in triplicate with media, treatments were 
replenished every other day for 8 days. Cells were analyzed by high-content imaging for 
adipocyte number and lipid droplet accumulation. RNA was isolated on days 1, 2, 4, 6, and 8, 
for real-time PCR analysis of genes related to adipogenesis and adipocyte function, specifically 
related to the three pathways identified in the Tox21 data set. High-content imaging of 
differentiated adipocyte cells treated with TBBPA resulted in a significant increase in both lipid 
accumulation (10-10M, 10-8M, and 10-5M TBBPA) and adipocyte differentiation (10-10M to 10­
5M). In concurrence with the literature, TBBPA exposure increased mRNA levels of Pparg, Irs1, 
and Lpl starting at 4 days post treatment. However, TBBPA exposure increased mRNA levels of 
adipogenesis genes involved two days earlier then PPARγ gene expression. Although, TBBPA 
was thought to primarily trigger the PPARγ signaling pathway, leading to enhanced 
adipogenesis and lipogenesis, these data suggest the upregulation of targets much earlier in the 
pathway. 

114



 
 

   
  

 
 

 
 

 
  

  
 

     
   

 
          

  
     

  
   

   
  

 

       
  

       
    

  
          

  
         

    

Poster Presentation 91 

Oxidized nucleotide insertion by pol β confounds ligation during base excision 
repair and lead to cell death 

Caglayan M, Horton JK, Stefanick DF, Dai D, and Wilson SH 

DNA Repair & Nucleic Acid Enzymology, DIR GISBL, NIEHS, 

Oxidative stress and reactive oxygen and nitrogen species damage DNA and bases in the 
nucleotide pool, and this can promote genome instability. The oxidized guanine base 8-oxo-7,8­
dihydro-2'-deoxyguanosine (8-oxodG) is a well known promutagenic lesion in DNA and the 
nucleotide pool, and this lesion can be introduced into DNA during replication and repair from 8­
oxodGTP in the nucleotide pool. Base excision repair (BER), a main repair system for removing 
oxidative agent-induced lesions, involves a coordinated sequence of steps. These include 
channeling of the repair intermediate from the DNA polymerase β nucleotide insertion step to 
the final step of BER where DNA ligase catalyzes phosphodiester bond formation. Here we 
found that the BER ligation step is compromised after polymerase β inserts the oxidized 
nucleotide 8-oxodGMP into the BER intermediate. These results are consistent with recent DNA 
polymerase β X-ray crystallography time-lapse snapshots that revealed newly inserted 8­
oxodGMP in a distorted position stacked over the template base; this distortion suggested the 
ligation step of BER would be compromised, but this had not yet been investigated. A deficiency 
in ligation of nicked DNA substrates with a pre-formed 3'-end 8-oxoG lesion also was confirmed. 
Toward extending these results to a cell-based model, we observed more oxidative agent-
induced cytotoxicity in wild-type mouse fibroblast cells than in polymerase β null cells, and co-
treatment with an agent that increases 8-oxodGTP in the pool increased the oxidative agent-
induced cytotoxicity. This was consistent with more DNA polymerase β mediated insertion of 8­
oxodGMP in wild-type than in null cells and with attendant stalling of BER. Finally, we tested 
the idea that stalled BER may lead to an increase in strand breaks. We observed an increase in 
γH2AX formation in the cells after oxidative agent treatment, and this was stronger in wild-type 
cells than in null cells. We conclude that the oxidative agent-induced cytotoxicity observed was 
due, in part, to DNA polymerase β insertion of oxidized nucleotide into BER intermediates. This 
could result in accumulation of strand breaks and cell death. 
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Glucocorticoids are required to maintain normal stomach function in the mouse. 

Busada JT, Ramamoorthy S, and Cidlowski JA 

Molecular Endocrinology, DIR STL, NIEHS, 

Two primary roles of the stomach are to breakdown food and protect against ingested 
pathogens. However, the harsh conditions required for stomach function must be balanced with 
tissue regeneration and suppression of inflammation. Dysregulation of these processes can 
result in gastric cancer, which is the second leading cause of cancer deaths worldwide. 
Glucocorticoids suppress inflammation, regulate wound healing, and modulate cell proliferation 
in a variety of tissues. However, the role of glucocorticoids in the stomach are poorly 
understood. In this study, we adrenalectomized (ADX) adult mice and examined their stomachs 
at various time points after surgery to determine if glucocorticoids act to maintain normal 
stomach function. The gastric glands of ADX mice were grossly abnormal with hyperplasia of 
mucous neck cells and loss of parietal and chief cells. In addition, there was eosinophil 
infiltration into the submucosa underlying the gastric glands. Immunostaining for MKI67 
revealed a significant increase in proliferation that spread beyond the gland isthmus, which is 
the normal proliferative compartment in gastric glands. Collectively, these changes are 
consistent with spasmolytic polypeptide expressing metaplasia (SPEM), a common precursor to 
gastric adenocarcinoma in humans. To confirm identification of SPEM, we performed qRT-PCR 
for a panel of SPEM markers, all of which were significantly increased in ADX mouse stomachs. 
To verify that glucocorticoids, rather than other adrenal hormones, are required for stomach 
function, ADX mice were aged for 1 month to develop metaplasia and then treated with 
corticosterone through drinking water. Corticosterone treatment reversed the effects of SPEM. 
Chief cells recovered by one week, parietal cells recovered by 2 weeks, and mucous neck cell 
hyperplasia and submucosal inflammation resolved by 1 month of corticosterone treatment. 
Taken together, these results indicate that glucocorticoids are required for gastric homeostasis. 
Ongoing studies will provide a physiological mechanism by which glucocorticoids maintain 
stomach function. 
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The transcriptional factor Glis1 regulates a critical subset of genes involved in 
the pathogenesis of primary open angle glaucoma 

Brown RV, Foley J, Mahler TB, Wang Y, Borras T, Badea A, Johnson GA, Qian H, 
Kyathanahallli J, Kang H, Miller L, and Jetten AM 

Cell Biology, DIR IIDL, NIEHS, NIH, Cellular & Molecular Pathology Branch, NTP, NIEHS, NIH, 
Department of Ophthalmology, University of North Carolina College of Medicine, Center for In 
Vivo Microscopy 

Gli-similar 1 (Glis1) is an enigmatic member of the Glis subfamily of Krüppel-like zinc finger 
transcription factors. Initially discovered over 10-years ago, little is known about the patho­
/physiological function of this transcriptional factor and/or its target genes. Our recent discovery 
that Glis1 plays an important role in the eye is the first report linking this protein to a 
physiological function and disease. 

By 2020 over 80 million people worldwide are projected to have glaucoma and approximately 55 
million of these people will suffer from primary open angle glaucoma (POAG). This late-onset 
disease is caused by a progressive failure of tissues in the conventional aqueous humor (AqH) 
outflow pathway. Failure in one or more of these tissues; trabecular meshwork (TM) – 
Schlemm’s canal (SC), gives rise to a chronic increase in intraocular pressure (IOP), which in 
turn causes pressure-induced damage to the retina and optic nerve leading to progressive and 
irreversible blindness. The exact cellular mechanism(s) that give rise to POAG are not fully 
understood; however, cellular dysfunctions in the TM are thought to play a causal role in onset 
and progression of disease. 

Glis1 is highly expressed in the TM during development and into adulthood, based on this 
preliminary data we hypothesize: Glis1 functionally regulates the transcription of a critical subset 
of genes in cells of the TM that are responsible for maintaining homeostatic IOP. Conversely, 
we would expect that loss of Glis1 function would contribute to the development and 
progression of POAG. 

At 3 months of age Glis1-KO mice develop a noticeable proptosis that progresses to the point of 
corneal rupture within 12-14 months. MRI analysis indicated that proptosis in Glis1-KO mice is 
caused by an increased AqH in the eye. If left untreated excess accumulation of AqH gives rise 
to chronically elevated IOP, which causes catastrophic retinal degeneration, and loss of vision in 
Glis1-KO mice within 9 months. In Glis1-KO mice AqH accumulates in the eye where it drains at 
a slower relative to WT counterparts as determined by in-vivo assessment of AqH dynamics by 
gadolinium-enhanced MRI. Transient restoration of WT AqH dynamics and IOP was achieved in 
Glis1-KO mice treated with clinically relevant IOP lowering compounds that act on TM cells to 
promote AqH outflow. Closer examination of the tissues involved in the conventional AqH 
outflow pathway by in-vivo OCT imaging and histo-pathological analyses shows that the WT 
and Glis1-KO TM and SC are indistinguishable. We are currently investigating the molecular 
causation of TM failure in Glis1-KO mice by LCM and microarray analysis. Collectively, we have 
for the first time discovered a critical role for Glis1 as a novel gene responsible for maintaining 
homeostatic AqH dynamics, IOP, and its loss of function gives rise to POAG. Glis1-KO mice 
offer an ideal model for studying glaucoma drug efficacy as well as other glaucoma-associated 
co-morbidities. 
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A High-Throughput Screening-Compatible Strategy for the Identification of 
Inositol Pyrophosphate Kinase Inhibitors 

Baughman BM, Wang H, An Y, Kireev D, Stashko MA, Jessen HJ, Pearce KH, Frye SV, 
and Shears SB 

Inositol Signaling, DIR STL, NIEHS, Center for Integrative Chemical Biology and Drug 
Discovery, Eshelman School of Pharmacy, UNC Chapel Hill, Institute of Organic Chemistry, 
Albert-Ludwigs-University 

Pharmacological tools - ‘chemical probes’ - that intervene in cell signaling cascades are 
important for complementing genetically-based experimental approaches. Probe development 
frequently begins with a high-throughput screen (HTS) of a chemical library. In this study, we 
describe the design, validation, and implementation of the first HTS-compatible strategy against 
any inositol phosphate kinase. Our target enzyme, PPIP5K, synthesizes ‘high-energy’ inositol 
pyrophosphates (PP-InsPs), which regulate cell function at the interface between cellular energy 
metabolism and signal transduction. We optimized a time-resolved, fluorescence resonance 
energy transfer ADP-assay to record PPIP5K-catalyzed, ATP-driven phosphorylation of 5-InsP7 
to 1,5-InsP8 in 384-well format (Z’ = 0.82 ± 0.06). We screened a library of 4745 compounds, all 
anticipated to be membrane-permeant, which are known - or conjectured based on their 
structures - to target the nucleotide binding site of protein kinases. At a screening concentration 
of 13 µM, fifteen compounds inhibited PPIP5K >50%. The potency of nine of these hits was 
confirmed by dose-response analyses. Three of these molecules were selected from different 
structural clusters for analysis of binding to PPIP5K, using isothermal calorimetry. Acceptable 
thermograms were obtained for two compounds, UNC10112646 (Kd = 7.30 ± 0.03 µM) and 
UNC10225498 (Kd = 1.37 ± 0.03 µM). These Kd values lie within the 1-10 µM range generally 
recognized as suitable for further probe development. In silico docking data rationalizes the 
difference in affinities. HPLC analysis confirmed that UNC10225498 and UNC10112646 directly 
inhibit PPIP5K-catalyzed phosphorylation of 5-InsP7 to 1,5-InsP8; kinetic experiments showed 
inhibition to be competitive with ATP. No other biological activity has previously been ascribed 
to either UNC10225498 or UNC10112646; moreover, at 10 µM, neither compound inhibits 
IP6K2, a structurally-unrelated PP-InsP kinase. Our screening strategy may be generally 
applicable to inhibitor discovery campaigns for other inositol phosphate kinases. 
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Estrogenic Membrane-Initiated Steroid Signaling at the Mouse Brain 
Microvasculature 

Banks DB, Lierz SL, Hewitt SC, Arao Y, Cannon RE, and Korach KS 

Receptor Biology, DIR RDBL, NIEHS, Intracellular Regulation, DIR STL, NIEHS, 

Membrane-initiated steroid signaling (MISS) refers to extranuclear signaling that occurs 
independently of genomic mechanisms traditionally attributed to steroid hormone receptors. 
While estrogenic MISS has been shown to drive vascular maintenance and repair, its role at the 
blood-brain barrier (BBB) is unclear. The BBB is a network of capillaries that regulates the 
passage of molecules between blood and brain, and includes ATP-binding cassette (ABC) 
transporters that actively pump substrates across the endothelium. We delineated the activity of 
the ABC transporter breast cancer resistance protein (Bcrp) in mouse brain microvessels 
(BMVs) to elucidate the role and mechanism of estrogenic MISS at the BBB. 

BMVs were isolated from male, intact female, and ovariectomized (OVX) female mice, to 
conduct confocal-based transporter activity assays ex vivo. Bcrp transport activity was 
measured in the presence of estradiol (E2), estrogen receptor (ER) agonists, and signaling 
modifiers. 

Bcrp transport activity was nearly 10-fold higher at male- and OVX female-derived BMVs 
compared to intact female-derived BMVs. Exposure of both male- and OVX female-derived 
BMVs to 100 nM E2 for 30 minutes resulted in a significant decrease in Bcrp transport 
activity. 0.01-10 nM E2 exposure resulted in a concentration-dependent decrease in Bcrp 
transport activity, with full suppression of Bcrp transport activity by 1 nM E2 occurring within 30 
minutes. Basal activity was reestablished within 30 minutes of E2 removal. E2 exposure had no 
effect on Mrp2 transport activity. Taken together, these data indicate the E2-elicited reduction in 
Bcrp transport activity is rapid, reversible, and specific. 

To assess ER mediation, agonists selective for ERα, ERβ, or GPER1 were evaluated. Exposure 
to PPT, an ERα-selective agonist, resulted in a maximal decrease in Bcrp transport activity, 
while exposure to either DPN or G-1, an ERβ-selective and a GPER1-selective agonist, did not. 
Use of ER mutant mouse models (ERKO and H2NES) confirmed the role of nongenomic ERα 
signaling in the control of Bcrp transport activity. To characterize events downstream of receptor 
activation, inhibitors selective for PI3K, MEK1/2, or Src kinase, were tested. Inhibition of the E2­
elicited decrease in Bcrp transport activity by the Src kinase inhibitor PP2, but not by inhibitors 
of MEK1/2 or PI3K, indicates the action of E2 on Bcrp transport activity is both ERα- and Src 
kinase-dependent. 

We present a new biological system response by which to further investigate the nongenomic 
role and mechanism of estrogenic MISS. This system will afford a new physiological target site 
for evaluating the activities of various endocrine disrupting chemicals as hormonal mimics. Sex 
differences in nongenomic estrogenic signaling shown herein may translate to a clinical 
explanation for treatment and pharmacodynamics variances observed for therapeutics such as 
the multiple sclerosis drug and Bcrp substrate teriflunomide. 
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Estrogen receptor α transactivation domain 1 controls fat accumulation with 
enhancement of energy expenditure 

Arao Y, Hamilton KJ, Lierz SL, and Korach KS 

Receptor Biology, DIR RDBL, NIEHS, 

Studies using the estrogen receptor (ER) α knock-out (αERKO) mice have demonstrated that 
ERα plays a critical role in various estrogen-mediated metabolic functions. ERα is a ligand 
dependent transcription regulator and its activity is regulated by estrogenic compounds. ERα 
consists of two transcriptional activation (AF) domains, AF-1 and AF-2, and these activities are 
regulated by differential mechanisms. To understand the physiological functionality of ERα AF-1 
and AF-2 in estrogen regulated body composition, we used an ERα AF-2 mutant knock-in 
mouse (AF2ER). Due to the estrogen insensitive mutation of AF-2, the phenotypes of the 
AF2ER are identical to the global αERKO including obesity in the females. Distinctively from 
αERKO, AF-1 mediated function can be activated by tamoxifen (Tam) in the AF2ER mouse. 
Tam is known to be a partial agonist for WT ERα, which activates AF-1 in tissue specific 
manner. To investigate the ERα functionality in obesity, ovariectomised (OVX) AF2ER and WT 
females were treated with Tam or estradiol (E2) and given a high-fat diet for 90 days. Tam 
treatment prevented body weight gain of AF2ER females compared to E2 or placebo and that 
level was similar to the intact WT females. The DEXA results suggested that the fat composition 
of AF2ER mice was significantly reduced by Tam. Further dissection revealed that the inguinal 
fat mass was dramatically decreased. E2 and Tam treatment to OVX WT females prevented 
body weight gain compared to placebo, however E2 treated WT females presented severe 
urinary obstruction due to E2 response in the uterus, which was not seen in Tam treated WT 
and AF2ER. These results suggest that activation of ERα AF-1 leads to reduction of body fat 
content particularly in the inguinal fat mass. To understand the mechanisms of AF-1 control of 
body fat accumulation, the expression levels of fat metabolism related genes, including 
triglyceride (TG) accumulation, lipolysis from TG, and fatty acid synthesis were analyzed by 
qPCR. We could not find any Tam regulated genes in inguinal fat, abdominal fat or liver, 
although fat accumulation was strongly reduced by Tam treatment. These results implied that 
the activation of ERα AF-1 may regulate behavior and/or energy expenditure to change entire 
body fat accumulation. To evaluate this hypothesis, we performed metabolic phenotyping 
experiments. Metabolic chambers were used to analyze food intake, activity and energy 
expenditure of Tam treated AF2ER mice. Tam treatment did not affect food intake and activity, 
however energy expenditure was significantly increased in Tam treated AF2ER. These results 
suggested that the activation of ERα AF-1 can induce energy expenditure to prevent obesity 
without side effects observed in reproductive organs. Further analysis to determine the direct 
target genes and organ(s) of ERα action will be helpful to find AF-1/AF-2 selective compounds, 
which may be a beneficial treatment option to control obesity in female patients. 
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Chemo-Genetic Silencing of Hippocampal Area CA2 Neurons Decreases 
Hippocampal Low Gamma Oscillations 

Alexander GM, Brown L, Farris S, Lustberg D, Gloss B, Plummer N, Jensen P, and 
Dudek S 

Synaptic and Developmental Plasticity, DIR NL, NIEHS, Ion Channel Physiology Group, DIR 
NL, NIEHS, Developmental Neurobiology Group, DIR NL, NIEHS, 

Gamma oscillations (30-120Hz) found in local field potential recordings occur widely throughout 
the hippocampus and are believed to contribute to memory processes by coordinating the 
activity of dispersed neuronal populations into transient cell assemblies. These oscillations are 
subdivided into low (~25-55 Hz) and high (~65-120 Hz) gamma. Low gamma oscillations 
recorded in CA1 are thought to be driven by CA3 inputs and underlie memory retrieval, whereas 
high gamma oscillations are thought to be driven by layer 3 medial entorhinal cortical inputs and 
underlie memory formation. We previously demonstrated that chemo-genetic activation of area 
CA2 results in increased hippocampal low gamma oscillations, which are transmitted to 
prefrontal cortex. To determine whether CA2 neuronal activity plays an active role in 
hippocampal gamma oscillations under physiological conditions, we asked whether gamma 
oscillations are reduced when CA2 activity is inhibited. We infused adeno-associated viruses 
encoding a Cre-dependent inhibitory DREADD (Designer Receptors Exclusively Activated by 
Designer Drugs) coupled to Gi into hippocampi of mice that express Cre recombinase 
selectively in CA2 pyramidal cells. We then implanted electrode arrays to monitor activity of 
CA2 and CA1 neurons following administration of either vehicle or the DREADD ligand 
Clozapine-N-oxide (CNO; 5 mg/kg, subcutaneous) while animals ran in an open field. We found 
that power of gamma oscillations recorded in CA1 was lower following CNO administration than 
following vehicle administration, indicating that CA2 neuronal activity contributes to hippocampal 
gamma oscillations under physiological conditions. Further, we compared gamma oscillations 
recorded from areas CA2 and CA1. Whereas CA1 recordings displayed both low and high 
gamma oscillations, CA2 recordings were dominated by low gamma oscillations. 

The involvement of CA2 in propagating hippocampal gamma oscillations is particularly 
interesting considering that patients with schizophrenia demonstrate reduced gamma 
oscillations during working memory tasks as well as selective loss of parvalbumin-positive 
interneurons, which interact with excitatory neurons to generate gamma oscillations, from 
CA2. Given these findings, impaired CA2 network activity may underlie at least some of the 
abnormalities in oscillatory activity and socio-cognitive function in patients with schizophrenia. 
Ongoing work is aimed at measuring gamma oscillations in the prefrontal cortex after silencing 
CA2 neuronal activity and correlating these changes in oscillatory activity with behaviors 
typically measured in animal models of schizophrenia. 
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The Role of WNK1 in the Decidualization of Human Endometrial Stromal Cells 

Adams NR, Vasquez YM, Mo Q, and DeMayo FJ 

Pregnancy & Female Reproduction, DIR RDBL, NIEHS, Molecular & Cellular Biology, Baylor 
College of Medicine, Houston, TX, Dan L. Duncan Cancer Center, Baylor College of Medicine, 
Houston, TX 

The differentiation of endometrial stromal cells into decidual cells, termed decidualization, is an 
integral step in the establishment of pregnancy. This process is regulated by a complex 
interplay of signaling pathways coordinated by steroid hormones. Previous work by our lab 
showed that epidermal growth factor receptor (EGFR) signaling is required for decidualization, 
and the protein WNK1 (with no lysine kinase 1) is a downstream mediator of EGFR signaling in 
endometrial stromal cells. In renal cells WNK1 activates mitogen-activated protein kinase 
(MAPK) pathway proteins, such as extracellular-signal-regulated kinase 5 (ERK5), via 
phosphorylation. Activated ERK5 phosphorylates transcription factors and other nuclear 
proteins to regulate the processes of differentiation, proliferation, and inflammation, critical 
pathways that are known to be specifically regulated during decidualization. The role of WNK1 
in female reproduction has not been previously described. We hypothesize that WNK1 plays an 
integral role in the regulation of proliferation, differentiation, and inflammatory signaling during 
the decidualization of human endometrial stromal cells (HESCs) by regulating a complex 
network of genes through ERK5 signaling. To identify these processes, we conducted siRNA 
knockdown of WNK1 in primary HESCs. WNK1 knockdown results in failure to decidualize and 
decreased proliferation in HESCs. We examined the impact of WNK1 knockdown on the 
transcriptome of decidualizing stromal cells by conducting RNA-Seq and found that WNK1 
signaling regulates the expression of 1,858 genes (1,208 upregulated, 650 downregulated). 
Functional annotation analysis illustrates that WNK1 regulates the processes of cellular 
proliferation, adhesion, migration, and survival. Furthermore, WNK1 regulates the expression of 
multiple genes involved in transforming growth factor beta (TGF-β) signaling and inflammation. 
Additionally, we found that ERK5 is phosphorylated during decidualization in a WNK1­
dependent manner. We investigated the role of ERK5 in decidualizing stromal cells using siRNA 
knockdown and found that ERK5 regulates the expression of a subset of genes that are 
regulated by WNK1. In the future, we aim to identify other potential downstream mediators of 
WNK1 in endometrial stromal cells and to investigate the role in WNK1 in decidualization and 
the maintenance of pregnancy in vivo using a genetically engineered mouse model. In 
conclusion, our results demonstrate that both WNK1 and ERK5 play a role in the proliferation of 
endometrial stromal cells and regulate the expression of genes involved in TGF-β signaling and 
inflammation during decidualization. 
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Publications in Chemical Effects in Biological Systems (CEBS) Database 

Devito MJ, Gao X, Stanko JP, Lea I, Martini C, Rashid A and Fostel JM. 

Targeted Testing, DNTP POB, NIEHS 

The Chemical Effects in Biological Systems (CEBS: http://cebs.niehs.nih.gov) database is a 
unique toxicology resource that contains toxicological data from the National Toxicology 
Program (NTP) testing program and other institutions. While much of the data in CEBS are from 
NTP, other government institutions, such as the U.S. Environmental Protection Agency (EPA), 
as well as both academic and commercial laboratories have also deposited data in CEBS. 
These data are made available to the public as published reports, abstracts, or journal articles 
through the CEBS user interface. To facilitate public access the data published in journal 
articles and the corresponding data deposited in CEBS, we have developed the CEBS 
Publications Guided Search (workflow). Users review or search a list of journal articles to select 
the article of interest. A PubMed identifier (PMID) link, abstract, individual animal and/or group 
level data, and GEO Series link (if applicable) are provided for each publication. In some cases, 
figures, tables and images associated with the publication appear along with supplemental 
materials. All data can be downloaded and saved. Making the data publicly available will 
enhance the reproducibility of data. By utilizing a format that provides the public an easily 
accessible database of supplementary and final published materials, CEBS aims to promote 
transparency, accuracy, and validity of the published article by encouraging a complete and 
thorough evaluation of the data. 
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