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Dear Fellow NIEHS scientists and guests:

On behalf of Dr. Rick Woychik, Acting Director NIEHS and NTP, | 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 some of our outstanding scientists.

We have invited environmental health scientists from across North Carolina to join us here
today and participate as judges of the posters and platform presentations. We appreciate
their efforts and welcome them to the campus. | hope that there is ample opportunity to
interact with these visitors and to explore common scientific interests and share ideas.

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

I would also like to acknowledge the other members of the NIEHS Science
Days Steering Committee, Drs. Joel Abramowitz, Abee Boyles, Heather Henry, Thanh
Hoang, Anton Jetten, Joseph Kolb, Leping Li, Negin Martin, Alex Merrick, Arun Pandiri, Thad
Schug, Erik Tokar, Jack Taylor, Gregory Whitehead. Without their time and effort in planning and
organizing the program, Science Days would not have been possible.

| 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,

g

Hans Luecke, Ph.D.
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November 7-8, 2019

Thursday, November 7, 2019, EPA Auditorium Room C111, 109 T.W. Alexander Drive

1:00-1:15 am Introduction and Welcoming Remarks, Darryl Zeldin, M.D., Scientific Director,
DIR and Hans Luecke, Ph.D., Chair, Science Days Committee

Oral Presentations chaired by a DNTP Representative

1:15-2:15 pm

1:15-1:30 pm

1:30-1:45 pm

1:45-2:00 pm

2:00-2:15 pm

2:15-2:30 pm

4 Oral Presentations by Fellows/Students/Technicians

#1. Ortega MT, Carlson L, McGrath JA, George M, Lambert-
Messerlian GM, and Shaw ND. The role of intrinsic ovarian
immaturity in anovulatory menstrual cycles among healthy
adolescent girls. (CRB, DIR)

#2. Hubbard TD, Hsieh J, Rider CV, Sipes NS, Sedykh A, Collins
BJ, Auerbach SS, Xia M, Huang R, Walker NJ, and DeVito MJ.
Using Tox21 High Throughput Screening Assays for the
Evaluation of Botanical and Dietary Supplements. (TB, DNTP)

#3. Busada JT, Ramamoorthy S, Cain DW, Xu X, Cook DN, and
Cidlowski JA. Stress and Sex Regulation of Gastric Inflammation.
(STL, DIR)

#4. Suen Wallach AA, Jefferson WN, Wood CE, and Williams CJ.
SIX1 regulates aberrant endometrial epithelial cell differentiation
and cancer latency following developmental estrogenic chemical
exposure. (RDBL, DIR)
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Stable EJ, Fargo DC, Gardner K, and Archer TK. Novel ancestry-
dependent and independent gene expression signatures predict
efficiency of generating induced pluripotent stem cells from
diverse donor-derived dermal fibroblasts. (ESCBL, DIR)

#6. lzumi G, Nakano H, Nakano K, Whitehead GS, Grimm SA,
Karcz TP, Thomas SY, Karmaus PW, and Cook DN. A pulmonary
dendritic cell subpopulation and progeny stimulate Th17 cell
differentiation. (1IDL, DIR)



3:00-3:15 pm
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#7. Kresovich JK, O'Brien KM, Xu Z, Weinberg CR, Sandler DP,
and Taylor JA. Prediagnostic immune cell profiles and breast
cancer incidence. (EB, DIR)

#8. You D, Nyffeler J, Behl M, Harrill JA, Choi T, Page L, Everett
L, Balik-Meisner M, Porter D, Witt K, Paules R, and Harrill AH.
Population Variability in Neurotoxicity Outcomes Modeled In Vitro
with Diversity Outbred Neural Progenitor Cells. (BSB, DNTP)
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#9. Zhou Z, Lujan SA, Burkholder AB, and Kunkel TA. Roles for
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DNA replication. (GISBL, DIR)

#10. McCann K, Lustberg DJ, Shaughnessy EK, Carstens KE,
Farris S, Alexander GM, Radzicki D, Zhao M, and Dudek SM.
Mineralocorticoid receptors are required for the development and
maintenance of CA2’s molecular profile and for CA2-dependent
behavior. (NL, DIR)

#11. Rahman A, Svoboda D, Bushel PR, Berridge BR, and
Auerbach SS. Unsupervised Gene Coregulation Network Analysis

to Decipher Temporal Dynamics in Chemically-induced
Cardiotoxicity. (DNTP)
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10:30 am-12:00 pm
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Poster Session #1, Odd numbered posters staffed, Rall Malls
Poster Session #2, Even numbered posters staffed, Rall Malls

Fund My Science! A Workshop in Navigating the Grant
Application Process (F193)
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Poster 2.

Poster 3.

Poster 4.

Poster 5.

Poster 6.

Poster 7.

Poster 8.

Poster 9.

Poster 10.

Poster 11.

Poster 12.

Poster 13.

Poster Presentations

Amato CM, Salswach Cadena |, and Yao HH.
Hypospadias: Unzipping the morphogenetic processes of penis
formation(RDBL).

Padilla-Banks E, Jefferson WN, Suen AA, Papas BN, Xu X, Solomon GG, Hu G,
and Williams CJ.

Characterizing abnormal cell populations in adult uterine endometrium of
neonatally DES treated mice using scRNAseq(RDBL).

Bhawsinghka N, Glenn KF, and Schaaper RM.
Investigation of a hypermutable state associated with dGTP starvation (GISBL).

Bird GS, D'Agostin D, and Putney Jr JW.
Calcium Signaling in Mouse Hepatocytes: application of GCaMP6f for studies in
vivo and in vitro.(STL).

Blake BE, Cope HA, Hall SM, Keys RD, Mahler BW, McCord J, Scott B,
Stapleton HM, Strynar MJ, Elmore SA, and Fenton SE.

Perfluorooctanoic acid (PFOA) and its replacement, GenX, disrupt the maternal-
embryo-placenta unit in CD-1 mice(NTPLB).

Borrel A, Huang R, Sakamuru S, Simeonov A, Houck K, Judson R, Xia M,
Mansouri K, and Kleinstreuer N.
High-Throughput Screening to Predict Chemical-Assay Interference(BCBB).

Campbell MR, Martos SN, Lozoya OA, Bennett BD, lannone MA, Wan M,
Pittman GS, and Bell DA.

Single-cell analyses identify rare CD16+ CD8 T cell subtypes in peripheral blood
affected by tobacco smoke exposure(lIDL).

Cervantes BA, Gowda P, Chen MY, Rider LG, Miller FW, and Schiffenbauer Al.
Developing a Computed Tomography Assessment Tool for Calcinosis in
Myositis(CRB).

Chen |, Birla S, and Tokar EJ.
Developing a human embryonic stem cell-based high-throughput platform to
screen for developmental toxicants(NTPLB).

Chen L, Fine J, Ferguson K, and Zhao S.
Novel Statistical approach to handle limit of detection in chemical mixture
analysis(BCBB).

Chen Q, Wang J, Xu X, Lackford B, Zheng X, Yao H, Eddy E, Li J, Geyer C, and
Hu G.
Cnot3 is required for male fertility and germline stem cell maintenance(ESCBL).

Chi RA, Huang C, and DeMayo F.
WNK1 is a Vital Regulator of Fertility in Male Mice(RDBL).

Chin HB, Baird DD, Kaplan SL, Darge K, Adgent MA, Ford EG, Rogan WJ,
Stallings VA, and Umbach DM.
Characterization of ovarian development in girls from birth to 9 months(EB).



Poster 14.

Poster 15.

Poster 16.

Poster 17.

Poster 18.

Poster 19.

Poster 20.
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Poster 23.

Poster 24.

Poster 25.

Poster 26.

Poster 27.

Chrysovergis K, Mahler B, Elmore Susan S, and Wade PA.
Analysis of MTA1 deletion in a mouse model(ESCBL).

Clausen NA, Elgart BM, Weick MI, Foley JF, Merrick AB, Cook ME, Malphurs
JA, Solomon GG, and Gerrish KE.

Whole Genome Sequencing of Amplified Plasma Circulating Cell-Free
DNA(STL).

Collier JB, Srivastava C, Sutherland C, Roh Y, Kang H, and Jetten AM.
GLIS3 Plays a Critical Role in the Development of Polycystic Kidneys(lIDL).

Day CR, Adedoyin G, Bregio C, and Rodriguez J.
Heterogenous activation of estrogen responsive genes upon exposure to
endocrine disrupting chemicals(ESCBL).

Duval CN, Edin ML, Brix AE, Graves JP, Gruzdev A, DeGraff LM, and Zeldin
DC.

Contribution of CYP2C and CYP2J Enzymes toward Fatty Acid Metabolites
Formation in Mice(lIDL).

De Alwis DS, Parks C, Miller F, Rider L, Yannotty J, and Schiffenbauer A.
The Effects of Solvent Exposure on the Development of Myositis Phenotypes
(CRB).

Emery OM, Oh 'Y, Gruzdev A, Balaguer N, Dey SK, Wu S, and DeMayo F.
Generation of a Decidua-Specific Cre Line for Studying Pregnancy in Mouse
Models(RDBL).

Fang Y, Xu X, Ding J, Yang L, Doan MT, Snyder NW, Zhao Y, Li J, and Li X.
Histone Crotonylation Promotes Endodermal Commitment of Pluripotent
Embryonic Stem Cells(STL).

Foo AC, Thompson PM, Lupo BE, Martin NP, Chen S, Lakshmanane P, Jadi R,
DeRose EF, and Mueller GA.
The mosquito protein AZ1 has both cytotoxic and anti-viral properties(GISBL).

Gaston SA, James-Todd T, Harmon Q, Taylor KW, Baird D, and Jackson CL.
Chemical/Straightening and Other Hair Product Usage during Childhood,
Adolescence, and Adulthood among African-American Women: Potential
Implications for Health(EB).

Giacobone CK, Saini N, Pappas B, Klimczak L, Li J, Fargo D, Bai R, Gerrish K,
Innes C, Schurman S, and Gordenin D.

The contribution of DNA repair defects to genome-wide human somatic mutation
load(GISBL).

Gladwell W, Menendez D, Li H, and Kleeberger S.
Human Lactoferrin Protects Against Respiratory Syncytial Virus(IIDL).

Gordon J, Pillon MC, and Stanley RE.
Nol9 is a Spatial Regulator for the Essential Human ITS2 pre-rRNA
Endonuclease-Kinase Complex(STL).

Gustafson MA, McCormick EM, Perera L, Longley MJ, Bai R, Kong J, Dulik M,
Shen L, Goldstein AC, McCormack SE, Laskin BL, Leroy BP, Ortiz-Gonzalez



Poster 28.

Poster 29.

Poster 30.

Poster 31.

Poster 32.

Poster 33.

Poster 34.

Poster 35.

Poster 36.

Poster 37.

Poster 38.

Poster 39.

XR, Ellington MG, Copeland WC, and Falk MJ.

Mitochondrial single-stranded DNA binding protein novel de novo SSBP1
mutation in a child with single large-scale mtDNA deletion (SLSMD) clinically
manifesting as Pearson, Kearns-Sayre, and Leigh syndromes(GISBL).

Grodzielski M, and Cidlowski JA.
Glucocorticoids Regulate Gene Expression in Murine Megakaryocytes(STL).

Hayne CK, Schmidt CA, Matera G, and Stanley RE.

Uniting Cleavage: Reconstitution of the Human tRNA Splicing Endonuclease
Complex reveals that the core heterotetrameric TSEN complex is sufficient for
pre-tRNA cleavage.(STL).

Hoang TT, Lee M, Sikdar S, and London SJ.
DNA methylation in Relation to Adult Asthma in the Agricultural Lung Health
Study(EB).

Hoff K, Woijtaszek JL, Kaur P, Wu S, Longley MJ, Wang H, Williams RS, and
Copeland WC.

A Novel dsDNA Binding Role of the Polymerase gamma Accessory Subunit,
p55(GISBL).

Hoffman JA, Papas BN, Trotter KW, and Archer TK.
Single-cell RNAseq reveals heterogeneity in the transcriptional response to
Glucocorticoids(ESCBL).

Hu H, and Negishi M.
RORa Phosphorylation by Casein kinase 1a as Glucose Signal to Regulate
Estrogen Sulfation in Human Liver Cells(RDBL).

Huang MC, Li Y, You D, Bell N, Jackson-Humbles D, Shockley KR, Li L, Devito
M, and Harrill AH.

Evaluating the Diversity Outbred mice as a model for human obesity and
metabolic alterations associated with high fat diet using a machine learning
approach(TB).

Jeon K, Kang H, Kumar D, Conway A, Jothi R, and Jetten AM.
The role of GLIS3 during early neurogenesis and gliogenesis derived from
human embryonic stem cells (lIDL).

Karcz TP, Whitehead GS, Nakano H, Jacobson KA, and CooK DN.
UDP-Glc acts through the purinergic receptor P2RY 14 to exacerbate allergic
asthma(lIDL).

Klemm B, Day R, Glenn K, Singh D, and Schaaper RM.
(Mis)regulation of the E. coli dGTPase and the consequences thereof(GISBL).

Kolb JP, Muse G, Miller L, and Martinez J.
The autophagy protein Rubicon regulates colon inflammation and the gut
microbiome(lIDL).

Lackford B, Zheng X, Wang J, Chen Q, and Hu G.
Poly-A Regulation Safeguards the Pluripotent State (ESCBL).
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Poster 41.

Poster 42.

Poster 43.

Poster 44.

Poster 45.

Poster 46.

Poster 47.

Poster 48.

Poster 49.

Poster 50.

Poster 51.

Poster 52.

Lavrich KS, Ramaiahgari SC, DeVito MJ, Paules RS, and Ferguson SS.
Taking Toxicology to the Next Dimension — Investigating Best Practices for 3D
Spheroid Human Liver Models Chemical Screening(BSB).

Lawrence KG, Kresovich JK, O'Brien KM, Xu Z, Taylor JA, and Sandler DP.
Neighborhood disadvantage and methylation-based biologic age
acceleration(EB).

Li H, Nichols CE, Gruzdev A, House J, Ward J, Li J, Degraff LM, Zeldin DC, and
London SJ.
ADAM19 and pulmonary function in mouse: follow-up of human GWAS (lIDL).

Li J, Lin L, Bushel PR, Day K, Wang T, DeMayo FJ, Wu S, and Li J.
Revealing the Biological Network via a Statistical Framework -- Structural
Equation Modeling(ESCBL).

Li R, Auroa R, Huang Z, Tianyuan W, Wu S, and Francesco D.
The Functions of Epithelial Progesterone Receptors in the Uterus(RDBL).

Lin W, Madenspacher J, Sakamachi Y, Nakano H, Williams C, Cook D, and
Fessler M.

Epithelial Membrane Protein 2 is required for fibrosis and tissue remodeling in
the lung(lIDL).

LiuJ, Wang T, Wu S, Li J, and DeMayo FJ.
Ablation of SMAD4 repression on EIf3 promotes the progression of lung cancer
in vivo. (RDBL).

Lo D, Lo Y, Etigunta S, Sobhany M, Krahn JM, Hsu AL, Borgnia MJ, and Stanley
RE.

Structural and functional analyses of AAA ATPase Rix7 in the process of
unfolding substrate(STL).

Lozoya OA, Martos SN, Campbell MR, lannone MA, Pittman GS, Wan M, and
Bell DA.

Reframing scRNA-seq technologies as reproducible and affordable screening
tools for multi-donor studies on peripheral blood monocytes from smokers(lIDL).

Martin EM, Grimm S, and Wade PA.
Synthetic progestins and progesterone induce similar proliferative transcriptomic
profiles in the T47D breast cancer cell line(ESCBL).

Martos SN, Campbell MR, Lozoya OA, Bennett BD, Thompson IJ, Wan M,
Pittman GS, and Bell DA.

Temporal inference shows altered CD8 T cell subsets shift from naive to
differentiated states in smokers(lIDL).

Marzec J, Caballero M, Burkholder A, Acosta P, Polack F, and Kleeberger S.
Mitochondrial variation and risk of bronchopulmonary dysplasia (BPD) in
Argentinian infants(lIDL).

McCann KL, Kavari SL, Burkholder AB, Phillips BT, and Hall TM.
H/ACA snoRNAs are key determinants of cell identity and stem cell
homeostasis(ESCBL).
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Mellouk N, Mellouk N, Rodriguez K, Ungewitter E, Nicol B, Liu C, Brown P, and
Yao HH.

In utero exposure to arsenic contributes to reproductive and metabolic
dysfunctions in adult male mice(RDBL).
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and Zeldin DC.

Association of Urinary Bisphenol F and S used as Bisphenol A Substitutes with
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p53 modulates the expression of host restriction factors to reduce HIV-1
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Meng C, Cook J, Hou B, Huo L, and Cui G.
Silencing Dopamine Neurons During Sleep as a Novel Treatment for Parkinson
Disease(NL).
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Chemokine CCL19 promotes type 2 T cell differentiation and allergic airway
inflammation(11DL).
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Cranial Neural Crest Cell Susceptibility to Oxidative Stress and Apoptosis:
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Oral Presentation 1

The role of intrinsic ovarian immaturity in anovulatory menstrual cycles among
healthy adolescent girls

Ortega MT, Carlson L, McGrath JA, George M, Lambert-Messerlian GM, and Shaw ND
Pediatric Neuroendocrinology, DIR, CRB, NIEHS, Social & Scientific Systems, Inc.,
Durham, North Carolina, Clinical Research Unit, DIR CRB, NIEHS, Department of
Pathology and Laboratory Medicine Department of Obstetrics and Gynecology, Women
and Infant's Hospital, Alpert Medical School at Brown University

Background: Polycystic ovarian syndrome (PCOS), the most common female reproductive disorder, is
characterized by hyperandrogenism, anovulatory cycles, PCO morphology (PCOM) on ultrasound, and
increased levels of anti-Mullerian hormone (AMH), a granulosa cell product and biomarker of antral follicle
count (AFC). PCOM stems from an accumulation of growing follicles arrested at the small antral stage.
This ‘stockpiling’ is thought to be due to an intrinsic ovarian defect associated with high levels of: 1)
androgens, which promote follicle growth, and 2) AMH, which inhibits cyclical recruitment and further
growth of antral follicles by FSH. Similar to PCOS, healthy late-pubertal girls are prone to anovulation
(due to hypothalamic-pituitary immaturity) and both histological and MRI studies have shown that pubertal
girls have a higher AFC than at any other life stage. It is unknown if increased AFCs in girls may
independently contribute to their higher rates of anovulation.

Objective: To determine the relationship between serum AMH, reproductive hormones, and anovulation
in healthy early post-menarchal girls and to compare AMH levels in girls with those of regularly cycling
women.

Methods: Twenty-three girls aged 12.8-17.6 yrs (1.7 £ 0.2 yrs post-menarche; 65% White, 22% Black,
13% Other; 56% overweight/obese), underwent serial hormone measurements (AMH, LH, FSH, estradiol
[EZ2], total testosterone [T], androstenedione [AD]) and pelvic ultrasounds during 2 menstrual

cycles. AMH was measured 4.78 + 0.36 times/participant. AMH, LH, and E2 were measured 5x in 32
women, aged 18-34 yrs (75% White, 9% Black, 16% Other; 44% overweight/obese) with regular
menstrual cycles during the course of one ovulatory cycle (progesterone > 4.5 ng/mL). LH and androgens
were natural-log (In) transformed. Pearson’s r was used to determine the strength of the relationship
between AMH and LH, FSH, E2, T, AD, ovarian volume, and BMI. AMH was compared between groups
(girls vs. adults and girls with 0, 1, or 2 ovulatory cycles) using a mixed model. AMH was measured by
ELISA (AnshLabs, Webster, TX).

Results: Girls showed a trend toward lower AMH with increasing numbers of ovulatory cycles (0 ov 7.42
+0.89, 10v 4.87 £0.48, 2 ov 4.55 + 0.23 ng/mL; F(1, 78) = 2.46, p=0.12]. AMH correlated with In_LH
(r=+0.44, p=0.02), In_AD (r=+0.44, p=0.04), and ovarian volume (r=+0.58, p=0.01) but not with FSH, E2,
or BMI. Overall, girls had higher AMH than women [5.15 + 0.28 vs. 3.30 + 0.18 ng/mL; F(1, 216) = 7.6,
p=0.006] whereas within-person variability in AMH was similar (CV 18.44% in girls vs. 18.69% women). In
women, AMH correlated with E2 (r=-0.38, p=0.03) but not with In_LH or BMI.

Conclusion: Consistent with previous studies demonstrating a pubertal peak in AFC, post-menarchal
girls have higher AMH than ovulatory women. The tendency for girls with anovulatory cycles to have
higher AMH suggests that immature ovarian folliculogenesis may contribute to anovulation in girls.
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Using Tox21 High Throughput Screening Assays for the Evaluation of Botanical
and Dietary Supplements.

Hubbard TD, Hsieh J, Rider CV, Sipes NS, Sedykh A, Collins BJ, Auerbach SS, Xia M,
Huang R, Walker NJ, and DeVito MJ
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Recent nationwide surveys found that natural products, including botanical dietary supplements, are used
by approximately 18% of adults. In many cases there is a paucity of toxicological data available for these
substances to allow for confident evaluations of product safety. The National Toxicology Program (NTP)
has received numerous nominations from the public and federal agencies to study the toxicological
effects of botanical dietary supplements. The NTP sought to evaluate the utility of in vitro quantitative
high-throughput screening (QHTS) assays for toxicological assessment of botanical and dietary
supplements. In brief, concentration response assessments of 90 test substances, including 13 distinct
botanical species, and individual purported active constituents were evaluated using a subset of the
Tox21 gHTS testing panel. The screen included 20 different endpoints that covered a broad range of
biologically-relevant signaling pathways to detect test article effects upon endocrine activity, nuclear
receptor signaling, stress response signaling, genotoxicity, and cell-death signaling. Botanical dietary
supplement extracts induced measurable and diverse activity. Elevated biological activity profiles were
observed following treatments with individual chemical constituents relative to their associated botanical
extract. The overall distribution of activity was comparable to activities exhibited by compounds present in
the Tox21 10K chemical library. Botanical supplements did not exhibit minimal or idiosyncratic activities
that would preclude the use of qHTS platforms as a feasible method to screen this class of compounds.
However, there are still many considerations and further development required when attempting to use in
vitro qHTS methods to characterize the safety profile of botanical/dietary supplements.
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Stress and Sex Regulation of Gastric Inflammation
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Chronic inflammation is a well-known driver of cancer development and progression. In the stomach,
chronic inflammation induces parietal cell loss and the development of potentially preneoplastic
metaplasia. Glucocorticoids are anti-inflammatory steroid hormones produced by the adrenal glands that
are required for suppressing pathogenic gastric inflammation. We discovered that depletion of
endogenous glucocorticoids by adrenalectomy leads to spontaneous chronic gastric inflammation and
spasmolytic polypeptide-expressing metaplasia (SPEM), a common precursor of gastric cancer. SPEM
development was directly linked to gastric monocyte infiltration as monocyte/macrophage depletion by
clodronate loaded liposomes or blocking gastric monocyte infiltration by genetic knockout of the
chemokine receptor Cx3cr1 blocked SPEM development. Surprisingly, we found that gastric inflammation
and SPEM were absent in adrenalectomized male mice unless male sex steroid hormones were
simultaneously depleted by castration; raising the possibility that androgens may regulate gastric
inflammation in the absence of glucocorticoids. To test the ability of androgens to suppress gastric
inflammation, we treated adrenalectomized female mice with the androgen dihydrotestosterone (DHT).
DHT treatment completely blocked adrenalectomy-induced gastric inflammation and SPEM development.
Single-cell RNA sequencing of gastric leukocytes revealed that only type 2 innate lymphoid cells (ILC2s)
expressed both the glucocorticoid receptor and androgen receptor. Moreover, ILC2s expressed high
levels of Th2 cytokines, including //13, which has been reported to promote SPEM development.
Sequence motif analysis of //13 revealed the presence of both glucocorticoid and androgen response
elements within the //13 promoter, suggesting that glucocorticoids and androgens may cooperate to
regulate the transcription of a class of inflammatory genes. Indeed, treatment with DHT or the synthetic
glucocorticoid dexamethasone significantly downregulated //73 mRNA within ILC2s by three hours after
treatment. In summary, we found a novel role for glucocorticoids and androgens in regulating gastric
inflammation.
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SIX1 regulates aberrant endometrial epithelial cell differentiation and cancer
latency following developmental estrogenic chemical exposure

Suen Wallach AA, Jefferson WN, Wood CE, and Williams CJ

Reproductive Medicine, DIR RDBL, NIEHS, Boehringer Ingelheim Pharmaceuticals,

Early-life exposure to estrogenic chemicals can increase cancer risk, likely by disrupting normal patterns
of cellular differentiation. Female mice exposed neonatally to the synthetic estrogen diethylstilbestrol
(DES) develop metaplastic and neoplastic uterine changes as adults. Abnormal endometrial glands
express the oncofetal protein sine oculis homeobox 1 (SIX1) and contain cells with basal (cytokeratin
[CK]14+/18-) and poorly differentiated features (CK14+/18+), strongly associating SIX1 with aberrant
differentiation and cancer. Here we tested whether SIX1 expression is necessary for abnormal
endometrial differentiation and DES-induced carcinogenesis by using Pgr-cre to generate conditional
knockout mice lacking uterine Six1 (Six71d/d). Six1d/d mice neonatally exposed to DES had a 42% higher
incidence of endometrial cancer relative to DES Six71+/+ mice. While DES Six7d/d mice had >10-fold
fewer CK14+/18- basal cells within the uterine horns as compared with DES Six7+/+ mice, the
appearance of CK14+/18+ cells remained a feature of neoplastic lesions. These findings demonstrate
that SIX1 is a cellular differentiation factor necessary for DES-induced basal cells but not poorly
differentiated CK14+/18+ cells or cancer. Furthermore, these data suggest that CK14+/18+ cells act as a
cancer progenitor population and that SIX1 may delay DES-induced endometrial carcinogenesis by
promoting basal differentiation of CK14+/18+ cells. Studies investigating the CK14+/18+ cell population
are ongoing. In human endometrial biopsies, 35% of malignancies (63/181) showed CK14+/18+
expression, which positively correlated with tumor stage and grade and was not present in normal
endometrium.
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Novel ancestry-dependent and independent gene expression signatures predict
efficiency of generating induced pluripotent stem cells from diverse donor-
derived dermal fibroblasts
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Bushel PR, Byun JS, Napoles A, Perez-Stable EJ, Fargo DC, Gardner K, and Archer
TK
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Reprogramming adult somatic cells to a pluripotent state has the potential to transform disease modeling
and regenerative medicine. However, the process of generating induced pluripotent stem cells (iPSCs) is
highly inefficient, and the extent to which endogenous gene expression impacts reprogramming efficiency
in individuals is largely unknown. Our lab recently generated a resource of primary dermal fibroblasts and
matched iPSCs from 80 healthy donors of African and European ancestry. Efficiency of reprogramming
fibroblasts to iPSCs was highly consistent with little variability within each individual line, suggesting that
intrinsic factors influence reprogramming efficiency. To identify genes that determine the efficiency at
which dermal fibroblasts reprogram to iPSCs, we sequenced RNA from the donor dermal fibroblasts and
matched iPSCs. We identified both ancestry-dependent and independent genes associated with
reprogramming efficiency. Fibroblasts that reprogrammed with higher efficiency had expression levels of
associated genes more like iPSCs when compared to lines that reprogrammed at lower efficiencies,
suggesting that associated genes may prime fibroblasts for pluripotency. Using associated gene sets, we
developed a machine learning algorithm to effectively predict relative reprogramming efficiency in
independent samples. Using distinct ancestry-dependent gene sets improved reprogramming efficiency
predictions. Overall, our work suggests that reprogramming efficiency is not stochastic, but rather
governed by specific genetic mechanisms, and gene expression in primary fibroblasts can be useful in
predicting pluripotent potential. We are working to identify direct roles for identified genes in
reprogramming efficiency with the goal of understanding mechanisms regulating inter-personal and
ancestry-dependent differences. Importantly, our work highlights the need to consider individual genetic
backgrounds while establishing protocols to enhance reprogramming efficiency and generate iPSC-based
models.
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A pulmonary dendritic cell subpopulation and progeny stimulate Th17 cell
differentiation.
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Allergic asthma is a complex inflammatory disease associated with airway eosinophilia driven by type 2
helper T (Th2) cells and neutrophilia driven by Th17 cells. Although eosinophilic asthma generally
responds well to inhaled glucocorticoids, neutrophilic asthma does not, and new therapies are needed. It
is therefore critical to understand how allergen-specific Th17 cells develop. Antigen-bearing conventional
dendritic cells (cDCs) are essential for T helper cell development, but the identification of a lung DC
subset that selectively promotes Th17 differentiation has remained elusive. We hypothesized that this
might be due to the heterogeneity of lung DCs, especially CD11b+DCs, and that mass cytometry
(CyTOF) might provide new insights. Using this approach, we found that inhaled extracts of house dust
led to recruitment of a novel antigen presenting cell type that displays many DC markers including
CD11b, but also Ly-6C, which has traditionally been used to identify monocytes. These Ly-
6C+CD11b+cells were bona fide cDCs, however, and not monocytes, as they had dendrites, lacked other
monocyte markers, including CD115 and F4/80, and expressed the DC-signature gene, Zbtb46. Co-
culture of Ly-6C+CD11b+DCs with naive CD4+T cells promoted Th17 differentiation, but not Th2
differentiation. Thus, we have identified a novel DC population in the lung that potently and selectively
promotes Th17 differentiation.
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Prediagnostic immune cell profiles and breast cancer incidence

Kresovich JK, O'Brien KM, Xu Z, Weinberg CR, Sandler DP, and Taylor JA
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Importance: Higher overall leukocyte counts in women may be associated with increased risk of breast
cancer, but the influence of specific leukocyte subtypes on breast cancer risk remains unknown.

Objective: To determine associations between circulating leukocyte subtypes and breast cancer
incidence.

Design: A case-cohort subsample was selected in July 2014 from the full Sister Study cohort.

Setting: Between 2003-2009, the Sister Study enrolled 50,884 women who had a sister previously
diagnosed with breast cancer but were themselves breast cancer-free. Blood samples were drawn at
baseline and women were followed through September 2016.

Participants: 1,295 women were randomly selected from the full cohort (of whom 91 developed incident
breast cancer) along with 1,479 women who developed incident ductal carcinoma in situ or invasive
breast cancer during follow-up (mean time to diagnosis: 3.9 years).

Exposures: Whole blood DNA methylation was measured using the Infinium HumanMethylation450
BeadChip. Methylation values were deconvoluted using the Houseman method to estimate proportions of
six leukocyte subtypes (B-cells, natural killers, CD8+ and CD4+ T-cells, monocytes, granulocytes).
Leukocyte proportions were dichotomized at their population median value and Cox proportional hazard
models were used to estimate associations with breast cancer.

Main outcome: Incident breast cancer.

Results: Among the 2,774 non-Hispanic white women included in the analysis (mean age=56.6 years,
SD=8.8), circulating proportions of B-cells were positively associated with breast cancer (HR: 1.17, 95%
Cl: 1.01, 1.36, P=0.04). Among premenopausal women at blood draw, the association for B-cells
association appeared stronger (HR: 1.38, 95% CI: 1.05, 1.82, P=0.02) and an inverse association for
circulating proportions of monocytes was revealed (HR: 0.75, 95% CI: 0.57, 0.99, P=0.05). Among all
women, associations between leukocyte subtypes and breast cancer were time-dependent: higher
monocyte proportions were associated with decreased near-term incidence (within one year of blood
draw, HR: 0.62, 95% CI: 0.43, 0.89, P=0.01) while higher B-cell proportions were associated with
increased incidence four or more years after blood draw (HR: 1.38, 95% CI: 1.15, 1.67, P=0.001).

Conclusion: Circulating leukocyte profiles may be altered prior to clinical diagnoses of breast cancer and
may be time-dependent markers for future breast cancer incidence, particularly among premenopausal
women.
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Population Variability in Neurotoxicity Outcomes Modeled In Vitro with Diversity
Outbred Neural Progenitor Cells
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D, Witt K, Paules R, and Harrill AH
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Developmental neurotoxicity (DNT) is critical to investigate, yet remains one of the most challenging
health effects of chemicals to study. To date, there are few screens for DNT and existing assays do not
incorporate sufficient genetic diversity to capture variations in DNT susceptibility across individuals that
comprise a diverse population. To overcome these challenges, Diversity Outbred (DO) mice were created
as a population resource composed of genetically unique individuals with highly randomized allelic
architecture. DO mice can act as a population surrogate for human epidemiological studies, allowing
investigators to generate toxicodynamic variability factors (TDVFs), which can replace default uncertainty
factors for risk assessment. In this study, we utilized 200 male and female neural progenitor cells (NPCs)
derived from the DO mice to assess the population-wide variability upon exposure to the chemicals. DO
NPCs were exposed to one of six chemicals at 12 concentrations (0-200 uM): rotenone, dieldrin,
estradiol, methyl mercury, 2,2’,4,4’ 5-pentabromodiphenyl ether or isopropylated phenyl phosphate. Cell
viability was measured at 114 h post-exposure using the Alamar blue assay. We observed wide
distributions of log-transformed cytotoxicity EC10 for rotenone and methyl mercury, indicating the
contribution of genetic variants to interindividual sensitivities to these agents. A Bayesian probabilistic
approach was used to calculate chemical-specific TDVFs to quantitatively estimate the variability in the
population dose-response and confidence intervals around the variability. Our data demonstrated that the
default uncertainty adjustment factor would likely be inadequate to account for interindividual differences
in sensitivity to cytotoxicity associated with rotenone and methyl mercury, whereas the default value may
be adequately protective for the remaining tested chemicals. In addition, mouse-derived TDVFs were
comparable to human-derived TDVFs calculated from the human lymphoblastoid cell lines exposed to the
same chemicals, suggesting that TDVFs derived from DO NPCs can be translated to human variability. In
the next phase of our studies, cell painting analysis of the samples is ongoing to assess significantly
altered phenotypic endpoints and determine the mode of toxicity underlying the susceptibility to the
toxicity of DNT agents. Cell painting is a high-content image-based profiling assay which quantifies
intracellular morphometry of organelles, providing insight into cellular “endophenotypes” associated with
DNT. A classification and regression tree machine learning assessment will be utilized to identify sensitive
biomarkers that can detect the adverse outcome. Taken together, this population-based in vitro assay
using the DO population will provide a data-driven estimate for interindividual toxicodynamic variability to
better inform risk assessors of the population dynamics for setting informed human reference doses.
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Roles for DNA polymerase & in initiating and terminating leading strand DNA
replication.
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Most current evidence indicates that DNA polymerases € and 9, respectively, perform the bulk of leading
and lagging strand replication of the eukaryotic nuclear genome. Given that ribonucleotide and mismatch
incorporation rates by these replicases influence somatic and germline patterns of variation, it is important
to understand the details and exceptions to this overall division of labor. Using an improved method to
map where these replicases incorporate ribonucleotides during replication, here we present evidence that
DNA polymerase duniversally participates in initiating leading strand synthesis, and that nascent leading
strand synthesis switches from Pol € to Pol & during replication termination. Ribonucleotide maps from
both budding and fission yeast reveal conservation of these processes. These observations of replisome
dynamics provide important insight into the mechanisms of eukaryotic replication and genome
maintenance.
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Mineralocorticoid receptors are required for the development and maintenance of
CA2’s molecular profile and for CA2-dependent behavior
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Exposure to stress is an important risk factor for the development, onset, and exacerbation of several
neuropsychiatric disorders, including depression, schizophrenia, and PTSD. In the brain, glucocorticoid
(GR) and mineralocorticoid (MR) receptors mediate behavioral and physiological responses to stress. In
the adult hippocampus, the distribution of GRs and MRs is subregion-specific, with the highest MR:GR
mRNA ratio found in area CA2 in mice (F(3,8)=40.51, p<0.0001) and in humans (F(3,20)=21.39,
p<0.0001). In addition, variants of the gene encoding MR, Nr3c2, have recently been shown in a new
syndromic form of autism spectrum disorder. In mice, CA2 pyramidal neurons have a distinct molecular
makeup resulting in a plasticity-resistant phenotype that distinguishes them from cells in CA1 and CAS3.
Thus, we asked whether MRs regulate CA2 neuron properties and related behaviors. Using three
conditional knockout methods at different stages of development, we found a striking decrease in all
tested CA2 markers. This effect was mimicked by chronic antagonism of MRs. Furthermore, embryonic
deletion of MRs also disrupted inputs into the hippocampus from the supramammillary nucleus and
enabled synaptic potentiation of the normally LTP-resistant synaptic currents in CA2. We also found that
CA2-targeted MR knockout was sufficient to similarly disrupt behaviors as observed with whole brain MR
deletion. MR knockout mice exhibited normal social investigation behavior, however, these mice failed to
discriminate between a familiar and a novel conspecific. In addition, MR knockout mice showed hyper-
reactivity in response to novel objects. Finally, we tested the mice for anxiety-like behavior in an elevated
plus maze and found that mice with a CA2-targeted deletion of MRs spent more time in the open arms of
the maze, suggesting an anxiolytic-like behavioral phenotype. Together, these results demonstrate a
novel role for MRs in regulating CA2’s molecular profile and provide insight into their role in regulating
CA2-related behavior.


https://F(3,20)=21.39
https://F(3,8)=40.51
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Unsupervised Gene Coregulation Network Analysis to Decipher Temporal
Dynamics in Chemically-induced Cardiotoxicity

Rahman A, Svoboda D, Bushel PR, Berridge BR, and Auerbach SS
Toxicoinformatics, DNTP, NIEHS, Sciome LLC, Biostatistics & Computational Biology
Branch, DNTP

Introduction: Lack of mechanistic understanding and reliable biomarkers for chemically-induced
cardiotoxicity warrants deeper investigation into this area. Toxicogenomic approaches to safety prediction
has been introduced in recent years. In this project, we performed unsupervised gene co-expression
network analysis using DrugMatrix rat microarray data (Affymetrix 230 2.0) to decipher mechanistic
progression across time upon chemical exposure in the heart and characterize the temporal progression
of different cardiac failure modes.

Methods: The rat heart gene expression data contains treatment with 88 cardiotoxic chemicals for 1-5
days. The RMA normalized probes were ranked by decreasing value of the variance of their intensities to
ensure selection of those genes exhibiting response to chemical perturbation. A probe-to-probe pairwise
Pearson correlation (PC) was performed using Partek Genomics Suite. Gene network was created using
Cytoscape after filtering the data by setting large correlation thresholds (e.g. PC = 0.6). Even higher cut-
off (e.g. PC 2 0.7) was used to identify tightly correlated genes (module) on the whole map. To define
biological characteristics of the modules, we performed enrichment analysis using Enrichr, David
Bioinformatics, and Ingenuity Pathway Analysis. We utilized this coregulation network for understanding
the sequential cascade of biological effects on gene expression by painting genes on the network that
exhibited differential expression (> 2-fold change) from different exposure durations of cardiotoxic
chemicals.

Results: We obtained 19 perturbation associated modules which represent distinct biological processes
such as immune/inflammatory responses, lipid metabolism, heme synthesis, etc. Using the co-expression
map as a base framework, we explored the different temporal trajectories for a variety of prototype agents
with unique pathogenic mechanisms such as kinase inhibitors, B-agonists, etc. We show that B-agonists,
such as dobutamine, caused upregulation in the cardiac specific signaling pathways such as cardiac
remodeling, myocyte repair, etc. on day 1 and 5. With reactive chemicals, such as Allylamine, there is an
increased myocardial hypertrophy signaling on day 1. A notable observation in our analysis is the
convergence of compensatory regenerative processes independent of the initial mechanism of
cardiotoxicity. By identifying the potential cardiac specific pathways from this short-term studies, we can
prognosticate cardiotoxicity in the longer-term exposure. In summary, this exercise reveals early agent
specific behavior that evolves into a general compensatory process which is likely intrinsic to the
reparative function of the heart. Further, we believe this analysis can be used to understand the
capabilities and limitations of in vitro systems for modeling cardiotoxicity.
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Hypospadias: Unzipping the morphogenetic processes of penis formation
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Hypospadias, or urethra closure defects, is one of the most common birth defects in the world affecting
nearly 1% of newborn boys. Hypospadias is the result of disrupted urethra closure where the urethra exits
ventrally along the shaft of the penis. Normal penis development and urethra closure require androgens
produced by the fetal testis. Testis-derived androgen then drives cell-to-cell communication between the
urethra and the adjacent mesenchyme, which then influences the formation of the urethra. In the absence
of androgen, the urethra fails to close, leading to severe hypospadias. Although this dogma of penis
formation has been known for over 50 years, scientists and clinicians remain unable to identify the causes
of 70% of hypospadias cases. This is likely due to a poor understanding of the cell-cell interactions during
penis morphogenesis and the potential impact environmental contaminants in this process. Here we
address these gaps in urethral closure by studying a novel cell population in the penis and then develop
penis organoids to study how environmental contaminants impact urethral closure and cell population
composition. First, we identified a new population of cells that has never been described in the penis. This
cell population expressed Sf1, the master regulator of sex steroid production. Most intriguingly, these
cells originated outside of the penis from the hindlimbs of the embryo. After the onset of penis formation,
these cells infiltrated the penis and eventually settled adjacent to the urethra, revealing that they are an
external source of mesenchymal cells. Once situated in the penis, this cell population began to express
androgen receptor and a suite of androgen responsive genes, indicating that these cells are androgen
responsive and are contributing to urethral closure. To test the importance of these cells, we developed a
cell ablation model that genetically remove this cell population in the penis. The embryo with the ablation
of this cell population exhibited severe hypospadias phenotypes. These data indicate that this unique cell
population from outside of the penis are required for proper urethra closure. Finally, we were set up to
establish a penis organoid culture system that can be used as a large-scale platform for screening
environmental contaminants with the ability to affect penis development. Our preliminary results were
promising as this organoid culture recapitulated urethra development, forming the structure with various
cell types in the penis. These organoids are androgen responsive and can be maintained in culture for
>40 days. In summary, we have identified a new cell population that contribute to urethral closure, and
established an organoid culture system that serve as an ex vivo tool to screen environmental
contaminants that could cause hypospadias.
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Characterizing abnormal cell populations in adult uterine endometrium of
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Exposing mice to the synthetic estrogen diethylstilbestrol (DES 1 mg/kg) from neonatal days 1 to 5 results
in a high incidence of uterine cancer in adult mice. Our laboratory previously identified three abnormal
uterine epithelial cell populations in DES exposed mice. Aberrant expression of Krt14, Trp63 and Six1
within these cells may contribute to abnormal endometrial tissue differentiation and the development of
cancer. In the current study, we aimed to develop a method to isolate single cells from adult mouse
endometrium and to use single cell RNA-sequencing (scRNAseq) technology to identify subpopulations
and characterize gene expression differences in cells from DES exposed mice compared to

controls. Preliminary data indicates successful isolation of high-quality single cells from endometrium of
control and DES exposed mice. An analysis limited to epithelial cells revealed eleven subpopulations
including the abnormal basal cell population of interest that expresses Krt14 and Trp63 (typical basal cell
markers); Six1 expression was also observed in some of these cells. Future experiments using this
method will help elucidate specific genes changes involved in the formation of this abnormal basal cell
phenotype.
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Investigation of a hypermutable state associated with dGTP starvation
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Deleterious bacteria have the ability to evolve (mutate) rapidly in order to become refractory to host
defenses like the immune system or to antibiotic treatments. While normal bacterial mutation rates are
generally low, they can enter so-called hypermutability states, in which their normal mutation rate is
elevated by many orders of magnitude. This can be part of a genetically programmed response and/or
resulting from the exposure to harmful conditions, such as oxidative stress. Our laboratory has been
investigating a process called dGTP starvation, in which E. coli cells are starved for the critical DNA
precursor dGTP. The condition is achieved by expression of a mutant form of the native dGTPase
enzyme that hydrolyzes dGTP into deoxyguanosine and triphosphate (PPPi). While the wild-type enzyme
appears to be carefully regulated - requiring binding to ssDNA for activity, the mutant enzyme
(Cys273Ser) lacks this regulation and is constitutively active, leading to lowered cellular dGTP
concentrations and reduced viable counts. When the C273S protein is expressed from a plasmid, severe
toxicity ensues, the culture's viable count dropping 3-4 orders of magnitude within two

hours. Interestingly, after this time the culture stabilizes and, in fact, resumes growing. We have
established that this resumed growth is due the appearance of suppressor mutants that have become
resistant to the dGTP starvation. Whole-genome sequencing of a set of independent suppressors
revealed them to be defective in expression of the enzyme (i.e., inactivation of the T7 RNA polymerase or
the AraC protein, both needed for expression in the used BL21Al system). In view of the relatively low
frequency expected for existing araC or T7pol mutants in the culture, we hypothesize that the
suppressors do not reflect the selection of such pre-existing mutants, but instead their accelerated de
novo production due to the stressful starvation circumstances (i.e., a hypermutable state). To
unequivocally demonstrate this hypermutable state, we plan to follow the production of unselected (i.e.,
random) mutations during the starvation using the Duplex DNA sequencing technique. This NGS method
allows for the reliable determination of rare mutants in a population down to the level of 5 x 10-8.
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Calcium Signaling in Mouse Hepatocytes: application of GCaMP6f for studies in
vivo and in vitro.
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Calcium-dependent processes play critical roles in liver health and disease, such as liver growth and
regeneration, hepatocellular carcinoma, cholestasis and viral hepatitis. Underlying these processes is the
action calcium ions play in a variety of cellular signaling pathways, including those responsible for control
of bile secretion, cell cycle control, cell proliferation and cell death, glucose and energy metabolism.

Calcium signals in hepatocytes are mediated by receptor activation of phospholipase C (PLC) and can be
evoked by various hormones, including epinephrine, vasopressin and angiotensin II. At physiological
levels, hormone-induced calcium signals present themselves as intracellular Ca2+ oscillations. Ca2+
oscillations generally involve a coordinated and regenerative release of calcium ions from intracellular
calcium stores and, to sustain this process over time, usually requires the entry of extracellular calcium
ions via store-operated Ca2+-entry (SOCE). In primary hepatocytes, the mechanisms underlying PLC-
dependent Ca2+-oscillations and the nature of Ca2+ entry have not been thoroughly characterized.
Indeed, monitoring and studying calcium signals in primary hepatocytes is technically challenging; from
the isolation and maintenance of viable cells to the measurement of intracellular calcium signals.

The aim of this study was to improve the ability to measure and define calcium signals in primary mouse
hepatocytes. This was achieved by using a mouse model expressing a genetically encoded calcium
indicator, GCaMP6f, in the liver. Significantly, primary hepatocytes derived from GCaMP6f-expresing
mice displayed robust and reproducible calcium signaling events in response to PLC-coupled hormones,
including sustained hormone-induced calcium oscillations. Importantly, this technical approach

provides an experimental system whereby calcium signaling events in hepatocytes can be studied in
multiple modes; from studying single cell responses either in the intact liver or with dispersed cells, to the
application of high throughput screening techniques. Expression of GCaMP6f in mouse liver provides an
experimental platform that will broaden the user base and enhance our understanding of calcium
signaling mechanisms.
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Perfluorooctanoic acid (PFOA) and its replacement, GenX, disrupt the maternal-
embryo-placenta unit in CD-1 mice

Blake BE, Cope HA, Hall SM, Keys RD, Mahler BW, McCord J, Scott B, Stapleton HM,
Strynar MJ, EImore SA, and Fenton SE

Reproductive Endocrinology, , NIEHS, 2Division of the National Toxicology Program
(DNTP), NTP Laboratory, National Institute of Environmental Health Sciences (NIEHS),
National Institute of Health

Perfluorooctanoic acid (PFOA) is a perfluoroalkyl substance (PFAS) associated with adverse pregnancy
outcomes in mice and humans, but little is known regarding one of its replacements, GenX. Both
chemicals are drinking water contaminants in the US and Europe, with recent intense public scrutiny in
North Carolina after it was discovered that GenX was a major pollutant in the Cape Fear River. GenX was
selected as a “safer” alternative to PFOA due in large part to its quicker elimination in both human and
animals. In this study, we compared the toxicity of PFOA and GenX in pregnant mice and their developing
embryo-placenta units. Pregnant CD-1 mice were exposed daily to PFOA (0, 1 or 5 mg/kg) or GenX (0, 2
or 10 mg/kg) via oral gavage from embryonic day (E) 1.5 to 11.5 or 17.5 to evaluate exposure effects on
the dam and embryo-placenta unit. Gestational weight gain (GWG), maternal clinical chemistry, maternal
liver and placental histopathology, embryo and placental weight, internal chemical dosimetry, and
placental thyroid hormone levels were determined. Exposure to GenX or PFOA resulted in increased
GWG, with increase in weight most prominent and of shortest latency with 10 mg/kg GenX exposure.
Embryo weight was significantly reduced by 5 mg/kg PFOA (9.4% decrease relative to controls).
Increased maternal liver weights, changes in the liver histopathology profiles, increased placental tissue
weights and embryo-placental weight ratios, and increased incidence of placental abnormalities
compared to controls was similar for both PFOA and GenX, and magnitude of the effect was greater for
the higher doses (5 mg/kg PFOA and 10 mg/kg GenX). However, histopathological features in placentas
and placental thyroid hormones suggest that PFOA and GenX likely utilize divergent mechanisms of
toxicity in the embryo-placenta unit. Internal dosimetry showed similar accumulation of PFOA and GenX
in maternal serum, amniotic fluid, and whole embryos, but GenX accumulated to a much lesser extent in
the maternal liver. Gestational exposure to GenX recapitulated many documented effects of PFOA in the
CD-1 mouse, including increased GWG, reduced serum triglycerides, and histopathological liver features
including hepatocellular hypertrophy with decreased glycogen, intensely eosinophilic granular cytoplasm
and increased hepatocellular apoptosis. Subcellular hepatocellular changes included reduced glycogen,
increased mitochondria, increased peroxisomes and altered rough endoplasmic reticulum. However,
adverse effects towards the placenta appear to have compound-distinct signatures regarding
histopathological features and thyroid hormone content. These data suggest that despite its faster
elimination and lower liver accumulation, GenX induces adverse effects in the maternal liver and that the
placenta is a target tissue of both PFOA and GenX.
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High-Throughput Screening to Predict Chemical-Assay Interference

Borrel A, Huang R, Sakamuru S, Simeonov A, Houck K, Judson R, Xia M, Mansouri K,
and Kleinstreuer N

Computational Toxicology, DIR BCBB, NIEHS, NCATS, NIH, ORD NCCT, EPA, ILS,

The U.S. federal consortium on toxicology in the 21st century (Tox21) produces quantitative, high-
throughput screening (HTS) data on thousands of chemicals across a wide range of assays covering
critical biological targets and cellular pathways. Many of these assays, and those used in other in vitro
screening programs, rely on luciferase and fluorescence-based readouts that can be susceptible to signal
interference by certain chemical structures resulting in false positive outcomes. Included in the Tox21
portfolio are assays specifically designed to measure interference in the form of luciferase inhibition and
autofluorescence. A single assay was used to measure luciferase inhibition in a cell-free format. An
additional 12 assay endpoints were derived by screening two cell types (HEK-293 and HepG2) at three
different fluorescent wavelengths (red, blue, green) under cell culture conditions with and without

cells. The Tox21 chemical library was screened in these assays using a quantitative HTS protocol,
representing one of the largest screening efforts for chemical-assay interference to date.

Out of 8,305 chemicals tested in the Tox21 interference assays, percent actives ranged from 0.5% (red
autofluorescence) to 9.9% (luciferase inhibition). Multiple supervised and unsupervised machine learning
and clustering approaches were harnessed to analyze the interference activity data and characterize
structural patterns associated with luciferase inhibition or autofluorescence among different wavelengths.

Techniques such as hierarchical clustering and Self Organizing Map were used to identify structural
clusters that were enriched for specific types of assay interference activity. Both known and novel
associations were identified between various structural scaffolds, luciferase inhibition, and
autofluorescence activity, as well as channel/condition-specific potency/activity.

Machine learning approaches were leveraged to build statistical quantitative structure—activity
relationships (QSAR) models that use selected molecular descriptors to predict the probability of a
chemical to interfere with fluorescent intensity or luciferase. The best QSAR model for luciferase inhibition
demonstrated high predictive performance, with 83% external test set accuracy and balanced accuracy
(BA) equal to 76%. Multiple QSAR models were developed to cover the large set of conditions available
for autofluorescence assays, with BAs ranging from 68-81%. The best performing predictive models have
been included in a web-based tool (http://www.alexborrel.com/interferences/) that will allow users to
predict the likelihood of assay interference for any new chemical structure and thus increase confidence
in HTS data by decreasing false positive testing results.

This abstract does not reflect official EPA or NIH policy.


http://www.alexborrel.com/interferences
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Single-cell analyses identify rare CD16+ CD8 T cell subtypes in peripheral blood
affected by tobacco smoke exposure

Campbell MR, Martos SN, Lozoya OA, Bennett BD, lannone MA, Wan M, Pittman GS,
and Bell DA

Environmental Genomics, DIR IIDL, NIEHS, Integrative Bioinformatics Support Group,
NIEHS, Flow Cytometry Center, NIEHS,

Background: Exposure from tobacco smoke has been found to impact immune response, leukocyte
subtypes, DNA methylation, and expression from human whole blood. However, interpretation of bulk
genomic approaches is limited because changes could indicate altered distribution of cell
(sub)populations or changes in expression within (sub)populations.

Hypothesis: Analysis with single cell technologies will resolve smoking associated (sub)population
compositions, gene expression differences, and identification of rare subtypes masked by bulk fraction
data.

Methods: To identify cell (sub)populations affected by smoking and possibly connect observed immune
cell changes with smoking-associated diseases, we characterized gene expression profiles and cell
surface marker phenotypes from primary peripheral blood mononuclear cells (PBMCs) from 4
nonsmokers and 4 smokers by single cell RNA sequencing (scRNAseq) and mass cytometry (CyTOF).
Using the 10X Genomics platform in combination with Seurat analysis, scRNAseq identified shifts in
subtype distributions within the CD4 T and CD8 T cell populations between smokers and nonsmokers. In
order to confirm and immunotype the PBMC populations, we used CyTOF with a 26 marker phenotypic
panel to evaluate ~ one million viable cells from the same individuals profiled in scRNAseq.

Results: Major cell type population frequencies showed strong correlation between scRNAseq and
CyTOF (Pearson r =0.99, p <0.0001). Using the VorteX Clustering Environment and the X-shift algorithm
in combination with manual gating (Cytobank) for CyTOF analysis, we found no changes (Mann-Whitney,
p=0.69; p=0.42) in the total number of CD8 T cells and Natural Killer T (NKT) cells which was consistent
with scRNAseq analysis. Among smokers, scRNAseq showed a decrease in two subsets of CD8 T cells
(Mann-Whitney, p = 0.03) corresponding with an increase (Mann-Whitney, p = 0.03) in two CD8 T
subsets, one of which showed an increase in FCGR3A (FCGR3A encodes protein CD16). CD16 is
commonly associated with nonclassical monocytes and Natural Killer (NK) cells. In NK cells, CD16 acts
as a receptor that binds 1gG antibodies to activate antibody-dependent cellular cytotoxicity (ADCC)
processes. Relatively rare in nonsmokers (median: 1.8%), this NK-like CD16+ subset of CD8 T cells
comprised 7.3% of PBMCs in smokers. From the CD8 T cells, CyTOF confirmed a significant increase (p
= 0.03) in the frequency of CD16+ CD8 T cells in smokers. Using manual gating, the majority of this NK-
like CD16+ CD8 T cell subtype was CD45RA positive for both smokers and nonsmokers, indicating from
the literature that this CD8 T cell subtype might be effector memory T cells re-expressing CD45RA
(TEMRA) cells. Taken together, this increase in an altered effector memory CD8 T subset might represent
an intermediate stage in smoking-induced diseases.
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Developing a Computed Tomography Assessment Tool for Calcinosis in Myositis
Cervantes BA, Gowda P, Chen MY, Rider LG, Miller FW, and Schiffenbauer Al
Mechanisms of Autoimmune Diseases, DIR CRB, NIEHS, National Institute of
Biomedical Imaging and Bioengineering, DIR CRB, NIBIB, Advanced Cardiovascular
Imaging Laboratory, DIR CRB, NHLBI, Environmenta

Introduction: Dermatomyositis (DM), consisting of adult DM and juvenile DM (JDM), is a chronic
inflammatory disorder characterized by progressive muscle weakness with other systemic involvement.
Calcinosis, observed in almost 30% of adult DM patients and 70% in JDM patients, is a condition in which
calcium salts are deposited in and around soft tissue. There is a need for a better understanding of
calcinosis features, and for a quantitative metric of calcification. We have utilized whole body CT imaging
and calcium scoring techniques to better understand the disease. In this study, we explore this novel tool
for calcinosis assessment and quantification to underline its importance in care for DM patients.

Methods: Individuals who fulfilled Bohan and Peter criteria for definite or probable DM or JDM and
indicated calcinosis by physical exam or prior imaging studies were included. Non-contrast whole body
scans were conducted from the top of the patient’s head to the bottom of the feet, including the arms, on
the Aquillion One Vision Edition Research CT scanner at the NIH Clinical Center in Bethesda, MD. Scans
were read by PG and verified by MC, a board-certified radiologist, using imaging software. Multiple
analyses were performed. A 3D reconstruction of the CT scan was created to better spatially visualize the
calcinosis.

Results: The cohort included 32 patients (15 adult DM and 17 JDM). We identified four calcinosis
patterns across the cohort and identified novel calcinosis locations. Regional distribution across the body
was assessed, indicating the pelvis and proximal legs as the regions of highest calcinosis occurrence.
Physicians, on physical exam, have a sensitivity of 0.80 and a specificity of 0.83, compared to CT
detection. Differences in calcium score using a normalized Agatston score between both DM and JDM
groups were insignificant. Calcium score correlates with other DM clinical parameters: Physician Global
Damage (P < 0.0001) and Time Since Diagnosis (P = 0.0011).

Conclusion: Whole body CT scans and the Agatston scoring metric provide novel insight towards the
characteristics of calcinosis cutis in DM patients. Increased spatial resolution of CT scans suggest distinct
calcinosis patterns and we have identified calcinosis in previously unreported tissue. Physicians may
underrepresent the presence of calcium by physical exam. Calcium scoring of the CT scans correlates
with clinical measures, which suggests that this method may be used to assess disease and to follow
disease progression over time.
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Developing a human embryonic stem cell-based high-throughput platform to
screen for developmental toxicants

Chen |, Birla S, and Tokar EJ

Stem Cell Toxicology, DNTP, NIEHS, University of North Carolina at Chapel Hill,

Every year, millions of infants worldwide are born with a serious birth defect, which raises the risk for
lifelong disabilities to those who survive and increases the economic burden to their families and society.
Besides genetic or hereditary factors, many of these defects can be caused by environmental chemical
exposure, such as alcohol, smoking, and drugs. While there are over 80,000 chemicals registered for use
in the United States, many of them have undergone little safety testing. Therefore, a rapid and accurate
method for predicting developmental toxicants in the environment to humans is strongly desired.
Pluripotent human embryonic stem cells (hESCs) possess the capacity to differentiate into any cell type
which makes them an ideal in vitro model to investigate developmental toxicity. In this study, we aim to
develop a cost-effective transcriptomic-based high-throughput platform using hESCs to screen for
environmental chemicals and pharmaceutical compounds with embryotoxic potential. Three-dimensional
embryoid bodies (EBs), which recapitulate many developmental processes of early embryogenesis, were
formed from hESCs. 108 chemicals with known or suspected teratogenicity were administered to EBs for
7 days at concentrations causing a minimal cell viability loss (i.e. £ LC10). The impacts of 23 previously
well-studied chemicals on key embryogenesis signaling pathways (Wnt, Notch, Sonic hedgehog, and
TGF-B) and germ layer formation were investigated by measuring the expression of 37 hallmark genes of
these processes. Based on the exposure-induced transcriptional response change, hierarchical cluster
analysis was applied to separate embryonic toxicants apart from the others. For a more accurate
categorization, supervised classification analysis was performed as well by machine learning. As the
result, among the 108 tested chemicals, 64 impaired EB cell viability in a dose-dependent manner, 7
increased cell viability at high concentrations, while the remaining 37 showed no effect on EB formation
within the tested concentration range. Hierarchical cluster analysis showed the ability to group chemicals
with similar toxicity together, such as Tretinoin and Thalidomide, both of which strongly impaired
ectodermal lineage differentiation and served as the positive controls in this screening. In machine
learning, 10 chemicals with known teratogenicity information from TERIS (Teratogen Information System)
were selected as the training controls. Among nine tested algorithm models, with recursive feature
elimination, GLMNET showed the highest accuracy (mean: 0.82) and reliability (mean: 0.70) and
therefore used for predicting the teratogenicity of the remaining 13 chemicals. The prediction results were
similar to the findings from previous studies with a few discrepancies. Together, these results indicate that
our screening platform could be successfully applied for identifying developmental toxicants and
understanding their etiology.
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Novel Statistical approach to handle limit of detection in chemical mixture
analysis

Chen L, Fine J, Ferguson K, and Zhao S
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DIR EB, NIEHS,

Title: Novel Statistical approach to handle limit of detection in chemical mixture analysis

Background: In environmental research, it is important to study the impact of chemical mixtures on human
health since human beings are exposed to a variety of chemicals, through food, water, air and consumer
products. A major challenge in such analysis is the limit of detection (LOD) issue that chemicals below
certain concentration cannot be detected. Conventional approaches to deal with LOD include complete-
case analysis, which excludes subjects with chemicals below LOD, and substitution method, which
replaces values below LOD with an arbitrary value such as LOD/sqrt{2}. These two approaches could
result in either efficiency loss or biases. In studies relating chemical mixture to health outcomes, the
efficiency loss and bias can be quite dramatic when multiple chemical measures suffer from LOD.

Method: We considered the chemicals with LOD issue as survival data with left-censoring. We modeled
these correlated chemical measures using multiple accelerated failure times (AFT) models and estimated
the joint distribution of the error terms nonparametrically. We further assumed a generalized linear model
to relate the chemical mixture to the health outcome. Therefore, we represented these two models in the
joint likelihood and achieved the estimates of the true effects of chemicals on the health response via an
optimization method, while accounting for LOD of these chemicals. We conducted extensive numerical
studies to understand the performance of our proposed method. We further applied this approach to a
subset of LIFECODES cohort study, where 281 women delivered from 2006-2008 and were selected, to
investigate the relationship between 17 urinary metals, which may be subject to LOD, and their 8-
isoprostane, a urinary oxidative stress marker.

Result: Our proposed method showed unbiasedness and efficiency when compared to complete-case
analysis and substitution methods in numerical studies. With LIFECODES cohort, we selected 7 metals:
manganese (Mn), selenium (Se), tin (Sn), copper (Cu), mercury (Hg), thallium (Tl), and cadmium (Cd),
which showed statistical significance in univariate analysis into the final model. With our proposed
approach, Mn and Se, which are essential trace metals, have significantly positive association with 8-
isoprostane while Tl have negative association 8-isoprostane. However, with complete-case analysis,
these three metals are not significant, while Sn and Cu showed significant positive effects. Substitution
method using LOD/sqrt{2} identified Mn, Cu, Tl and Hg. Our results suggest appropriate statistical
methods to handle LOD in the mixture setting could result in very different results.

Conclusion: We developed a novel and powerful statistical approach that allows us to efficiently recover
the true relationship between health outcome and chemical mixtures, which may be subject to
measurement LOD issue in multiple chemicals.
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Cnot3 is required for male fertility and germline stem cell maintenance

Chen Q, Wang J, Xu X, Lackford B, Zheng X, Yao H, Eddy E, Li J, Geyer C, and Hu G
Stem Cell Biology, DIR ESCBL, NIEHS, Integrative Bioinformatics Support Group,
NIEHS, RDBL, NIEHS, Department of Anatomy and Cell Biology, Brody School of
Medicine, East Carolina University,

The Ccr4-Not complex is the main deadenylase in eukaryotic cells, and it reqgulates mRNA poly(A)-tail
length to influence mRNA stability and/or translation. We have previously shown that Ccr4-Not is required
for embryonic stem cell (ESC) maintenance and poly(A) tail-length regulation serves as a critical post-
transcriptional mechanism in the control of the pluripotent state.

In addition to ESCs, multiple lines of evidence suggest that Ccr4-Not may also be involved in germ cell
development. First, germ cells extensively rely on post-transcriptional gene regulation. Second, germ cells
are considered to harbor latent pluripotency potential because they can re-acquire pluripotency via
fertilization, teratocarcinogenesis, or spontaneous conversion during culture. Third, key germ cell factors
(such as Nanos2) interact with Ccr4-Not in male germline stem cells. Therefore, we hypothesize that
Ccr4-Not may play an important role in germ cell development, possibly in male germline stem cells. To
test the hypothesis, we first examined the expression of Ccr4-Not subunits in adult testis. We found that
the Cnot3 subunit is indeed highly enriched in male germline stem cells. We next generated a Cnot3
conditional knockout mice and derived the germline-specific deletion by breeding with the Vasa-CreERT2
strain. We found that germline-specific deletion of Cnot3 in males resulted in severe loss of germ cells
and complete infertility. More importantly, careful examinations of neonatal males suggested that Cnot3
deletion led to specific loss of germline stem cells. Finally, to understand the underlying mechanism, we
are now examining poly(A)-tail length changes at the genomic scale after Cnot3 deletion in cultured
germline stem cells. We are also carrying out RNA-seq and ribosome-profiling experiments to determine
the impact of Cnot3 deletion on mMRNA steady state level, stability, and translation efficiency. Together,
our results will for the first time reveal the molecular mechanism of Ccr4-Not-dependent poly(A)-tail length
regulation in germline stem cell maintenance and male germ cell development.
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WNK1 is a Vital Regulator of Fertility in Male Mice

Chi RA, Huang C, and DeMayo F

Pregnancy & Female Reproduction, DIR RDBL, NIEHS, Department of Internal
Medicine, University of lowa Carver College of Medicine, lowa, USA.,

With No Lysine (K) Kinase 1 (WNK1) is a ubiquitously expressed kinase protein with tissue-specific
functions in both humans and mice. Initially identified in connection with the heritable form of high blood
pressure in humans, WNK1 is most well studied and understood as a regulator of ion homeostasis in the
renal system. Little is known regarding WNK1’s role in reproduction, and we have previously shown that
in female mice, WNK1 is critical in ensuring the proper and timely implantation of embryos during
pregnancy through regulation of PP2A-AKT-FOXO1 signaling (manuscript in preparation). In this study,
we further report that in addition to mediating pregnancy, WNK?1 is also functional in male fertility by
maintaining the germ cell pool and modulating spermatogenesis. Examination of WNK1 expression in the
male reproductive system showed expression in all cells of the testes, including the spermatogonia germ
cells, spermatocytes, spermatids, Sertoli cells as well as the interstitial Leydig cells. Using the Wnt7a
driven Cre mouse, we generated single allele WNK1 knock-out mice (Wnk1f/-) as well as sperm
homozygous WNK1 knock-out mice (Wnk1sp-/-), and we show that both WNK1 deficient male mice
exhibited fertility defects, when compared to the control mice (Wnk1f/+). A six-month breeding trial of both
types of WNK1 deficient males with wildtype females demonstrated complete infertility, while the control
Wnk1f/+ produced normally. Gross morphology evaluation showed a 50% and 70% reduction in testicular
mass in the Wnk1f/- and Wnk1sp-/- mice, respectively. Histological examination showed several
abnormalities underlying the infertility, including smaller seminiferous tubules, absence of elongated
spermatids, presence of multinucleated cells indicative of disintegration of intercellular bridges, as well as
spermatocytes-filled lumens. Additionally, double immunofluorescence staining of Tra98 and SOX9
demonstrated decreased germ cell population coupled to enrichment of Sertoli cells. The severity of this
phenotype was aggravated with age, where 8-week-old WNK1 deficient mice showed numerous tubules
completely devoid of germ cells. TUNEL assays illustrated elevated apoptosis in the WNK1 deficient
seminiferous tubules, suggesting that the germ cell depletion is associated with increased cell death.
Immunostaining of the Leydig cells showed reduced expression of CYP17A1 in Wnk1 deficient males,
suggesting that testosterone synthesis may be impaired. We further demonstrate that WNK1 deficiency
led to aberrant kinase signaling in the cells of the testes including altered phosphorylation of AKT and
mTOR, both of which are known regulators of spermatogenesis, apoptosis and germ cell maintenance in
the testes. Taken together, we report here that WNK1 is vital in male fertility, the lack of which rendered
male mice infertile possibly through deregulated kinase signaling.
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Characterization of ovarian development in girls from birth to 9 months

Chin HB, Baird DD, Kaplan SL, Darge K, Adgent MA, Ford EG, Rogan WJ, Stallings
VA, and Umbach DM
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Background: There is a transient activation of the reproductive axis after birth known as minipuberty.
Changes in reproductive hormone concentrations and organ size occur during this period. In infant girls
this corresponds to a time of ovarian growth, but longitudinal changes in ovarian volume during infancy
have not been well described.

Methods: Data from the Infant Feeding and Early Development Study, a longitudinal cohort study of
estrogen-responsive outcomes in healthy, term infants, was used to estimate ovarian growth trajectories
and describe the presence of ovarian follicles in girls 0-9 months old. Ovarian ultrasound evaluations
were performed on the infants within 72 hours of birth and at 4, 8, 16, 24, and 32 weeks of age. We used
mixed effects regression splines to characterize longitudinal changes in ovarian volume during infancy
and to determine whether girls with large ovaries at one time point had large ovaries throughout the study
period. We also assessed factors that might influence ovarian growth, which included the presence of
visible ovarian follicles at birth and infant feeding type (soy formula, cow-milk formula, breast milk).

Results: Among the 163 girls included in the analysis, total ovarian volume increased from a median of
0.2 cm3, (interquartile range (IQR): 0.1, 0.3) at the birth visit to a median of 0.9 cm3, (IQR:0.6, 1.2) by
week 16. This was followed by a decrease and plateau in weeks 24 and 32. Girls with larger ovaries at
the week 16 visit also had larger ovaries at earlier and later visit weeks. Among girls with observable
ovaries at birth (n=133), girls with at least one visible ovarian follicle showed more rapid initial ovarian
growth compared with girls without visible follicles. There were no differences in ovarian growth
trajectories by infant feeding type.

Conclusions: This study describes infant ovarian growth trajectories for the first 9 months of life in
healthy, term girls. We show that ovarian volume peaks at 16 weeks of age and that girls’ ovarian size
relative to the rest of the cohort remained relatively stable over time. Further, the initial growth, up to week
16, is influenced by the number of growing follicles, but not infant feeding practice. This study provides
data that can be used in the future to develop reference standards for ovarian growth during infancy.
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Analysis of MTA1 deletion in a mouse model
Chrysovergis K, Mahler B, EImore Susan S, and Wade PA
Eukaryotic Transcriptional Regulation, DIR ESCBL, NIEHS, DNTP CMPB, NIEHS,

Mi2/NuRD complex is a highly conserved chromatin remodeling complex, acting as both co-repressor and
co-activator in gene expression. NuRD complex is composed of 6 core subunits, each encoded by two or
more gene paralogs. Through modulation of gene expression, NURD complex has been shown to
influence cell fate decisions. Previous reports have shown that deletion of the NURD component MBD3 is
embryonic lethal and deletion of the MTA family member MTAZ is also embryonic lethal with incomplete
penetrance. MTA1, a paralog of MTA2, is a component of the Mi2/NuRD chromatin remodeling complex
and previous reports have shown that MTA1, along with family member MTAS3, are master regulators of
EMT, an important mechanism in placentation. Furthermore, both MTA1 and MTAS3 are highly expressed
in human placenta, but the role of MTA1 has not been fully elucidated. To elucidate the role of MTA1, a
whole body knockout mouse was generated (MTA1-/-). While MTA1-/- mice are fertile and viable, they are
not weaned at Mendelian ratios. Ongoing experiments assess embryogenesis to determine the timing of
loss of MTA1-/- embryos during development.
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Whole Genome Sequencing of Amplified Plasma Circulating Cell-Free DNA
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Fragmented, circulating cell-free DNA (ccfDNA) in blood is a normal byproduct of cell death and
represents contributions from all tissues in the body. Isolation, sequencing, and diagnostic testing of
ccfDNA has greatly increased over the past decade; however, biomarker assays are limited because of
low circulating blood concentrations (ng/mL). In the clinical oncology discipline, increased ccfDNA levels
translate to disease detection, progression and provide insight into therapeutic intervention. Known driver
mutations are identified and associated with specific cancer types typically by targeted amplicon
sequencing. Attempts at non-targeted DNA sequencing remain challenging. In this study, we isolated
ccfDNA from four normal human plasma samples. Isolated human ccfDNA from each sample (1 or 3 ng
input), was amplified and indexed for whole genome sequencing (WGS) on the Illlumina NovaSeq 6000
platform. The total number of sequenced reads ranged from 850 million - 1.5 billion with 3 of the four
samples averaging 70% alignment to the GRCh38.p2 reference genome. Genome coverage was very
good with at least 10X coverage in ~85% of the hg38 bases in each sample. At 20X, three of the four
samples displayed ~80% base coverage. One study aim was to test for the presence of bias coverage
across each genome secondary to PCR amplification as part of the sequencing library sample
preparation. The percent aligned reads were normalized by chromosome length and results showed
uniform coverage of reads across each chromosome. Closer examination of sequencing in the UCSC
browser revealed benign chromosomal aberrations, such as deletions (1-5kb) at identical loci in non-
coding regions. We then performed sequence variant calling using the GATK pipeline. Of the called
variants, 98.8% (SNPs+indels) are present in dbDNP151, leaving 1.2% of the called variants as novel.
Variants in repeat or blacklisted regions of the human genome were removed, resulting in discovery of 18
synonymous and 19 non-synonymous variant changes. Based on the study findings, we successfully
isolated, amplified, and sequenced ccfDNA isolated from plasma samples and demonstrated uniformity of
coverage within the human genome. Future work will focus on the validation of identified novel variants,
sequencing efforts to expand the utility and translation of this amplification method with the intent of exon
capture, and translation of these sequencing techniques to the rat and mouse. Our work demonstrates a
robust and sensitive technique to isolate, amplify, and sequence high-quality ccfDNA from human
samples for clinical and environmental health science studies with the potential to translate to the
toxicology discipline.


https://GRCh38.p2
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GLIS3 Plays a Critical Role in the Development of Polycystic Kidneys
Collier JB, Srivastava C, Sutherland C, Roh Y, Kang H, and Jetten AM
Cell Biology, DIR IIDL, NIEHS,

Deficiency or mutations in GLI-Similar 3 (GLIS3), a Krippel-like zinc finger transcription factor, in humans
leads to a plethora of early developmental disease phenotypes. Although human GLIS3 mutations are
rare, one common phenotype is the development of polycystic kidneys, which leads to very poor renal
function and ultimately renal failure. In studying GLIS3, we have observed the development of polycystic
kidneys in mice lacking GLIS3 in two different mouse strains, a kidney-specific mouse (Ksp-Cre/PAX8-
Cre GLIS3) and a universal GLIS3 knockout mouse (KO) (GLIS3 mCherry). The goal of this study is to
use the GLIS3 KO mice to help identify the underlying molecular mechanisms associated with GLIS3 in
the pathogenesis of polycystic kidneys. RNA-Seq analysis of GLIS3 KO and WT mice kidneys was
performed at different time points (postnatal week 1, 2 and 4) to identify the regulatory molecular
pathways associated with GLIS3. Pathway analysis of differentially expressed genes showed significant
downregulation of several metabolic genes in kidneys of 2- and 4-week-old GLIS3-KO mice, including
numerous genes for the mitochondrial electron transport chain (ETC), and the mitochondrial DNA
transcription factor, transcription factor A, mitochondria (TFAM). The latter findings were interesting as
abnormal mitochondria have been shown to play a key role in renal cyst development. Of particular
interest was the observation that loss of GLIS3 function downregulated RNA for the various subunits of
the ETC from both nuclear- and mitochondrial-encoded transcripts. The differential expression of these
genes in GLIS3 KO and WT mice kidney was confirmed by qPCR. Down-regulation of mitochondrial
genes was observed as early as in 2-week-old KO kidneys, and included TFAM, transcription factor B1,
mitochondrial (TFB1M), and transcription factor B2, mitochondrial (TFB2M), as well as the mitochondrial-
encoded cytochrome c oxidase I. ChlP-Seq was performed and identified promoter binding sites for
GLIS3 in all 3 of the mitochondrial transcription factors. Additionally, mitochondrial DNA content was
reduced in 2-week old KO kidneys compared to WT. Primary renal tubule epithelial cells were grown from
both WT and GLIS3 KO kidneys and preliminary data confirmed that mtDNA transcription factors were
repressed in KO cells as in the kidney. The GLIS3 KO cells also had a lower maximal respiration rate
than WT cells when analyzed on a Seahorse XFe96 Analyzer, further indicating dysfunctional
mitochondria and mitochondrial metabolism. Taken together, our study suggests a novel role of GLIS3 in
the maintenance of normal kidney function and identified mitochondria as a key target by which loss of
GLIS3 may lead to polycystic kidneys. This novel GLIS3-mitochondria mechanism may lead to new
insights and therapeutic approaches for the management of polycystic kidneys, as well as other
pathologies associated with GLIS3.
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Heterogenous activation of estrogen responsive genes upon exposure to
endocrine disrupting chemicals

Day CR, Adedoyin G, Bregio C, and Rodriguez J

Single Cell Dynamics, DIR ESCBL, NIEHS

Gene regulation is complex, involving the coordination of hundreds of proteins, including chromatin
remodelers, as well as enhancer promoter looping. Single cell live imaging has shown that this process is
dynamic, and heterogenous in time leading to differences in cell responsiveness and expression in the
cell population. Moreover, this variability in expression at the tissue and single cell level increases with
age, implicating environmental epigenetic regulation. Environmental factors such as endocrine disruptor
chemicals are found in our food and can disrupt the normal estrogen response. However, the single cell
response to endocrine disruptor chemicals has not been investigated. To investigate the interplay
between the environment and the estrogen response we are using single-molecule imaging of the
estrogen receptor and transcription in living cells. This work will reveal mechanistic insights into how
endocrine disrupting chemicals perturb estrogen receptor mediated transcription.
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Contribution of CYP2C and CYP2J Enzymes toward Fatty Acid Metabolites
Formation in Mice

Duval CN, Edin ML, Brix AE, Graves JP, Gruzdev A, DeGraff LM, and Zeldin DC
Environmental Cardiopulmonary Disease, DIR IIDL, NIEHS, NTP Pathology, DNTP
CMPB, NIEHS, Knock-out Mouse Core Facility, DIR RDBL, NIEHS, Environmental
Genetics, DIR IIDL, NIEHS,

Cytochromes P450 (CYPs) generate a spectrum of bioactive lipid mediators from endogenous substrates
(e.g. w-6 and w-3 fatty acids). These mediators include epoxyeicosatrienoic acids (EETs), which possess
vasodilatory, anti-inflammatory, anti-apoptotic and cardioprotective properties. CYP2J and CYP2C family
isoforms are widely assumed to be the most important in EET formation; however, the relative role of
these enzymes in the production of epoxy fatty acids has never been evaluated in vivo. The goal of this
study is to characterize three new mouse models, the pan-Cyp2c (p2c), the pan-Cyp2j (p2j) and the pan-
Cyp2c/2j (p2¢/2)) null mice and to further determine the contribution of CYP2C and CYP2J enzymes
toward epoxy fatty acids biosynthesis in vivo. P2c, p2j and p2¢/2j null (KO) mice are born in normal
Mendelian distribution and have no overt phenotype. Relative to wild-type (WT) and p2j KO mice, 12-
week-old p2¢ and p2c/2j KO mice displayed an increase in liver and spleen size. Liver histology revealed
hepatocyte necrosis, oval cell hyperplasia and neutrophil infiltration in p2c and p2c¢/2j KO mice.
Immunohistochemistry of apoptotic and inflammatory markers further confirmed the presence of
apoptotic/necrotic hepatocytes (TUNEL) and neutrophils (Ly6G) in p2c KO livers. A time-course of the
liver phenotype in p2c KO mice demonstrated the progressive onset of necrosis between 4 and 8 weeks
of age, with a maximum at 12 weeks. In line with this, a broad biochemical plasma analysis demonstrated
that major markers of liver damage (e.g. transaminases) were strongly induced in 12-week-old p2¢c KO
mice compared to controls. In addition, plasma bile acid levels were highly increased in p2¢ KO mice,
highlighting disturbed metabolism. Moreover, direct quantification of arachidonic acid-derived lipid
mediators by LCMS/MS in plasma and liver of p2¢ and p2j mice revealed no change in EET levels in both
p2c and p2j KO mice compared to WT controls, but an increase of DHET levels in p2¢ KO mice,
suggesting an increase of soluble epoxide hydrolase activity which may be related to liver inflammation.
On the opposite, preliminary data on the formation of CYP-derived epoxy fatty acids in liver lysates
showed a decrease of both EET and DHET levels in p2¢c KO mice compared to WT and p2j KO mice,
supporting a major role of CYP2C in EET biosynthesis in vitro. Taken together, these data suggest that
CYP2C isoform is crucial for normal liver function. However, although CYP2C is very efficient in
producing EETs in vitro, other CYP isoforms can most likely compensate the lack of CYP2C to maintain
normal EET levels in vivo. Future studies will investigate the potential role of other CYP enzymes in the
formation of EETs in p2c, p2j and p2c¢/2j mice as well as the underlying molecular mechanisms of liver
dysfunction in p2c KO mice.



Poster Presentation 19

The Effects of Solvent Exposure on the Development of Myositis Phenotypes
De Alwis DS, Parks C, Miller F, Rider L, Yannotty J, and Schiffenbauer A
Mechanisms of Autoimmune Diseases, DIR CRB, NIEHS, Risk Factors for Chronic
Disease, DIR EB, NIEHS, Pediatric Environmental Autoimmunity, DIR CRB, NIEHS,

Idiopathic inflammatory myopathies (IIM) encompass a group of rare autoimmune diseases commonly
associated with weakness and inflammation of the skeletal muscles. The most common forms of [IM
include dermatomyositis (DM), which is characterized by pathognomonic, photosensitive skin rashes, and
polymyositis (PM), which does not present with characteristic skin rashes. Anti-synthetase syndrome (AS)
is another common phenotype of IIM and can exist in conjunction with PM or DM. Clinical evidence
suggests that solvent exposure poses an increased risk for other autoimmune diseases, including
multiple sclerosis and scleroderma. |[IM are thought to be influenced by both genetic and environmental
components. However, few studies have characterized the relationship between solvent exposure and
IIM. In this study, 150 clinically diagnosed myositis patients were assessed for solvent exposure using a
self-administered questionnaire. Patients were also classified into exposure levels based on a
preestablished exposure matrix. Association between matrix-based exposure data and self-reported
exposure data was assessed using chi-squared independence test. Categorical data was analyzed using
multivariate logistic regression in SAS®, adjusted for age, sex, race, and smoking status. Given the
exploratory nature of this study, a significance level of 0.05 was used. Statistical results validated
exposure matrix accuracy. Results also revealed that solvent exposure, especially painting, may increase
risk of developing the PM phenotype. Analysis did not show a statistically significant association between
solvent exposure and the development of the DM phenotype, nor the AS phenotype.
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Generation of a Decidua-Specific Cre Line for Studying Pregnancy in Mouse
Models

Emery OM, Oh Y, Gruzdev A, Balaguer N, Dey SK, Wu S, and DeMayo F
Pregnancy & Female Reproduction, DIR RDBL, NIEHS

Implantation failure affects the establishment of a successful pregnancy that leads to infertility in many
women. Decidualization, the proliferation and differentiation of the uterine endometrial stroma cells
elicited by epithelium-stroma crosstalk, is an imperative process for embryo implantation during the
window of receptivity (Haller, 2019, Garzia, 2004). While a few mouse strains do express Cre in the
uterine stromal cells, these lines also manifest Cre expression in other cell types, which limits the
interpretation on resulting genetic studies. Here we describe a new decidua-specific mouse strain
Pri8a2iCre. This strain carries a minigene consisting of a Kozak consensus sequence, the cDNA of an
improved Cre recombinase and a poly A sequence, which was knocked into the mouse Pr/8a2 gene locus
in embryonic stem cells via a CRISPR-Cas mediated gene targeting strategy to replace a portion of exon
1 that contains translation initiation site and part of intron 1. After successful germline transmission, the
Cre activity was examined by crossing this allele into the mTmG reporter background that express
Tdtomato prior to Cre-dependent excision and green fluorescent protein after excision. Cre activity
initiated GFP expression begins to manifest at 5.5 dpc in the primary decidual zone and continues into
mid-gestation, which is consistent with the endogenous Pri8a2 mRNA expression patterns as shown in a
previous study and in our own confirmation study. No GFP expression is observed in ovary, oviduct,
pituitary, or skeletal muscle, supporting the tissue specificity of the Prl8a2iCre in the uterus. Currently
activities of this Cre line is being further examined in an artificial decidualization assay. Moreover, the
Pri8a2iCre line is employed to conditionally activate Diptheria toxin A expression which ablates cells in
the primary decidual zone in order to study the role of this population of cells in pregnancy. This novel Cre
line will be a valuable tool for in vivo genetic manipulation to investigate functions of the genetic networks
that are associated with infertility and implantation failure.



Poster Presentation 21

Histone Crotonylation Promotes Endodermal Commitment of Pluripotent
Embryonic Stem Cells

Fang Y, Xu X, Ding J, Yang L, Doan MT, Snyder NW, Zhao Y, Li J, and Li X
Metabolism, Genes, and Environment, DIR STL, NIEHS, Integrative Bioinformatics,
National Institute of Environmental Health Sciences, Ben May Department for Cancer
Research, The University of Chicago

Histone lysine crotonylation is one of the newly discovered non-acetyl histone lysine acylations. This
unique histone modification is as widespread as histone acetylation but with a greater ability to boost
transcription. However, its physiological functions remain almost completely unknown. Here we report that
histone crotonylation is crucial for endoderm differentiation in vitro and in vivo. We demonstrate that
histone crotonylation level and the key crotonyl-CoA producing enzymes are specifically
increased/induced upon endoderm differentiation of human embryonic stem cells (hESCs) in vitro, as well
as in the endodermal cells of mouse embryos in vivo. Chip-seq analysis shows that histone crotonylation
is enriched in the TSS regions of metabolic genes in hESCs, but becomes enriched on the enhancers
and TSS regions of endoderm genes upon differentiation. Biochemical and single cell RNA-seq analyses
further revealed that enhancing histone crotonylation level by incubating cells with crotonate, a precursor
of crotonyl-CoA, or by overexpressing a key crotonyl-CoA producing enzyme, dramatically increases
histone crotonylation level and promotes endoderm differentiation. In contrast, increasing histone
acetylation level by incubating hESCs with acetate, a precursor of acetyl-CoA, fails to promote endoderm
differentiation, suggesting a specific role of histone crotonylation in endoderm differentiation. Conversely,
knockdown or knockout of crotonyl-CoA producing enzymes reduces histone crotonylation and impairs
endoderm differentiation in vitro and in xenografted teratoma. Our study therefore uncovers a novel
histone crotonylation-mediated mechanism promoting endoderm differentiation, and demonstrates that
intermediate metabolites can function as epigenetic modifiers to regulate ES cell differentiation.
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The mosquito protein AZ1 has both cytotoxic and anti-viral properties

Foo AC, Thompson PM, Lupo BE, Martin NP, Chen S, Lakshmanane P, Jadi R,
DeRose EF, and Mueller GA

Nuclear Magnetic Resonance, DIR GISBL, NIEHS, Viral Vector Core Laboratory, DIR
NL, NIEHS, UNC Chapel Hill, Department of Microbiology and Immunology,

The mosquito protein AZ1 and the closely related cockroach allergen Bla g 1 both share a common fold
which is widely distributed in insects, and consists of 12 amphipathic alpha-helices enclosing an
exceptionally large hydrophobic cavity. This cavity is able to bind a wide range of fatty acids, with a
mixture of palmitate (16:0), oleate (18:1), and stearate (18:0) being identified as the natural ligand for Bla
g 1 (nMix). These domains are secreted primarily into the insect midgut in females where they are
suggested to play a role in digestion, however their exact function is still unknown. Curiously, RNAseq
data showed that AZ1 is upregulated both in response to a blood meal, and 2-10 days post-infection with
flaviviruses suggesting an additional role in the insect immune response though their precise role and
mechanism of action have yet to be described. Here, we show that Bla g 1 and AZ1 are able to lyse both
human (erythrocytes, HEK) and insect (SF9) cells with LD50 values in the micromolar range. This lytic
activity is dependent on the presence of an oleic acid (18:1) cargo, and is enhanced upon depletion of
extracellular Ca2+. Biophysical studies of AZ1 in complex with a range of C12-C22 fatty acids show that
the AZ1-oleic acid complex is unstable relative to the other ligands, potentially facilitating cargo delivery.
Given that extracellular calcium is important for phospholipid bilayer repair machinery and that oleic acid
can destabilize cell membranes, it is likely that the cytotoxic activity of these proteins occurs via delivery
of the oleic acid. To explore its potential anti-viral activity, Zika, Dengue, and lentivirus were incubated
with AZ1 prior to and during infection of Vero (monkey) or HEK (human) cells. Application of sub-Ilytic
concentrations of nMix and oleate-loaded AZ1 completely blocked the ability of flaviviruses (Zika,
Dengue) to infect Vero cells, while both Apo and cargo-loaded AZ1 significantly reduced HEK cell
infection by lentivirus. Given that viral uptake and thus infection occurs via lipid raft-dependent pathways
that are sensitive to membrane composition, we propose a model in which AZ1 serves a dual role through
mobilizing and delivering oleic acid into cell membranes. At high concentrations this compromises
membrane integrity, facilitating digestion of food material while sub-lytic levels of oleate are able to
perturb lipid raft formation, providing a line of defence for the insect’s own cells against infection arising
from the consumption of virus-infected material.
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Chemical/Straightening and Other Hair Product Usage during Childhood,
Adolescence, and Adulthood among African-American Women: Potential
Implications for Health

Gaston SA, James-Todd T, Harmon Q, Taylor KW, Baird D, and Jackson CL
Social & Environmental Determinants of Health Equity Group, DIR EB, NIEHS,
Department of Environmental Health, Harvard T.H. Chan School of Public Health,
Women's Health Group, DIR EB, NIEHS

Few studies have characterized life course hair product usage beyond ever/never. We investigated hair
product use from childhood to adulthood, usage patterns in adulthood, and socioeconomic status (SES)
correlates among African-American (AA) women. Using self-reported data from 1,555 AA women enrolled
in the Study of Environment, Lifestyle, and Fibroids (2010-2018), we estimated the usage frequency of
chemical relaxer/straightener (=twice/year, once/year, rarely/never) and leave-in/leave-on conditioner
(=oncel/week, 1-3 times/month, rarely/never) during childhood, adolescence, and adulthood. Latent class
analysis was used to identify patterns of adulthood usage of multiple hair products. SES was compared
across latent classes. With a mean age of 33+3.4 years, most women reported ever using chemical
relaxers/straighteners (89%), and use =twice/year increased from childhood (9%) to adolescence (73%)
but decreased in adulthood (29%). Leave-in/leave-on conditioner use followed the same pattern. Each of
three identified latent classes reported frequent styling product use and similarly low frequency of
relaxer/straightener use. Class One was unlikely to use any other products, Class Two moderately used
shampoo and conditioner, and Class Three frequently used multiple product types (e.g., moisturizers,
conditioners). Participants in the latter two classes reported higher SES. Ever/never characterization may
miss important and distinctive patterns of hair product use, which may vary by SES. Future studies should
consider the complexities of hair product usage, their variability by SES, and the impact of these products
on chemical exposures in investigations of adverse health outcomes among African-American women
who represent a particularly vulnerable population.
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The contribution of DNA repair defects to genome-wide human somatic mutation
load

Giacobone CK, Saini N, Pappas B, Klimczak L, Li J, Fargo D, Bai R, Gerrish K, Innes C,
Schurman S, and Gordenin D

Mechanisms of Genome Dynamics, DIR GISBL, NIEHS, Mechanisms of Genome
Dynamics Group, NIEHS, NC, Integrative Bioinformatics Support Group, NIEHS, NC,
Molecular Genomics Core Laboratory, NIEHS

DNA repair mechanisms are essential for maintaining the integrity of the genome, and DNA repair
deficiencies are often associated with carcinogenesis. In accordance, mutation signatures associated
with defects in mismatch repair, nucleotide excision repair and homologous recombination have been
detected in cancers. One of the most ubiquitous forms of DNA damage is cytosine deamination at
methylated CpG motifs leading to T:G mismatches and consequently C->T changes. This mutation
signature has been found in all cancer types and increased with age of diagnosis. The T:G mismatches
can be acted upon by the glycosylases MBD4 and cancer-associated mutations in the MBD4 glycosylase
domain have been shown to reduce their catalytic activity. Recently it was shown that lack of the MBD4
glycosylase also predisposes mice to tumorigenesis. Furthermore, C->T changes at CpG motifs were
enriched in cancers with germline loss of function MBD4 alleles. Despite growing support for a role of
MBD4 in altering CpG mutation loads in cancers, it is unclear how deleterious alleles of MBD4 impact
overall somatic mutation load in normal human cells.

In this study, we have obtained DNA from 3000 individuals from the NIEHS Environmental
Polymorphisms Registry (https://dnaregistry.niehs.nih.gov/index.htm). We uniquely identified the MBD4
amplicon from each individual by asymmetric barcoding. Using PacBio single molecule real time
sequencing, we sequenced the pool of amplicons and have identified 14 germline, non-synonymous
SNVs in the MBD4 gene present in the cohort. Individuals with wild-type MBD4 and mutant MBD4 alleles
were recalled and have donated small skin biopsies. Sequence of single cell-derived clones from donors
with wild-type MBD4 show similar mutation loads and mutation signatures to those previously described
in other non-cancerous human cells. Comparing sequences of wild-type MBD4 and mutant MBD4 single
cell-derived clones will provide the range of mutation loads, and mutation signatures attributable to
defects in this repair pathway.


https://dnaregistry.niehs.nih.gov/index.htm
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Human Lactoferrin Protects Against Respiratory Syncytial Virus
Gladwell W, Menendez D, Li H, and Kleeberger S
Environmental Genetics, DIR 1IDL, NIEHS

Respiratory syncytial virus (RSV) is a global viral pathogen that causes significant disease in the lower
respiratory tract of young children and elderly, and despite the burden of the disease there is no vaccine
available against RSV infection. Lactoferrin (LF) is an iron-binding glycoprotein present in human milk and
a key component of the innate immune system with well-known antimicrobial effects. We hypothesized
that the anti-viral protective properties of LF would impact RSV infection as well as the expression profile
of key immune genes in infected human lung cancer cells. Here, the effect of human LF on RSV infection
in human lung cancer cells was studied. We also evaluate the impact that LF has on the expression
profile of key immune genes in RSV infected cells. LF markedly inhibited in a dose and time dependent
manner the RSV entry, replication and syncytium formation when added prior to RSV infection or during
the virus adsorption step in A549 and H1299 cell lines. In comparison to the control conditions, cells
treated with LF had two to three times less RSV infection response based on fluorescence localization of
the virus, cytofluorometry and expression of RSV-F gene measured by ddPCR. Furthermore,
preincubation of cell cultures with LF before viral infection enhance enhanced the expression of several
innate immune targets including MX1 and TLR3. Our findings demonstrate that lactoferrin has a
protective effect in response to RSV infection potentially blocking the entry of the virus into the cells and
increasing in innate immune gene expression and suggest that lactoferrin is a strong candidate for an
anti-RSV reagent that will be well-tolerated and effective in the prophylaxis against RSV infection.
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Nol9 is a Spatial Regulator for the Essential Human ITS2 pre-rRNA Endonuclease-
Kinase Complex

Gordon J, Pillon MC, and Stanley RE

Nucleolar Integrity Group, DIR, STL, NIEHS,

Biogenesis of eukaryotic ribosomes is an intricate process essential for life. This process begins with
precursor ribosomal RNA (pre-rRNA) transcription and subsequent processing to remove spacer regions
(5'ETS, ITS1, ITS2, 3' ETS) and generate the mature 18S, 5.8S and 28S rRNAs. Removal of the ITS2
spacer, located between the 5.8S and 28S, is coordinated by several RNA processing factors including
the Las1L endoribonuclease, the Nol9 polynucleotide kinase, the Xrn2 exoribonuclease and the exosome
complex. Las1L initiates ITS2 processing by cleaving the RNA spacer at a specific site producing the
precursor for the 5.8S with a 3' cyclic phosphate and the precursor for the 28S with a 5' hydroxyl. The
Nol9 kinase phosphorylates the 5' hydroxyl marking the 5' end of the ITS2 spacer for decay by Xrn2.
Defects in this RNA processing pathway are associated with congenital motor neuron disease and X-
linked intellectual disability, underscoring its importance; yet the molecular cues regulating this RNA
processing pathway in humans remains obscure. We asked ‘what are the molecular cues driving ITS2
processing?’ Yeast homologues of Las1L and Nol9 have been shown to form a complex of high structural
organization (hetero-tetramer) that is required for pre-rRNA processing. It is unclear whether the human
Las1L-Nol9 complex requires this higher order assembly for its in vivo functionality at the highly evolved
human ITS2. We reconstituted the Las1L-Nol9 complex from mammalian cells and established the
existence of higher order complex assembly in humans (i.e. hetero-tetramer). Using super resolution
confocal microscopy, we revealed the specific nucleolar sub-component localization of the Las1L-Nol9
complex. Finally, we uncovered a nucleolar localization signal that directs Nol9, as well as Las1L,
localization. These data begin to define molecular cues regarding the regulation of the human ITS2
processing complex. This work progresses our understanding of molecular mechanisms in human pre-
rRNA processing as well as mechanisms causing the diseases associated with this essential complex.
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Mitochondrial single-stranded DNA binding protein novel de novo SSBP1
mutation in a child with single large-scale mtDNA deletion (SLSMD) clinically
manifesting as Pearson, Kearns-Sayre, and Leigh syndromes

Gustafson MA, McCormick EM, Perera L, Longley MJ, Bai R, Kong J, Dulik M, Shen L,
Goldstein AC, McCormack SE, Laskin BL, Leroy BP, Ortiz-Gonzalez XR, Ellington MG,
Copeland WC, and Falk MJ

Mitochondrial DNA Replication, DIR GISBL, NIEHS, Mitochondrial Medicine Frontier
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Philadelphia

Mitochondrial DNA (mtDNA) genome integrity is essential for proper mitochondrial respiratory chain
function to generate cellular energy. Nuclear genes encode several proteins that function at the mtDNA
replication fork, including mitochondrial single-stranded DNA-binding protein (SSBP1), which is a
tetrameric protein that binds and protects single-stranded mtDNA (ssDNA). Recently, two studies have
reported pathogenic variants in SSBP1 associated with hearing loss, optic atrophy, and retinal
degeneration. Here, we report a 14-year-old Chinese boy with severe and progressive mitochondrial
disease manifestations across the full Pearson, Kearns-Sayre, and Leigh syndromes spectrum, including
infantile anemia and bone marrow failure, growth failure, ptosis, ophthalmoplegia, ataxia, severe retinal
dystrophy of the rod-cone type, sensorineural hearing loss, chronic kidney disease, multiple endocrine
deficiencies, and metabolic strokes. mtDNA genome sequencing identified a single large-scale 5 kilobase
mtDNA deletion (m.8629_14068del5440), present at 68% and 16% heteroplasmy in the proband’s
fibroblast cell line and blood, respectively, suggestive of a mtDNA maintenance defect. On trio whole
exome blood sequencing, the proband was found to harbor a novel de novo heterozygous mutation
c.79G>A (p.E27K) in SSBP1. Size exclusion chromatography of p.E27K SSBP1 revealed it remains a
stable tetramer. However, differential scanning fluorimetry demonstrated p.E27K SSBP1 relative to wild
type had modestly decreased thermostability. Functional assays also revealed p.E27K SSBP1 had
altered DNA binding. Molecular modeling of SSBP1 tetramers with varying combinations of mutant
subunits predicted general changes in surface accessible charges, strength of inter-subunit interactions,
and protein dynamics. Overall, the observed changes in protein dynamics and DNA binding behavior
suggest that p.E27K SSBP1 can interfere with DNA replication and precipitate the introduction of large-
scale mtDNA deletions. Thus, a single large-scale mtDNA deletion (SLSMD) with manifestations across
the clinical spectrum of Pearson, Kearns-Sayre, and Leigh syndromes may result from a nuclear gene
disorder disrupting mitochondrial DNA replication.
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Glucocorticoids Regulate Gene Expression in Murine Megakaryocytes
Grodzielski M, and Cidlowski JA
Molecular Endocrinology, DIR, STL, NIEHS, NIH,

Endogenous glucocorticoids regulate large number of physiological processes through binding to the
glucocorticoid receptor. The glucocorticoid receptor is expressed virtually in all types of cells and tissues,
however there is very little evidence that the receptor is present and functional in megakaryocytes.
Megakaryocytes are large bone marrow resident cells in charge of the production of platelets, small
circulating cells which are key players in hemostasis. Megakaryocytes also regulate bone marrow
homeostasis and possess immune sensing capacity as well as the ability to cross-present antigen and to
promote systemic inflammation. Given the broad and essential physiologic portfolio of megakaryocytes,
we decided to study if glucocorticoids also regulate the biology of these intriguing cells. We demonstrated
the presence of the glucocorticoid receptor in murine (C57BL/6 WT) bone marrow-derived
megakaryocytes at both the RNA and protein levels. The glucocorticoid receptor translocated from the
cytosol into the nucleus after 1 hour of incubation with dexamethasone. Glucocorticoid treatment induced
the expression of GILZ and FKBP5, two well-known glucocorticoid responsive genes. A whole genome
expression microarray performed on the bone marrow-derived megakaryocytes revealed that more than
1100 genes (p<0.01) were differentially transcribed in the presence of dexamethasone (60% up-regulated
and 40% down-regulated). The bioinformatic analysis of the differentially expressed genes predicted the
significant modification of several important cellular and physiological functions including the aggregation
of blood platelets, bleeding and thrombus formation. Our findings demonstrate for the first time that
megakaryocytes contain functional glucocorticoid receptors which allows glucocorticoids to regulate the
expression of a wide variety of genes affecting the biology of these cells.
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Uniting Cleavage: Reconstitution of the Human tRNA Splicing Endonuclease
Complex reveals that the core heterotetrameric TSEN complex is sufficient for
pre-tRNA cleavage.

Hayne CK, Schmidt CA, Matera G, and Stanley RE
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The tRNA splicing endonuclease (TSEN) complex is an essential protein complex responsible for
removing introns from intron-containing tRNAs in eukaryotes and archaea. The eukaryotic TSEN is
comprised of four core subunits (TSEN54, TSEN2, TSEN34, and TSEN15); however, the human complex
additionally associates with the polynucleotide kinase, CLP1. Mutations in genes encoding all four TSEN
subunits, as well as CLP1, are known to cause certain neurodegenerative disorders, collectively known
as pontocerebellar hypoplasia (PCH). Despite this disease connection, CLP1’s role in tRNA splicing
remains a mystery. The human TSEN complex has never been recombinantly reconstituted, so to begin
better understanding the molecular basis of PCH caused by CLP1 and TSEN mutations, we reconstituted
the human TSEN complex. We utilized our in vitro reconstitution to confirm that the active sites of TSEN2
and TSEN34 are conserved from yeast to humans. Further, we combined in vivo RNAi knockdowns of the
Drosophila CLP1 homolog, cbc, in S2 cells with to suggest a putative regulatory role of CLP1 in tRNA
maturation.
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DNA methylation in Relation to Adult Asthma in the Agricultural Lung Health
Study

Hoang TT, Lee M, Sikdar S, and London SJ
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BACKGROUND: Genome-wide association studies have identified numerous loci related to asthma, but
most of the variability in asthma remains unexplained. Epigenetic mechanisms, such as DNA methylation,
may contribute to the variability of asthma. Most epigenome-wide association studies of DNA methylation
and asthma have been conducted in children. We conducted an epigenome-wide study to identify
methylation patterns in relation to adult asthma. Because asthma is a heterogeneous disease, we
stratified asthma by atopy status to better elucidate the pathogenesis of asthma.

METHODS: We analyzed data from the Agricultural Lung Health Study, a case-control study of adult
asthma nested within a larger, agricultural cohort in the U.S. Current asthma was based on self-reported
medical diagnosis of asthma plus current symptoms or use of asthma medications. Controls were a
random sample of cohort members without current asthma. Participants were atopic if at least 1 of 10
specific immunoglobulin E was 20.70 IU/mL. Cases and controls were stratified by atopy status, resulting
in 1,157 non-cases, 185 with atopy without asthma, 673 with non-atopic asthma, and 271 with atopic
asthma. DNA methylation was assessed in whole blood using the Infinium Methylation EPIC BeadChip.
Analyses were conducted using logistic regression, adjusting for potential confounders.

RESULTS: Compared to non-cases, no differentially methylated CphosphateG (CpG) sites were
observed in atopy without asthma. Using a false discovery p-value<0.05, 524 CpG sites were differentially
methylated in non-atopic asthma, and 1,086 CpG sites were differentially methylated in atopic asthma.
104 CpG sites overlapped between atopic and non-atopic asthma. Differentially methylated CpG sites
were enriched in pathways related to the nervous system in non-atopic asthma and pathways related to
inflammation in atopic asthma. Many differentially methylated findings replicated in another study with
methylation in whole blood. Additional replication look-ups will be conducted in studies with measured
methylation in eosinophils, nasal epithelium, and bronchial epithelium. Additional analyses will include
correlating differentially methylated CpG sites with gene expression.

CONCLUSIONS: We identified CpG sites in relation to non-atopic and atopic asthma. These results have
the potential to identify novel biomarkers of disease and shed light on asthma pathogenesis.


https://p-value<0.05
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A Novel dsDNA Binding Role of the Polymerase gamma Accessory Subunit, p55
Hoff K, Wojtaszek JL, Kaur P, Wu S, Longley MJ, Wang H, Williams RS, and Copeland
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Mitochondria are organelles that house the main cellular mechanisms for producing cellular

ATP. Mitochondria have their own genome comprising of a 16.5 kb circular DNA (mtDNA) which encodes
37 genes; 13 for components of the electron transport chain, 22 transfer RNA’s and 2 ribosomal

RNA'’s. Mutations within this genome have been linked to a variety of mitochondrial diseases. MtDNA
(mtDNA) is replicated by polymerase gamma (Pol g), twinkle helicase and mitochondrial single-stranded
binding protein (mtSSB). Pol gis a heterotrimer consisting of the p140 catalytic subunit and p55
homodimeric accessory subunit. P55 enhances p140 DNA binding and promotes processivity of the
holoenzyme. Mutations in Pol gadversely affect mtDNA maintenance which causes disease. P55 has an
independent double-strand DNA (dsDNA) binding activity that is not essential for its known function of
stimulating Pol g’'s processivity. Recently, p55 has been shown to preferentially bind the D-loop region of
mtDNA and it has been suggested that p55 may be involved in the organization of mitochondrial
nucleoids. We examined the DNA binding role of POLG2, and we now report the first crystal structure of
POLG2 bound to dsDNA. This structure clearly identifies four dsDNA binding loops, two of which are
novel and provide critical insight into POLG2 function. We present additional biochemical studies
demonstrating that POLG2’s ability to bind dsDNA is not essential for stimulation of processive DNA
synthesis by Pol g. Furthermore, expression of POLG2mutants that disrupt dsDNA binding alters mtDNA
copy number and 7S DNA in cultured HEK293 cells. The crystal structure also shows marked similarity to
the nucleosome with a trimer of dimers binding dsDNA. Atomic force microscopy (AFM) data identifies
p55 bound to DNA with a volume consistent with a trimer of dimers and has a higher tendency to bind
regions resembling a D-loop. Introducing a point mutation designed to stabilize higher order
oligomerization, M462C, alters p55’s ability to stimulate p140 when reducing agents are not

present. Taken together, our data help define a biological role for DNA binding by POLG2 which could
function to regulate mtDNA levels in vivo.
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Single-cell RNAseq reveals heterogeneity in the transcriptional response to
Glucocorticoids

Hoffman JA, Papas BN, Trotter KW, and Archer TK

Chromatin & Gene Expression, DIR ESCBL, NIEHS, Integrative Bioinformatics Support
Group; DIR ESCBL NIEHS,

Steroid hormone receptors such as the Glucocorticoid Receptor (GR) mediate the transcriptional
response to steroid hormones and are frequently targeted in the treatment of cancer and other diseases.
Experiments performed with large populations of cells have provided for both genome-wide and gene-
specific analyses of the mechanisms of GR transcriptional activity. Within bulk populations of cells, GR
responds to hormone treatment by binding to tens of thousands of sites across the genome and
regulating the expression of hundreds of genes. While these types of experiment have yielded a detailed
picture of the global transcriptional hormone response, they do not have the power to interrogate events
occurring in individual cells. We treated human breast cancer cells with the synthetic glucocorticoid
Dexamethasone (Dex) and performed single cell RNA sequencing (scRNAseq) to determine whether the
hormone response could be characterized in single cells and whether it was influenced by cell-to-cell
variability. The transcriptional response to Dex was robustly detected in individual cells but, compared to
a matched set of bulk RNAseq, scRNAseq only detected a fraction of Dex/GR-regulated genes. Despite
this, scRNAseq provided additional statistical power to identify over 100 Dex/GR-regulated genes that
were not detected in bulk RNAseq. These scRNAseg-specific target genes were specifically enriched for
critical breast cancer-related pathways. scRNAseq also revealed a large degree of cell-to-cell variability in
the Dex response as, on average, individual cells exhibited Dex responses at merely one third of potential
target genes. Taken together, these results demonstrate that scRNAseq provides novel insight into the
mechanisms of hormone signaling. Among populations of cells, individual cells have variable
transcriptional responses and subsets of hormone-regulated genes. Understanding the basis of variability
within the context of population-based experiments will be critical for the development of more precise
models of steroid hormone receptor activity.
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RORa Phosphorylation by Casein kinase 1a as Glucose Signal to Regulate
Estrogen Sulfation in Human Liver Cells

Hu H, and Negishi M

Pharmacogenetics, DIR RDBL, NIEHS

Estrogen sulfotransferase (SULT1E1) metabolically inactivates estrogen and SULT1E1 expression is
tightly regulated by multiple nuclear receptors. Human fetal, but not adult livers express SULT1E1, which
is mimicked in human hepatoma-derived HepG2 cells cultured in high glucose (450 mg/dL) medium.
Here, we have investigated this glucose signal that leads to phosphorylation of nuclear receptor RORa
(NR1F1) at Ser100 and the transcription mechanism by which phosphorylated RORa transduces the
signal to nuclear receptor HNF4a, activating the SULT1E1 promoter. The promoter is repressed by non-
phosphorylated RORa which binds a distal enhancer (-943/-922bp) and interacts with and represses
HNF4a-mediated transcription. In response to high glucose, RORa becomes phosphorylated at Ser100
and reverses its repression of HNF4a to activation of the promoter. Moreover, the casein kinase CK1a,
which is identified in an enhancer-bound nuclear protein complex, phosphorylates Ser100 in in vitro
kinase assays. During these undergoing processes, both RORa and HNF4a remain on the enhancer.
Thus, RORa utilizes phosphorylation to integrate HNF4a and transduces the glucose signal to regulate
the SULT1E1 gene in HepG2 cells and this phosphorylation-mediated mechanism may also regulate
SULT1E1 expressions in the human liver.
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Evaluating the Diversity Outbred mice as a model for human obesity and
metabolic alterations associated with high fat diet using a machine learning
approach

Huang MC, Li Y, You D, Bell N, Jackson-Humbles D, Shockley KR, Li L, Devito M, and
Harrill AH

Systems Toxicology, DNTP TB, NIEHS, DIR, ECU

Obesity is a major human health concern, affecting over 30% of the US population. There is strong
evidence that interindividual variability in genetics influences obesity, metabolic disease, and other health
outcomes associated with consumption of a diet high in fat. Thus, personalized medicine and nutrition in
the prevention and treatment of metabolic diseases such as diabetes are of increasing interest. Animal
models that reflect human genetic diversity are needed in order to study interindividual variability in
metabolic health.

The advent of precision medicine has also spawned interest in precision toxicology. Genetic variability
may predispose an individual to metabolic disruptions due to chemical exposures. Additionally, an
individual with pre-existing metabolic disease may have differential sensitivity to toxicity of particular
chemicals. The current gold-standard for toxicity testing, using healthy animals from a limited genetic
background (e.g. inbred strains), does not account for genetic variability or the role of underlying disease
in evaluations of toxicity. Thus, genetically diverse animal models are also useful for understanding
individual susceptibility to environmental contaminants.

The Diversity Outbred (DO) mice are well-suited for studying gene x environment interactions in a manner
akin to a clinical trial because of high genetic variability across individuals in the DO population. Here, we
evaluated DO mice as a model for human variability in metabolic disease associated with high-fat diet
(HFD) consumption. In this study, male DO mice consumed control diet (10% kcal from fat; N=75) or HFD
(60% kcal from fat; N=75) for 13 weeks. As expected, animals fed a HFD on average gained more weight,
had higher fasting blood glucose, and had impaired glucose tolerance compared to animals on the control
diet at the end of the study. There was a high degree of variability in many of the endpoints (e.g. fasting
blood glucose, insulin, leptin) and a lack of correlation between metabolic parameters, which suggests the
presence of distinct metabolic subtypes within the population. To identify these metabolic subtypes,
classification and regression tree analysis was used to highlight key phenotypic characteristics that
predicted body weight gain over the 13 weeks. The thresholds of these phenotypic markers can be used
for future classification and may also serve as biomarkers of metabolically-responsive subsets.

Ongoing analyses will incorporate tissue transcriptomic data, potentially highlighting differences in
disease pathology between subgroups. In addition, we plan to investigate performance of biomarkers
identified in the DO mice in a human dataset. In conclusion, this study describes an application of DO
mice for incorporating human-relevant genetic variability in nutrigenomic and environmental health
studies.
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The role of GLIS3 during early neurogenesis and gliogenesis derived from human
embryonic stem cells

Jeon K, Kang H, Kumar D, Conway A, Jothi R, and Jetten AM

Cell Biology, DIR 1IDL, NIEHS

GLI Similar 3 (GLIS3), a Kruppel-like zinc finger transcription factor, plays a critical role in the regulation
of many biological processes, including pancreatic beta cell generation, spermatogenesis, and thyroid
hormone biosynthesis. GLIS3 is expressed in a spatiotemporal manner during early embryonic neural
development and gliogenesis suggesting a potential regulatory function. A role for GLIS3 in the nervous
system is further supported by studies showing that GLIS3-deficiency leads to the development of mild
mental retardation and facial dysmorphism, and the association of single nucleotide polymorphisms
(SNPs) in GLIS3with an increased risk of Parkinson’s and Alzheimer’s disease.

To obtain insights into the physiological function of GLIS3 during neural progenitor and astrocyte
development, we generated CRISPER GLIS3 Knock in/out and GLIS3-inducible hESC lines.

For neural progenitor cells (NPC) differentiation, we show that GLIS3 expression promotes posterior
specification of hESC-derived NPCs, in lieu of the default anterior NPC fate, through its activation of WNT
signaling. Mechanistically, through genome-wide ChIP-Seq and functional analyses, we show that GLIS3
binds to and transcriptionally activates several WNT genes, including WNT3A encodinga strong
posteriorizing factor. Inhibition of WNT signaling is sufficient to abrogate GLIS3-induced posterior
specification.

For astrocyte differentiation, GLIS3 can control gliogenesis by regulating notch signaling pathway. In
addition to promoting astrocyte differentiation as indicted by the induction of astrocyte markers, such as
GFAP, expression of GLIS3 in suppresses the expression of neuron lineage markers, such as Tuj-1. This
was supported by gene profiling analysis and immunostaining. GLIS3 particularly increased the
expression of NFIA, which has been reported to promote astrocyte differentiation. These results indicate
that notch signaling and NFIA pathway through the regulation of GLIS3 are potential regulators of cell fate
during astrocyte differentiation.

Collectively, these studies suggest that GLIS3 has multiple regulatory functions in the neural system.



Poster Presentation 36

UDP-GIc acts through the purinergic receptor P2RY14 to exacerbate allergic
asthma

Karcz TP, Whitehead GS, Nakano H, Jacobson KA, and CooK DN
Immunogenetics, DIR IIDL, NIEHS, Molecular Recognition Section, Laboratory of
Bioorganic Chemistry, NIDDK

Human asthma represents a wide spectrum of pathologies that likely arise through distinct molecular
pathways, and a major therapeutic goal is to target individual therapies to specific forms, or endotypes, of
this disease. Here we studied the role of UDP-glucose (UDP-GlIc), an alarmin which we found to be
released into the airways of allergen-sensitized mice upon their subsequent challenge with allergen.
UDP-Glc signals through the purinergic receptor, P2Y14R, and mice lacking this receptor display marked
attenuation of both eosinophilia and airway hyperresponsiveness (AHR) in a protease model of allergic
asthma. By contrast, these features of asthma were similar in wild type and P2ry14-deficient mice in a
TLR-ligand model of asthma, indicating an endotype-specific role for UDP-Glc and P2Y14R. Importantly,
administration of PPTN, a small molecule antagonist of P2Y14R, also led to reduction of airway
inflammation in the protease mediated asthma. Although it's mechanism of action remains unclear,
P2ry14 was most highly expressed in recruited eosinophils, suggesting UDP-GIc acts directly on these
cells. Our current findings suggest that antagonists of P2Y14R might be selectively used to control
asthma exacerbations in specific forms of human asthma.
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(Mis)regulation of the E. coli dGTPase and the consequences thereof
Klemm B, Day R, Glenn K, Singh D, and Schaaper RM
Mechanisms of Mutation, DIR GISBL, NIEHS

Maintenance of a balanced dNTP pool is important for DNA polymerase fidelity, whereby variations from
the normal levels leads to increased frequencies of DNA polymerases misincorporation. Thus, dNTP pool
misregulation influences DNA replication fidelity. Homologs of the human SAMHD1 display a dNTPase
activity, hydrolyzing dNTPs to deoxynucleosides and triphoshphate. The E. coli homolog is highly-specific
for dGTP, so the normal concentration of dGTP is the lowest of the four dNTPs in E. coli. Misregulation of
the dGTPase results in elevated mutagenesis and in some extreme cases, cell death.

Here, we investigate the regulation of the dGTPase catalytic activity in vitro by single-stranded DNA
(ssDNA) and GTP. We find that ssDNA is an allosteric activator of the dGTPase, while GTP is a
competitive inhibitor. Interestingly, ssDNA also loosens the specificity of the enzyme, with GTP becoming
a secondary substrate for the DNA-bound dGTPase. Activation by ssDNA might imply a role for the
dGTPase in DNA replication stress and/or viral infection. We also delve into a misregulated variant of the
dGTPase, the expression of which is toxic to E. coli. The toxic variant has a “constitutively active” state
with respect to the dGTPase activity, but also behaves like the DNA-bound WT enzyme with respect to
GTP, hydrolyzing it even in absence of a DNA activator. We also relate these results to the in vivo dNTP
pools in E. coli strains stably expressing variants of the dGTPase.
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The autophagy protein Rubicon regulates colon inflammation and the gut
microbiome

Kolb JP, Muse G, Miller L, and Martinez J

Inflammation & Autoimmunity, DIR [IDL, NIEHS, Inflammation and Autoimmunity, IIDL,

Inflammatory bowel disease (IBD) describes a heterogenous group of diseases characterized by chronic
inflammation of the gastrointestinal tract. IBD is caused by a complex interaction between environmental
and genetic factors. Recently, genes involved in the autophagy pathway, including IRGM1, ATG16L1,
and NOD2 have been linked to IBD. Autophagy, the process by which all cells recycle components of the
cytoplasm to maintain homeostasis, is now known to have a broader influence on immune cell responses
to endogenous and foreign stimuli. A non-canonical form of autophagy, called LC3-associated
phagocytosis (LAP), is particularly important for regulating immune responses, but has not yet been
implicated in IBD. LAP occurs when a select group of autophagy proteins are recruited to the
phagosomal membrane after a phagocyte engulfs cargo, such as dead or dying cells, or

bacteria. Ultimately, these autophagy proteins promote LC3 incorporation into the phagosomal
membrane, which promotes phagosome-lysosome fusion and degradation of the phagosome’s

cargo. The autophagy protein Rubicon/RUBCN is required for LAP but not canonical autophagy. Rubcn-
/- mice have been shown to exhibit signs of autoimmunity and Rubcn-/- macrophages produce
abnormally high pro-inflammatory cytokines in response to dead cells. We asked whether Rubcn-/- mice,
which are LAP-deficient but autophagy-sufficient, exhibited increased susceptibility to the dextran sulfate
sodium (DSS) model of ulcerative colitis. Interestingly, when Rubcn-/- mice were kept separate from wild
type controls, they developed more severe disease. In contrast, when both groups were co-housed,
there were no differences in the response to DSS. We hypothesize that RUBCN-deficiency may promote
a gut microbial dysbiosis that enhances colitis and is masked when in the presence of a wild type
microbiome.
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Poly-A Regulation Safeguards the Pluripotent State
Lackford B, Zheng X, Wang J, Chen Q, and Hu G
Stem Cell Biology, DIR ESCBL, NIEHS

Pluripotency is defined as the ability of a cell to differentiate into any of the three germ layers. This trait is
found in few cell types and is largely confined to embryonic linages such as embryonic stem cells. We
have demonstrated that members of the CCR4-Not deadenylase complex, Cnot1, Cnot2 ,and Cnot3, are
essential for maintaining the pluripotent state in both mouse and human embryonic stem cells. We have
also demonstrated that deletion of Cnot3 causes changes in the poly-A tail length of differentiation genes
resulting in productive translation of these genes, driving differentiation. We further hypothesize that the
CCR4-Not complex is an essential negative regulator of mMRNA half life by selectively targeting mRNA for
poly-A tail degradation and subsequent mRNA turnover and that different members of the complex confer
specificity for mMRNA targets. Here we will describe the effect each CCR4-Not member plays in the
process by measuring the effect deletion of each gene plays on poly-A tail length, mRNA half-life, and
gene expression and how this balance is critical for the maintenance of the pluripotent state.
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Taking Toxicology to the Next Dimension — Investigating Best Practices for 3D
Spheroid Human Liver Models Chemical Screening

Lavrich KS, Ramaiahgari SC, DeVito MJ, Paules RS, and Ferguson SS
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Advances in complex, three-dimensional (3D) cell culture models (e.g. liver) are transforming in vitro
toxicology and hold great promise for higher throughput screening due to their enhanced physiological
relevance and emerging translational utility. However, the development of these models for predictive
toxicology has largely been built upon basic assumptions and methodologies established for two-
dimensional (2D) culture systems. Our primary goals were to 1) examine characteristics that are driving
the superior functionality and longevity of hepatic 3D spheroid cultures compared to matched 2D
counterparts and 2) determine best practices (e.g., timing, culture media composition) for predictive
toxicology screening. To explore distinctions between 3D spheroids and 2D differentiated human
HepaRG cultures, we utilized high-throughput transcriptomics to characterize cell states. Relative to
comparator 2D cultures, 3D HepaRG spheroids were highly enriched at baseline for liver-relevant
pathways, including xenobiotic metabolism and bile acid metabolism, and displayed enhanced prediction
of perturbed biological pathways in response to prototypical liver toxicants. Preliminary studies of primary
human hepatocytes in 3D spheroid culture configurations revealed analogous enhancement in
hepatocyte functionality and longevity. These studies set the stage for future work to model a broader
spectrum of genetic diversity through efficient coverage of human liver donors. We further explored the
temporal dynamics of 3D HepaRG spheroid maturation and biological response to reference chemicals
over time to better understand the optimal window for chemical exposures. We found that the expression
and activities of major drug metabolizing enzymes decay initially within 24h of plating, but rise within 4d
and eventually exceed their original differentiated levels. Further exploration using varied culture media
composition highlighted the critical importance of optimizing DMSO and hydrocortisone in culture medium
to maintain stability and hepatocyte functionality in 3D HepaRG spheroids. Altogether, our findings
highlight key variables in development of physiologically-relevant 3D spheroid models for liver, and inform
evolving best practices for their use in predictive toxicology screening.
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Neighborhood disadvantage and methylation-based biologic age acceleration
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Research suggests a widening disparity in life expectancy by socioeconomic status (SES) in the U.S.
Small-area SES factors, such as living in a socioeconomically disadvantaged neighborhood, are
independently associated with early onset of age-related disease, reduced life expectancy and higher all-
cause mortality. Biologic age may be influenced by SES through stress-related pathways and may be an
important marker of the totality of experience of living in a stressful environment. Prior research evaluating
small-area SES and biologic age have linked neighborhood-level SES to increased biologic aging across
different biomarkers including telomere length and allostatic load. Recently developed epigenetic clocks
that utilize blood-based DNA methylation patterns to estimate biologic age may be a more sensitive
marker than previous age biomarkers in capturing biologic variation among individuals of the same
chronologic age. However, no prior studies have evaluated whether small-area SES can influence
methylation-based measures of age. The objective of our study was to assess the relationship between
small-area SES and methylation-based biologic age. The Sister Study is a prospective cohort study of
50,884 women living in the U.S. and Puerto Rico aged 35-74 years (2003-2009). We used data from a
nested case-cohort sample of non-Hispanic white Sister Study participants for whom we have measured
whole blood DNA methylation (n=2,763). Methylation was measured using an Infinium
HumanMethylation450 BeadChip array and results were used to calculate methylation-based age using
three previously developed ‘clocks’ (Hannum, Horvath, and Levine). Methylation age was regressed on
chronologic age to estimate differences, commonly referred to as age acceleration. Participants were
assigned small-area SES based on their primary address at cohort entry using the ‘Area Deprivation
Index’, a quantitative relative measure of deprivation at the US census block group level. Associations
between area deprivation index and biologic age acceleration were estimated using linear regression
adjusting for BMI, individual-level income, educational attainment, smoking status, and alcohol use. On
average, participants were better off than the general U.S. population with a mean deprivation index at
the U.S. 32th percentile (higher scores = greater deprivation). Higher area deprivation was associated
with increased age acceleration (Beta: 0.01, 95% CI: 0.002-0.023; p-value= 0.02) using the Levine clock,
which accounts for phenotypic characteristics associated with age as well as chronologic age.
Associations were not found between deprivation and age acceleration derived from Horvath or Hannum
clocks. Findings support the Levine clock as a marker of stressors associated with living in deprived
neighborhoods. The biological consequences of residing in low SES neighborhoods appear to be
quantified by methylation-based markers of aging.
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ADAM19 and pulmonary function in mouse: follow-up of human GWAS

Li H, Nichols CE, Gruzdev A, House J, Ward J, Li J, Degraff LM, Zeldin DC, and London
SJ
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Genome-wide association studies (GWAS) have shown the association between genetic variations at
over 250 loci and lung functions in humans. Genetic variations in ADAM metallopeptidase domain 19
(ADAM19) are associated with FEV1/FVC and replicated in both FEV1 and FEV1/FVC. ADAM19 has also
been associated with COPD in humans. However, the direct relationship between this locus and
pulmonary function remains to be determined. To investigate a potential causal relationship, we have
generated Adam19 knockout mice and are investigating the effect of ADAM19 on lung function in the
mouse. To accomplish this, we used flexiVent technology to measure pulmonary function in Adam19
knockout mice and their wild-type controls. In Adam19 knockout mice we identified altered baseline
pulmonary function with increased compliance (p = 0.004), decreased elastance (p = 0.003), decreased
tissue elastance (p = 0.0008), decreased tissue resistance (p = 0.029), and decreased forced expiratory
flow at 50%FVC (p = 0.0002). Additionally, inflammatory cell differentiation analysis showed that total
cells in bronchoalveolar lavage fluid decreased in the Adam19 knockout mice after LPS exposure. We
have also observed reduced body weight (p < 0.0001) in Adam19 knockout mice. Faxitron radiography
scan was used to analyze body composition and identified reduced total weight and soft weight in the
Adam19 knockout mice. The tibia of Adam19 knockout mice is shorter (p = 0.0006) suggesting decreased
size of these animals. Differential gene expression analysis of RNA-Seq experiments identified 17 genes
over 1.5-fold change with an adjusted p value of <0.05. Among these 17 genes, four genes (Grp, Kpna2,
Pttg1, and Slc6a4) are relevant to lung functions as reported by literature. Gene set enrichment analysis
using Partek Flow software identified genes enriched in extracellular matrix which may be linked to the
function of ADAM19 and the lung phenotypes observed. These findings suggest a causal role for
ADAM19 in the regulation of baseline pulmonary function. Further work is necessary to fully investigate
the mechanisms of our findings.
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Revealing the Biological Network via a Statistical Framework -- Structural
Equation Modeling
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A previous application of Path Analysis confirmed an important biological model for the transcriptional
network regulating uterine progesterone responsiveness and endometrial functions. The Structural
Equation Model (SEM) is a statistical modeling approach for studying of complex cause-effect hypotheses
in a closed system. SEM has been widely used in various fields with involving perturbations and
measurable outcomes. Upon successfully establishing a framework in R (an open source program), we
extended a previous model and leveraged the SEM features to examine broader systems involving
regulators and their endpoints. In addition, a user-friendly R Shiny app was developed to infer the activity
of human reproductive regulators based on the mouse gene expression profiles in an automated fashion.
We started from an in vitro alteration of latent gene interactions that disrupted the progesterone receptor
pathway in the uterus of pregnant mice and then projected to a human reproduction system via an in
silico route. The results eventually revealed a regulatory network in human that has the potential to
facilitate human infertility study. In conclusion, by leveraging the features in the SEM framework, we
established a translational framework that revealed a functional network system in a human reproduction
system from a laboratory established mouse-model. In the future, we plan to extend this framework to
other complex systems for in-depth elucidation of biological networks and hidden regulatory relationships.
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The Functions of Epithelial Progesterone Receptors in the Uterus
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The ability of the uterine epithelium to support embryo implantation requires loss of the expression of the
progesterone receptor (PGR). PGR has two major isoforms, PGR-A and PGR-B with distinct functions.
Previously, we have demonstrated that forced expression of PGR-A and PGR-B in the uterine epithelium
results in impaired embryo implantation with reduced LIF and nuclear FOXO1 expression, both of which
are uterine receptivity regulators. To understand how PGR regulates embryo implantation through LIF
and FOXO1, we performed further study.

The Wnt7acre mouse model was bred with Cre inducible PGRA, PGRALsL/+ or PGRB, PGRBLsL/+
transgenic mouse to generate the Wnt7aPRA or Wnt7aPRB mice with forced PGRA or PGRB expression
in the uterine epithelium. To evaluate whether the reduced LIF is the major cause of fertility problems, we
injected Wnt7aPRA and Wnt7aPRB mice with recombinant LIF at Day 3.5 and found LIF can rescue the
embryo implantation. Since LIF is secreted from the uterine gland, we first checked gland in the
Wnt7aPRA and Wnt7aPRB uterus. Histology and 3D remodeling both exhibited enlarged and cystic
uterine glands. Microarray and Realtime PCR further identified multiple gland specific genes altered. Both
supported gland dysfunctions. Eventually, it led to the suppressed binding of estrogen receptor (ESR1) at
the LIF promoter determined by ChIP-PCR, causing reduced LIF transcription.

We next investigated the regulation of nuclear FOXO1. In the LIF rescue study mentioned above, nuclear
FOXO1 expression was also restored suggesting LIF is one master regulator. To test whether PGR can
change FOXO1 expression independent of LIF, we used Ltficre mouse models whose cre is only active in
a subset of uterine epithelium to bred with PGRA and PGRB mice. In these mice, double staining
indicated both PGR and nuclear FOXO1 are detected in the uterine epithelium, but they excluded each
other from the same cell suggesting autocrine regulation of PGR in nuclear FOXO1.

To understand how PGR regulates FOXO1, we proposed one PGR target Serum/glucocorticoid regulated
kinase 1 (SGK1) based on previous PGR cistrome and transcriptome studies. SGK1 can translocate
FOXO1 out of the nuclear by phosphorylation. We found SGK1 protein expression was increased at the
apical side of epithelium in Wnt7aPRA and Wnt7aPRB uterus, SGK1 inhibitor (2ul 50uM GSK650394)
intraluminal injections restored FOXO1 nuclear expression, and this was conserved in human endometrial
cancer cell line (HEC1A).

In conclusion, we demonstrate that loss of PGR expression in the uterine epithelium is critical for the
induction of LIF expression through deregulated gland functions, especially ESR1 binding at the LIF
promoter, and is essential for the nuclear localization of FOXO1 through SGK1.
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Epithelial Membrane Protein 2 is required for fibrosis and tissue remodeling in
the lung

Lin W, Madenspacher J, Sakamachi Y, Nakano H, Williams C, Cook D, and Fessler M
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Idiopathic pulmonary fibrosis (IPF) is a chronic, destructive lung disease of unknown cause. Prognosis for
IPF patients is poor, in part due to lack of effective treatments. There is thus an urgent need to identify
novel, targetable molecular pathways involved in IPF pathogenesis. Epithelial membrane protein 2
(EMP2) is a tetraspan membrane protein that is reported to regulate integrin trafficking to the plasma
membrane and cell-extracellular matrix (ECM) interactions. Although EMP2 is most highly expressed in
the lungs of rodents and humans, in particular, in alveolar epithelial type 1 cells, it has no known function
in lung biology. Given the importance of integrin-ECM interactions in fibrosis, we hypothesized that EMP2
might play an important role in lung fibrosis. In order to test this, we evaluated Emp2+/+ and Emp2-/-
mice in a well-established bleomycin inhalation model in which an early (<7d) phase of cellular
inflammation is followed by late-phase (21d) fibrosis of the lung parenchyma. Of interest, compared to
bleomycin-exposed controls, Emp2-/- mice had significantly reduced recruitment of monocytes,
macrophages and neutrophils to the airspace in the first week post-exposure, as well as reduced airspace
cytokines and albumin, together suggesting attenuated inflammation and microvascular injury. Emp2-/-
mice also exhibited significantly less weight loss after bleomycin inhalation compared to Emp2+/+
counterparts, indicating reduced systemic stress from lung damage. On day 21 post-exposure, reduced
collagen deposition was noted in Emp2-/- lungs, as revealed by Masson’s trichrome staining and
hydroxyproline assays. Consistent with attenuated lung ECM remodeling, Emp2-/- mice had reduced
transcript levels of collagen type I, collagen type lll, fibronectin, and vimentin in lung homogenates.
Decreased transcript levels were also noted for the inflammatory and fibroproliferative cytokines such as
IL-6. Collectively, our data demonstrate that EMP2 is required for fibrogenic inflammation and ECM
remodeling in the lung following bleomycin exposure. In ongoing studies, we are investigating surface
display on Emp2-/- epithelial cells of alpha(v)beta(6), an established TGF beta-activating integrin, and
testing airway delivery of an anti-EMP2 antibody as a potential therapeutic strategy. We propose that
EMP2 may be a novel target for the treatment of lung fibrosis.
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Ablation of SMAD4 repression on EIf3 promotes the progression of lung cancer in
vivo.
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Lung cancer is the leading cause of cancer death among both men and women in United States. ELF3, a
transcription factor, overexpresses in human and mouse lung cancer and plays an oncogenic role in lung
cancer cells1,2. Understanding the regulatory mechanisms for ELF3 may help to develop related target
therapies. Ablation of Smad4 and Pten in mice results in an increase of EIf3 expression and the
development of adeno-squamous carcinoma1. Results from in vivo ChIP-Seq analysis demonstrate
SMAD4 occupancy near the EIf3 promoter in the pulmonary epithelium1. Therefore, we hypothesize that
this SMADA4 occupancy is required to repress EIf3 expression and subsequently suppresses lung cancer
progression. To test this hypothesis, we deleted this SMAD4 binding region in vivo and characterized the
phenotypic consequences.

CRISPR/Cas9 was used to ablate the SMAD4 ChIP-Seq binding peak on EIf3 promoter region in mice.
This resulted in mice with 12 and 17 nucleotide deletions in the EIf3 promoter region. ChIP-qPCR
analysis showed that SMAD4 binding was decreased while H3K27ac bindings were increased in the EIf3
promoter region. The reduction in SMADA4 binding and the epigenetic changes in the EIf3 promoter region
resulted in an increased expression of ELF3 in these lungs of these mice. Histological analysis of these
mouse lungs showed the presence of pulmonary hyperplasia and the development of lung tumors. In
order to identify potential interacting factors with SMAD4 in the EIf3 promoter, motif analysis of the
deleted SMAD4 binding peak identified GATA2, ETS1 and OXT2 as potential interacting factors.

In summary, small disruption of E/f3 promoter region bound by SMAD4 leads to the increase of ELF3
expression with the enhanced binding of H3K27ac and the decrease of SMAD4 binding and promotes
lung hyperplasia and lung cancer development. SMAD4 may interact with GATA2, ETS2 and OXT2 in the
regulation of EIf3 expression.

Key references

1 Liu, J. et al. ErbB2 Pathway Activation upon Smad4 Loss Promotes Lung Tumor Growth and
Metastasis. Cell Rep, doi:10.1016/j.celrep.2015.02.014 (2015).

2 Wang, H. et al. Overexpression of ELF3 facilitates cell growth and metastasis through PI3K/Akt
and ERK signaling pathways in non-small cell lung cancer. Int J Biochem Cell Biol 94, 98-106,
doi:10.1016/j.biocel.2017.12.002 (2018).
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Structural and functional analyses of AAA ATPase Rix7 in the process of
unfolding substrate

LoD, Lo, Etigunta S, Sobhany M, Krahn JM, Hsu AL, Borgnia MJ, and Stanley RE
Nucleolar Integrity, DIR STL, NIEHS, Signal Transduction Laboratory, Genome Integrity
and Structural Biology Laboratory

Rix7 is a type Il AAA-ATPase essential for the creation of the large ribosomal subunit. It has been
suggested that Rix7 prompts the removal of assembly factors from pre-60S particles using ATP
hydrolysis, but the exact release process is unknown. Recent publications have revealed the cryo-EM
reconstruction of the tandem AAA domains (D1 and D2 AAA domains) of Rix7 that form an asymmetric
stacked homohexameric ring. Five of the six Rix7 protomers grip the substrate through conserved pore
loops (pore loop | and Il) that line the central channel, suggesting that Rix7 functions as a molecular
unfoldase. This project aims to elucidate the importance of each AAA domains, the central pore loop |l
and linker regions to the function of Rix7. We first performed yeast growth and proliferation assays to
identify the effect of mutations on pore loop Il in D1 and D2 AAA domains, which revealed that, in vivo,
pore loop Il in D1 AAA domain is strictly required for cell cycle progression as opposed to the less crucial
D2 pore loop II. This result was striking because our previous studies showed that mutations in the D2
loop | were more lethal than mutations in the D1 domain loop I. To study inter-domain communication
mechanism of Rix7, both the linker between the N-terminal domain and D1 AAA domain (NTD-D1) and
the linker between the D1 and D2 AAA domains (D1-D2) were examined. Yeast growth and proliferation
assays showed that the linker D1-D2 was essential for adequate growth and that the linker NTD-D1
showed inhibited growth for all but one mutation in a key residue. Mutants that expressed highly inhibited
growth were chosen for sucrose gradient and polysome profiling to see if the mutation had an effect on
the formation of the 60S ribosomal particle. Overall, these studies revealed that although the pore loop |
and Il are equally important for substrate binding, these pore loop motifs take different roles in both
ATPase domains, suggesting that the loops act concertedly rather than sequentially. The deletion or
mutation on linkers caused a severe growth defect in S. cerevisiae along with a defect in mature 60S
formation, suggesting both conformational changes of core domain (D1 and D2) as well as alterations of
NTD position that regulate the function of Rix7 and substrate engagement. We also solved the cryo-EM
structure of Rix7 E602Q (Walker B mutant in D2 domain) at 4.3 A resolution which revealed the power
stroke for substrate translocation is provided by ATP hydrolysis, which occurs sequentially in each
ATPase domain around the Rix7 hexamer.
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Reframing scRNA-seq technologies as reproducible and affordable screening
tools for multi-donor studies on peripheral blood monocytes from smokers
Lozoya OA, Martos SN, Campbell MR, lannone MA, Pittman GS, Wan M, and Bell DA
Environmental Genomics, DIR IIDL, NIEHS

Smoking alters the DNA methylation and transcriptional profile in peripheral blood mononuclear cells
(PBMCs). Previously, we reported the use of single-cell transcriptomics (10X Genomics’ 3’ IVT
Chromium; >45,000 cells) and mass cytometry (CyTOF; >1 million cells) to characterize the population
make-up of PBMCs in smokers and non-smokers (N=4 independent donors per group) and found
population shifts in effector CD8+ and CD4+ T cells towards NK-like and Treg-enriched expression
profiles. Given the large inter-individual variation that characterize scRNA-seq technologies, large cell
numbers are preferred to explore the effects on targeted PBMC subpopulations, yet limited monocyte
densities in PBMCs preclude confident analysis of tobacco-induced effects. Also, currently
recommended sequencing depths for successful analysis of sScRNA-seq datasets remain prohibitively
expensive, mainly because traditional scRNA-seq analytical pipelines lack formal resolution assessment
to isolate transcriptional differences across biological replicates due to biological perturbations and
beyond cell-type identification. Here, we show how systematic assessment of sc-RNAseq library
complexity enhanced discovery of reproducible biological insights from replicative scRNA-seq
experiments with minimal sequencing output. Then, we demonstrate that principles linking information
profit and scRNA-seq library complexity were similar across different biological models and scRNA-seq
platforms (10X Genomics, DropSeq and sci-RNA-seq). Next, we diagnosed scRNA-seq information
density and anticipated sc-RNAseq output was sufficient when integrating >32,000 pan-monocyte
enriched PBMCs isolated from multiple smoking and non-smoking human donors (N=4 independent
specimens each group, median: 4,000 cells/donor, average: 2,800 net UMI/cell) from a single NovaSeq
run (S2 flow cell, <4B raw sequenced reads). Last, we implemented expression matrix focusing and
SALSA (doi: 10.1101/551762) to anchor multivariate analysis on genes that drove within-donor clustering,
were shared across donors within smokers or non-smokers, and showed statistically reproducible effect
sizes and statistically significant multivariate comparisons. Altogether, our analysis revealed a minimal
subset of 833 transcriptional profiling candidates among 7 monocyte subpopulations, with transcriptional
signature for M1 polarization downregulated in smokers. In sum, accounting for library complexity and
using a stratified integration approach for scRNA-seq analysis through SALSA ameliorated individual-
specific batch effects, highlighted dominant sources of intra- and inter-individual variations from monocyte
subpopulations, and integrated cost-effective single-cell transcriptomics data of clinical significance
across multiple human donors.



Poster Presentation 49

Synthetic progestins and progesterone induce similar proliferative transcriptomic
profiles in the T47D breast cancer cell line

Martin EM, Grimm S, and Wade PA

Eukaryotic Transcriptional Regulation, NIEHS, Integrative Bioinformatics Group, NIEHS,

The use of the synthetic progestin, medroxyprogesterone acetate (MPA), during hormone replacement
therapy (HRT) has been linked to increased risk of invasive breast cancer1. Currently, the biological
mechanism underlying this relationship is unknown. Synthetic progestins are a class of pharmaceutical
compounds that bind the progesterone receptor (PR) and are predominantly used as birth control and
during HRT. It is unclear whether the use of synthetic progestins other than MPA is associated with
invasive breast cancer.

The goal of this study is to understand whether breast epithelial cells have the same physiological and
transcriptional response to endogenous progesterone and synthetic progestins. T47D cells, a human
breast epithelial cell line, were grown in culture and exposed to endogenous progesterone (P4) and four
common progestins: (1) MPA, (2) etonogestrel, (3) norethindrone, and (4) levonorgestrel. First, a dose
response experiment was conducted to determine the effects on cell proliferation, as growth arrest is a
hallmark of progesterone exposure. Next, gene expression changes were assayed at physiologically
relevant doses for both P4 (200nM) and the progestins (2nM). To determine transcriptional response,
Progesterone Receptor (PGR), as well as the progesterone response sentinel gene, Zinc Finger And BTB
Domain Containing 16 (ZBTB16) were assayed across the time points 2, 4, 6, 8, 10,12 and 24 hours.
Based on these results transcriptomic profiles were assayed at 10 hours.

Transcriptomic data show that P4 and synthetic progestins elicit the same response, with 94% of the
response being conserved. Additionally, the magnitude and directionality of these changes are also
conserved. Enrichment analyses demonstrate that there is an increase in cancer signaling, as well as
pathways important in breast cancer development including AMPK and ERK/MAPK signaling pathways.
Furthermore, enrichment of transcriptional regulators revealed that beyond hormonal regulators such
as Estrogen Receptor 1(ESR1) and PR, cancer specific transcription factor, such as TP53 were
enriched, as was E2F4, which has been linked to P4 associated growth.

Taken together, these data suggest that activation of PR is linked to cancer related transcriptomic
profiles. These findings suggest a molecular link exists between the epidemiological observations
associating hormonal birth control use and breast cancer.
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Temporal inference shows altered CD8 T cell subsets shift from naive to
differentiated states in smokers

Martos SN, Campbell MR, Lozoya OA, Bennett BD, Thompson IJ, Wan M, Pittman GS,
and Bell DA

Environmental Genomics, DIR IIDL, NIEHS, Integrative Bioinformatics Support Group,
NIEHS,

Background: Tobacco smoke exposure affects the epigenome/transcriptome of blood leukocytes.
Interpretation of these bulk genomic approaches is limited because differences could indicate altered
distribution of cell (sub)populations or changes within (sub)populations of cells. In addition to resolving
PBMCs into major immune cell types, single-cell transcriptome profiling can be used to separate cell
populations into multiple subsets according to differentiation, activation, or functional states. Using single
cell RNA sequencing (scRNAseq), we identified altered composition of CD8 T cells in smokers, including
elevated proportions of FCGR3A(CD16)-expressing CD8 T cells (cluster CD8T-8). Increased CD16+ CD8
T cells were confirmed in smokers by mass cytometry and shown to express CD45RA (Campbell et al.
poster).

Hypothesis: Cigarette smoke alters CD8 T cell composition by shifting CD8 T cells toward differentiated
functional states.

Methods: To distinguish between differentiation/activation states among seven CD8 T cell clusters
identified by scRNAseq, we a) examined expression of established marker genes within each cluster and
b) performed pseudotemporal analysis to infer differentiation trajectory of CD8 T subsets. To further
characterize CD16-expressing CD8 T cells we compared single-cell transcriptomes of cells from cluster
CD8T-8 to other CD8 T cells to identify differentially expressed genes (DEGs) and performed gene set
enrichment analyses (GSEA). To confirm altered CD8 T gene expression profiles in smokers, we used
RNAseq and microarray on isolated CD8 T cells to examine differences in bulk RNA expression between
smokers and nonsmokers.

Results: Characterization of established markers in CD8 T cell subsets indicates higher frequency of
central memory (TCM)-like and effector memory re-expressing CD45RA (TEMRA)-like cells in smokers
than in nonsmokers, which corresponded with a lower frequency in naive CD8 T cells. Pseudotemporal
ordering of CD8 T cell clusters revealed two differentiation lineages. Both lineages began at clusters with
gene expression patterns characteristic of naive CD8 T cells (e.g., high CCR7, SELL, and IL7R).
Smokers’ cells were biased toward later pseudotimes in both lineages, indicating smokers’ CD8 T cells
are biased toward differentiated and nonsmokers’ CD8 T cells are biased toward naive states. Temporally
expressed genes for CD8 T cell lineages were consistent with effector memory (lineage 1) and central
memory (lineage 2) cells. CD8 T bulk transcriptomes reflected differentiation-state shifts observed at
single-cell level.
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Mitochondrial variation and risk of bronchopulmonary dysplasia (BPD) in
Argentinian infants

Marzec J, Caballero M, Burkholder A, Acosta P, Polack F, and Kleeberger S
Environmental Genetics, DIR IIDL, NIEHS, Fundacion Infant, Buenos Aires, Argentina,
Integrative Bioinformatics Support, DIR, NIEHS

Rationale: BPD causes vascular damage and impaired lung development in very low birthweight,
premature infants on mechanical ventilation for respiratory distress. Nuclear-coded antioxidant genes
and mitochondrial (mt) variants affect function and contribute to low birth weight and BPD. Excess
oxygen damages highly susceptible mtDNA, reducing electron transport chain integrity. We identified
significant differences (heteroplasmy and mtDNA sequence) in a neonatal mouse model of hyperoxia-
induced lung injury that associated with lung phenotypes. In this study we used ultra-deep sequencing to
identify mtDNA variations in preterm infants with and without BPD.

Methods: Saliva samples were collected prior to ventilation. DNA was isolated from Argentinian infants
and their parents and mtDNA was amplified by long range PCR. Purified fragments were tagged with
Nextera libraries and sequenced with a NovaSeq system.

Results: Stably inherited heteroplasmies with variant base call > 20% were classified as SNPs for
downstream analyses. Two-fold heteroplasmy increase and 3-fold higher incidence of SNP locus
variation were found in BPD compared to non-BPD infants. D loop, MT-ND2 and MT-COI mutations
varied most in BPD infants. MT-ND4 and MT-ND6 variants predicted to be damaging (PolyPhen) were 2-
fold higher in BPD versus non-BPD infants. Interestingly, two D loop variants previously associated with
oxidative stress in adults were differentially distributed in BPD compared to non-BPD infants.

Conclusions: Mutations to complex | (ND2, ND4, ND6) and IV (COl) of the electron transport chain were
overrepresented in BPD infants. Mitochondrial polymorphisms may contribute to differential susceptibility
to BPD in preterm infants.
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H/ACA snoRNAs are key determinants of cell identity and stem cell homeostasis
McCann KL, Kavari SL, Burkholder AB, Phillips BT, and Hall TM

Macromolecular Structure, DIR, ESCBL, NIEHS, Integrative Bioinformatics Support
Group,

Pseudouridine regulates RNA stability and function. H/ACA small nucleolar RNAs (snoRNAs) guide
pseudouridylation within a small nucleolar ribonucleoprotein complex (snoRNP). We seek to reveal critical
links between H/ACA snoRNA expression, H/ACA snoRNP function, and differentiation. Quantification of
H/ACA snoRNAs revealed that H/ACA snoRNA expression is cell-type dependent and regulated during
differentiation. Strikingly, we found that regulation of specific snoRNAs largely overlapped in three
different cellular models of differentiation: differentiation of mouse embryonic stem cells (MESCs) by
retinoic acid treatment, differentiation of mMESCs to cardiomyocytes, and myoblast differentiation into
myotubes. To assess the role of the H/ACA snoRNP in differentiation, we depleted Dkc1, the catalytic
subunit, or Nop10, which anchors the snoRNA in the complex. Knockdown of either protein disrupted
mESC homeostasis and promoted differentiation, but the effect was more severe upon depletion of Dkc1.
All H/ACA snoRNAs were sensitive to Dkc1 knockdown. In contrast, only six snoRNAs were sensitive to
Nop10 depletion, five of which were also downregulated upon differentiation. In myoblasts, Nop10
knockdown promoted differentiation into myotubes, and the changes in snoRNA expression upon Nop10
knockdown parallel those observed during myogenesis. Northern blot analysis revealed changes in pre-
rRNA processing upon mESC differentiation. We are investigating whether regulation of specific H/ACA
snoRNAs leads to differences in pseudouridylation of target sites in the rRNA and alterations in ribosomal
function.Together, these data suggest that H/ACA snoRNAs and the H/ACA snoRNP are important
determinants of cell identity, potentially through regulatory pseudouridylation of ribosomal RNA and other,
as yet unidentified target RNAs.
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In utero exposure to arsenic contributes to reproductive and metabolic
dysfunctions in adult male mice

Mellouk N, Mellouk N, Rodriguez K, Ungewitter E, Nicol B, Liu C, Brown P, and Yao HH
Reproductive Developmental Biology, DIR RDBL, NIEHS

Arsenic is an endocrine disruptor that remains as a threat to human health in almost every country on the
globe. Including the United States, more than 40 million people rely on unregulated private water wells
where could be contaminated by arsenic. Exposure to high level (ppm) of arsenic during fetal
development disrupts organ formation and increases the risk of developing ovary, adrenal, and liver
tumors at adulthood in humans and rodent models. In this study, we used mouse as a model organism to
evaluate the effect of in utero exposure to low (10 ppb or maximum limit in drinking water recommended
by EPA), or high level (42.5 ppm or tumor-inducing dose in mice) in drinking water on reproductive and
metabolic health when the exposed animals reach adulthood. Pregnant CD-1 mice were exposed to
arsenic (sodium arsenite) in the drinking water at 0 (control) 10 ppb, or 42.5 ppm from embryonic day (E)
10 to 18, the critical window for organ formation. Newborn pups were foster to unexposed CD-1 dams.
Reproductive and metabolic endpoints were analyzed at postnatal and adult stages. We found that in
utero exposure to arsenic did not affect the dams and development of the embryos as no changes in
maternal weight gain, number of pups per litter and sex ratio of the pups. However, the male offspring
exposed to 10 ppb in utero exhibited significant increase in body weight at birth when compared to
controls. Male offspring exposed to 42.5 ppm in utero showed a tendency for increased body weight and
a smaller anogenital distance. The increased body weight at birth in arsenic-exposed pups continued at 3
weeks and 11 weeks of age. Furthermore, at 5 months of age, males exposed to both 10 ppb and 42.5
ppm in utero exhibited significantly greater body fat content. Male offspring exposed to 10 ppb in utero
had significantly higher circulating levels of leptin compared to control. Although levels of glucose after
240 min of glucose challenge were not different, glucose remained significantly elevated compared to
controls at 40 min and 60 min following glucose challenge in 10 ppb and 42.5 ppm exposed males. In
contrast to the metabolic end points, the reproductive parameters of the 10 ppb exposed male
(expression of steroidogenic enzymes in the testis, testis morphology, sperm count, sperm motility, and
genome wide methylation in the testis) were not different from the control. However, the 42.5 ppm
exposed males exhibited a significant decrease on total number of pups born compared to controls, and
the average number of litters sired from the exposed male was significantly lower in both 10 ppb and 42.5
ppm groups. These results indicate that in utero exposure to arsenic at either human relevant
concentration or tumor-inducing concentration is a potential cause of developmental origin of metabolic

and reproductive dysfunction in adult male mice.



Poster Presentation 54

Association of Urinary Bisphenol F and S used as Bisphenol A Substitutes with
Asthma and Hay Fever Outcomes

Mendy A, Salo PM, Jesse W, Feinstein L, Ferguson KK, Fessler MB, Thorne PS, and
Zeldin DC

Environmental Cardiopulmonary Disease, DIR IIDL, NIEHS, Social & Scientific
Systems, Durham, NC, Epidemiology Branch, DIR, NIEHS, Clinical Investigation of Host
Defense, DIR, IIDL, NIEHS

Bisphenols F (BPF) and S (BPS) are bisphenol A (BPA) analogs used as substitutes in consumer
products. Despite reports of BPA's association with asthma, no studies have examined its structural
analogs in relation to asthma and allergy outcomes. In this study we examined the association of urinary
BPF, BPS, and BPA with asthma and hay fever in a US representative sample. We analyzed data from
3,538 adults and adolescents aged 12 years or older who participated in the National Health and Nutrition
Examination Survey (NHANES) from 2013 to 2016 and had bisphenols measured in urine. Children aged
6 to 11 years old (N=738) did not have all covariate data available and were analyzed separately. Logistic
regression was used to assess the association of the exposures with the outcomes, adjusting for
covariates. BPF, BPS, and BPA were detected in 57.1%, 88.4%, and 94.8% of urine samples,
respectively. BPF detection in urine was positively associated with current asthma (odds ratio [OR]: 1.54,
95% confidence interval [CI]: 1.16-2.04) and hay fever (OR: 1.66, 95% CI: 1.12-2.46). Higher odds of
current asthma were found in relation to urinary BPS in men (OR: 1.64, 95% CI: 1.13-2.40) and urinary
BPA was associated with increased prevalence of asthma without hay fever in children aged 6 to 11
years (OR: 2.65, 95% CI: 1.05-6.68). Our results suggest that BPF and BPS are associated with asthma
and/or hay fever and may not be safe alternatives to BPA; however, prospective studies are needed to
confirm these results.


https://1.05-6.68
https://1.13-2.40
https://1.12-2.46
https://1.16-2.04
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p53 modulates the expression of host restriction factors to reduce HIV-1
replication.

Menendez Rendon D, Bell WJ, Nguyen T, Resnick MA, and Kleeberger SR
Environmental Genetics, DIR IIDL, NIEHS

Globally, nearly 2 million people per year are newly infected with the human immunodeficiency virus
(HIV), and 36 million people are living with HIV. Development of a rapid innate immune response to HIV
is critical to prevent early HIV infection and destruction of infected cells. There remains a need to identify
new strategies that can enhance these endogenous immune restricting molecules. We had established
that the human tumor suppressor p53, a stress-induced transcription factor, can greatly alter expression
of many immune genes including most of the toll-like receptor (TLR) innate immunity genes and the host
restriction APOBEC3 gene family, both considered important components of antiviral immunity against
HIV-1 infection. Thus, we have established a broad p53/immune axis where p53 appears to be a central
mediator and amplifier of global immunity against viral infections including HIV-1.

Here, by exploring our newly defined p53/immune axis, we found that p53 reduces HIV-1 infection.
Activation of p53 by overexpression or by clinical agents such as nutlin-3, can alter HIV-1 replication
through p53-dependent expression of antiviral and host restriction genes. Furthermore, we observed that
the p53 impact on HIV-1 replication in human CD4+ T lymphocytes is influenced by the TLR8 promoter
SNP rs3761624, where the G-allele of the G/A SNP pair is p53 responsive.

Overall, our findings provide mechanistic insights about p53 associated immune responses in HIV-1
pathogenesis and will help identify genes that influence a) progression and/or targets for antiviral
therapies based on individual susceptibilities as well as b) health risks associated with long term antiviral
treatments.
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Silencing Dopamine Neurons During Sleep as a Novel Treatment for Parkinson
Disease

Meng C, Cook J, Hou B, Huo L, and Cui G

In Vivo Neurobiology, DIR NL, NIEHS

The progressive loss of dopamine (DA) neurons in substantia nigra pars compacta (SNc) and subsequent
motor deficits are the hallmarks of Parkinson’s disease (PD). Currently the etiology of PD is unknown and
there is no cure for PD. There is morphological and physiological evidence suggesting that the SNc¢
dopamine neurons are the most energy-demanding neurons in the brain, making them particularly
vulnerable to energy deficits in aging animals when the mitochondrial function starts to decay. This study
aims to test the hypothesis that reducing the energy expenditure in SNc dopamine neurons by silencing
their neural activity during sleep can protect these neurons and delay the disease progression in a mouse
model of PD. We tested our hypothesis using both 6-OHDA lesion PD model and the progressive
MitoPark genetic PD model. For 6-OHDA model, male C-57BL/6J mice were injected with neurotoxin 6-
OHDA (2.5ug) unilaterally into the striatum. Beginning immediately after the 6-OHDA surgery, mice were
given daily injections (i.p.) of 1 mg/kg pramipexole + 3.75 mg/kg baclofen for four weeks during the light
(sleep) cycle. For the MitoPark model, 6 week-old MitoPark mice and littermate mice were dosed with 0.5
mg/kg pramipexole + 2.5 mg/kg baclofen orally during the sleep cycle for 14 weeks.
Immunohistochemistry was performed for tyrosine hydroxylase (TH), which served as a marker for
dopamine cells and axon terminals. ImagedJ was used to quantify TH+ cell counts in the SNc and TH
immunoreactivity in the striatum to measure dopamine axon terminal density. Motor function was
evaluated by accelerating rotarod test and open field test. Spontaneous alternation task in Y-maze was
used to evaluate the cognitive function. DA neuron activity and associated DA release were suppressed
by i. p. or oral administration of pramipexole + baclofen for 6-8 hours. Daily single dose of pramipexole +
baclofen during sleep cycle significantly rescued DA neuron loss in 60HDA model and ameliorated
behavioral deficits in MitoPark PD model, characterized by increased the performance on rotarod and
spontaneous alternation rate in Y-maze test. Furthermore, the motor function improvement was likely the
result of the cell protective effects of the daily drug treatment but not the result of acute drug effects,
because there were no significant motor performance differences between the drug and vehicle groups
measured at 1 hr, 8 hrs and 24 hrs after the dosing. Taken together, our results show that reducing
energy expenditure by silencing DA neuron activity during sleep protects dopamine neurons and slows
down the progression of PD in mouse models.
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Chemokine CCL19 promotes type 2 T cell differentiation and allergic airway
inflammation

Nakano H, Lyons-Cohen MR, Nakano K, Tadeusz KP, Tucker CJ, Thomas SY,
Whitehead GS, and Cook DN

Immunogenetics, DIR IIDL, NIEHS, DIR Signal Transduction,

Allergic asthma is mediated by the actions of allergen-specific type 2 CD4+ T helper (Th2) cells secreting
IL-4, IL-5 and IL13, and by Th17 cells secreting IL-17. Following allergen inhalation, these cells are
induced by the interaction of allergen-specific, naive CD4+ T cells with antigen-bearing dendritic cells
(DCs). The molecular mechanisms underlying the induction of helper T cell differentiation have been
studied extensively during last 3 decades, and it is well-established that DCs produce factors that drive
Th1, Th17 and regulatory T (Treg) cell differentiation. However, it remains unclear whether DCs also
produce factors that selectively promote Th2 differentiation. The chemokine receptor, CCR7, is displayed
on both naive T cells and DCs and promotes the co-localization and interaction of these two cell types in
lymphoid organs by binding to its chemokine ligands, CCL19 and CCL21. Both of these chemokines are
produced by fibroblastic reticular cells in the LNs and spleen, while only CCL19 is expressed by DCs. In
this study, we found that CCL19 is also produced by type | alveolar epithelial cells (AEC1) following
allergen inhalation. Using Ccl19-deficient mice, we found that CCL19 is required for multiple asthma-like
features in mice, including airway inflammation and airway hyperactivity. We also found that CCL19 acts
directly on naive T cells to stimulate their proliferation and production of type 2 cytokines. Together, these
findings reveal a novel role for CCL19 and CCRY7 in allergic asthma.
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Metals, metal mixtures, and prospective body mass index

Niehoff NM, Keil AP, O'Brien KM, Weinberg CR, and White AJ
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Background: The prevalence of obesity has increased rapidly over the past few decades and metal
exposure is ubiquitous. Epidemiologic studies to date, which have been mostly cross-sectional, have
demonstrated inconsistent associations, in both magnitude and direction, between metals and body mass
index (BMI).

Objective: To evaluate whether toenail-based metal concentrations measured at study baseline were
associated with BMI 3.5-8.3 years later. We sought to evaluate associations with individual metals as well
as associations with joint exposure to pre-defined metal groupings.

Methods: We measured concentrations of 16 metals in toenails collected at baseline (2003-2009) in a
subset of 1,221 women from the Sister Study. We calculated BMI from height and weight reported on a
follow-up questionnaire an average of 5.2 (range=3.5-8.3) years after baseline. Multivariable linear
regression was used to estimate 8 coefficients and 95% confidence intervals (Cls) for associations
between BMI and individual metals (measured continuously per interquartile range (IQR) increase or in
quartiles). Quantile g-computation was used to examine the joint association of groups of metals with
BMI. Groups considered were all metals combined, and metals classified as toxic (antimony, lead,
mercury, cadmium, arsenic, tin, vanadium) or essential (molybdenum, selenium, zinc, manganese,
copper, nickel, iron, cobalt, chromium) in the literature.

Results: In single metal models, the 4th vs 1st category of chromium (8=-0.39; 95%CI: -0.80, 0.02) and
cobalt (8=-0.41; 95%CI: -0.82, 0.00) were inversely associated with BMI. In quantile g-computation
analyses, a quartile increase in all toxic metals was associated with higher BMI (5=0.32; 95%CI: 0.00,
0.63), whereas essential metals were associated with lower BMI (8=-0.25; 95%ClI: -0.58, 0.07).

Conclusions: Results based on single metal models and those based on models that examine the joint
association for metal mixture groupings suggest that essential metals may help control BMI while toxic
metals may contribute to higher BMI.
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Cranial Neural Crest Cell Susceptibility to Oxidative Stress and Apoptosis:
Implications for Congenital Arhinia

Pascual F, and Shaw ND

Pediatric Neuroendocrinology, DIR CRB, NIEHS,

Bosma arhinia microphthalmia syndrome (BAMS) is a rare congenital malformation defined by the triad of
arhinia (absence of external nose), anterior eye defects, and hypogonadotropism secondary to GhnRH
deficiency. We recently determined that missense mutations in the gene SMCHD1, which encodes a
master epigenetic repressor, are the primary genetic driver of arhinia. Clinical observations of variable
expressivity and incomplete penetrance, however, suggest an additional role for genetic and/or
environmental modifiers.

We hypothesized that differences in fetal susceptibility to metabolic and oxidative stressors may
contribute to variable phenotypes among SMCHD1 mutation carriers. The BAMS clinical triad is most
consistent with a defect in cranial neural crest cells (NCC) and/or placode cells. Cranial NCC and
olfactory and lens placode cells originate from the anterior-most region of the neural plate border, an area
that also demonstrates strong and specific SMCHD1 expression in E8.5 mice. As NCC and placode cells
are “programmed to die” to properly pattern the craniofacial landscape, they are particularly vulnerable to
metabolic and oxidative stressors, as exemplified by fetal exposure to alcohol or hyperglycemia.

We used the O9-1 murine NCC line to determine the effect of a forced metabolic substrate switch on NCC
proliferation, migration, and fate specification. Decreasing glucose availability did not affect cell survival
or migration but was associated with increased antioxidant gene expression, decreased apoptosis marker
expression, and increased NCC and stem cell characteristics despite increases in primitive markers of
smooth and skeletal muscle cells; notably, markers of bone terminal fates were decreased. Smchd1
knockdown was similarly associated with changes in oxidative stress and apoptosis markers, while NC
and stem cell marker expression was reduced, suggesting SMCHD1 may be involved in regulation of
differentiation. In addition, Smchd1 knockdown resulted in differential regulation by glucose of several of
the markers studied, indicating a possible interaction. Parallel studies are currently underway in O9-1
cells following Smchd1 ablation and in NCC and placode cells derived from Smchd1 pL141F knock-in
mouse ESC.
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Structural and Biochemical Analysis of Ape2 Informs the Development of a
Synthetic Peptide Inhibitor

Patel TN, Wojtaszek JL, Wallace BD, Appel D, and Williams S

Genome Stability Structural Biology, DIR GISBL, NIEHS

Apurinic/apyrimidinic endonuclease 2 or Ape2 is a multi-domain nuclease with exonuclease,
endonuclease, and phosphodiesterase (EEP) activities. Ape1 and Ape2 enzymes are of the class-Il type
apurinic/apyrimidinic (AP) endonucleases, however, Ape1 is considered the major AP endonuclease
because of its robust endonuclease activity compared to Ape2. Ape2, conversely, possesses a unique
proliferating cell nuclear antigen (PCNA) interacting protein motif (PIP) which enables proficient PCNA
stimulated exonuclease activity. Ape2 also possesses a unique C-terminal zinc finger motif with highly
conserved GRxF residues (Zf-GRF) that binds single strand DNA and modulates Ape2 catalytic activity.
Employing the current crystal structure of the Xenopus laeviscatalytic EEP domain, several mutants were
constructed through site-directed mutagenesis for biochemical analysis to provide insight into the critical
residues involved in the different nuclease activities of Ape2. Testing Ape2 catalytic activity on various
damaged DNA substrates reveals a broad substrate specificity in agreement with the structurally more
open active site. Together, our structural and biochemical data of the EEP and Zf-GRF domains support a
model for PCNA-stimulated exonuclease activity on 3’ end damaged DNA. These insights, and the recent
publication revealing Ape2 is synthetic lethal with BRCA2 (Mengwasser et al., 2019), have led us to
exploit the importance of the Zf-GRF domain and design a synthetic peptide inhibitor. Collectively, our in
vitrodata from NMR, fluorescence polarization, and nuclease assays reveal that the synthetic peptide
binds to the Zf-GRF and is able to inhibit Ape2 activity, providing a promising first step in our pursuit of
developing a novel cancer therapeutic.
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Ribosome assembly is a complex process reliant on the coordination of trans-acting enzymes to produce
functional ribosomal subunits and secure the translational capacity of cells. The endoribonuclease
(RNase) Las1 and the polynucleotide kinase (PNK) Grc3 assemble into a multienzyme complex, herein
designated RNase PNK, to orchestrate processing of precursor ribosomal RNA (rRNA). RNase PNK
belongs to the functionally diverse HEPN nuclease superfamily, whose members rely on distinct cues for
nuclease activation. To establish how RNase PNK coordinates its dual enzymatic activities, we solved a
series of cryo-EM structures of Chaetomium thermophilumRNase PNK in multiple conformational states.
The structures reveal that RNase PNK adopts a butterfly-like architecture, harboring a composite HEPN
nuclease active site flanked by discrete RNA kinase sites. We identify two molecular switches that
coordinate nuclease and kinase function. Together, our structures and corresponding functional studies
establish a new mechanism of HEPN nuclease activation essential for ribosome production.
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Anniston, Alabama was home to a major polychlorinated biphenyl (PCB) production facility from 1929
until 1971. The Anniston Community Health Survey | and Il (ACHS-I 2005-2007, ACHS-II 2013-2014)
were conducted to explore the effects of PCB exposures. In this report we examined associations
between PCB exposure and DNA methylation in whole blood using EPIC arrays (ACHS-I, n=518; ACHS-
11, n=299). For both cohorts, 35 PCBs were measured in serum. We modeled methylation versus PCB
wet-weight concentrations for: the sum of 35 PCBs, mono-ortho substituted PCBs, di-ortho substituted
PCBs, tri/tetra-ortho substituted PCBs, estrogenic PCBs, and antiestrogenic PCBs. Using robust
multivariable linear regression, we adjusted for age, race, sex, smoking, total lipids, and six blood cell
types percentages. We carried out a two-stage analysis; discovery in ACHS-| followed by replication in
ACHS-II. In ACHS-I, we identified 28 associations (17 unique CpGs) at p<6.70E-08 and 369 associations
(283 unique CpGs) at FDR p<5.00E-02. A large proportion of the genes have been observed to interact
with PCBs or dioxins in model studies, but aryl hydrocarbon receptor pathway genes were not among
those identified. Among the 28 genome-wide significant CpGsCpG/PCB associations, 13 displayed
replicated directional effects in ACHS-II; however, only one of the associations in ACHS-II was statistically
significant at p<1.70E-04. While we identified many novel CpGs significantly associated with PCB
exposures in ACHS-I, the differential methylation was modest and the effect was attenuated seven years
later in ACHS-II, suggesting a lack of persistence of the associations between PCB exposures and
altered DNA methylation in blood cells.
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Mutational signatures are unique footprints of mutations left in DNA. Through the analysis of sequencing
data from cancer genomes and exomes, almost fifty mutational signatures of cancers have been
elucidated. However, many of the mutational mechanisms underlying these signatures remain unknown.
Oxidative stress is a hallmark of cancer, yet one of the mutational signatures of cancers has not been
assigned to it. The most common lesion induced by oxidative stress has been thought to be 8-
oxoguanine. Mutagenic bypass of 8-oxoguanine can lead to G to T substitutions. By analyzing the
mutation spectra induced by oxidizing agents, we sought to discover the mutational signature of oxidative
stress. Reported here are the mutational signatures of two oxidizing agents, hydrogen peroxide and
potassium bromate, revealed by analysis of the spectra of mutations induced by these mutagens in
budding yeast, Saccharomyces cerevisiae. Though the spectra of mutations induced by the two
chemicals are similar in the double strand DNA (dsDNA) reporter, they are different in the single strand
DNA (ssDNA) reporter. We utilized a ssDNA reporter in the search for a signature because of
characteristic persistence of ssDNA in cancer genomes, many of which had been shown to be prone to
hypermutation. The difference between the mutation spectra induced by hydrogen peroxide and
potassium bromate suggests that different sources of oxidative stress may result in different DNA
damage, and therefore induce unique mutational signatures. This has important implications for our
understanding of the contribution of oxidative stress to pathologies, including cancers.
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Metabolic adaptation to nutritional state requires alterations in gene expression in key tissues. Here, we
investigated chromatin interaction dynamics, as well as alterations in cis-regulatory loci and transcriptional
network in a mouse model system. Chronic consumption of a diet high in saturated fat, when compared to
a diet high in carbohydrate, led to dramatic reprogramming of the liver transcriptional network. Long-
range interaction of promoters with distal regulatory loci, monitored by promoter capture Hi-C, was
regulated by metabolic status in distinct fashion depending on diet. Adaptation to a lipid-rich diet,
mediated largely by nuclear receptors including Hnf4a, relied on activation of preformed
enhancer/promoter loops. Adaptation to carbohydrate-rich diet led to activation of preformed loops and to
de novo formation of new promoter/enhancer interactions. These results suggest that adaptation to
nutritional changes and metabolic stress occurs through both de novo and pre-existing chromatin
interactions which respond differently to metabolic signals.
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Type | interferon plays a central role in the pathogenesis of common autoimmune disorders. Recently, we
reported that mice deficient in the interferon-y-inducible immunity-related GTPase - Irgm1, which
regulates autophagy and also localizes to mitochondria, have an autoimmune exocrinopathy
accompanied by increased autoantibodies and spontaneous induction of IFN-stimulated genes (ISGs) in
several organs. We hypothesized that the pathogenic IFN response observed with Irgm1 deficiency is
driven by inappropriate sensing of cleared mitochondrial DNA (mtDNA). Here, we show that the abnormal
induction of type | interferon in Irgm1-/- fibroblasts is associated with simultaneous dysfunction in
mitochondria and lysosomes, resulting in soiling of the cytosol with mtDNA. The interferon response is
normalized upon depletion of cellular mtDNA and partially corrected by restoration of lysosomal function.
Further, we show that mtDNA activates the double stranded DNA sensor — cGAMP synthase (cGAS) and
its adaptor, stimulator of IFN genes (STING), to drive type | interferon production in fibroblasts. In vivo, we
found that the cGAS-STING pathway underlies the exocrinopathy of salivary glands in Irgm1-null mice.
Interestingly, the type | interferon response in Irgm1-/- macrophages is dependent on TLR9 signaling and
is associated with increased delivery of damaged mitochondria to functional endo-lysosomal
compartments. Genetic deletion of the type | interferon receptor rescues the autoimmune tissue
pathology and excess autoantibody levels in Irgm1-/- animals, demonstrating the pathogenicity of type |
interferon in these animals. Taken together, our findings support a model wherein Irgm1-mediated
mitochondrial maintenance represses inappropriate mtDNA-dependent activation of autoinflammatory
interferon responses. We propose that this fundamental mechanism may play a key role in suppression of
type | interferon-dependent autoimmune syndromes.
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Improved tissue-like functionality with three-dimensional (3D) spheroid models offer better in vitro safety
assessment of chemicals. Combining these models with emerging low-cost, high-throughput
transcriptomics methods would enable systematic characterization of chemical induced effects on
biological systems. We have developed 3D spheroid liver models of human bipotent progenitor cell line,
HepaRG and primary rat hepatocytes (Sprague-Dawley) in 384-well formats. HepaRG spheroids exhibit
several hallmarks of polarized hepatocytes and tissue-like functionality. Xenobiotic metabolism
assessment with clinical substrates of CYP1A2, CYP2B6 and CYP3A4 showed 2 to 20-fold higher than
median activities compared to two-dimensional (2D) cultures of primary human hepatocytes (PHH).
Similarly, primary rat hepatocytes also formed polarized spheroid-like structures and displayed a stable
phenotype for more than 30 days, compared to 2D sandwich cultures, which are healthy for only 3-5 days
in culture. Specific activities of CYP1A2 and CYP3A enzymes were markedly higher than sandwich
cultured rat hepatocytes. HepaRG Spheroids were treated with ten concentrations of a reference set
chemicals for 96-hours in repeated exposure regimens and assays using high-throughput gene
expression analysis with the S1500+ gene set. Baseline gene expression and biological pathway
responses showed significantly higher enrichment scores in spheroids compared to 2D HepaRG cultures.
Exposure to aflatoxin B1 and benzo(a)pyrene showed activation of genes and pathways related to cell
cycle, DNA damage and cancer at low non-cytotoxic concentrations. BMDEXxpress 2.2 was used to
calculate point of departure for individual genes and pathways associated with concentration-related
molecular perturbations. Activation of nuclear receptor pathways (CAR/RXR and PXR/RXR) was evident
with lower exposure levels of phenobarbital and rifampicin preceding onset of stress-related pathways at
higher cytotoxic concentrations. Similarly, biologically relevant pathways associated with exposure of 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), cyclophosphamide, chlorpromazine and valproic
acid were activated at sub-lethal concentrations in HepaRG spheroids. Incorporation of these
physiologically relevant in vitro models and data-rich assay approaches are promising new tools in
identifying sensitive molecular perturbations that lead to adverse effects of chemicals.
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GLIS2 causes cystic kidney disease by regulating inflammation- and fibrosis-
associated gene expression
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GLI-Similar 2 (GLIS2) is a member of the GLIS subfamily of Kriippel-like zinc finger transcription factors.
GLIS2 is expressed in several tissues, including brain, colon, lung, heart, liver, prostate, and kidney.
GLIS2 deficiency in humans and mice lead to the development of nephronophthisis, a cystic kidney
disease that is the most common genetic cause of renal failure in young adults. Using GLIS2 knockout
mice (GLIS2-KO), we showed that this renal disease is associated with renal atrophy, fibrosis, and severe
inflammation. This is accompanied by increasing apoptosis, glomerular capsule space and fibroblast. To
obtain insights into the physiological function of GLIS2 and the mechanism of the development of this
renal disease, we compared the gene expression profiles between kidneys from wild type and GLIS2-KO
mice using RNA-Seq. Analysis of the RNA-Seq data showed that most of the differentially expressed
genes were induced in GLIS2-KO kidneys. These data suggest that GLIS2 largely functions as a
transcriptional repressor. This is consistent with our Mass Spec data showing that GLIS2 is associated
with a co-repressor complex containing ZFP516, KDM1, CTBP1, CTBP2 and HDAC2. To identify genes
that are directly regulated by GLIS2, we performed ChIP-Seq analysis using GLIS2-HA overexpressed
IMCD3 cell line and compared the gene expression profiles between kidneys from wild type and GLIS2-
KO mice using RNA-Seq. analysis result of ChlIP seq data showed 23% of GLIS2 binding peaks are
located in TSS proximal region. And GLIS2 and variety AP-1 motif are revealed in the motif analysis
result. These results suggest that GLIS2 bind near AP-1 complex binding site. To examine which of the
differentially-expressed genes were directly regulated by GLIS2, the genes identified by ChIP-Seq were
compared with those from RNA-Seq and the overlapping genes selected for further analysis. Pathway
and biological process analysis result showed that putative GLIS2 direct target genes are related to cell
migration, inflammation, ECM, apoptosis, TNF alpha pathway target genes. These data suggest that
GLIS2 may regulate NFKB and AP-1 target genes. COL1A1, TGFB1, CXCL10, FN1, ACTA2 and CCL2
were among the genes directly regulated by GLIS2. these genes are a well-known factors for kidney
inflammation and fibrosis. Our results suggest that GLIS2 is transcriptional repressor that is a critical
regulator of renal inflammation and fibrosis.
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Large-scale cancer exome- and genome-wide mutation analysis have revealed 49 mutation signatures
prevalent in cancers. Understanding the mechanisms underlying mutation signatures is imperative to be
able to identify actionable cancer preventative and therapeutic targets. While, the mutagenic processes
for some signatures are known, for many signatures the etiology is still unclear. Likewise, we currently do
not know the mutation signatures diagnostic to several classes of DNA damaging agents.

Utilizing yeast strains engineered for large-scale production of single stranded DNA (ssDNA), while still
maintaining the bulk of the genome in dsDNA form, we probed the substrate specificity, mutation spectra
and signatures associated with SN1 and SN2-type DNA alkylating agents. We determined that while
SN1-type alkylating agents preferably mutagenize dsDNA, SN2-type agents preferably form mutagenic
lesions on ssDNA. The mutation signature for SN1-type agents was found to be conserved across yeast,
mice and humans. Treatment of yeast cultures with methyl methanesulfonate, an SN2-type alkylating
agent led to mutations in cytosines and adenines on ssDNA. Moreover, despite the low abundance of T
to G mutations in ssDNA, we detected a significant, preference for the hTg to hGg (h = a, ¢ or t) signature
in MMS-treated yeast strains. Furthermore, analysis of sequenced cancer genomes and exomes
demonstrated the presence of the yeast-derived mutation spectra and signatures of SN2-alkylating
agents in lung cancer and head and neck cancers. The hTg to hGg mutation loads were higher in lung
tumors from smokers than never-smokers, pointing towards the mutagenic activity of SN2-type DNA
alkylating nitrosamine carcinogens formed from nicotine in cigarettes. Overall, we demonstrate that
mutation signatures attributable to alkylation-induced DNA damage are prevalent in cancers.
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Pancreatic 3-cells play a central role in regulating glucose homeostasis. One prominent regulator of both
B-cell fate and function is GLIS3, a transcription factor with both co-activating and co-repressive roles.
Both humans and mice lacking a functional copy of GLIS3 are diabetic from birth, with a near complete
absence of B-cells. Interestingly, Glis3 is expressed relatively early during pancreas development prior to
the differentiation of ductal and endocrine cells from a common lineage, and is maintained in both 3-cells
as well as ductal cells. Furthermore, postnatal deletion of Glis3 also results in hyperglycemia, suggesting
Glis3 as a critical regulator of postnatal -cell function as well. Yet, while much is known about the
phenotype of Glis3 deletions, little is known about its molecular function.

My research focuses on how GLIS3 regulates B-cell development and function. Interestingly, in silico
analysis of RNA-seq data from different mouse tissues revealed that two different isoforms of Glis3
appear to be transcribed. We have confirmed that both isoforms are expressed in mouse tissues such as
kidney and pancreatic islet, with the shorter form being more predominant. In addition, testing of the
transactivation potential of these two isoforms revealed the shorter isoform to have more activity,
although studies are still ongoing to determine whether this effect is related to isoform stability. To
determine which genes are regulated by GLIS3 within mouse islets, a mouse model with a pancreas-
specific deletion of Glis3 was utilized. RNA-seq analysis of isolated islets revealed a large number of both
upregulated and downregulated genes, and ChIP-seq analysis of GLIS3 in islets revealed many of these
genes are direct targets of GLIS3 regulation. Interestingly, GLIS3 binding largely overlaps with binding of
the transcription factors NKX6.1, PDX1, and NKX2.2, but shows less overlap with other islet-enriched
transcription factors. This indicates that GLIS3 could function in distinct regulatory complexes. In order to
help identify these regulatory complexes, we are using a combination of immunoprecipitation and mass
spectrometry to identify interacting proteins, particularly co-regulators and other transcription factors. A
better understanding of the mechanisms through which GLIS3 regulates gene activation/repression within
the pancreatic B-cell will lead to a better understanding of how B-cell fate is controlled and maintained, as
well as which genes are essential for postnatal function.
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Nicotinamide adenine dinucleotide (NAD), a cofactor for hundreds of metabolic reactions in all cell types,
plays an essential role in diverse cellular processes including metabolism, DNA repair, and aging.
However, how NAD metabolism is impacted by the environment remains unclear. Here, we report
unexpected trans-kingdom cooperation between bacteria and mammalian cells wherein bacteria
contribute to host NAD biosynthesis. Bacteria confer mammalian cells with the resistance to inhibitors of
NAMPT, the rate-limiting enzyme in the vertebrate amidated NAD salvage pathway. Mechanistically, a
microbial nicotinamidase (PncA) that converts nicotinamide to nicotinic acid, a key precursor in the
alternative deamidated NAD salvage pathway, is necessary and sufficient for this protective effect. Using
stable isotope tracing and microbiota-depleted mice, we further demonstrate that this bacteria-mediated
deamidation is necessary for the hepatic NAD-boosting effect of oral nicotinamide and nicotinamide
riboside supplementation. Collectively, our findings reveal a crucial role of the bacteria-enabled
deamidated pathway in host NAD metabolism.
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Post-transcriptional modification of RNA is critical for the function and/or stability of many RNAs, most
commonly mRNA (capping and polyadenylation), rRNA (cleavage and base modification), and tRNA
(cleavage, base modification, and aminoacylation site addition). The nucleotidyltransferase class of
enzymes is involved in both the polyadenylation of mMRNA and aminoacylation site addition of tRNA
making it an important class of enzymes for RNA maturation. Our collaborators recently conducted a
screen of uncharacterized nucleotidyltransferase proteins to search for novel enzymatic activities. We are
following up on two groups of proteins discovered during the screen.

First, a poly(A) polymerase family member from C. elegans known as MUT-2 which is required for RNAI
and the loss of which leads to a mutator phenotype. It was found the MUT-2 acts similarly to poly(A) and
poly(U) polymerase but adds alternating U and G nucleotides instead of a single repeating nucleotide,
which would be an unprecedented enzyme activity. Currently, three orthologs of C. elegans MUT-2 have
been expressed and purified and enzymatic activity has been demonstrated for one of them. Activity
assays so far are consistent with an alternating U-G mechanism, supporting the discovery of a novel
enzymatic activity.

Second, a pair of tRNA nucleotidyl transferase family members from S. pombe dubbed CCA1 and CCAZ2,
which are potentially the first eukaryotic enzymes discovered to have split CC and A activities during
aminoacylation site addition. Thus far, we have successfully purified both CCA1 and CCA2 to high yield
and purity and have determined macromolecular structures of CCA1 by X-ray crystallography in apo,
pyrophosphate-bound, and CTP-bound states. Overall, CCA1 looks highly similar to other tRNA
nucleotidyl transferases. Early biochemical assays show nucleotidyl transferase activity by both enzymes
with more in-dept characterization ongoing.
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Control of the inflammatory response is critical to maintaining homeostasis, and failure to do so
contributes to the burden of chronic inflammation associated with many disease states. The mechanisms
that underlie immunosuppression, however, remain largely unknown. Autophagy is an evolutionarily
conserved, catabolic pathway involved in a multitude of biological pathways, such as recycling of
intracellular components during starvation or stress (macroautophagy). While defects in autophagy
machinery have been associated with inflammatory pathologies, we now appreciate that autophagic
components participate in non-canonical pathways distinct from classical autophagy, and these non-
canonical autophagic processes can contribute to immunosuppression. Here, we demonstrate that LC3-
associated phagocytosis (LAP), a non-canonical autophagic process dependent on Rubicon (RUBCN) is
required for UV-induced immunosuppression, and UV exposure induces a broadly anti-inflammatory
transcriptional program dependent on RUBCN. Rubcn-/- mice are resistant to UV-induced
immunosuppression and instead display exaggerated inflammation in a model of contact hypersensitivity
(CHS). Specifically, Rubcn deficiency in dermal dendritic cells (DCs) results in their increased antigen
presentation capacity and subsequent hyperactivation of the CD8+ T cell response. In a collaboration with
the Environmental Polymorphisms Registry (EPR) at the NIEHS, we also identified the SNP rs182060171
(OR = 3.07 [1.64, 5.74]; MAF = 0.012), a variant located in the promoter region of Rubcn that is
significantly associated with sunburn and results in decreased RUBCN expression, according to the
Genotype-Tissue Expression (GTEX) Project. Thus, LAP functions to fine-tune the immune response and
is critical in maintaining the balance between homeostasis and inflammation.
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Nanomaterials are a relatively new class of materials that acquire novel properties based on their reduced
size. While these materials have widespread use in consumer products and industrial applications, the
potential health risks associated with exposure to them remain to be fully characterized. Carbon
nanotubes are among the most widely used nanomaterials and have high potential for human exposure
by inhalation. These nanomaterials are known to penetrate the cell membrane and interact with
intracellular molecules, resulting in a multitude of documented effects, including oxidative stress,
genotoxicity, impaired metabolism, and apoptosis. In this study, we investigated the potential of multi-
walled carbon nanotubes (MWCNTSs) to impair mitochondrial gene expression and function in human
bronchial epithelial cells (BECs). Primary BECs derived from bronchoscopy of human donors were
exposed to sub-cytotoxic doses (up to 3 ug/ml) of MWCNTSs for 5 days and assessed for changes in
expression of all mitochondrial protein-coding genes, heteroplasmies, and insertion/deletion

mutations. Cytotoxicity, metabolic function, mitochondrial abundance, and mitophagy endpoints were
also measured. Ultrastructural imaging verified the presence of unbound nanotubes in cytoplasm and
within double membrane bound organelles. We found that MWCNTs upregulated mitochondrial gene
expression, while significantly decreasing oxygen consumption rate and mitochondrial abundance.
Confocal microscopy revealed induction of mitophagy by 2 hours of exposure. Mitochondrial DNA
heteroplasmy and insertion/deletion mutations were not significantly affected by any treatment. We
conclude that carbon nanotubes may result in mitochondrial dysfunction that leads to mitophagy in
exposed BECs via a mechanism unrelated to its reported genotoxicity.
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Obesity is a global epidemic associated with increased morbidity and mortality. Related to this epidemic is
a substantial rise in obesity-related conditions, typell diabetes, cardiovascular disease and cancers.
GWAS studies have indicated that single nucleotide polymorphisms in the Juxtaposed with Another Zinc
Finger 1 (JAZF1) gene is highly associated with metabolic syndrome and typell diabetes. JAZF7encodes
a nuclear zinc-finger protein involved in the regulation of gene transcription, expressed in multiple
metabolic tissues including adipose tissue and pancreatic islet cells. However, its regulatory function in
metabolic and catabolic processes is still unknown. To further explore the role of JAZF1, we generated
JAZF1 knockout mice (JAZF1-KO). We demonstrated 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. In
addition, HFD JAZF1-KO mice exhibited normal blood glucose levels and maintained high insulin
sensitivity, while obese WT-littermates developed severe hyperglycemia and developed insulin
resistance. Furthermore, energy expenditure analysis of both O2consumption and CO2output revealed
that HFD-treated JAZF1-KO mice have increased energy expenditure. JAZF1 KO mice protected against
HFD-induced hepatic steatosis. Our microarray and RNA-seq analysis in adipocytes and liver tissue of
JAZF1 mice, showed upregulation of catabolic processes in several tissues of JAZF1-KO mice. The
differential gene expression was confirmed by qPCR. IPA and GO term pathway analysis indicated that
JAZF1 regulates genes involved in lipolysis, lipogenesis and adipocytes development. Interestingly, gene
expression analysis showed that B3 adrenergic receptor (ADRB3) was greatly upregulated in white
adipose tissue of HFD-treated KO-mice. ADRB3 plays a critical role in regulation of thermogenesis and
lipolysis which is linked with obesity. Upregulation of ADRB3 in JAZF1-KO correlates with increased
lipolysis. Our studies analyzing the role of JAZF1 during adipocyte differentiation using in-vitro culture
system demonstrated that significant increase in JAZF1 and ADRB3 expression during adipocyte
differentiation consistent with their role in the regulation of adipocyte functions. We identified a critical role
for JAZF1 in the development of metabolic syndrome and in the regulation of energy homeostasis
through its regulation of adipocyte development. Importantly, our findings provide a mechanism for the
role for JAZF1 in regulating and the development of obesity.
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Hippocampal theta rhythm has been studied extensively, however, relatively little is known about the
lower frequency or Type Il theta. It was classically characterized by its presence during immobility and
sensitivity to cholinergic antagonism. It is thought to play an important role in fear and anxiety responses,
though exactly what function it serves in this regard and the underlying cellular and molecular
mechanisms are still largely unknown. In order to study the generation and subsequent contribution of
Type |l theta in fear behaviors we conducted wireless local field potential recordings in stratum
lacunosum-moleculare of dorsal CA1 in multiple lines of mice with cell type-specific knock-outs of
cholinergic receptor sub-types (floxed M1 and alpha7 crossed with CamKIl-cre, GAD2-cre, Chrna2-cre,
SST-cre and PV-cre). The mice were subjected to a standard trace fear conditioning paradigm in order to
assess the role of theta rhythms in the acquisition and retrieval of this hippocampus-dependent form of
auditory fear conditioning. This high-throughput wireless approach allows for the simultaneous
assessment of the functional behavioral impact of these genetic manipulations combined with local field
potential recordings. Freezing behavior and power in the lower frequency Type Il band (4-7 Hz), the
higher frequency (7-10 Hz) band, total theta power as well as the ratio of Type Il to Type | were assessed
prior to and during acquisition, during the context test and during the tone test. The behavioral results
indicated that loss of the M1 muscarinic cholinergic receptor in both Camkll-Cre and GAD2-Cre mice
impairs contextual fear conditioning whereas loss of the alpha7 nicotinic receptor subunit in SST-Cre and
Camkll-Cre enhanced contextual fear conditioning. No differences were observed in trace auditory fear
conditioning in these lines. Local field potential recordings showed a relative increase in type Il theta with
successful acquisition correlated with expression of freezing consistent with prior findings that type Il
theta is associated fear behaviors. This general approach provides a rich data set from which to
determine the functional relationships between multiple cholinergic receptor subtypes in specific cell
populations with the simultaneous readout of hippocampus-dependent learning and memory, and may
also provide a peek into the potential interactions between type | and type Il theta.
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Efficient DNA Synthesis Across Structured Regions of the Mitochondrial Genome
Requires the Accessory Subunit p55

Sullivan ED, Longley M, and Copeland W

Mitochondrial DNA Replication, DIR GISBL, NIEHS

Mitochondria contain a unique genome, separate from nuclear DNA. In humans, the mitochondrial
genome (mt genome) is a 16 kb circular molecule of double stranded DNA. Mitochondrial DNA (mtDNA)
is more densely packed with transcribed regions than nuclear DNA, encoding 13 polypeptides, 2 rRNAs
and 22 tRNAs. All 13 protein-coding genes are involved in the electron transport chain. This means
replication of the mt genome must be carried out entirely by proteins encoded in the

nucleus. Furthermore, replication of the mt genome follows an asynchronous strand displacement
mechanism. This mode of replication generates a significant amount of ssDNA.

The only replicative DNA polymerase localized to the mitochondria is Pol y. This enzyme is a
heterotrimer, composed of a single catalytic subunit (p140) and a homodimeric accessory subunit

(p55). It has been shown in several studies that the accessory subunit p55 functions to increase the
processivity of Pol y. Additionally, data shown here and elsewhere support a role for p55 in elevating the
salt tolerance of Pol y.

There is growing interest in understanding the effect of DNA structure on replication machinery, both
nuclear and mitochondrial. Here, we present evidence for an additional evolutionary role of the accessory
subunit p55. In the absence of p55, catalytic Pol y stalls and aborts synthesis of DNA templates with
secondary structure. These substrates include G-quadruplexes, tRNA genes, and stem loops. Upon
addition of p55, the polymerase is able to efficiently bypass structured DNA, with reaction rates increasing
by over 10-fold. One notable exception is a specific G-quadruplex located near the 5’ end of the non-
coding region of the mt genome. We are currently investigating the significance of this specific G4
sequence.
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In Vitro High-Throughput Screening of Chemical-Induced Oxidative Stress Using
HepaRG Cells

Urbano NC, Auerbach SS, Merrick B, Ferguson S, Ramaiahgari S, DeVito M, and
Gwinn WM

Predictive Toxicology and Screening, NIEHS, Biomolecular Screening Branch, NIEHS,

Oxidative stress is thought to be critical in the pathogenesis of many diseases including inflammation and
cancer. In vitro high-throughput screening approaches are needed to characterize the potential of
chemicals to induce oxidative stress. In this study, chemical-induced cytotoxicity and oxidative stress
were evaluated in vitro using a high-throughput human hepatocyte (HepaRG) culture model. This
evaluation focused on a set of chemicals which were previously tested by the NTP, mostly in 2-yr
bioassays, and thus have established in vivo toxicity data in mice and rats. This set included chemicals
that were carcinogenic and non-carcinogenic to the liver. Human HepaRG cells were exposed to 9 doses
of chemical (or vehicle control) in a 384-well plate format for 48 or 96 hr at 37°C. Culture media
containing chemical was replaced with fresh media/chemical after 48 hr of exposure. Cell viability and
oxidative stress were measured after 48 or 96 hr of exposure using the CellTiter-Glo and reactive oxygen
species (ROS)-Glo assays, respectively. Menadione and diclofenac were used as positive controls, and
ginseng was used as a negative control. Initial data has shown that some chemicals which are
carcinogenic to the liver in vivo, such as perfluorooctanoic acid (PFOA), fenofibrate, pentabromodiphenyl
ether mixture (DE-71), and triclosan, induce significantly-increased production of ROS by HepaRG cells in
vitro after 96 hr of exposure; whereas some liver carcinogens, such as di(2-ethylhexyl) phthalate (DEHP),
tetrachloroazobenzene (TCAB), pulegone, and bromodichloroacetic acid (BDCA), do not. Some
chemicals, such as milk thistle extract and ethinyl estradiol, induce production of ROS by HepaRG cells
after 96 hr of exposure but are not hepatotoxic in vivo. These discrepancies with regards to in vivo vs. in
vitro chemical-induced hepatotoxic effects may be attributable to species-specific differences and/or the
metabolic capacity of hepatocytes. This in vitro human hepatocyte model has the potential to be used for
high-throughput screening of chemical-induced oxidative stress.
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Association between serum iron biomarkers and breast cancer incidence
Von Holle AF, and Weinberg CR
Methods and Applications in Epidemiology, BCBB, DIR, NIEHS,

Introduction

Iron is both a growth factor that is essential to life and potentially toxic. Extremely high iron stores are
associated with increased risk of some cancers. Proposed mechanisms for iron carcinogenesis involve
tumor initiation and growth, including oxidation promotion. Hemochromatosis, a heritable iron overload
syndrome, is associated with an estimated doubling of breast cancer risk. Heme iron intake (e.g. from red
meat) is also associated with incident breast cancer. Inversely, people who are frequent blood donors
reportedly show decreases in serum ferritin, and lower risk of cancer. Population-based studies of
associations between serum iron levels and breast cancer remain both sparse and inconsistent. A recent
meta-analysis indicated positive associations between serum iron biomarkers and breast cancer but
significant heterogeneity among studies. Our aim was to assess breast cancer incidence in relation to five
serum iron biomarkers: iron, ferritin, transferrin saturation, total iron binding capacity (TIBC) and
unsaturated iron binding capacity (UIBC).

Methods

We sampled participants from a prospective cohort of 50,884 women aged 35-74 who had never had
breast cancer themselves but had an affected sister. We studied 5,982 women, including 2,965 incident
cases, who had all been followed for a median of 7.9 years. Serum iron was sampled at baseline. Cox
proportional hazards models were used in case-cohort analyses to estimate the hazard ratios (HR) for the
biomarkers, which were analyzed both as categorical (quartiles) and continuous. We adjusted for
baseline smoking, alcohol, education, BMI, HRT, parity, and oral contraceptive use. Time-dependent
covariates included years since menopause and total years of menstrual cycling.

Results

Median (IQR) serum iron, ferritin, transferrin saturation (TSAT), TIBC, and UIBC were 93 (74, 115) ug/dL,
68 (37, 114) ug/L, 29 (22, 36) %, and 328 (300, 360) ug/dL, and 231 (197, 269), respectively. Adjusted
HRs (95% CI) were 1.02 (0.97, 1.07) for ferritin, 1.11 (0.84, 1.47) for UIBC and 1.03 (0.89, 1.20) for TIBC.
Serum iron (HR=0.99 (0.89, 1.11) and TSAT (HR=0.98 (0.89, 1.09) showed no association. Quartile
analyses were similarly null . A sensitivity analysis restricting to the first four years of follow-up indicated
higher hazard ratios for serum iron (HR=1.03 (0.86, 1.23)), TIBC (HR = 1.32 (0.95, 2.05)) and UIBC
(HR=1.10 (0.87, 1.41)), estimates that may be more meaningful given this time period is closer to the time
of the biomarker measurements.

Summary

We found little evidence to support an association between serum iron biomarkers and breast cancer
incidence. We add to this literature base with a much larger sample size and additional measures of
circulating iron, transferrin saturation and TIBC. Factors other than serum iron levels may underlie the
reported associations found between heme iron dietary intake and breast cancer incidence.
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A novel role of NLRP3-generated IL-1B in the acute-chronic transition of
peripheral lipopolysaccharide-elicited neuroinflammation: implications for
sepsis-associated neurodegeneration

Wang Y, Zhao Z, Zhou R, Wilson B, Hong J, and Yakel J

Neuropharmacology, DIR NL, NIEHS, lon Channel Physiology, DIR NL, NIEHS

Sepsis-associated acute brain inflammation, if unresolved, may cause chronic neuroinflammation and
resultant neurodegeneration. However, mechanisms underlying the acute-chronic transition of
neuroinflammation, which is critical for the following progressive neurodegeneration, remain unknown.
We aimed to investigate immune factors dominating this transition process with a widely used sepsis
mouse model by the intraperitoneal (ip) injection of lipopolysaccharide (LPS).

In the current study, we found that different doses of LPS (1 or 5 mg/kg; ip), which produced mild or
severe endotoxemia, triggered comparable acute neuroinflammation. But only high dose LPS-injected
mice yielded higher brain mature interleukin-1 3 (IL-1B) levels and developed long-lasting
neuroinflammatory response. Evidence linking excessive IL-1B with the acute-chronic transition of
neuroinflammtion was supported by a series of experiments using wild type (WT), NLRP3-/- and IL-1R1-/-
mice or pharmacological approaches. LPS (5 mg/kg; ip) caused similar acute brain response in WT and
mutant mice, but brain sustained response and neurodegeneration, including persisted microglial
activation, increases in long-term neuroinflammatory gene expression, oxidative stress and
phosphorylated a-synuclein, and significant neuronal loss, were abolished in either NLRP3-/- or IL-1R1-/-
mice. Therefore, the NLRP3-IL-1B-IL-1R1 axis was dispensable for acute neuroinflammation but required
for chronic neuroinflammation.

This study uncovers a novel role of the NLRP3-IL-18 signaling pathway in gauging the severity of sepsis
and determining whether sepsis-associated acute brain inflammation be terminated or transitioned to low
grade chronic neuroinflammation and subsequent neurodegeneration. These findings also provide novel
targets to develop therapies for severe systemic infection-related neurodegeneration.
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Circulating Cell-Free DNA Concentrations In CD-1 Mice Following A Combination
Exposure of The Antiretroviral Drugs Emtricitabine, Tenofovir and Efavirenz
Weick MI, Elgart B, Clausen N, Merrick B, Dzierlenga A, Cunny H, Ryan K, Sutherland
V, Gerrish K, and Foley J

Molecular Toxicology and Genomics, DNTP BSB, NIEHS, UNC School of Medicine,
Molecular Genomics Laboratory, DIR STL, NIEHS, Biomolecular Screening Branch,
DNTP, Genes Environment & Health Branch, DERT, NIEHS

Circulating within the blood are multiple biochemical molecules being investigated as emerging
biomarkers for the early detection, prognosis, prediction, and pharmacodynamic responsiveness of
various diseases. Circulating nucleic acids are potential blood-based biomarkers being utilized primarily in
the clinical areas of oncology, fetal diagnostics, cardiovascular disease, organ transplantation,
autoimmune disorders, and sepsis. The aim of this study was to evaluate circulating cell-free DNA
(ccfDNA) as a toxicological health determinant in a rodent model following in utero exposure of a
combined antiretroviral therapy (ART). CcfDNA was quantified in time-mated CD-1 vehicle control (0.5%
methylcellulose in water), treated [Emtricitabine (50 mg/kg), Tenofovir (75 mg/kg), and Efavirenz (150
mg/kg)], non-treated and non-pregnant vehicle controls. Pregnant dams were dosed by oral gavage
starting on GD5 (gestational day 5) through PND20 (postnatal day 20). First generation (F1) male and
female pups were continuously dosed from PND13 until the day prior to euthanasia (PND35). Whole
blood was collected on GD15 (FQ), PND21 (F0), and PND35 (F1) mice. CcfDNA was extracted from the
plasma, quantified and the sample integrity determined by DNA fragment analysis. In the GD15 dams,
ccfDNA concentrations of the pregnant vehicle control, treated and non-treated dams were significantly
elevated compared to the non-pregnant, vehicle control mice, indicating pregnancy itself accounted for
the increased ccfDNA. By PND21, ccfDNA levels in the dams returned to normal, baseline non-pregnant
control values. Even though increased ccfDNA levels were observed at PND21 in vehicle control and
treated dams, the difference was not statistically significant. Tricombination ART exposure in utero, during
lactation, as well as continuous gavage dosing from PND13 through PND34, did not affect ccfDNA
concentrations for either male or female F1 offspring. Even though ccfDNA in ART-treated mice was not
significantly elevated above controls, this study demonstrated that liquid biopsy may be a viable tool to
potentially screen responses to xenobiotic agents in rodent toxicology studies.
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Characterization of eicosanoid enzymatic pathways and inflammatory markers
during pregnancy

Welch BM, van ‘t Erve TJ, Deterding LJ, Williams JG, Lih FB, Cantonwine DE, McElrath
TF, and Ferguson KK

Perinatal and Early Life Epidemiology, DIR EB, NIEHS, Division of Environmental
Health, Michigan Department of Health and Human Services, Mass Spectrometry
Research and Support Group, NIEHS

Background: Non-specific biomarkers of oxidative stress and inflammation in pregnancy have been
associated with reduced fetal growth. However, distinct pathways of oxidative stress and inflammation
may differentially influence development. Advances in lipidomics now provide the ability to better
characterize these distinct pathways.

Objective: We aimed to characterize eicosanoid profiles measured longitudinally across gestation in a
pilot sample of pregnant women.

Methods: We conducted a pilot study of 90 pregnant women in the LIFECODES prospective birth cohort,
which included 30 cases of small-for-gestational-age (SGA, <10th percentile), 30 cases of large-for-
gestational-age (LGA, >90th percentile), and 30 controls (>10th to <90th percentile). Plasma samples
were collected during three prenatal study visits occurring in each pregnancy trimester (median: 11, 25,
and 35 weeks gestation). A panel of lipid biomarkers, including 75 eicosanoids, were measured in plasma
samples by the NIEHS Mass Spectrometry Core. A total of 33 eicosanoids were included in analyses
after exclusion of metabolites with 250% of samples below the limit of detection or those that did not meet
quality control standards. Eicosanoid biomarkers were grouped a priori based on 1) enzymatic pathway,
including cytochrome P450 (CYP), lipoxygenases (LOX), cyclooxygenases (COX), and non-enzymatic
and 2) fatty acid (FA) precursor, including arachidonic acid (AA), docosahexaenoic acid (DHA),
eicosapentaenoic acid (EPA), and linoleic acid (LA) and 3) both enzymatic pathway and FA precursor.
Visual and empirical differences in eicosanoid concentrations and longitudinal patterns over pregnancy
were examined using heatmaps, intraclass correlation coefficients, and generalized additive mixture
models. Analyses were conducted for the entire sample and stratified by birth outcome (SGA, LGA,
control).

Results: Serum eicosanoid levels were moderately variable over pregnancy, with the highest variation
observed in early pregnancy. Correlations were strongest between eicosanoids sharing the same
enzymatic pathway and FA precursor, but were weaker if eicosanoids were grouped by enzymatic
pathway or FA precursor separately. These results suggest that grouping eicosanoids by a combination
of enzymatic pathway and FA precursor may be most biologically relevant. Compared to controls, cases
of SGA showed higher concentrations of pro-inflammation markers (e.g. PGE2, 13-HODE), while cases of
LGA showed higher concentrations of oxidative stress markers (e.g. 12,13-EpOME).

Conclusions: Measurement of eicosanoids during pregnancy showed distinct patterning based on
biological grouping defined by enzymatic pathways and FA precursors. We observed preliminary
evidence of differences in eicosanoid inflammatory and oxidative stress profiles between cases of SGA
and LGA compared to controls. Eicosanoid profiles may help to provide deeper insight into etiologic
mechanisms of abnormal fetal growth.



Poster Presentation 82

Particulate air pollution is associated with neurologic symptoms in Gulf coast
residents

Werder E, and Sandler DP

Chronic Disease Epidemiology, DIR EB, NIEHS

Background: Epidemiologic and experimental research demonstrate associations between exposure to
air pollution and central nervous system effects, including depression, cognitive decline, and
neurodegenerative diseases. We evaluate two criteria air pollutants, particulate matter with an
aerodynamic diameter < 2.5 microns (PM2.5) and ground-level ozone, in association with symptoms of
central and peripheral neurologic effects.

Methods: We used US Environmental Protection Agency daily estimates of PM2.5 and ozone to assign
exposure levels for 21,737 Gulf state residents. Neurologic symptoms, as well as detailed covariate
information, were ascertained via telephone interview. We used log-binomial regression to estimate
prevalence ratios (PR) and 95% confidence intervals (Cl) for cross-sectional associations between
ambient criteria pollutant (PM2.5 and ozone) levels and self-reported neurologic symptoms. We estimated
associations independently for the presence of any neurologic, central nervous system (CNS), or
peripheral nervous system (PNS) symptoms. We modeled exposure metrics as 30-day average
concentrations, examined heterogeneity by season and neighborhood socioeconomic conditions, and
assessed concomitant exposure to both pollutants.

Results: 30% of participants reported at least one neurologic symptom. The highest quartile of PM2.5
exposure was associated with any neurologic (PR=1.16, 95% ClI: 1.10-1.23), CNS (PR=1.22, 95% CI:
1.14-1.30), and PNS (PR=1.19, 95% CI: 1.11-1.28) symptoms, with statistically significant linear trends (p
< 0.05) across quartiles of exposure for all outcomes. Associations with ozone were slightly attenuated
(neurologic: PR=1.08, 95% ClI: 1.02-1.15; CNS: PR=1.09, 95% CI: 1.02-1.18; PNS: PR=1.09, 95% ClI:
1.00-1.18) and exposure-response trends were not apparent. We observed statistically significant
heterogeneity by season for both pollutants (p-interaction < 0.05), with clearer patterns and stronger
associations for PM2.5 exposure in winter. In models mutually adjusted for both pollutants (Spearman
correlation=0.4), associations with PM2.5 were unchanged, but those with ozone were no longer evident.

Conclusions: Increasing ambient PM2.5 concentration was consistently associated with increased
prevalence of neurologic symptoms, and likely accounts for the observed associations between ozone
and neurologic endpoints, in this population. Relationships with neurologic symptoms varied by season,
but we did not observe heterogeneity by neighborhood socioeconomic conditions.


https://1.00-1.18
https://1.02-1.18
https://1.02-1.15
https://1.11-1.28
https://1.14-1.30
https://1.10-1.23
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Airway neutrophils attenuate adaptive immune responses through a TGF-§-
dependent mechanism

Whitehead GS, Thomas SY, and Cook DN

Immunogenetics, DIR IIDL, NIEHS

Immunotherapy relies on the ability of repeated exposures to allergens to eventually suppress
inflammatory responses triggered by them. However, this process requires many years of strict patient
compliance and would therefore benefit from approved approaches that shorten the regimen.
Interestingly, exposure to endotoxin has been associated with both increased and decreased risk of
developing allergic asthma, although the cellular and molecular mechanisms underlying this paradox
have been unclear. Here, we compared the impact of different adjuvant classes on allergic sensitization
and the longevity of immune responses to subsequent daily allergen challenges. Mice could be readily
sensitized to the experimental allergen, ovalbumin, using either proteases or LPS as the adjuvant, and
both groups responed vigorously to a single allergen challenge. However, following additional daily
allergen challenges, allergic airway inflammation and airway hyperresponsiveness (AHR) began to
subside in mice using LPS as an adjuvant, but not in mice sensitized using the protease adjuvant. This
reduction in inflammation and AHR was dependent on continued daily allergen challenges, suggesting
active immunosuppression. It was also dependent on neutrophil accumulation and consequent TGF-B
release into the airway during the sensitization phase. This LPS/neutrophil/TGF-B axis had a long-lasting
impact on the transcriptional profile of T helper (Th)17 cells, as determined using IL-17 fate-mapping
mice. These data improve our understanding of endotoxin-mediated immunosuppression and suggest
that exogenous TGF-B might improve the efficacy of immunotherapy.
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Molecular basis for processing of Topoisomerase 1-generated DNA damage by
yeast Apn2

Wojtaszek JL, Williams JS, Appel C, Krahn J, Wallace B, Walsh E, Gehle DB, Williams
R, and Kunkel TA

Genome Stability Structural Biology, DIR GISBL, NIEHS, DNA Replication Fidelity, DIR
GISBL, NIEHS, Structure Function, DIR GISBL, NIEHS

Ribonucleotides incorporated into the genome during DNA replication are removed during Ribonucleotide
Excision Repair (RER), and RER deficiency is associated with Top1 mediated mutagenesis and DNA
damage. Topoisomerase 1 (Top1) incises DNA 3' to a ribonucleotide to generate adducted 2'-3' cyclic
phosphate termini that are resolved by yeast Apn2. Here, we define the molecular basis for processing of
Top1-generated DNA damage by Apn2. X-ray crystal structures and biochemical analysis of Apn2-DNA
complexes demonstrate that Apn2 unwinds DNA 3' termini in diverse structural contexts. DNA
engagement is modulated by a conformationally variable "wedge loop", and surface exposed positively
charged DNA binding regions that together dictate short 1-6 nucleotide endonucleolytic incisions, and
define a broad substrate specificity for Apn2 processing 3' DNA end damage. Our data supports a model
for PCNA-stimulated Apn2 nuclease action in the exonucleolytic resolution of ribonucleotide-derived DNA
strand breaks. Genetic analysis of the Apn2 deletion and DNA binding mutant strains show that Apn2 is
critical for preventing base-base mismatch mutagenesis, for promoting cell growth, normal cell cycle
distribution and resistance to genotoxic stress in RER-defective strains containing a high density of
ribonucleotides. These RNA-DNA damage phenotypes are alleviated by deletion of Top1, consistent with
Apn2-dependent repair being crucial for preventing mutagenesis and genome instability induced by Top1
incision at genomic ribonucleotides incorporated by polymerase epsilon.
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Characterization of the distinctive mechanisms of cadmium and arsenic-induced
aberrant cardiomyocytes differentiation during heart development

Wu X, and TOKAR EJ

Stem Cell Toxicology, NIEHS

Cadmium (Cd) and arsenic (As) are widespread environmental contaminants. Human exposure to Cd and
As occurs mainly through ingestion of contaminated food or water. Exposure to these inorganics is
associated with cardiovascular diseases, and maternal exposure is a significant risk factor for congenital
heart disease (CHD). However, the mechanisms of Cd and As on developmental cardiotoxicity are not
well-defined. The directed differentiation of human cardiomyocytes from embryonic stem cells (ESCs)
provides an invaluable model for understanding mechanisms of developmental cardiotoxicity during
mesoderm, cardiac progenitor, and cardiomyocyte formation. 3D aggregates of ESCs, called embryoid
bodies (EBs), can recapitulate events involved in early embryogenesis such as germ layer formation.
Here, we found that a 7-day exposure to a human-relevant, non-cytotoxic dose (0.6 mM; 100 ppb) of Cd
inhibited differentiation of EBs to mesoderm and the suppression of Wnt/3-catenin signaling pathways,
which play critical roles in early embryonic development. We also found that As suppressed key
regulators involved in Wnt/B-catenin signaling pathways at a non-cytotoxic dose (0.5 mM; 35 ppb).
Human atrial and ventricular cardiomyocytes derive from mesoderm populations. NKX2-5 is a
transcription factor that plays key roles throughout heart development and formation, and mutations can
lead to atrial and ventricular defects. To explore potential adverse effects of Cd and As on cardiomyocyte
formation we used a 2D ESC line containing an NKX2-5 reporter to model mesoderm differentiation and
cardiac induction. Using an 8-day differentiation protocol, Cd (0.15 mM; 27 ppb) and As (0.05 mM; 6.5
ppb) suppressed cardiac induction and cardiomyocyte differentiation. Complex transcriptional and
epigenetic changes occur during cardiomyocyte differentiation. During this process, mesoderm-
associated transcription factors show a transient upregulation, and cardiac-specific genes are
upregulated. The cardiac-specific genes NKX2-5, GATA4, Troponin T, and a-Actinin were all suppressed
when treated with Cd or As. However, only Cd downregulated the mesoderm-associated transcription
factors and marker genes HAND1, SNAI2, HOPX, MESP1, MIXL1, EOMES. Additionally, Cd exposure
induced histone modifications for both gene activation (H3K4me3) and repression (H3K27me3) which
play vital roles in regulating early mesoderm commitment markers like FOXAZ2. In conclusion, low-dose
Cd suppressed mesoderm formation through mesoderm gene histone modification and thus inhibited
downstream cardiomyocyte differentiation and cardiac induction. As inhibited cardiomyocyte
differentiation specifically through key genes in Wnt/B-catenin signaling pathways. These studies provide
valuable insights into the cellular events and molecular mechanisms associated with Cd and As -induced
CHD.
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INO80 Regulates Chromatin Landscape and Transcription in Pluripotent State
maintenance

Yu H, Wang J, Lackford B, Bennnett B, and Hu G

Stem Cell Biology, DIR ESCBL, NIEHS

Recent studies suggest that there exist different pluripotent states. Mouse embryonic stem cells (ESCs)
cultured in 2i/LIF medium are in the naive state and mimics the early epiblast cells during development.
They can contribute to blastocyst chimeras and the germline when injected into pre-implantation
embryos. In contrast, mouse post-implantation epiblast stem cells (EpiSCs) represent the primed state.
They do not form blastocyst chimeras efficiently and do not generate germ cells. The naive and primed
pluripotent states require different culture conditions and show distinct differences in their epigenome and
transcriptome. However, how these states are maintained and regulated remain poorly defined.

Using ATAC-seq, we observed dynamic changes in chromatin accessibility in the naive, transitional, and
primed pluripotent state. We hypothesized that the changes may be regulated by chromatin remodeling
complexes. Of the four major ATP-dependent chromatin remodeling complexes, including SWI/SNF,
ISWI, CHD and INO80, we found the genomic occupancy of INO8O0 highly correlates with the accessible
chromatin in each state. Further, INO80 occupancy mirrors is associated with genes that show state-
specific expression. Genetically, Ino80 deletion led to cell differentiation and death in the primed state, as
well as global gene up-regulation near INO80-bound regions accompanied with increased active histone
marker H3K27 acetylation and decreased repressive marker H3K27 tri-methylation, suggesting a
repressive role of INO80 in gene regulation in primed state. Further, deposition of histone variant H2A.Z
at promoter region was significantly reduced in INO80 KO cells in primed state. However, in the naive
state, Ino80 deletion had minimal effect on both cell growth, chromatin accessibility, gene expression and
H2A.Z deposition. Compared to the naive state, we observed that the chromatin in the primed state is
more compact with increased occupancy of repressive marks such as polycomb group proteins, as well
as H3K27me3. and H2A.Z. Together, our results suggest that INO8O0 is selectively required to maintain
proper gene expression in the primed pluripotent state, possibly via a novel repressive mechanism.
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The Remains of the Male: Unexpected Contribution of the Male Tract
Mesenchyme to the Female Reproductive Tract

Zhao F, Grimm S, and Yao HH

Reproductive Developmental Biology, DIR RDBL, NIEHS, Integrative Bioinformatics
Support Group, Reproductive Developmental Biology, DIR, RDBL, NIEHS

Formation of the female reproductive tract is the first critical step in determining women'’s reproductive
health. At early fetal stage, female embryos contain both primitive male and female reproductive tracts,
which are surrounded by their own different mesenchyme. During sexual differentiation, female embryos
eliminate the primitive male tracts, and only maintain the primitive female tracts, which further
differentiates into the oviduct, uterus, cervix and upper part of the vagina. Mesenchymal cells are critical
for organ development and function. The degeneration of the primitive male tract in the female embryo
leads to the logical assumption that the mesenchyme surrounding the male tract is eliminated as well,
and does not contribute to female reproductive tract formation. To test this assumption, we developed a
tamoxifen-inducible lineage tracing mouse model, where we labeled the male tract mesenchyme and
traced the fate of labeled cells and their progeny during development. We found that, instead of being
eliminated, the male tract mesenchyme remained and differentiated into smooth muscle and fibroblasts in
adult female reproductive tract organs. Therefore, the mesenchyme surrounding primitive male tracts is
another fetal origin of mesenchymal tissues in female reproductive tract organs. We then investigated
whether the male tract mesenchyme was sufficient for maintaining the female tract formation in the
absence of the female tract mesenchyme. We designed a Cre-mediated cell ablation model that removed
cells from the female tract mesenchyme. When the female tract mesenchyme was ablated, the basic
structure of the female reproductive tract organs was partially maintained, indicating that the male tract
mesenchyme can compensate for the loss of the female tract mesenchyme. Taken together, our study
unveils an unexpected contribution of mesenchymal progenitor cells surrounding primitive male tracts to
the female reproductive tract formation. This discovery prompts a revision of our current model for female
reproductive tract formation. This research was supported by NIEHS Intramural Research Funds.
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