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About MARTS  

The Michigan Alliance for Reproductive Technologies and Science strives to accelerate 

the growth of the reproductive sciences in Michigan by enhancing the communication 

and collaboration of researchers, clinicians, and educators within our state. This forum 

continues to highlight the exemplary basic, translational and clinical research    

programs throughout the state of Michigan and neighboring regions. 

Acknowledgements 
 

This 10th Annual MARTS meeting was made possible through generous support in part by: 
 

● MSU College of Human Medicine ● Reproductive and Developmental Sciences Program 
● MSU Office of the Vice President for Research and Graduate Studies ● March of Dimes 

● MSU College of Agriculture and Natural Resources ● MSU AgBioResearch  
 

 
 

The 2019 MARTS organizing committee and judges would like thank Ms. Laurie Felton for her assistance in 
organizing this meeting and finalizing the abstract book, and Ms. Sandra Bailey for managing the finances, 
and all the volunteers who helped run the event. 

 

 

2019 MARTS Organizing Committee Members 
 

● Dr. Hanne M Hoffmann, MSU-EL  ● Dr. Almudena Veiga-Lopez, MSU-EL   

● Dr. Tae Hoon Kim, MSU-GR  ● Dr. Hamid-Reza Kohan-Ghadr, MSU-GR   

 



4 
 

 

 Amander Clark, Ph.D. 

 Professor and Chair 

 Department of Molecular, Cell and Developmental  
 Biology 

 Eli and Edythe Broad Center of Regenerative  
 Medicine and Stem Cell Research 

 University of California, Los Angeles 

 

 

Talk title:  Differentiating the human germline from pluripotent stem cells 

Dr. Clark is an American stem cell biologist specializing in pluripotency and germline cell differentiation. 

Her laboratory at the University of California Los Angeles (UCLA), was the first in the world to isolate 

human germline cells called primordial germ cells from the embryo for genomic analysis, and to identify 

the stages of human germline epigenetic reprogramming at single base resolution. Results from the 

Clark Laboratory provide the fundamental basis for translational projects related to in vitro 

gametogenesis, germ cell tumors, acquired germline mutations and environmental effects on the 

germline that affect health outcomes in offspring. Dr. Clark is Professor and Chair of the Department of 

Molecular Cell and Developmental Biology, she is a key member of the Eli and Edythe Broad Center of 

Regenerative Medicine and Stem Cell Research and Co-Director of the Human Embryo and Embryonic 

Stem Cell Derivation laboratory. She is also a member of the Jonsson Comprehensive Cancer Center and 

the Molecular Biology Institute at UCLA. Dr. Clark is a recipient of a Young Investigator Award from the 

Lance Armstrong Foundation, a Research and Career Development award from STOP Cancer, a Research 

Award from the Concern Foundation and a Young Investigator Award from the International Society for 

Stem Cell Research. Dr. Clark is a member of the Hinxton Group, an International consortium of 

scientists, ethicists and policy makers responsible for generating position statements that affect policy 

for the use of pluripotent stem cell derived gametes and germline genome editing in human embryos. 

 

Keynote Speaker 
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 Rita S. Strakovsky, Ph.D. 

 Assistant Professor  

Department of Human Nutrition 

Michigan State University 

East Lansing, MI 

 

 

Talk title: The sex-specific impacts of maternal paraben exposures on fetal growth. 

Dr. Strakovsky received her B.S. in Molecular and Cellular Biology and Ph.D. in Nutritional Sciences from 

the University of Illinois, Urbana-Champaign. Her graduate research in rodent models focused on the 

role of maternal diet and obesity on the epigenetic programming of metabolic diseases, as well as on 

the role of the placenta in fetal growth and development. After finishing her graduate and dietetics 

training, she remained at the University of Illinois as a T32 postdoctoral fellow in Endocrine, 

Developmental & Reproductive Toxicology, where she continued to investigate the epigenetic 

programming of metabolic diseases, but with a focus on maternal exposures to endocrine disrupting 

chemicals (EDCs), including phthalates and bisphenols. Dr. Strakovsky then joined the Illinois Kids 

Development Study (I-KIDS), a pregnancy and birth cohort investigating the impacts of EDCs on infant 

neurodevelopment. Early during her time with I-KIDS, Dr. Strakovsky applied for and was awarded a 

K99/R00 award from NIEHS, which focuses on the impacts of EDC exposure on maternal hormones and 

lipid homeostasis. An additional important aspect of this research is to understand whether these 

relationships differ in pregnant women who are overweight or obese, as they have also been shown to 

have altered hormone balance. Dr. Strakovsky’s current research continues to focus on maternal 

hormonal disruption in response to EDCs and elevated adiposity but has also expanded to understand 

the consequences of these disruptions on fetal growth. 

 
 

Institutional Speakers 
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Gil Mor, M.D., Ph.D. 
Professor and Director 

John M. Malone Jr. MD, Endowed Chair 
and Scientific Director of The C.S. Mott 
Center for Human Growth and 
Development, Associate (Vice) Chair for 
Research Department of Obstetrics and 
Gynecology Wayne State University School 
of Medicine 
Professor Emeritus, Yale University School 

of Medicine, President, American Society 

for Reproductive Immunology 

Wayne State University, Detroit, MI 

Talk title:  Inflammation and implantation: an evolutionary need for the success of pregnancy  
 
Gil Mor, M.D., Ph.D. is the John M. Malone Jr. MD, Endowed Chair Professor and Scientific Director of 
The C.S. Mott Center for Human Growth and Development at Wayne State University.  Before moving to 
Wayne State University, he was a Tenured Professor of Obstetrics and Gynecology and Reproductive 
Science at Yale University School of Medicine. In his research he examines topics related to the 
immunology of pregnancy and the role of inflammation in cancer formation and progression. He was the 
Division Director of the Reproductive Science Division at the Department of Obstetrics and Gynecology 
Yale. He directs the Reproductive Immunology Unit and the Translational Research Program “Discovery 
To Cure”.  Dr. Mor was the Editor in Chief of the American Journal of Reproductive Immunology since 
2009 to 2019 and is the President of the American Society for Reproductive Immunology.  
Dr. Mor has been funded by grants from National Institute of Child Health Development (NICHD), 

National Cancer Institute (NCI) and National Institute of Allergies and Infectious Diseases (NIAID) as well 

as by several pharmaceutical companies and is widely published in the area of immunology and 

reproduction with more than 280 publications and is the editor of a three books on “Immunology of 

pregnancy” and “Apoptosis and Cancer”.  Dr. Mor is recipient of several national and international 

prizes, including the Pearl River Professor from Jinan University Guangzhou China, the J. Christian Herr 

Award- and the AJRI Award from the Society for Reproductive Immunology. 

Dr. Mor is member of the American Association for Cancer Research, the Society for Gynecologic 

Investigation, American Association of Immunologist and the American Society of Reproductive 

Immunology. He is also Member of the International Advisory Committee for the Sino-American Center 

of Translational Medicine. Southern Medical University, China, Guest Professor at Tongji Medical College 

in Wuhan China and Honorary member and Professor of several scientific societies in Asia, South 

America and Europe. 
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Lei Lei, Ph.D. 
 
Assistant Professor 

Department of Cell and 
Developmental Biology 
 
Department of Biomedical 
Engineering 
 
University of Michigan,  

Ann Arbor, MI 

 

Talk title: Decoding germ cell connectivity in mouse gametogenesis   

Dr. Lei received her postdoctoral trainings in ovarian biology in the Feinberg School of Medicine, 
Northwestern University, and stem cell/germ cell biology in the Department of Embryology, Carnegie 
Institution for Science. Dr. Lei started her lab in the University of Michigan in 2015. Her current research 
focus includes: 1) cell fate determination during mammalian ovarian reserve formation; and 2) 
quiescent-development transition in ovarian reserve maintenance. The Lei lab received Young 
Investigator Achievement Award from the Jones Foundation for Reproductive Medicine and NIH R01 
award.    
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8:30 – 9:15 Registration, Poster Set-up, and Continental Breakfast 
 
9:15 – 9:30 Opening Remarks 

Dr. Keith Latham, Professor, MSU-EL  
Dr. Hanne Hoffmann, Assistant Professor, MSU-EL 

 
9:30 – 10:00 Lecture 1 introduced by Ariadna Ochoa-Bernal, MSU-GR  

 
Dr. Rita Strakovsky, Assistant Professor, Dept of Human Nutrition, 
Michigan State University-EL       
Chemicals present in personal care products and food packaging: 
associations with maternal hormones and fetal growth parameters 

 
10:00 – 10:30 Oral Session One: Candice Yap, WSU, Moderator 
 

10:00 – 10:15 Emma Giuliani, University of Michigan     
Anti-müllerian hormone levels in reproductive aged African-American  
women: insights from an underrepresented population 

10:15 – 10:30 Jake Reske, Michigan State University-GR   
Genome-wide analysis of chromatin structure and function following  
ARID1A loss in endometriosis 

 
10:30 – 11:15 Coffee Break and Poster Session 1 (Rm 106) 

EVEN NUMBERED POSTERS  
 
11:15 – 11:45 Lecture 2 introduced by Ryan Marquardt, MSU-GR 

 
Dr. Gil Mor, Professor, Dept of Obstetrics and Gynecology, 
Wayne State University School of Medicine    
Inflammation and implantation: an evolutionary need for the  
success of pregnancy 

 
11:45 – 12:00 PHOTO TIME (in front of main stage) 
 
12:00 – 1:00 Lunch Buffet (Rm 107) 

Trainee Lunch w Dr. Amander Clark, Reserved Table, Heritage Rm  
  

Program Agenda 
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1:00 – 1:30  Oral Session Two: Cristina Sáenz de Miera, UofM, Moderator 
 

1:00 – 1:15 Thu Duong, Michigan State University-EL    
Elucidating the role of circadian rhythms in myometrium function during 
pregnancy 

1:15 – 1:30  Jeremy Gingrich, Michigan State University-EL    
Comparative toxicokinetic study of three bisphenols in a sheep pregnancy 
model 

 
1:30 – 2:00 Lecture 3 introduced by Zara Clark, MSU-EL 

 
Dr. Lei Lei, Assistant Professor, Dept of Cell and Developmental Biology, 
University of Michigan   
Decoding germ cell connectivity in mouse gametogenesis  

 
2:00 – 2:45 Coffee Break and Poster Session 2 (Rm 106)  

ODD NUMBERED POSTERS  
 
2:45 – 3:15 Oral Session Three: Anthony Su, UofM, Moderator 
 

2:45 – 3:00 Deqiang Ding, Michigan State University-EL    
TDRKH controls different steps in pachytene piRNA biogenesis 

3:00 – 3:15 Wenhui Song, University of Michigan    
Gestational Bisphenol A Exposure Induces Inflammatory, Oxidative 
Stress and Lipotoxic Changes in the Placenta of Female Sheep 

 
3:15 – 4:15 Keynote Lecture Introduced by Dr. Amy Ralston, James K. Billman, Jr., M.D. 

Endowed Professor and Associate Professor of Biochemistry and Molecular  
Biology, MSU-EL 
 

Dr. Amander Clark, Professor and Chair, Dept of Molecular, Cell and 
Developmental Biology, University of California, Los Angeles   
Differentiating The Human Germline from Pluripotent Stem Cells 
 

 
4:15 – 4:30 Awards Ceremony Dr. Margaret Petroff, Associate Professor, MSU-EL 
 
4:30  Closing Remarks Dr. Asgi Fazleabas, Distinguished Professor, MSU-GR 
 
4:40 – 4:50 Poster take down 
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Abstract #1  

Amander Clark 

Differentiating the human germline from pluripotent stem cells 

University of California, Los Angeles 

 
In mammals, the germline is set aside each generation through cell and molecular events that enable 
cells of the peri-implantation embryo to respond to developmental cues that promote germline verses 
somatic cell fate.  Once specified, germline fate is locked but labile so as to preserve germline integrity 
while providing the flexibility to transmit DNA from parent to offspring.  This remarkable process of 
germline cell specification to create primordial germ cells (PGCs) has ensured the continuation of the 
mammalian species for millions of years. Despite this key event, we understand very little about the cell 
and molecular mechanisms required for mammalian PGC specification and maintenance particularly in 
human.  Recent advances in human pluripotent stem cell research have enabled scientists to recreate 
the events in human PGC (hPGCs) specification through the differentiation of hPGC-Like cells (hPGCLCs) 
from human embryonic stem cells (hESCs) or human induced pluripotent stem cells (hiPSCs).   Through 
these technological innovations combined with genomics and functional assays with CRISPR/Cas9, the 
secrets of human germline cell specification are now being revealed and through this, we are gaining 
significant insights into human reproduction and fertility.  
 
 
  

Keynote Abstract 
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Abstract #2  

Rita S. Strakovsky  

Chemicals present in personal care products and food packaging: associations with maternal hormones 
and fetal growth parameters. 

Michigan State University 

 

Pregnant women are exposed to numerous environmental chemicals, many of which are endocrine 
disruptors (EDCs). In pregnancy, EDCs can alter maternal or fetal hormone synthesis and can directly 
disrupt critical hormone signaling pathways. These EDC-induced endocrine changes have been linked to 
poor pregnancy outcomes and have been shown to have long-term impacts on child reproductive, 
pulmonary, and metabolic health, as well as neurodevelopment. Our group focuses on specific classes of 
non-persistent EDCs, including parabens and phthalates, because women are exposed to these 
chemicals daily from personal care and household products, as well as from food packaging and 
preparation materials. Today’s presentation will provide an overview of these EDCs and will describe 
several studies in which we assessed associations of phthalate and paraben exposures with maternal 
hormones and fetal growth parameters. 
 
 
  

Institutional Speaker Abstracts 



12 
 

Abstract #3  

Gil Mor 

Inflammation and implantation: an evolutionary need for the success of pregnancy  
 
Wayne State University School of Medicine 
 
 
Approximately half of all human embryo implantations result in failed pregnancy. Multiple factors may 

contribute to this failure, including genetic or metabolic abnormalities of the embryo. However, many of 

these spontaneous early abortion cases are attributed to poor uterine receptivity and abnormal immune 

responses. Although many fertility disorders have been overcome by a variety of assisted reproductive 

techniques, implantation remains the rate-limiting step for the success of the in vitro fertilization (IVF) 

treatments.  

Pregnancy has been considered as an anti-inflammatory condition where inflammation and the 

presence of maternal immune cells represent an adverse response to the embryo with detrimental 

consequences for the pregnancy.  However, we, as well as others, have demonstrated that inflammation 

and the immune cells associated with the inflammatory process are necessary for the success of 

pregnancy.  While for many years pregnancy has been considered a single immunologic event; in reality 

it can be divided in at least three immunologic phases characterized by distinct biological processes: 

implantation, plantation and parturition.  

During implantation, the inflammatory process, and the maternal immune cells present at the 

endometrium, play a critical role in the preparation of the surface epithelium of the uterus by enhancing 

uterine receptivity as well as in the process of tissue repair and removal of cellular debris; two important 

aspects for normal placentation and induction of tolerance to paternal antigens. We will discuss the 

evolutionary need for inflammation during implantation and the role of the endometrial stroma in 

promoting the inflammatory process necessary for trophoblast migration. 
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Abstract #4  

Lei Lei 

Decoding germ cell connectivity in mouse gametogenesis  

University of Michigan 

 

In mammalian females, primordial follicles that form in the fetal/neonatal ovary are the only source to 

sustain folliculogenesis and adult ovarian function. A lingering mystery of primordial follicle 

formation/oocyte differentiation has been the massive germ cell death during this process. For example, 

in humans, fetal germ cell number reaches ~7 million at the mid of gestation, but only 1-2 million fetal 

germ cells differentiate into primary oocytes in a neonatal ovary. Our previous study uncovered a novel 

developmental process of oocyte fate determination. By using a single-cell lineage tracing approach, we 

found that during oocyte differentiation in mouse fetal ovaries, fetal germ cells derived from one 

progenitor primordial germ cell (PGC) are connected via intercellular bridges, forming germline cysts. 

Within the cysts, cytoplasmic transport between sister germ cells leads to two distinct cell fates: 20% of 

the fetal germ cells collect cytoplasmic content to become primary oocytes; the remaining germ cells 

undergoing apoptosis after donating cytoplasm. In our present study, through analyzing germline cyst 

structure and oocyte differentiation with defective germ cell connectivity, we aim to uncover the 

mechanisms underlying oocyte fate determination within the germline cyst. These studies will provide 

new insights into how the size of primordial follicle pool is determined during fetal ovarian 

development.  
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Abstract #5 

Giuliani E1, Tilea AM1, Harmon Q2, Bernardi L3, Wegienka G4, Harlow S5, Carnethon M3, Neff L3, Berrocal 

V5, Baird D2, and Marsh E1 

Anti-müllerian hormone levels in reproductive aged African-American women: insights from an 

underrepresented population 

1 Division of Reproductive Endocrinology and Infertility, Department of Obstetrics and Gynecology, University of 

Michigan2 National Institute of Environmental Health Sciences3 Division of Reproductive Endocrinology and 

Infertility, Department of Obstetrics and Gynecology, Northwestern University, Chicago, IL 4 Henry Ford Health 

System5 School of Public Health, University of Michigan 

BACKGROUND: Anti-müllerian hormone (AMH) is the preferred biomarker for ovarian reserve testing 

based on its stability across the menstrual cycle. Despite its increased use, there have been very few 

studies that have followed AMH levels over time in young, healthy populations. The few existing studies 

are in women of European descent. OBJECTIVES: The objective of this study was to determine factors 

that affect AMH levels with the ultimate goal of identifying and providing better counseling to women 

who are at the highest risk for a rapid decline in ovarian reserve.  METHODS: In this study, African-

American women (AAW) aged 23-34 years (yr) at their first visit, were recruited from the Detroit, 

Michigan metropolitan area, as part of the Study of the Environment, Lifestyle and Fibroids. 

Anthropometric measurements, health information and blood samples were collected from participants 

at three time points over 3 years. Serum AMH levels were measured using the Ansh picoAMH assay. 

Summary statistics were derived for the variables of interest and linear mixed-effect models were used 

to estimate the effects of a range of exposures on AMH levels (Stata/SE 15.1).  RESULTS: A total of 1,646 

women with up to three visits were included in the analysis. The mean time between the first and third 

visit was 38±2.4 months. The median AMH values for the three visits were 4.1, 3.6, and 3.2 ng/mL, 

respectively. The mean age was 28.7 yr at the first visit, 30.4 yo at the second visit, and 32.1 yo at the 

third visit. There was a non-linear relationship between age and AMH, with highest levels at age 23 and 

a rapid decline after age 35. The majority of women were found to be obese at the three visits (60%, 

63%, and 64%, respectively), with 45% of women being obese at all three visits. One-third of women 

(29%) were using hormonal contraception currently or within 4 weeks of their visit. In models 

controlling for age and age2, body mass index  and hormonal contraception use were inversely 

associated with AMH.  CONCLUSION: This large cohort study of 1,646 women with 4,455 measures 

provides important information on factors affecting AMH concentrations in reproductive aged AAW, a 

population that is largely underrepresented in the ovarian reserve literature. Further data collection in 

this cohort will allow us to examine patterns of AMH trajectories. Knowledge of AMH trajectories from 

diverse populations may lead to development of personalized reproductive-lifespan-estimates which 

would empower women to make informed and well-timed reproductive choices. 

Oral Student Presentation Abstracts 
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Abstract #6 

Reske JJ1, Wilson MR1, Holladay J1, Chandler RL1,2 

Genome-wide analysis of chromatin structure and function following ARID1A loss in endometriosis  

1Department of Obstetrics, Gynecology and Reproductive Biology, College of Human Medicine, Michigan 

State University, Grand Rapids, MI, 2Center for Epigenetics, Van Andel Research Institute, Grand Rapids 

 

Endometriosis affects 10% of women and is a leading cause of infertility. Loss of the SWI/SNF (BAF) 

chromatin remodeling complex subunit ARID1A (AT-rich interactive domain-containing protein 1A) is a 

frequent event in endometriosis. Understanding the molecular events following ARID1A disruption in 

the endometrium will be crucial to determining therapeutic targets and understanding the role of 

chromatin structure in healthy uterine physiology. We hypothesize that ARID1A is required for sufficient 

chromatin maintenance in the endometrial epithelium, and loss of ARID1A results in a disordered 

chromatin landscape and transcriptional defects due to altered accessibility. We have generated a 

genome-wide binding profile of ARID1A in a human endometriotic cell line by ChIP-seq (N = 2). ARID1A 

binding was observed to be significantly enriched at gene promoters (p < 1e-77) and CpG islands (p < 1e-

56). By globally characterizing molecular alterations at the level of chromatin accessibility (ATAC-seq, N 

= 2) and transcription (RNA-seq, N = 3) following in vitro knockdown of ARID1A, we demonstrate that 

ARID1A loss results in chromatin reprogramming associated with increasing accessibility of gene 

promoters (p < 1e-500). Furthermore, genes which are promoter-bound by ARID1A are frequently 

dysregulated upon ARID1A loss (p < 1e-208), suggesting that ARID1A may directly mediate transcription. 

Integrative pathway analysis led to identification of epithelial-mesenchymal transition genes (FDR < 

0.01) and disruption of epithelial cell identity as distinct molecular and cellular programs which ARID1A 

directs. These studies provide further evidence for the roles of ARID1A in gene promoter regulation and 

a novel observation that ARID1A has functions in repressive chromatin or monitoring gene activation. 

Further exploration of chromatin features at sites of ARID1A regulation, such as DNA methylation and 

post-translational histone modifications, will aid to elucidate the mechanism by which ARID1A loss 

results in dysfunction of the endometrial epithelium. 
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Abstract #7 

Duong T, Nguyen D, Hoffmann HM 

Elucidating the role of circadian rhythms in myometrium function during pregnancy 

Michigan State University 

 

Pre-term birth is a devastating issue that accounts for most cases of neonatal morbidity and mortality, 

no current labor halting drugs (tocolytics) efficiently delay preterm labor (PTL). Recent studies found 

that circadian rhythms in the uterus are important for pregnancy maintenance. Our aim was to elucidate 

the role of circadian rhythms in the function of the uterine muscle driving labor, the myometrium. To 

determine if the pregnant myometrium possess circadian rhythms, we analyzed publicly available 

mouse myometrium RNASeq data and established the levels of expression of the circadian transcription 

factors Bmal1 and Per2. Not only did the overall expression level of both Bmal1 and Per2 increase 

between pregnancy day 14 and 19 (n=4, one-way ANOVA, p<0.01), their expression patterns were also 

rhythmic. This suggests the pregnant mouse myometrium maintains circadian rhythms throughout 

pregnancy. To determine if this indeed was the case, we used the validated circadian reporter mouse, 

Per2::luciferase (Per2::luc). We harvested myometrium samples from non-pregnant and pregnant 

Per2::luc  females and recorded Per2::luc expression in live tissue for days. We found that both the 

amplitude of Per2::luc, as well as Per2::luc period increased with pregnancy stage, supporting the 

RNAseq data. Interestingly, progesterone, a hormone silencing uterine contractions, deferentially 

regulated Per2::luc rhythms in the non-pregnant and pregnant myometrium (n=2-4). 

Immunohistochemistry for progesterone receptor in uterine samples from Bmal1 knock-outs showed 

increased expression of progesterone receptor in the Bmal1 knock-out uterus (n=3), as compared to 

controls (n=3). This indicates BMAL regulates progesterone expression in the mouse uterus. In 

conclusion, our data identified that the pregnant mouse myometrium possess strong circadian rhythms, 

which respond to progesterone. Future work will aim at understanding how these rhythms correlate 

with labor onset and respond to tocolytics in vivo. 
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Abstract #8 

Gingrich J1,2, Pu Y2, Ehrhardt R2, Karthikraj R3, Kannan K3, Veiga-Lopez A2 

Comparative toxicokinetic study of three bisphenols in a sheep pregnancy model 

1Department Pharmacology and Toxicology and 2Department of Animal Science, Michigan State 

University, MI, 3Wadsworth Center New York State Department of Health, NY 

 

Bisphenol A (BPA), S (BPS), and F (BPF) are the most abundant bisphenols detected in humans and can 

cross the placental barrier. Gestational BPS exposure has been linked to longer gestation in humans, 

disruptions in mammary gland development, and reduces the endocrine capacity of the placenta. 

Although BPA and BPS toxicokinetics are known, those of BPF in pregnancy remain unknown. It has been 

demonstrated that BPA, BPS and BPF occur as a mixture in vivo. However, there has been no direct 

comparison among the three bisphenols, individually or in a mixture, which was the aim of our study. 

Given the structural differences among bisphenols, we hypothesized that BPF toxicokinetics will differ to 

that of BPS or BPA. Fetal catheterizations were conducted in pregnant sheep (n=6) at mid-pregnancy 

and were injected with either a single dose of BPS (n=3, 0.5 mg/kg, s.c.), or a combination of BPA, BPS, 

and BPF (n=3, 0.5 mg/kg for each chemical, s.c.). Maternal and fetal blood samples were collected to 

develop toxicokinetic profiles. Maternal and fetal urine, and amniotic fluid were also collected. 

Bisphenols were assayed by HPLC-MS/MS and toxicokinetic parameters calculated via non-

compartmental analysis. Half-lives varied among bisphenols in maternal circulation; BPF having the 

longest half-life and BPS having the shortest (BPA: 5.3±0.4 h; BPS: 3.7±0.1; BPF: 7.7±2.2). On the 

contrary, in fetal circulation, BPS had the longest half-life and BPF had the shortest (BPA 52.0±20.3 h; 

BPS: 402.2±102.6; BPF: 14.2±1.8). This is the first study to simultaneously compare toxicokinetics 

profiles for BPA, BPS, and BPF during pregnancy. We demonstrated that BPS reached maternal 

circulation at the highest concentration and accumulates in the fetal compartment. These observations 

warrant future studies into progeny outcomes. Funded by NIEHS K22ES026208 and R01ES027863 to AV-L. 
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Abstract #9 

Ding D1, Liu J1,4, Chen C1,2,3 

TDRKH controls different steps in pachytene piRNA biogenesis 

1Department of Animal Science, Michigan State University 2Reproductive and Developmental Sciences 

Program, Michigan State University 3Department of Obstetrics, Gynecology and Reproductive Biology, 

Michigan State University 4State Key Laboratory of Agrobiotechnology, College of Biological Sciences, 

China Agricultural University, Beijing 100193, China 

 

PIWI-interacting RNAs (piRNAs) are a major class of small regulatory RNAs that plays evolutionarily 

conserved roles in the animal germline to suppress harmful transposons and promote germ cell 

development. In mice, three PIWI proteins (MIWI, MILI and MIWI2) associate with two distinct 

developmental stage-specific piRNA populations. In fetal/neonatal germ cells, MILI and MIWI2 associate 

with transposon sequence-rich fetal piRNAs (pre-pachytene piRNA). In postnatal germ cells, MIWI and 

MILI associate instead with transposon sequence-poor pachytene piRNAs that are expressed beginning 

in the pachytene stage of meiosis. piRNA biogenesis occurs near the mitochondrial surface and involves 

mitochondrial membrane-anchored factors. In mice, TDRKH is a mitochondrial membrane protein 

required for pre-pachytene piRNA biogenesis. To study TDRKH function in pachytene piRNA biogenesis 

and function, we generate Stra8-Cre; Tdrkh conditional knockout (TdrkhcKO) mice. We show that 

mitochondria-anchored TDRKH controls multiple steps of pachytene piRNA biogenesis in mice. In 

TdrkhcKO mice, MILI-piRNAs are extended at 3’ end, indicating that TDRKH is required for pachytene 

piRNA 3’ end trimming. Strikingly, In TdrkhcKO mice, MIWI did not associate with any detectable piRNAs 

in TdrkhcKO testes. TDRKH specifically recruits MIWI, but not MILI, to mitochondrial surface and is 

required for the production of the entire MIWI-bound piRNA population. We further uncover that the 

failure to recruit MIWI to the mitochondrial surface with TDRKH deficiency in spermatocytes results in 

loss of MIWI in the chromatoid body in round spermatids, leading to spermiogenic arrest and piRNA-

independent retrotransposon LINE1 de-repression in round spermatids. These results reveal a 

mitochondrial surface-based scaffolding mechanism that couples specific PIWI protein recruitment and 

piRNA trimming essential for separable downstream effector functions of different PIWI proteins. These 

findings also suggest species diversity in mitochondrial TDRKH-mediated assembly of piRNA processing 

machinery. 
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Abstract #10 

Song W1, Puttabyatappa M2, Vazquez D2, Padmanabhan V2 

Gestational Bisphenol A exposure induces inflammatory, oxidative stress and lipotoxic changes in the 

placenta of female sheep 

1Department of Obstetrics and Gynecology, The Fourth Hospital of Shijiazhuang, Shijiazhuang, Hebei, 

PRC, 2Department of Pediatrics, University of Michigan, Ann Arbor 

 

Widespread exposure to environmental endocrine disrupting chemicals (EDC) has been attributed in 

part to the rise in non-communicable diseases. Pregnant women and their developing fetuses are 

vulnerable to exposure from EDC leading to adult onset disorders in the offspring in accordance with the 

developmental origin of health and disease (DOHAD) hypothesis. Bisphenol A (BPA) is one such EDC with 

estrogenic, anti-androgenic, and metabolism disrupting properties. BPA has been detected in >90% of 

US population. Gestational BPA exposure has been found to be associated with low birth weight, a risk 

factor for adult onset diseases in both human and sheep. The low birth weight may be the consequence 

of reduced placental efficiency stemming from disruption in inflammatory, oxidative stress and 

metabolic homeostasis, such as that reported in pregnancies accompanying maternal obesity and 

gestational diabetes. We hypothesized that gestational BPA treatment at environmentally relevant 

levels leads to placental inflammation, oxidative stress and lipid accumulation during early pregnancy 

accounting for the poor birth outcome observed. Gestational day 65 placentae were collected from 

pregnant Suffolk treated with 0.5mg/kg/day BPA sc starting from day 30 of gestation. Controls received 

equal volume of corn oil (vehicle). This BPA dose produces 1.6 ng/mL BPA concentration in the umbilical 

artery, levels close to that observed in the maternal circulation in US. Inflammatory markers and 

antioxidant expression were determined by real time RT-PCR, byproducts of lipid peroxidation (index of 

oxidative damage) measured using thiobarbituric acid reactive substances (TBARS) assay, and lipid 

accumulation as an index of lipotoxicity by oil red O staining. Data were analyzed by Student’s t-test and 

Cohen’s effect size analysis. Prenatal BPA treatment induced a significant (p < 0.05) increase in 

antioxidants glutathione reductase, and superoxide dismutase 1 and 2. While Cohen’s effect size 

analysis showed (1) large magnitude increase in macrophage marker CD68 and medium magnitude 

increase in proinflammatory cytokines chemokine ligand 2 and interleukin 1 beta; (2) large magnitude 

increase in TBARS, and (3) medium magnitude increase in oil red O staining in placenta from prenatal 

BPA. These preliminary findings indicate that gestational BPA exposure induces early disruptions in 

placental milieu via increased inflammation, oxidative stress and lipid accumulation. The increase in 

antioxidant expression evidenced in placentae of prenatal BPA treated sheep may reflect a 

compensatory response to overcome the oxidative stress state. The altered placental milieu may lead to 

reduced placental efficiency thus contributing to the low birth weight and the cardio-metabolic defects 

seen in prenatal BPA-treated sheep. Supported by NIH ES-016541. 
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Abstract #11 

Abbott H, Ikami K, Nuzhat N, Tanner H, Lei L 

Translational regulation in the quiescent-developmental phase transition during mouse oocyte 

development 

Department of Cell and Development Biology, University of Michigan Medical School 

 

In mammalian females, adult ovarian function is sustained by a pool of primary oocytes that form during 

fetal ovarian development (i.e. ovarian reserve). The majority of primary oocytes remain quiescent in 

the adult ovary and less than 1% of primary oocytes can develop into mature eggs throughout a female’s 

reproductive lifespan. The mechanism underlying the transition from quiescent primary oocytes to the 

developmental phase is poorly understood. However, precise regulation of translation is thought to be 

involved. To determine if translational regulation is involved in initiating the quiescent-to-development 

transition in primary oocytes, we conducted mRNA sequencing and proteomic analyses on both 

Primordial follicles containing quiescent primary oocytes and primary follicles containing the oocytes 

that have just initiated development. When comparing our analyses, we observed 2,034 mRNAs and 

1,097 proteins that show significant differential expression between primordial and primary follicles. 

There are 343 overlapping mRNAs and proteins that both have differential expression between 

primordial and primary follicles. Among those, 22 mRNA transcripts that are upregulated in quiescent 

cells whose proteins are also upregulated in developing oocytes; 14 proteins are observed in quiescent 

cells whose corresponding mRNA transcripts are upregulated in developing oocytes. These proteins may 

be important for maintaining quiescence in primary oocytes. The present study will provide new insights 

into how quiescence is maintained, how development in initiated, pathological causes of ovarian 

diseases, such as premature ovarian failure, and effective clinical approaches for preserving ovarian 

function. 
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Abstract #12 

Abudu A1, Roy S1, Wang J2, Childs K2, Aguirre A3,  Lydic T4, Sellix M5, Hoffmann HM1,  Sen A1  

Androgen-induced disruption of the biological clock: The link between PCOS and NAFLD 

1Reproductive and Developmental Sciences Program (RDSP), 2Center for Genomics Core, 3Department of 

Biomedical Engineering, 4Mass Spectrometry Core, Michigan State University, East Lansing, MI 48823; 
5University of Rochester Medical Center, Rochester NY 14642 

 

In women, excess androgen causes polycystic ovarian syndrome (PCOS), a common fertility disorder 

with comorbid metabolic dysfunction. Non-alcoholic fatty-liver disease (NAFLD) rates are elevated in 

PCOS women and insulin-resistance, androgen-excess and obesity encompassing PCOS is believed to be 

the cumulative cause for  NAFLD in PCOS. However, recent clinical and animal studies show that NAFLD 

occurs independent of weight and metabolic features associated with PCOS. Using a well-established 

DHT pellet induced PCOS mouse model we show that high androgen level directly modulates liver 

metabolism and contributes to the development of NAFLD. Our results from metabolomics studies show 

that high level of androgen significantly increase lipid and triglyceride levels in the liver while several 

metabolic pathways like glycolysis, TCA-cycle,  bile acid and glycerophospholipid biosynthesis pathways 

are affected by androgens. Consequently, from RNA-seq studies we find a significant number of 

differentially regulated metabolic and circadian genes to be differentially regulated in the DHT pellet 

livers. The circadian timing system plays a critical role in liver metabolism and we show that in vitro and 

in vivo androgen treatment of liver explants disrupts the circadian timing system. In our effort to 

determine how androgens regulate the circadian clock, we find that androgens through epigenetic 

modulation reprograms the circadian molecular clock in the liver that disrupts the timing of expression 

of  metabolic genes. Androgens inhibit the expression of a histone methyltransferase, Ezh2, that 

promotes H3K27me3 repressive mark through inducing the expression of miR101, that targets Ezh2. 

Consequently, ChIP studies revealed significant lower H3K27me3 mark on the promoter of circadian 

clock genes. Importantly, Ezh2 is a known critical regulator of liver metabolism and Ezh2 down-

regulation exacerbates lipid accumulation causing NAFLD. Therefore, we propose that androgens 

through epigenetic modulation reprograms the circadian clock which may be an underlying mechanism 

of liver dysfunction and development of NAFLD associated with PCOS. 
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Abstract #13 

Anamthathmakula P1,2,3, Condon JC1,2,3 and Jeyasuria P1,2,3 

Maintenance of uterine estrogen receptor alpha splice isoforms across gestation through progesterone 

action affects gestational timing. 

1Obstetrics and Gynecology, 2Perinatal Research Initiative, Wayne State University School of Medicine, 

Detroit, MI, USA, 3C.S. Mott Center for Human Growth and Development, Detroit, MI, USA 

 

INTRODUCTION: We have recently demonstrated that uterine estrogen receptor alpha (ERα) isoform 

(ERΔ7) plays a dominant negative role by down-regulating connexin43 and counteracting the uterotonic 

function of full-length ERα66 isoform, thereby promoting uterine quiescence during pregnancy. We 

propose that ERα isoforms allow temporal uterine specific physiological responses to elevated estrogen 

levels during pregnancy and that progesterone (P4) action regulates these isoforms through splice 

factors involved in alternative splicing.  

METHODS: Utilizing pregnant mouse uteri (N=3; E13-E19IL) we established the gestational profile of ERα 

isoforms and the splice factors, SRSF and hnRNP proteins. Mice were treated with time-release P4 

pellets and uterine tissues were dissected followed by RNA and protein extraction. 

RESULTS: In the pregnant mouse uterus ERα66, N-terminally truncated ERα46 and C-terminally 

truncated protein 1 (CTERP1) isoforms were gestationally regulated. ERα46 and CTERP1 mRNA levels 

were significantly elevated at E19 (p<0.05) and their levels dropped at E19IL. In contrast ERα66 mRNA 

levels remained elevated at E19 (p<0.05) and through labor (E19IL; p<0.05). Administration of P4 

lowered the expression of all ERα isoforms. Western blot analysis confirmed an increase in ERα66 and a 

decrease in ERα46 levels at term. This shift from ERα46 to ERα66 at term was delayed upon P4 

supplementation. Increases in hnRNPA1 and SRSF1 expression were also delayed by P4 administration.  

CONCLUSION: We demonstrate that P4 regulates splice factor levels and affects uterine ERα isoform 

ratios. The shift of ERα46 to ERα66 at term (E19, E19IL) allows for enhanced uterine contractility. 

Furthermore, P4 mediated suppression of ERα66 at term accounts for delay in the onset of labor. We 

propose that the decline in ERα46 and CTERP1 levels in the laboring uterine tissue releases their 

inhibitory action on ERα66 function. The study of ERα isoforms on estrogen action mediated uterine 

contractility allows for therapeutic strategies to prevent preterm birth. 
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Abstract #14 

Armistead B1, Johnson E1, Kadam L2, Vanderkamp R1, Kohan-Ghadr HR1, Drewlo S1  

Candidate genes identify invasive phenotype of extra-villus trophoblasts 

1Department of Obstetrics, Gynecology & Reproductive Biology, College of Human Medicine, Michigan 

State University, Grand Rapids, MI, USA, 2Department of Obstetrics & Gynecology, Wayne State 

University School of Medicine, Detroit, MI, USA 

 

Introduction: A successful pregnancy requires appropriate placentation characterized by differentiation 

and invasion of extra-villus trophoblasts (EVT) into maternal decidua to anchor the placenta and 

remodel spiral arteries. Insufficient invasion of EVT is observed in placental pathologies such as 

preeclampsia. Little is known about factors that regulate EVT differentiation and invasion. We 

hypothesize that differentiated EVT have a unique gene expression profile which, in the future, could 

inform about placental function.  

Methods: HTR-8/SVneo (n=3) were cultured for 72 hours in 20% O2 on untreated or matrigel coated 

wells. Total RNA was isolated, and mRNA was sequenced using Illumina HiSeq. Sequencing reads were 

aligned with STAR. DESeq2 was used to assess gene expression. Differentially expressed genes (DEGs) in 

differentiated (invasive) cells were compared to their undifferentiated counterparts and identified based 

on ± 1.5-fold change and p-value < 0.05.  

Results: We identified 3903 DEGs in invasive HTR-8/SVneo. A follow-up meta-analysis study compared 

transcriptomics of HTR-8/SVneo to the global gene expression profile of EVT-derived from first trimester 

placental explants (7 weeks) cultured at 3% O2 (optimal conditions for EVT differentiation in first 

trimester placental explant). Results showed 49 genes that had the same gene expression trend (up- or 

down-regulated) in invasive HTR-8/SVneo and EVTs from placental explants. The post-hoc functional 

analysis revealed cell migration, differentiation, and angiogenesis to be the most relevantly perturbed 

pathways. The expression of 6 candidate DEGs – HTRA1, LAMA4, MMP2, CDKN1C, TIE1 & TAGLN – were 

validated by quantitative real-time PCR.  

Conclusion: The ability for EVT to invade maternal decidua and remodel spiral arteries is essential for 

successful pregnancy. In this study, we characterized functional gene pathways and identified markers 

of differentiated and invasive EVT. These candidate genes may help to better understand the molecular 

mechanisms which regulate EVT differentiation and provide early insight into pregnancy outcome.



24 
 

Abstract #15 

Basu P1, Egbert R2, Petroff B2 

Anti-mullerian hormone concentration in bitches at puberty, changes with age, breed size and their 

correlation with reserve follicle counts 

1 Comparative Medicine and Integrative Biology, College of Veterinary Medicine, Michigan State 

University, East Lansing, MI, 2 Pathobiology and Diagnostic Investigation, College of Veterinary Medicine, 

Michigan State University, East Lansing, MI 

 

This study aimed to investigate serum Anti-Mullerian hormone (AMH) concentration in bitches prior to 

puberty, its progress with age, variation between different breeds and correlation with reserve follicle 

population. Seventy five bitches were assayed for AMH, and were subdivided according to age, 

prepubertal (n = 14, aged less than 6 months), pubertal (n = 28, aged 6 – 72 months) and senior (n = 13, 

aged 84 month and above); breed size as per the American Kennel Club, small breeds (n =  24, aged 7 – 

84 months ), medium and large breeds (n = 14, aged 8 – 168months); and spay status intact (n = 28, 

aged 1 – 6 years), spayed (n = 20, aged 12 – 72 months). Serum AMH concentration in intact bitches 

(0.79 ± 0.10 ng/mL) was significantly higher than age controlled spayed bitches (0.00 ± 0.00 ng/mL, P < 

0.05). Serum AMH concentrations were also significantly different between prepubertal (0.07 ± 0.05 

ng/mL) and pubertal (0.79 ± 0.11 ng/mL) bitches (P < 0.05). There was a significant difference (P < 0.05), 

when AMH concentration was calculated between small breeds (0.88 ± 0.12) compared to medium and 

large breeds (0.51 ± 0.09 ng/mL). In the small breeds, AMH concentrations varied widely from 0 to 2.40 

ng/mL whereas in medium and large breeds the concentration ranged between 0 and 1.07 ng/mL, 

suggesting other factors may be at play, for example estrus status. Reserve follicle counts from random 

cortical sections showed a decrease with advancing age. AMH concentrations from bitches (n = 54) 

ranging in age from 2 months to 14 years, showed AMH to follow previously described trends in women 

and cattle where circulating AMH concentrations rise during infancy, remain stable from childhood to 

early adulthood, and decline with progressive age. The results suggest that AMH may be cautiously used 

as a fertility indicator as seen in women and cattle.  
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Abstract #16 

Batchelor J1, Baker R2, Giuliani E2, Townsel C3, Marsh E2  

Trends in emergency department visits among women with postpartum depression 

1University of Michigan Medical School, Ann Arbor, Michigan and 2Division of Reproductive 

Endocrinology and Infertility, Department of Obstetrics & Gynecology, University of Michigan, Ann 

Arbor, Michigan and 3Division of Maternal Fetal Medicine, Department of Obstetrics & Gynecology, 

University of Michigan, Ann Arbor, Michigan 

 

INTRODUCTION: Postpartum mental disorders (PPMD) are associated with adverse outcomes including 

impaired breastfeeding and maternal-child bonding. For many, the emergency department (ED) is a 

healthcare entry point, but factors surrounding these visits are unknown.  

METHODS: This was a retrospective cross-sectional analysis using the Nationwide Emergency 

Department Sample, (Healthcare Cost and Utilization Project, Agency for Healthcare Research and 

Quality) to assess national estimates of ED visits of women aged ≥15 years with a primary diagnosis of 

PPMD (ICD-9 codes 648.42 or 648.44) between 2006 and 2014. Variables included demographic and 

hospital characteristics. SAS 9.4 (Cary, NC) was used to perform all analyses.  

RESULTS: PPMD related ED visits remained stable between 2006 and 2014 (5,153 to 5,453 respectively). 

Approximately 2/3 of visits were by patients <30 years old. Total and mean ED charges per visit 

increased from $6.5 to 13.4 million and from $1,255 to 2,460 respectively (P<.0001). In 2014, the largest 

proportion of ED visits were in the South (37.5%) and in metropolitan areas (86.8%). Although 28.1% of 

visits were by women from the lowest zip code income quartile, over half of visits were funded by 

Medicaid (52.9%). Admission rates were approximately double those of age-matched women with all 

other primary diagnoses (29.7% vs 15.0%).  

CONCLUSION: Despite a stable number of visits, ED charges for PPMD increased from 2006 to 2014, 

indicating a growing economic and social burden. High admission rates represent an opportunity for 

optimization of outpatient screening and treatment. The high proportion of Medicaid funded visits 

suggest a policy opportunity for PPMD stakeholders. 
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Abstract #17 

Boodoo C1, Grobbel M2, Roccabianca S2, Chan C3 

Remodeling the bladder through static pre-stretch 

1Michigan State University College of Engineering Biomedical Engineering, 2Michigan State University 

College of Engineering Mechanical Engineering, 3Michigan State University College of Engineering 

Chemical Engineering 

 

Vitamin cycles such as the folic acid and homocysteine cycle are essential regulators of cell alignment, 

orientation, and development of the neural tube. If there is too little folic acid or too much 

homocysteine, then the neural tube will develop malformations. Neural tube defects still occur despite 

attempts to supplement mothers with folic acid, due to late supplementation or deficiencies in folic acid 

uptake. As a result, children are born with deformed spines, or pieces of their skull are missing. One of 

the most severe neural tube defects is spina bifida (SB). This neural tube defect affects the lumbar 

region of the back which innervates the bladder. Due to this disruption of innervation, when children are 

born, they do not have proper control of their lower bodies, especially their bladders. The improper 

neurological connection in SB patients leads to the development of neurogenic bladders. As soon as 

children affected by SB are born, their bladders are catheterized. The children cannot sense when they 

need to void their bladder and do not have proper control of it. The children do not have proper 

urological control because the extracellular matrix of the neurogenic bladder contains excess elastin and 

insufficient collagen. It has been shown that homocysteine can upregulate collagen production and 

degrade elastin networks.    In this study, the effect of homocysteine and folic acid on the extracellular 

matrix of bladder smooth muscle cells is assessed. This is done by culturing rat bladder smooth muscle 

cells on a pre-stretched polydimethylsiloxane surface to model a SB neurogenic bladder. In addition, the 

growth rate of the smooth muscle cells and their alignment are evaluated on the pre-stretched surface. 

We hypothesize that this model would allow us to investigate the effect of homocysteine and 

mechanical cue on the extracellular matrix of the bladder smooth muscle cells. 
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Abstract #18 

Brock JRL1,2 and Teixeira JM2,3 

Mechanisms driving tumorigenesis and histotype differentiation of high-grade serous ovarian cancer in 

Stk11/Pten -deleted mouse ovarian surface epithelium 

1College of Natural Science, Department of Physiology, Michigan State University, Grand Rapids, MI, 
2College of Human Medicine, Department of Obstetrics, Gynecology and Reproductive Biology, Michigan 

State University, Grand Rapids, MI, 3Department of Women’s Health, Spectrum Healthcare Systems, 

Grand Rapids, MI 

 

Epithelial ovarian cancer (OvCa) is the most lethal gynecological cancer in the US, and the serous 

histotype is the most common and deadly histotype of OvCa. The mechanisms driving high-grade serous 

OvCa (HGSOC) have not been clearly determined. Our lab has developed a mouse model in which Stk11 

and Pten are conditionally deleted in the OSE leading to HGSOC at approximately 15 weeks of age 

(WOA) with 100% penetrance. Pathophysiology and IHC clearly show HGSOC in these ovaries, which are 

immunopositive for human HGSOC markers. However, it remained unclear how and when 

tumorigenesis occurred. H&E staining of ovaries of this mouse model displays a steady, aggressive 

progression from normal OSE to borderline tumors to HGSOC. Mouse OSE (MOSE) cells isolated from 

adult double mutant (DM) mice show transformative properties: DM MOSE cells grow faster in vitro 

(n=12) and show differential expression by RNA sequencing compared to control, Stk11 single mutant 

(SM), and Pten SM MOSE (n=20). DNA damage pathways are significantly upregulated according to gene 

set enrichment analysis of DM versus Stk11 SM groups suggesting that the additional Pten deletion in 

DM MOSE may play a similar role to P53 mutation, which characterizes HGSOC in women. PAX8 

expression is observed in 96% of human HGSOC tumors. Immunohistochemical analysis of PAX8 in these 

mice over time reveals that PAX8 immunopositivity does not occur until HGSOC has developed. 

Together this data implicates that PAX8 1) is not an early driver of differentiation and 2) is acquired in 

the transformation process of OSE cells implicating the OSE as one site of origin for HGSOC. Through 

further characterization of our model, novel insight can be made into the pathogenesis of this disease 

from early to late stages, which can lead to better histotype-specific treatment for HGSOC patients. 
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Abstract #19 

Chang C, Zhang Z, Wang Y 

The roles of mitochondria in stem cell fate specification and cell reprogramming 

Michigan State University 

 

Through self-renewal and differentiation, stem cells maintain the homeostasis of a stem cell pool and 

can become progeny cells with a specialized function. Embryonic stem cells (ESCs) and induced 

pluripotent stem cells (iPSCs) have the remarkable potential to develop into all cell types in our body, 

and therefore hold great therapeutic promise in regenerative medicine. However, it remains to be 

understood the mechanism underlying stem cell fate control and cell reprogramming, especially its 

relationship with mitochondria. It has been reported that stem cells and their differentiated progeny 

cells contain distinct mitochondrial distribution. In addition, emerging studies suggest that 

mitochondrial dynamics play crucial roles in the regulation of stem cell pluripotency, differentiation, and 

cell reprogramming, through changing mitochondrial morphology and redistribution. To understand the 

mitochondrial role in stem cell self-renewal/differentiation, we established a system that enables 

induced mitochondrial dislocation during ESC differentiation and cell reprogramming.  By this approach, 

we aim to dissect the functional mechanisms that govern stem cell development and address these 

fundamental questions below: What are molecular mechanisms involved in the process to ultimately 

control mitochondrial repositioning during stem cell differentiation? What are the effects of 

mitochondrial repositioning on stem cell fate and cell reprogramming? We believe that the answers to 

those questions will not only provide new insights into research of stem cell fate specification, but more 

importantly, will also offer a stepping stone towards regenerative medicine. 
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Abstract #20 

Cisneros-Larios B1, García-Galiano D1, Elias CF1,2  

Role of PROKR2-expressing neurons of the amygdalohippocampal area in male reproductive function 

1Molecular & Integrative Physiology, University of Michigan, Ann Arbor, MI, 2Obstetrics & Gynecology, 

University of Michigan, Ann Arbor, MI 

 

Kallmann Syndrome (KS) is characterized by infertility and anosmia due to deficiency in gonadotropin 

releasing hormone (GnRH) neuronal migration and olfactory bulb dysgenesis. Genetic studies have 

revealed that KS is caused by loss-of-function mutations in several genes including the prokineticin 

receptor 2 (PROKR2) gene. Mice with global deletion of Prokr2 replicate the phenotype of KS patients. 

Whereas the role of PROKR2 during development is defined, little is known about PROKR2 neurons in 

adult reproduction. PROKR2 mRNA are highly expressed in reproductive control sites of the adult mouse 

brain. Previous studies in our lab using the Cre/Lox system, found PROKR2 mRNA and Prokr2-Cre GFP+ 

cells highly expressed in the amygdalohippocampal area (AHi, also called posterior nucleus of the 

amygdala) in a sexually-dimorphic pattern. Male mice have higher PROKR2 in the AHi compared to 

female mice. The amygdala is an important site of socio-sexual inputs and reproductive neuroendocrine 

responses in rodents and primates, including humans. We hypothesize Prokr2-Cre neurons in the AHi 

have a role in male reproductive function. Using genetic tracing techniques, we mapped AHi Prokr2-Cre 

neuron projections and found dense innervation reproductive control sites such as the medial preoptic 

area and the ventral premammillary nucleus. We performed a soiled bedding test and determined that 

an estimated 45% of cFos + cells, responding to sexual olfactory cues, are Prokr2-Cre GFP+ cells. 

Additionally, immunohistochemical studies show dense sex steroid expression in Prokr2-Cre GFP + cells. 

Our preliminary data suggests AHi Prokr2-Cre neurons are involved in reproductive associated 

behaviors. Future studies will focus on selective activation and inhibition of these neurons using 

chemogenetic technology to determine putative inputs to the hypothalamic-pituitary-gonadal axis. We 

expect our studies will contribute to the understanding of the role of PROKR2 neurons in adult 

reproduction and reproductive deficits associated with PROKR2 mutations. 
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Abstract #21 

Clark ZL, Karl KR, Ruebel ML, Chen O, Herzog RL, Huffman SM, Gibbings E, Latham KE, Ireland JJ 

Evidence that excessive FSH during superovulation of cattle induces premature luteinization of ovulatory 

follicles 

Dept Animal Science and Reproductive and Developmental Sciences Program, Michigan State University, 

East Lansing, MI 

 

In women undergoing ART, high gonadotropin doses cause high oocyte and embryo wastage and 

decrease live birth rates. However, the mechanisms by which ovarian function is impaired by excessive 

FSH are unknown. This study used the small ovarian reserve bovine model to test the hypothesis that 

excessive FSH doses during superovulation induce premature luteinization of ovulatory-sized follicles. 

Based on our previous data, 40 (70IU) and 120mg (210IU) FSH (Folltropin-V) were chosen as non-

excessive and excessive doses, respectively. Thirteen heifers with a small ovarian reserve were treated 

twice daily for 4d with 40 or 120mg FSH injections beginning on Day 1 of a synchronized estrous cycle, 

i.e. before dominant follicle selection. Heifers were euthanized 12h after the last FSH treatment (no 

ovulatory dose of hCG injected) and the ovaries were removed. Follicular fluid was aspirated from 

ovulatory-sized (≥10mm) follicles and concentrations of progesterone and estradiol were measured by 

ELISA. Additionally, cumulus cell mass morphology (compact vs expanded) was determined for 5-15 COC 

per heifer. Results showed 2-fold higher progesterone concentrations, 1-fold lower 

estradiol:progesterone ratios and a higher proportion (70±4 vs 10±4%) of expanded COC in the 120 vs 

40mg group (all P<0.0001). Moreover, estradiol and estradiol:progesterone ratios were lower (P<0.05) 

whilst progesterone was greater (P<0.05) in the expanded 120 compared to the compact 120, compact 

40 and expanded 40mg FSH groups. 

Based on enhanced intrafollicular progesterone concentrations and the high proportion of expanded 

COC in cattle with a small ovarian reserve treated with 120mg FSH, we concluded that excessive FSH 

doses during superovulation may induce premature luteinization of ovulatory-sized follicles which may 

be detrimental to oocyte quality and pregnancy outcomes. 

This project was supported by the USDA NIFA, Agriculture and Food Research Initiative Competitive 

Grant no.2017-67015-26084, and the NIH, Eunice Kennedy Shriver National Institute of Child Health and 

Human Development (T32HD087166). 
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Abstract #22 

Davidson A, Nie C, Straquadine N, Vatti S, Gunn T, Kunzelman G, and Ganz J 

Identifying genes that regulate progenitor cell differentiation in the zebrafish 

Department of Integrative Biology, Michigan State University, MI, USA 

 

The enteric nervous system (ENS) is a large network of neurons that provides the intrinsic innervation of 

the gastrointestinal (GI) tract and plays a central role in all gut functions including gut motility.  During 

development, ENS precursors derived from neural crest migrate to populate the GI tract where neuronal 

differentiation occurs.  Although ENS function is well established, there is a significant gap in knowledge 

understanding the molecular mechanisms that regulate ENS neurogenesis in the GI tract. Consequently, 

the genetic basis for most ENS diseases with a deficit in neuron number and/or composition remains 

unknown.  In the central nervous system, transcription factor networks are most commonly utilized 

molecular mechanism that regulates progenitor cell differentiation into neurons.  We hypothesize that 

specific combinations of transcription factors control neuronal differentiation and specification in the 

ENS.  Our objective is to exploit the experimental tractability and genetics of zebrafish to test candidate 

genes for their role in ENS development and function using a multiplexing CRISPR/Cas9 genome editing 

approach. Pools of gRNAs targeting candidate genes together with Cas9 protein are injected into one-

cell stage zebrafish embryos. Injected embryos are raised to 5 dpf and ENS neuron number is compared 

to uninjected embryos. We have identified a reduction in ENS neuron number in a subset of the 

candidate gene tested indicating that they may influence enteric stem cell differentiation into ENS 

neurons.  The candidate genes are functionally evaluated using intestinal food transit assay.  We are 

currently quantifying the number of ENS neurons in injected and uninjected controls using antibody 

staining with a pan-neuronal marker Elavl and investigating their role in neuronal subtype specification 

using immunohistochemistry.  We are generating stable mutant lines for future analyses of the 

molecular mechanisms of our candidate genes. Our work will contribute to a better understanding of 

how ENS neurogenesis is regulated during development. 
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Abstract #23 

Elkin E1, Bakulski KM2, Colacino JA1, Bridges D3, Ruden D4, Armant RD5, Loch-Caruso R1 

Transcriptional profiling of to the trichloroethylene metabolite s-(1,2-dichlorovinyl)-l-cysteine revealed 

activation of the eif2α/atf4 integrated stress response in the htr-8/svneo trophoblast cell line 

1Department of Environmental Health Sciences, University of Michigan, Ann Arbor 2Department of 

Epidemiology, University of Michigan, Ann Arbor, Michigan  3Department of Nutritional Sciences, 

University of Michigan, Ann Arbor, Michigan 4Institute of Environmental Health Sciences, Wayne State 

University, Detroit, Michigan 5Department of Obstetrics and Gynecology and Department of Anatomy 

and Cell Biology, Wayne State University School of Medicine, Detroit 

 

Trichloroethylene (TCE) is an industrial solvent and widespread environmental contaminant. Despite its 
classification by multiple regulatory agencies as a known human carcinogen, industrial use of the 
compound continues globally, albeit mostly in a regulated capacity. Due to environmental 
contamination and continued usage, TCE exposure is an ongoing risk. Although epidemiological evidence 
associating exposure with adverse birth outcomes remains inconclusive, several recent studies 
demonstrated toxicity of TCE in pregnant rats. In addition, the TCE metabolite S-(1,2-dichlorovinyl)-L-
cysteine exhibits toxicity in a placental cell line. Thus far, investigations into the mechanisms of DCVC-
induced cytotoxicity have been limited to narrowly-defined methods evaluating single molecular 
signaling pathways and biological responses. In the current study, genome-wide transcriptomics and 
gene set enrichment analyses were used to identify novel biological processes and molecular signaling 
pathways altered by human exposure-relevant DCVC concentrations in HTR-8/SVneo cells. 
Transcriptomics revealed hundreds of differentially expressed genes with exposure to 20 µM DCVC for 
12 h (FDR<0.1 and fold-change < -1.5 or >1.5). Gene set enrichment analyses demonstrated that the 
most substantially altered molecular signaling pathway was the EIF2α/ATF4 Integrated Stress Response 
(ISR), with the most abundantly altered biological processes including amino acid transport, metabolism 
and biosynthesis, transcription and translation, and regulation of tissue development. Furthermore, 
western blotting confirmed the involvement of these pathways and provided insight into functional 
consequences in the cells. For example, decreased global protein synthesis was measured in agreement 
with ISR signaling. However, no changes in cell cycle progression or proliferation were detected, 
suggesting that a generally successful adaptive process occurred after 12 h of DCVC treatment. This 
study provides further insights into the mechanism of DCVC-induced cytotoxicity by revealing the 
involvement of a specific stress signaling pathway. However, the findings should be confirmed in other 
models such as primary placental cells.  
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Guo XZ1,2, Puttabyatappa M2, Padmanabhan V2 

Changes in the expression of epigenetic enzymes induced by prenatal testosterone-excess may underlie 

the antral follicular defects in the sheep model of PCOS 

1Department of Obstetrics and Gynecology, 3rd Xiangya Hospital, Central South University, Changsha, 

Hunan, PR China, 2Department of Pediatrics, University of Michigan, Ann Arbor, Michigan 

 

Prenatal testosterone (T) excess leads to oligo/anovulation and multifollicular ovary in sheep, 

characteristics of women with PCOS. Persistence of antral follicles - the result of reduced atresia, 

follicular growth arrest and premature luteinization, contribute at least in part to the multifollicular 

ovarian morphology. Decrease in aromatase (CYP19) in granulosa cells and 17alpha-hydroxylase (CYP17) 

in theca cells and increase in anti-Mullerian hormone (AMH) in granulosa cells may contribute to the 

antral follicular persistence. Observations that histone H3K9 hypermethylation decreases cumulus cell 

CYP19 (Journal of Assisted Reproduction and Genetics 33: 1105-1113, 2016), AMH gene 

hypermethylation reduces granulosa cell AMH (Oncotarget 6: 3627-3643, 2015), and inhibition of 

histone deacetylation reduces theca cell CYP17 expression (PloS One 7: e49553, 2012) suggest that 

epigenetic changes are involved. We hypothesized that prenatal T excess induced changes in expression 

of CYP17, CYP19 and AMH are facilitated by changes in expression of key epigenetic enzymes. Granulosa 

/ theca cells were isolated via laser capture microdissection from antral follicles of 21 months-of-age 

control (n=5) and prenatal T-treated (100mg im. twice weekly from gestational day 30 to 90; term: 147 

days; n=6) sheep. Expression of methylation / demethylation and / or acetylation / deacetylation 

enzymes were determined by real time PCR and data analyzed by Student’s t-test and Cohen’s effect 

size analysis. Prenatal T excess decreased (p < 0.05) histone demethylase KDM1A in granulosa and theca 

cells, histone acetylase (HDAC) 3 in theca cells, and increased histone methyltransferase SMYD3 in the 

theca cells. Prenatal T excess also induced large magnitude (1) increases in DNA methyltransferase 

(DNMT) 1, histone methyltransferases EZH2 and SUV39H1, and histone deacetylase HDAC1 in granulosa 

cells; (2) decrease in DNA methyltransferase DNMT3B, KDM1A, and HDAC3 in granulosa cells; (3) 

increase in SMYD3 and HDAC1 in theca cells, and (4) decrease in KDM1A and HDAC3 in theca cells. While 

decrease in KDM1A and increase in SUV39H1 leading to H3K9 hypermethylation may account for 

reduced granulosa cell expression of CYP19, downregulation of HDAC3 may underlie the decrease in 

thecal cell expression of CYP17. Decreased DNMT3B expression may contribute to hypomethylation of 

AMH gene and consequent increase in AMH expression in granulosa cells. These findings suggest that 

changes in expression of key genes involved in the development of multifollicular phenotype are likely 

mediated via granulosa and theca cell specific changes in epigenetic enzyme expression. Because the 

ovarian attributes of prenatal T-treated sheep parallel that seen in PCOS women, these observations 

may be of translational relevance. Supported by NIH PO1HD44232. 
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Abstract #25 

Huang Q1, 2, Zhang S1, 2, Schröder B3, 4, Zhang Z1, 5  

Intraflagellar transporter protein 27 (IFT27) is essential for transporting signal peptide peptidase-like 2A 

(SPPL2A) to process precursor A-kinase anchor protein 4 (pro-AKAP4)  to mature AKAP4 for assembly of 

functional sperm 

1Department of Physiology, Wayne State University School of Medicine; Detroit, MI 2School of Public 

Health, Wuhan University of Science and Technology, Wuhan, Hubei  3 Biochemical Institute, Christian 

Albrechts University of Kiel, Kiel, Germany  4 Institute of Physiological Chemistry, Technical University 

Dresden, Dresden, Germany 5 Department of Obstetrics & Gynecology, Wayne State University 

 

Sperm flagella are specialized motile cilia. In addition to the core “9+2” axoneme, accessory 
structures, including the fibrous sheath, are essential for normal sperm function. These flagellar 
proteins must be transported from cell bodies through a transport system, presumably 
intraflagellar transport (IFT), a conserved mechanism driven by kinesin-based anterograde 
transport and dynein-based retrograde transport. So far, twenty-two Ift genes, including Ift27, 
have been identified. Male germ cell-specific Ift27 knockout mice were infertile with multiple 
morphological sperm abnormalities, including a disrupted fibrous sheath formation. Testicular 
level of 110 kDa pro-AKAP4, the precursor protein of mature 84 kDa AKAP4, an A-kinase anchor 
protein (AKAP) and a major component of the sperm fibrous sheath, was dramatically 
increased, and the mature AKAP4 was significantly reduced in conditional Ift27 mutant mice. 
Thus, IFT27 plays unique roles in sperm formation and function. A yeast two-hybrid screen 
using IFT27 as bait identified signal peptide peptidase-like 2A (SPPL2A) as a major binding 
partner. SPPL2A plays a role in protein cleavage through its catalase center. Like in the Ift27 
conditional knockout mice, testicular level of pro-AKAP4 was significantly increased in the 
global Sppl2a knockout mice, suggesting that SPPL2a is involved in pro-AKAP4 cleavage. In COS-
1 cells transfected with a pre-AKAP4 expressing plasmid, a full-length pre-AKAP4 was detected 
alone with a 26 kDa cleaved peptide, presumably due to endogenous SPPL2A expression. The 
level of the 26 kDa cleaved peptide was significantly increased when the cells were co-
expressed with exogenous wild-type SPPL2A. Given that processing pro-AKAP4 occurs at the 
site of fibrous sheath assembly in the developing flagella, we propose that SPPL2A is 
transported by the IFT27 to the fibrous sheath assembly site to cleave pro-AKAP4 into AKAP4 
for fibrous sheath assembly. Our studies revealed one mechanism for sperm fibrous sheath 
assembly to build functional sperm.  
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Abstract #26 

Ikami K, Abbott H, Tanner H, Nuzhat N, Lei L 

Branched cyst formation and sex-specific patterns of cyst fragmentation during mouse gametogenesis 

Department of Cell and Developmental Biology, University of Michigan Medical School, MI 

 

The germline cyst is a highly conserved structure that occurs in gametogenesis in both invertebrates and 

vertebrates. However, the structure and function of the mammalian germline cyst are still unknown. To 

understand the germline cyst structure during mouse gametogenesis, we lineage labeled individual 

primordial germ cells (PGCs) at E10.5 and examined the geometries of germ cells and intercellular 

bridges in cysts derived from those PGCs. We found that from E10.5 to E14.5, both female and male 

germ cells proliferate to form germline cysts. On average at E14.5, a female PGC produces a 27-cell 

clone and a male PGC produces a 45-cell clone. Due to fragmentation during cyst formation, cysts vary in 

size from 2 cells to 38 cells in E14.5 ovaries or from 2 cells to 56 cells in E14.5 testes. Interestingly, any 

cysts greater than 9-cells in females and 8 cells in males are branched in structure, i.e. contain germ cells 

that are connected by three or four bridges (called branching cells). Comparative analyses of cyst 

structure in E14.5, E17.5, and P0 ovaries further revealed that branching cells and associated bridges are 

preferentially protected during germ cell loss and oocyte differentiation. In contrast to female germ 

cells, male cysts fragment less and bridge loss is relatively random. These results indicate that the cyst 

fragmentation pattern is related to the cytoplasmic transport-mediated oocyte fate determination that 

was discovered in our previous study. 
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Abstract #27 

Jimenez-Krassel F1, Ireland JLH1, Berger L2, Neuder L3, Pursley JR1, Ireland JJ1 

Impact of maternal health and parity of dairy cows on size of the ovarian reserve, fertility and health of 

female offspring 

1Molecular Reproduction Laboratory, Department of Animal Science, Michigan State University, East 

Lansing, MI 48824; 2Vanda Pharmaceuticals, 2200 Pennsylvania Ave, NW, Washington, DC 20037; 
3Green Meadow Dairy Farm, Elsie, MI 48831 and Department of Large Animal Clinical Sciences, Michigan 

State University, East Lansing, MI 48824 

 

The impact of parity and disease on the ovarian reserve (number of healthy eggs in ovaries), fertility and 

health of female offspring is unknown in cattle. We measured concentration of anti-Müllerian hormone 

(AMH, positively correlated with the ovarian reserve) in 3108, 11 to 15-month-old heifers to test the 

following hypotheses: 1) maternal infections and parity negatively impact AMH and fertility in female 

offspring, and 2) heifers with low AMH have inferior fertility and high incidence of disease.  To examine 

the relationship between dam health with AMH and fertility of daughters, dams of heifers were 

separated into two groups based on whether dams had 0 or ≥ 1 somatic cell count (SCC) >200,000 

(cutoff for infection) during pregnancy. Whether AMH and fertility (conception rate, services per 

conception, etc.) differed between each daughter group was determined. To examine the relationship 

between parity of dams with AMH and fertility of daughters, daughters were grouped based on number 

of the dam’s lactations (0, 1, 2, 3, 4, 5+). Whether AMH and fertility differed between each daughter 

group was determined. Differences in fertility and incidence of disease/disorders (diarrhea, pneumonia, 

foot and cord problems) between heifers in different AMH quartiles was also determined. Results 

showed fertility did not differ, but AMH was lower (P<0.05) for daughters of dams with ≥1 vs 0 SSC 

>200,000 and inversely related (P<0.05) to number of the dam’s lactations. For heifers in different AMH 

quartiles, none of the measures of fertility or health differed. We concluded that AMH, and 

correspondingly the ovarian reserve, in 11- to 15-month-old dairy heifers are negatively impacted by 

maternal health and parity of the dam but not predictive of their fertility or health.  The relationship 

between AMH concentration in heifers with their fertility, health and herd longevity after calving, 

however, remains to be determined.  

The study was supported by the Agriculture and Food Research Initiative National Institute of Food and 

Agriculture (grant no. 2013-6701520962) 
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Abstract #28 

Jing J1, Pu Y1, Gingrich J1,2, Steibel J1, Veiga-Lopez A1 

Gestational exposure to BPA and BPS alters myogenic differentiation and fiber-type formation in fetal 

skeletal muscle 

1Department of Animal Science and 2Pharmacology and Toxicology, Michigan State University, MI 

 

Gestational exposure to the endocrine disrupting chemical bisphenol A (BPA) can lead to offspring 
insulin resistance. However, despite the role skeletal muscle plays in insulin and glucose homeostasis, it 
remains unknown whether gestational exposure to BPA, or its analogue bisphenol S (BPS), impairs 
skeletal muscle development. We hypothesized that gestational exposure to BPA will alter myofiber 
type and number, and impair myoblast differentiation in the developing fetus. To test this, pregnant 
sheep (n=7-8/group) were exposed to BPA or BPS (0.5 mg/kg/day) from gestational day (GD) 30 to 100. 
At GD120, fetal hind limb skeletal muscle was harvested for cell isolation and the evaluation of fiber size, 
type, and gene expression profile. Isolated fetal primary myoblasts were differentiated for myotube 
formation and gene expression evaluation. In skeletal muscle tissue, myofibers were larger in BPA and 
BPS treatment groups for both females and males when compared to their control counterparts. This 
was further supported by higher IGF2 mRNA expression, (a marker of fiber size) in male vs. female BPA-
treated groups. In skeletal muscle tissue, BPA females had higher MYH1 (reflective of type IIX fast 
glycolytic fibers), while BPS females had more MYH2 and MYH7 mRNA expression (reflective of type IIA 
fast oxidative/glycolytic and type I slow oxidative fibers, respectively), but not males. In vitro 
differentiated myotubes tended to have more nuclei in the BPA and BPS treatment groups for both 
females and males when compared to their control counterparts. In myotubes, expression of TBX15 
(glycolytic fiber marker), FOXO3 (fiber size marker), and JunB (fiber hypertrophy promoter) were lower 
in male vs. female BPA-treated groups. In conclusion, gestational exposure to both BPA and BPS altered 
fiber type and myogenic differentiation in both females and males. This demonstrates that exposure to 
both bisphenols can program myogenic differentiation in a sex-specific manner. Additional research to 
understand the underlying mechanisms of bisphenol effects on skeletal muscle is needed. 
  
 



38 
 

Abstract #29 

Johnson E1, Umstead A2, Vega I2, Kohan-Ghadr HR1, Drewlo S1 

Irisin induces key pathways in energy homeostasis and cell survival in human trophoblast cell lines  

1Department of Obstetrics, Gynecology, & Reproductive Biology, College of Human Medicine, Michigan 

State University, Grand Rapids, 2Department of Translational Science & Molecular Medicine, College of 

Human Medicine, Michigan State University, Grand Rapids  

 

INTRODUCTION: Placental insufficiency during pregnancy is characterized by the inability of the 

placenta to deliver an adequate supply of nutrients and oxygen to the fetus. This can result in diseases 

such as preeclampsia (PE), intrauterine growth restriction (IUGR) and pre-term birth. Trophoblast 

apoptosis and dysregulation of energy homeostasis pathways are hallmarks of placental 

pathophysiology. A recently discovered peptide, irisin, a secreted cleavage product of fibronectin type III 

domain-containing protein 5, (FNDC5), is known as an exercise-mediated myokine. Irisin induces adipose 

tissue browning upon exercise, increases energy levels and decreases apoptosis. Previous studies have 

shown that irisin activates AMP-activated protein kinase (AMPK) and Protein kinase B (Akt) signaling 

pathways in endothelial cells, pathways known to be affected in placental pathogenesis. AMPK has also 

been shown to improve pregnancy outcome in the PE rodent model via cytoprotective and vasodilator 

Heme oxygenase 1 (HO-1).  Circulating irisin levels are reduced in PE, however the overall role of irisin in 

placental function and pathology remains unclear. We hypothesize that irisin has a direct effect on 

placental physiology as a result of activation of AMPK/Akt pathways.   

METHODS: Extravillous (HTR-8/SVneo) and villous (BeWo) trophoblast cell models were used to 

investigate the effects of irisin under physiological (20% O2) and pathological conditions (1.5%O2). Cells 

were serum starved overnight and treated with 10nM or 50nM of irisin for up to 24hrs (n=3 per group). 

Apoptotic cells were detected by TUNEL assay and extracted proteins were analyzed by western blot 

and mass spectrometry.  

RESULTS: Irisin treatment significantly (n=3, p<0.05) altered AMPK and Akt phosphorylation in a time-

dependent manner and had no effect on total AMPK and Akt expression. HO-1 expression significantly 

increased (n=3, p<0.05) in response to irisin treatment. TUNEL assay revealed a decrease in apoptotic 

cells in a dose dependent manner after irisin treatment.  

CONCLUSION: Irisin stimulates phosphorylation in AMPK/Akt pathways inducing the expression of 

cytoprotective proteins such as HO-1 and may be a promising target for the treatment of placental 

dysfunction.  
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Abstract #30 

Joshi N, Song Y, Bond S, Vegter E, Fazleabas A 

Increased expression of YAP1 in endometriotic lesions contributes to aberrant cell proliferation, fibrosis 

and EMT associated with endometriosis 

Department of Obstetrics, Gynecology, & Reproductive Biology, Michigan State University,               

Grand Rapids, MI 

INTRODUCTION: Identification of mechanisms involved in endometriotic lesion development and 

growth is critical for developing targeted non-hormonal therapies, which could restrict endometriotic 

lesion development leading to an improved fertility and quality of life in women with endometriosis. We 

have previously demonstrated that dysregulation of the Hippo Signaling pathway leads to increased 

expression of its major downstream effector YAP1 in both baboons and women with endometriosis. This 

study was designed to identify the YAP1 regulated molecular mechanisms in the context of ectopic 

lesion development, and to determine if targeted inhibition of YAP1 could reverse the aberrant 

pathophysiological events associated with endometriosis.  

METHODS: Both eutopic and ectopic tissues were obtained from baboons at 15 months following the 

induction of endometriosis for in vivo analysis and 12Z (Immortalized ectopic epithelial cells) were used 

for in vitro studies. 12Z cells were transfected with a negative control or siYAP1. Additionally, lentiviral 

constructs were used for YAP1 overexpression (pBABE-YAP1) or knockdown (shYAP1). Following 

overexpression or inhibition YAP1, downstream gene expression and functional analyses (MTS Assay, 

Wound Healing Scratch Assay, Invasion Assay) were performed. Comparative studies were also done 

with tissues obtained from women with and without endometriosis. Gene expression was analyzed by 

qRT-PCR and protein changes analyzed by immunofluorescence, immunohistochemistry and western 

blot. Further, efficacy of non-hormonal therapeutic compound (Verteporfin-pharmacological inhibitor of 

YAP1) was analyzed in vitro.  

RESULTS: YAP1 expression was significantly elevated in ectopic lesions obtained from baboons and 

women with endometriosis compared to control endometrium. The increase in YAP1 was also 

correlated with increased expression of YAP1 regulated genes (CYR61 and CTGF) together with 

enhanced proliferation, fibrosis and EMT. These changes were further confirmed in vitro by 

overexpressing YAP1 in 12Z cells. Interestingly, targeted silencing of YAP1 significantly abrogated these 

changes and decreased the expression of EMT related genes (ZEB1, ZEB2, SNAI2). In vitro inhibition of 

YAP1 by Verteporfin revealed a marked decrease in YAP1 signaling and reduced cell proliferation, 

migration and EMT, suggesting its potential use for restricting endometriotic lesion growth and 

development in women with endometriosis.  

CONCLUSION: These data strongly suggests a critical involvement of the YAP1 signaling pathway in 

pathological events associated with endometriotic lesion development and offers a novel target for 

therapeutic intervention. 
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Abstract #31 

Kai K, Joshi N, Burns G, Bond S, Vegter E, Ochoa-Bernal A, Song Y, Wilber G, Fazleabas AT 

Decreased expression of microRNA-210 in ectopic lesion may promote endometriotic lesion development 

in baboons and women with endometriosis 

Department of Obstetrics and Gynecology, and Reproductive Biology, Michigan State University,     

Grand Rapids, MI 

 

INTRODUCTION: The objectives of this study were to explore the expression of miR-210 in the context 

of ectopic endometriotic lesions and the potential role of its target proteins in promoting lesion 

development.   

METHODS: RNA-Seq analysis for differentially expressed miRNAs was performed on disease free (Ctrl) 

and matched eutopic (EuE) and ectopic (EcE) endometrium obtained from baboons with endometriosis. 

This study focused on miR-210 expression and function in ectopic lesions. qRT-PCR analysis was 

performed to validate expression of miR-210 and its predicted targets IGFBP3 and COL8A1 in baboon 

disease free and matched EuE and EcE tissues as well as during the menstrual cycle in controls. IHC was 

performed to detect the localization of IGFBP3 and COL8A1. Additionally, the translational relevance 

was validated in Ctrl, EuE and EcE tissues from women with and without disease.  

RESULTS: RNA-Seq analysis revealed a 5-fold (p=0.0000183) decrease in miR-210 expression in baboon 

EcE tissues compared to matched EuE obtained at 15 months. In baboon and human EcE, miR-210 

expression was significantly decreased compared to EuE. The miR-210 target proteins IGFBP3 and 

COL8A1, were significantly increased in the EcE compared to control endometrium and EuE obtained 

from animals with disease. In disease free baboons, miR-210 expression was significantly decreased in 

proliferative phase compared to mid-secretory phase, however IGFBP3 and COL8A1 were not 

significantly altered. IHC analysis revealed that IGFBP3 is predominantly expressed in stromal cells while 

COL8A1 was primarily localized to the glandular epithelium.  

CONCLUSIONS: Our data indicate that miR-210 expression in our baboon model and women with 

endometriosis is decreased in ectopic endometrium while its targets, IGFBP3 and COL8A1, are increased, 

suggesting a role in cell survival and promoting vessel growth, a postulated function of both these 

proteins. We suggest that alterations in miRNA expression and their target genes contribute to the 

development of endometriosis (HD083273). 
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Abstract #32 

Karl KR, Jimenez-Krassel F, Gibbings E, Ireland JLH, Tempelman R, Latham KE, Ireland JJ  

The effect of different doses of follicle-stimulating hormone during superovulation on avarian function in 

dairy cattle 

Department of Animal Science, Michigan State University, East Lansing, MI 

 

High doses of gonadotropins cause oocyte and embryo wastage and contribute to the poor response of 

cattle and women with a low AFC and small ovarian reserve to superovulation. These observations 

support the hypothesis that heifers with a small ovarian reserve treated with different FSH doses during 

superovulation will reach a superovulation maximum (SOVmax) and that doses exceeding SOVmax are 

excessive resulting in a decrease in ovarian function. To test this hypothesis, a William’s Latin Square 

Design was used to treat eight heifers with a low AFC (<10 follicles ≥3mm in diameter, index for small 

ovarian reserve) for 4 d with twice daily FSH injections beginning on Day 1 of a synchronized estrous 

cycle, i.e. before a dominant follicle was selected. Each heifer was treated with four FSH doses 

(Folltropin-V; 20mg, 40mg, 80mg, 120mg) in a unique dose sequence (1ml - 2ml - 4ml - 6ml vs 4ml - 3ml 

- 1ml - 2ml vs etc.) over 4 superovulation periods separated by 21-24 d rest periods. To induce ovulation, 

heifers were injected with 2,500 IU hCG 12 h after the last FSH dose. Daily ultrasonography was used to 

measure follicle number and size, and CL formation, and daily blood samples were used to measure 

hormone concentrations. Results showed that heifers reached a SOVmax at the 40mg FSH dose. Doses 

greater than SOVmax resulted in a plateau in AFC, number of ovulatory-sized follicles, progesterone and 

estradiol concentrations, a decrease in CL number, ovulation rate and AMH concentration during 

superovulation. However, the 20mg FSH dose produced the highest ovulation rate of 79±0.08% 

(mean±SEM: 40mg – 71±0.09%, 80mg – 49±0.09%, 120mg – 51±0.09%). These results support the 

conclusion that FSH doses greater than SOVmax in cattle with a low AFC and small ovarian reserve are 

excessive and detrimental to ovarian function.  

This project was supported by Agriculture and Food Research Initiative Competitive Grant no. 2017-

67015-26084 from the USDA National Institute of Food and Agriculture. 
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Jeong MS, Teasley HE, and Kim TH 

The expression of FKBP5 is critical to overcome P4 resistance in endometrial hyperplasia 

Department of Obstetrics, Gynecology & Reproductive Biology, Michigan State University,                

Grand Rapids, MI 

 

Endometrial cancer is the most frequent gynecological tumor in developed countries, with an increasing 
prevalence. Steroid hormones play an influential role in endometrial cancer. Prolonged estrogen (E2) 
exposure can increase endometrial cancer development through increased proliferation, whereas 
progesterone (P4) expression can inhibit cell growth and invasion through an increase of apoptosis in 
differentiated cells. Mitogen-inducible gene 6 (MIG-6) acts as a tumor suppressor during endometrial 
tumorigenesis and is a P4 target gene in humans and mice. In previous studies, we developed mice with 
the conditional knockout of Mig-6 in all uterine compartments (Pgrcre/+Mig-6f/f; Mig-6KO) and 
endometrial epithelial cell-specific Mig-6 knockout (Sprr2fcre/+Mig-6f/f; Mig-6Ep-KO) mice. Both mouse 
models developed endometrial hyperplasia and E2-dependent endometrial cancer. Mig-6Ep-KO mice 
responded to P4 treatment which led to normal uterine function but Mig-6Ep-KO mice showed P4 
resistance. We identified FKBP5 as a critical molecule in overcoming P4 resistance in endometrial 
hyperplasia. The downregulation of FKBP5 was observed in human cancers and is upregulated by 
progesterone, suggesting its tumor suppressor function in endometrial cancer.  To investigate the role of 
FKBP5 in P4-resistant endometrial hyperplasia, we performed immunohistochemistry analysis in P4-
treated control, Mig-6KO, and Mig-6Ep-KO mice. FKBP5 is highly detected in granular epithelium of control 
and Mig-6Ep-KO mice compared with Mig-6KO mice. We next examined the expression of FKBP5 in 
ovariectomized control, Mig-6KO, and Mig-6Ep-KO mice treated with P4 with E2 to determine the ovarian 
steroid hormone regulation of FKBP5. The expression of FKBP5 was detected in Mig-6Ep-KO mice but not 
in Mig-6KO mice. Furthermore, after P4 treatment, FKBP5 expression was remarkably induced in control 
mice but not in Mig-6KO and PRKO mice. These results suggest that FKBP5 expression is induced by P4 
and its expression is critical to overcome P4 resistance in endometrial hyperplasia.  
 
This work was supported by Grant Number P50CA098258 from the National Cancer Institute. 
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Abstract #34 

Kinnear H1,2, Constance E3, David A4, Rubenstein G5, Marsh E3, Padmanabhan V6, Shikanov A1,4, Moravek 

M3.  

Reversibility of testosterone-induced reproductive changes following cessation of testosterone therapy In 

a transgender mouse model 

1Program in Cellular and Molecular Biology, 2Medical Scientist Training Program, 3Department of 

Obstetrics and Gynecology, 4Department of Biomedical Engineering, 5Women’s Studies Department, 
6Department of Pediatrics, University of Michigan, Ann Arbor, MI 

 

BACKGROUND: Clinicians have minimal data to counsel transgender men interested in pausing cross-sex 

testosterone (T) therapy to harvest oocytes or get pregnant. We have established a mouse model 

of postpubertal cross-sex T therapy, which presented with acyclicity and ovarian perturbations (Moravek 

et al; Fertil Steril. 2018;110(4):e21.).  

HYPOTHESIS: Cessation of T therapy will reverse T-induced cyclic and ovarian changes and mice will then 

be able to breed naturally.  

METHODS: Subcutaneous injections of 0.45mg T enanthate were administered twice weekly for 6 weeks 

to postpubertal 8–9-week-old female C57BL/6 mice (n=10) and compared to injections of the sesame oil 

vehicle (n=5). Vaginal cytology was used to monitor estrous cycles before, during, and after T therapy. 

Mice that resumed cycling following T cessation were sacrificed after 3–4 estrous cycles for histological 

comparison or placed with males for breeding (n=4 each). T levels were measured every 1–2 

weeks. Data were analyzed in GraphPad Prism.  

REUSLTS: T therapy caused persistent diestrus and 8 mice (80%) resumed cycling within 7–15 weeks of 

stopping T. Control mice continued to cycle throughout the study (100%, n=5). Mean serum T levels 

were elevated during T therapy (9.6 ng/mL at 5 weeks) and had significantly fallen (1.0 ng/mL, p<0.0001) 

by 15 weeks after stopping T. Histological analysis revealed stromal cell hypertrophy and a lack of 

corpora lutea following T cessation and resumption of cyclicity. Continuous breeding with male mice 

yielded offspring in 2 of 4 T-treated mice.  

CONCLUSIONS: Estrous cyclicity resumed as T levels fell in most T-treated female mice. 

Persistent aberrations in ovarian histology were observed 3–4 cycles after the return of cyclicity. Viable 

pregnancy and therefore ovulation and implantation is possible following T cessation.  

Support: ASRM-SREI Research Grant, UMOR, MSTP, CMB, CTRB T32-HD079342.  

Disclosure: EM consults for Allergan. 
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Abstract #35 

Kyathanahalli C1,2, Hassan SS 3,1,2,  Jeyasuria P3,1,2, Condon J 3,1,2 

The unfolded protein response regulates inflammatory IL6 production in the pregnant uterine myocyte in 

the absence of a microbial infection 

1Obstetrics and Gynecology, CS Mott Center, Detroit, MI, 2Perinatal Research Initiative, Detroit, MI, 
3Physiology, Wayne State University School of Medicine, Detroit, MI 

 

BACKGROUND: In this current study we demonstrate a novel mechanism whereby the human uterine 

myocyte has the capacity to generate elevated IL-6 levels in the absence of infection. This is an 

important finding as intra-uterine microbial invasion accounts for elevated IL-6 levels in about 60% of 

women undergoing preterm birth. However, with a culture negative amniotic fluid, women in preterm 

labor also often have intra-amniotic inflammation as evidenced by elevated IL-6, as do women 

undergoing normal term labor. As IL-6 propagates the local inflammatory cascade to stimulate 

prostaglandin production and ultimately the onset of labor, we therefore asked, in the absence of 

microbial infection where does the elevated IL-6 come from? In this current study we dysregulated the 

uterine myocyte unfolded protein response (UPR) through the down regulation of the chaperone 

protein BiP, which we have recently described as critical in the modulation of uterine quiescence. In the 

absence of BiP we observed a surge in IL-6 production through increased action of the CCAT/enhancer 

binding protein homologous protein (CHOP) a key component of the uterine UPR. 

METHODS: siRNA mediated knockdown and lentiviral mediated overexpression of BiP was performed in 

the human uterine myocyte cell line, hTERTHM. Cytosolic and nuclear protein extracts were prepared and 

analyzed for BiP, CHOP, NF-kB, and IL-6 by Western blotting.  

RESULTS: In hTERTHM cells, Selective abrogation of BiP increased the expression of CHOP, and IL6 

independent of NF-kB or Caspase3 activation. 

CONCLUSION: Our data demonstrates the central role of BiP in the suppression of both CHOP and IL-6 in 

the human uterine myocyte. This analysis also demonstrates that dysregulation of the uterine myocyte 

UPR can trigger local IL-6 production, in the absence of a microbial infection.  
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Lukas M1, Simpson A2, Kyathanahalli C3, Anamthathmakula P3, Condon J1,3,4 

Preconditioning the uterine myocyte secretome promotes the propagation of a protective anti-apoptotic 

phenotype in a paracrine manner 

1Department of Physiology, School of Medicine, Wayne State University, Detroit, MI, 2Department of 

Biology, University of Detroit Mercy, Detroit, MI, 3Department of Obstetrics and Gynecology, Wayne 

State University, Detroit, MI, 4Perinatal Research Initiative in support of the Perinatology Research 

Branch, National Institute of Health, Detroit, MI 

  

In the United States, 10% of pregnant women undergo pre-term birth (PTB), and in Detroit, MI, the 

incidence rate of PTB is 14.5%. We propose that unexplained/idiopathic PTB, which accounts for 40% of 

PTB’s, is caused by the inability of the uterine cells to precondition appropriately. Preconditioning of the 

uterine myocyte occurs at the level of the unfolded protein response (UPR), which is the inability of the 

endoplasmic reticulum to properly fold proteins. Our preliminary data demonstrates that uterine 

preconditioning causes the generation and dissemination of an extracellular uterine myocyte secretome 

that acts to propagate a protective, anti-apoptotic, and anti-inflammatory phenotype through paracrine 

and endocrine signaling, essential for the maintenance of uterine quiescence during pregnancy. Utilizing 

conditioned media (CM) from preconditioned uterine cells (24hr tunicamycin exposure), we tested the 

ability of the secretome (contained in CM) to propagate a protective, anti-apoptotic, and anti-

inflammatory phenotype in a paracrine manner against a subsequent stress. Naïve, unstressed cells 

were either exposed or not exposed to CM, allowed to recover, then 48 hrs later were exposed to a 

subsequent and damaging tunicamycin stress. Utilizing western blot analysis, we examined levels of 

caspase-3 (CASP3) and cleaved PARP (cl-PARP) as indices of apoptosis. We found that CM conferred 

protection on the naïve uterine myocytes, and though levels of CASP3 remained high, we observed 

decreased levels of cl-PARP in the CM exposed cells, limiting the apoptotic consequences of CASP3 

activation significantly. These data suggest that the uterine myocyte secretome contains factors that 

undergo intercellular transfer and confer protection upon naïve unstressed cells in a paracrine manner. 

We will define the components of and the mechanism by which the extracellular secretome propagates 

this protective phenotype to identify potential PTB biomarkers that could isolate women at increased 

risk for PTB. 
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Abstract #37 

Madhavan M1,2, Arora R1,2,3 

Cryptic mechanisms of uterine crypt formation 

1Department of Biomedical Engineering, Michigan State University, 2Institute for Quantitative Health 

Science and Engineering, Michigan State University, 3Department of Obstetrics, Gynecology and 

Reproductive Biology, Michigan State University 

 

BACKGROUND: In preparation for embryo implantation, the uterine lumen in humans and mice 

undergoes architectural changes to form structures called uterine crypts. Previous work has established 

that in mice, histologically defined two-dimensional crypts overlap with three-dimensional uterine 

luminal folds. These crypts or folds form along the uterine mesometrial-antimesometrial (M- AM) axis 

and the embryo homes specifically at the AM pole in these crypts. Wnt5a-Ror signaling, a non-canonical 

Wnt signaling pathway, plays an important role in luminal epithelial organization during early pregnancy. 

Consequently, uterine-specific deletion of ligand Wnt5a and receptors Ror1 and Ror2 leads to aberrant 

crypt formation and defective implantation. While crypt formation is essential for embryo implantation 

and pregnancy outcomes, the cellular and molecular mechanisms which regulate the formation of the 

organized luminal folds requires further investigation. 

HYPOTHESIS: Uterine contractions in conjunction with Wnt5a-Ror signaling regulates uterine 3D 

patterning and luminal crypt/fold formation. 

METHODS: Uteri from control and Wnt5a-Ror signaling deficient mice were dissected at specific time 

points during early pregnancy, stained for epithelial markers, imaged using confocal microscopy and 

uterine lumens were reconstructed and analyzed in 3D. To evaluate the role of contractions in lumen 

folding, mice were treated with a beta-adrenergic receptor agonist – Salbutamol. 

KEY FINDINGS/RESULTS: Fold formation highly correlates with timing of embryo entry and location of 

embryo in the uterus. Folds are perpendicular to M-AM axis ~12 hours after embryo entry (n=8). 

Salbutamol treatment (n=2), deficiency of Wnt5a (n=2) or deficiency of Ror1;Ror2 (n=2) disrupts the 

formation of organized luminal folds/crypts compared to controls. 

CONCLUSION: Depleting Wnt5a-Ror signaling or interfering with uterine muscle contractions causes 

aberrant uterine crypt formation correlating with poor pregnancy outcomes. Currently, we are 

investigating if Wnt5-Ror signaling lies upstream of smooth muscle contractions to regulate epithelial 

sheet folding and crypt formation in the uterus. 
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Abstract #38 

Manske G1, Shen YS2, Chakraborty S2, Hammoud SS1,2   

Investigating the role of parental histones in early embryonic development 

1Program of Cellular and Molecular Biology and 2Department of Human Genetics, University of 

Michigan, Ann Arbor, MI 

 

Oocytes and sperm are terminally differentiated cells that can give rise to a multicellular organism after 

fertilization despite using an identical genetic template. How this happens has intrigued biologists for 

decades and has helped spur advancements in the understanding of the cellular epigenome. The 

epigenome is comprised of several types of chemical modifications on either histone proteins or the 

DNA itself. Collectively, these epigenetic modifications stabilize gene expression patterns and establish 

cellular identity. In somatic cells these epigenetic states are maintained through many mitotic divisions; 

however, they are largely cleared in the germline and early embryos to ensure proper development 

and/or prevent the inheritance of acquired epigenetic information across generations. Despite the two 

waves of genome-wide reprogramming in embryos and germ cells, inheritance of non-genetic 

information has been observed in various organisms including humans. These observations have raised 

fundamental questions - Do gametes convey epigenetic information to the zygote? What is the 

molecular nature of an epigenetic carrier across generations? A logical and reasonable carrier of 

epigenetic memory are histone proteins, but whether the parental histones are physically inherited or 

have a functional role in embryonic development remains unknown due to technical and experimental 

limitations. Therefore, to overcome these challenges we have developed cutting edge genetic and 

molecular tools to visualize and track maternal and paternal histones in the early embryo and during the 

first few divisions. Based on previous literature and my preliminary data, I hypothesize that maternal 

and paternal histones are retained in the zygote and persist across multiple embryonic cell divisions. To 

address these questions, I will use a combination of mouse genetics, early embryonic manipulations, 

immunohistochemical, single-molecule resolution imaging techniques. These studies will provide 

fundamental insights into whether histones can serve as informational carriers of epigenetic memory. 
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Abstract #39 

Marquardt RM1,2, Kim TH1, Jeong JW1 

Endometrial epithelial ARID1A loss compromises uterine receptivity and gland function 

1Department of Obstetrics, Gynecology & Reproductive Biology, Michigan State University, Grand 

Rapids, MI, 2Cell and Molecular Biology Program, Michigan State University, East Lansing, MI 

 

Endometrial receptivity is key to the successful establishment of pregnancy and is compromised in many 

women with endometriosis. Though the mechanistic explanation for infertility in women with 

endometriosis is unclear, expression of ARID1A, a SWI/SNF nucleosome remodeler, is decreased in 

eutopic endometrium from infertile women with endometriosis. Moreover, total uterine Arid1a 

knockout mice are infertile due to endometrial non-receptivity resulting from increased epithelial 

proliferation. We thus hypothesized that epithelial ARID1A loss compromises fertility by causing 

endometrial non-receptivity. To examine the endometrial effects of epithelial-specific ARID1A loss, we 

established a Ltfcre/+Arid1af/f conditional knockout mouse where Arid1a is ablated in the endometrial 

epithelium but remains in the stroma. We observed severe subfertility in Ltfcre/+Arid1af/f mice in a six-

month breeding trial. Histological analysis showed a lack of embryo invasion and improper stromal cell 

decidualization at gestation day (GD) 5.5, indicating a defect of implantation and decidualization. An 

artificial decidualization test confirmed the compromised decidual response as measured by uterine 

horn weight ratio, histology, and decidualization marker gene expression. Ltfcre/+Arid1af/f mice also 

exhibited a non-receptive endometrium at pre-implantation stage (GD 3.5) due to increased epithelial 

proliferation shown by Ki67 IHC. Finally, we found significant reduction of endometrial gland-related 

gene expression including Foxa2 (p<0.01) and Lif (p<0.001), critical factors for pregnancy establishment. 

EGR1, a downstream target of LIF important for endometrial receptivity, was also significantly decreased 

at GD 3.5 based on IHC H-score (p<0.05). Our results reveal the importance of epithelial ARID1A in 

promoting endometrial receptivity by allowing proper implantation and decidualization, regulating 

epithelial proliferation, and maintaining gland function. 

This research was supported by the Eunice Kennedy Shriver National Institute of Child Health & Human 

Development of the National Institutes of Health under Award Number T32HD087166 and 

R01HD084478. 
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Abstract #40 

McCutcheon C1, Magel M 1, Flaherty R1, Manning SD 1, Petroff M 1,2 

Characterization of membrane vesicle production and composition between invasive and colonizing 

isolates of group B Streptococcus 

1Department of Microbiology and Molecular Genetics, Michigan State University, East Lansing, MI, 
2Department of Pathobiology & Diagnostic Investigation, Michigan State University, East Lansing, MI 

 

While a large percentage of pregnant women are asymptomatically colonized with the fetal and 

neonatal pathogen Group B Streptococcus (GBS), only a fraction of these offspring will develop disease. 

Previously we demonstrated that invasive strains of GBS interact with host tissues differently compared 

to colonizing strains. Recent work has shown that GBS produces membrane vesicles (MVs) that promote 

adverse fetal outcomes; however, strain-specific differences in MV production and composition hasn’t 

been evaluated. Isolated MVs were counted via NanoSight or used to treat differentiated THP-1 

monocytes. THP-1 supernatants were collected and cytokines quantified via ELISA. Purified MVs were 

then subjected to proteomic analysis. Colonizing and invasive strains of GBS produce MVs, though strain 

variation in MV production was observed. One invasive strain produced fewer MVs (0.035 MV/CFU) 

compared to another invasive (0.048 MV/CFU) and colonizing (0.045 MVs/CFU) strain (p <0.001 via 

ANOVA with TukeyHSD). Although similar quantities of MVs were produced by each strain, preliminary 

data suggests that they may elicit differential cytokine responses from THP-1s. While IL-1B and IL-6 

production appear to be constant between the invasive and colonizing strain (IL-6: invasive = 4.59 pg/mL 

colonizing = 4.02 pg/mL)( IL-1B: invasive 838.6 pg/mL colonizing 827.6 pg/mL), MCP-2 production 

appears to be increased in the colonizing strain (23.65 pg/mL) relative to the invasive strain (12.97 

pg/mL). Proteomic characterization of MVs from these strains showed that approximately 5% of MV 

proteins are strain specific, while 90% are shared between strains. Among the shared proteins, we show 

that 44 are enriched in either the invasive or colonizing strain. Although MV production may vary 

between strains, MVs from strains that produce similar levels of MVs can elicit varied cytokine 

responses. Additionally, MVs from phenotypically distinct isolates of GBS differ in protein composition, 

suggesting that MV content may be an important determinant of GBS pathogenicity. 
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Abstract #41 

Miao J, Wang Y, Wang Q, Wang,Y 

Self-interaction of GASZ is crucial for its role in germ cell development 

Michigan State University 

 

Infertility affects 12-15% couples world-wide, with half due to male factors. More than half of male 

infertility is currently considered idiopathic. An increasing number of studies suggest that mitochondria 

have an important role in sustaining male fertility. Specifically, clustered mitochondria are associated 

with intermitochondrial cement (IMC), a subcellular electron-dense structure that is implicated in piRNA 

biogenesis. We previously demonstrated that GASZ, a highly conserved germ cell specific protein with 

four ANkyrin Repeats (ANK), a Sterile Alpha Motif (SAM), and a basic leucine Zipper domain (bZIP), was 

located at mitochondria within IMC via a C-terminal mitochondrial location signal (MLS). Deletion of MLS 

dislocated GASZ from mitochondria, led to disrupted IMC formation, and caused male infertility. In 

addition, GASZ promotes derivation of primordial germ cell (PGC)-the embryonic precursors of germ 

cells (ESCs)-from embryonic stem cells. Here we found that GASZ forms polymers and aggregates 

mitochondria through its self-interaction. The polymer formation of GASZ appears to be crucial to 

prevent GASZ from degradation. We currently have identified the key peptide and amino acids for GASZ 

self-interaction and degradation. We will further investigate whether GASZ polymer formation is 

important for its role in promoting PGC derivation from ESCs and in sustaining postnatal germ cell 

development. The knowledge gleaned from this project will improve our understanding of the molecular 

basis for male fertility, and provide potential targets for developing novel male contraceptives in clinical 

studies. 
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Abstract #42 

Murphy TM1,2, Ralston A1,2,3 

Elucidating the mechanism by which OCT4 induces primitive endoderm or epiblast cell fate in pre-

implantation mouse embryos 

1Reproductive and Developmental Sciences Program, Michigan State University, 2Genetics Graduate 

Program, Michigan State University, 3Biochemistry and Molecular Biology, Michigan State University 

 

Human stem cell therapies require efficient and accurate reprogramming of differentiated somatic cells 

to stem cells. Understanding how the pre-implantation embryo decides if the inside cells will become 

pluripotent epiblast or non-pluripotent primitive endoderm cells, will help us better understand what 

factors make a stem cell. One key factor in this cell fate decision is OCT4; while it has previously been 

associated with pluripotency, our lab discovered that OCT4 is cell autonomously required for non-

pluripotent primitive endoderm (PE) development (Frum et al., 2013 Dev. Cell). This raised the question, 

how is OCT4 able to simultaneously but independently induce two distinct cell fates? My first hypothesis 

is that a cell type specific factor gives OCT4 its primitive endoderm function. One intriguing possible co-

factor for OCT4 is GATA6. GATA6 is PE specific and without it PE does not develop (Schrode et al., 2016 

Dev. Cell). Therefore, I hypothesize that primitive endoderm specific activity of OCT4 is enabled by 

GATA6. To test this hypothesis, I will use transgenic OCT4 overexpressing and GATA6 overexpressing and 

double knock out embryos and examine gene expression of cell fate markers with immunofluorescence. 

I will also examine morphology and cell function with outgrowth assays. My second hypothesis is that 

chromatin state of the cell gives OCT4 its primitive endoderm function. To test this, I will use ATAC-seq 

to establish if epiblast and primitive endoderm have distinct Oct4-dependent chromatin states as this 

has never been determined. Understanding how OCT4 induces these two cell fates will allow us to 

improve stem cell therapies, and better understand the biology of reproduction. 
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Abstract #43 

O’Hagan D, Frum T, Ralston A 

A split fluorescent protein approach to higher throughput gene tagging in living mammalian embryos 

Department of Biochemistry and Molecular Biology, Michigan State University, East Lansing MI 

 

Split-GFP is an engineered, self-complementing two peptide system in which the eleventh B-Strand 

(GFP11¬) of GFP is separated from the remainder of the protein (GFP1-10). When the 2 fragments are 

expressed together, they bind one another and become able to fluoresce. One way to utilize this system 

is to knock in GFP11 (16 amino acids) to the N or C terminus of an endogenous protein using 

CRISPR/Cas9 based genome editing. Making this knock-in on a background that constitutively expresses 

GFP1-10 (214 amino acids), generates a fluorescent reporter of endogenous gene expression. These 

reporters can then be used for live imaging, observing the expression of the tagged protein in living cells. 

This strategy has been used successfully to generate a library of endogenous fluorescent reporters in cell 

lines. We reasoned that extending this strategy from cell lines to mice would provide us a useful new 

tool for analysis of gene expression in a living organism. Thus, we used genome editing to produce a 

mouse line which constitutively expresses mNG21-10, the long fragment of a split green fluorescent 

protein system analogous to split-GFP but with reduced background fluorescence when not bound to 

mNG211. We validated the functionality of our mouse mutant by injecting mRNA encoding the clathrin 

fusion protein Clta-mNG211 into mutant embryos expected to express mNG1-10 and observing the 

concordant fluorescence pattern. We then asked if we could knock in the mNG11 tag to the endogenous 

clathrin locus and observe a similar fluorescence. Indeed, we were able to generate knock in mouse 

blastocysts with fluorescent clathrin. We will present data expanding the strategy to target other loci. 
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Abstract #44 

Pacyga DC1, Henning M1,2, Flaws JA3, Strakovsky RS1     

Pregnancy history as an important predictor of body mass index (BMI) in 45-54 year-old women 

1Department of Food Science and Human Nutrition, 2Lyman Briggs College, Michigan State University, 
3The Department of Comparative Biosciences, University of Illinois, Urbana-Champaign, IL 

 

BACKGROUND/OBJECTIVE: In mid-life, women have elevated risks of cardiovascular and metabolic 

diseases. Pregnancy causes substantial metabolic changes in women, but it is unclear whether these 

changes persist life-long. Thus, we investigated associations of pregnancy history with mid-life 

overweight/obesity and potential mechanisms, accounting for the menopausal transition.   

METHODS: Pre- and peri-menopausal women (ages 45-54, n=768) in the Baltimore Mid-Life Women’s 

Health Study reported their demographics, health habits, and pregnancy history (parity, gravidity, 

number of pregnancies that did not result in live births, age at first birth, and age at last pregnancy) via 

questionnaires. Height and weight were measured to calculate mid-life BMI. Estradiol, testosterone, and 

progesterone concentrations were assessed from blood samples using enzyme-linked immunosorbent 

assays. Multivariable logistic regression models assessed associations of pregnancy history and risk of 

mid-life overweight/obesity (BMI≥25 kg/m2). Mediation analyses assessed whether mid-life hormones 

mediated associations of pregnancy history and mid-life BMI. Interactions of pregnancy history with 

menopausal status were explored.  

RESULTS: In a diverse population of U.S. women, 65% were pre- and 35% were peri-menopausal. 

Women who had never given birth or had given birth at least twice had lower odds of 

overweight/obesity compared to those who had given birth once. Women who were older at their first 

birth also had lower odds of overweight/obesity. Gravidity, number of pregnancies not resulting in live 

births, and age at last pregnancy were not associated with mid-life BMI. Associations of pregnancy 

history with mid-life obesity were not mediated by mid-life hormone concentrations and did not differ 

by menopausal status.  

CONCLUSIONS: Parity and age at first birth appear to influence risk of mid-life obesity, regardless of a 

woman’s menopausal status, and potentially unrelated to her mid-life hormone concentrations. 

Additional studies are warranted to further assess the potential mechanisms by which pregnancy can 

impact BMI in women undergoing the menopausal transition. 
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Abstract #45 

Hansen A and Pearl CA 

Does sertoli cell number account for effects of chronic atrazine exposure? 

Department of Biomedical Sciences, Grand Valley State University, MI 

 

Current use herbicides, such as atrazine, are likely endocrine disruptors and have been suggested to 

disrupt male reproductive health. Previous results in our laboratory have shown that sperm production 

in atrazine treated rats is altered by chronic exposure to atrazine.  Three groups of rats were treated in 

utero and then via oral gavage until 7 months of age to mimic the most common exposure to atrazine in 

humans.  The first group was the vehicle. The second group was given a low dose of atrazine (0.1 mg/kg) 

and the third group was given a high dose of atrazine (10 mg/kg).  At 7 months of age, animals were 

euthanized and reproductive tissues were collected for analysis. Concentrations of testosterone were 

not significantly different between groups, but levels of serum FSH and estradiol were significantly 

increased in the high dose group relative to the control. Sperm/gram of the testis was significantly lower 

in the low dose group and daily sperm production was significantly lower in the high dose group.  In this 

study, we specifically investigated the contribution of Sertoli cell number to sperm production changes 

observed in treated animals.  Sertoli cells were counted from animals at 21 days and 7 months of age.  

Sertoli cell numbers were much lower at 21 days compared with 7 months indicating a continued 

proliferation and development postnatally or peri-pubertally.  Sertoli cell number appears reduced in 

atrazine treated groups at 21 days of age but was similar between control and both atrazine treated 

groups at 7 months of age.  Collectively, these results support the hypothesis that sperm production and 

overall male reproductive health is disrupted by chronic exposure to atrazine, and suggest that the 

effects are likely mediated through germ cell proliferation and/or apoptosis rather than effects on 

Sertoli cell capacity during adulthood. 
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Abstract #46 

Pu Y, Adomshick V, Veiga-Lopez A 

An organotin mixture inhibits tributyltin’s adipogenic differentiation in 3T3-L1 cells 

Department of Animal Science, Michigan State University, East Lansing, MI 

 

Organotin (OT) chemicals (butyltins and phenyltins) are used as stabilizers in pipes and foams. 
Tributyltin (TBT), and more recently dibutyltin (DBT), and triphenyltin (TPT) have been shown to 
stimulate adipogenic differentiation, but. Although these chemicals coexist in the environment, their 
effect in combination remains unknown. We investigated the adipogenic effect of eight OT chemicals 
upon either a single exposure or as a mixture using the preadipocyte 3T3-L1 cell line and hypothesized 
that OT mixtures would exacerbate the adipogenic effect of single OT exposures. 3T3-L1 cells were 
exposed to adipogenic medium for 2 days followed by 8 days of maintenance medium. Cells were 
exposed to the vehicle (DMSO), dexamethasone (positive control), or a single OT (at 10 or 50 ng/ml; 
monobutyltin (MBT), DBT, TBT, tetrabutyltin (TeBT), monophenyltin (MPT), diphenyltin (DPT), TPT, or tin 
chloride (SnCl4)). After 10 days, the bodipy stain was used for lipid droplet assessment. OTs that 
stimulated adipogenesis (DBT, TBT, and TPT) were used in dual or triple mixture combinations. Cell 
viability by MTT assay was only reduced in TPT50 and triple TBT50+DBT50+TPT50 mixture (P<0.05). The 
strongest adipogenic differentiation occurred with TBT exposure (in a dose-dependent manner) 
followed by TPT and DBT (P<0.05). Adipogenic differentiation in a dual combination of TBT10 with 
DBT10 or TPT10 was similar to TBT10 single exposure but was reduced in dual exposure with DBT50 or 
TPT50 (P<0.05). TBT50-induced differentiation was also reduced in dual mixture with TPT10, TPT50, or 
DBT50 (P<0.05), but not DBT10. Both triple mixtures resulted in a reversal of TBT’s adipogenic 
differentiation down to control levels (P<0.05). We demonstrated that DBT and TPT could counteract 
TBT’s adipogenic differentiation. These findings highlight the potential antagonist effects among OTs at 
environmentally relevant doses and the need to understand the effects and mechanism of action of 
complex OT mixtures adipogenic outcomes. Funding NIEHS/NIH K22ES026208 to A.V-L. 
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Abstract #47 

Qu W1, 2, Huang Q1, 2, Shi L1, 2, Li W1, Wang Z1, 2, Zhang L2, Zhang Z1, 3 

Intraflagellar transport protein 81 is essential for mouse spermatogenesis and male fertility 

1Department of Physiology, Wayne State University, Detroit, MI, 2School of Public Health, Wuhan 

University of Science and Technology, Wuhan, Hubei, China, 3Department of Obstetrics/Gynecology, 

Wayne State University, Detroit, MI 

 

Intraflagellar transport (IFT) is an evolutionarily conserved, bidirectional movement of large protein 
particles along the length of axonemal microtubules, which is essential for cilia/flagellar structure and 
function. In mice, mutations in IFT proteins have been shown to result in several ciliopathies including 
male infertility. IFT81, a component of the core IFT-B complex, interacts with IFT74 to bind and transport 
tubulin for ciliogenesis. The IFT81 protein is highly expressed in mouse testis. In testis, IFT81 protein is 
detectable beginning day 8 after birth, and dramatically up-regulated from day 16. The protein is 
present in the cytoplasm of spermatocytes and round spermatids, forming granules in some locations of 
cytoplasm, and in developing sperm tail. To study the role of IFT81 in sperm flagella formation and male 
fertility, the floxed Ift81 mice were bred with Stra8-iCre mice so that the Ift81 gene would be disrupted 
in spermatocytes/spermatids. The Ift81flox/flox:Stra8-iCre mutant mice did not show any gross 
abnormalities. The conditional Ift81 knockout males were infertile. Histology of testes of homozygous 
mutant mice revealed sloughing of germ cells and numerous mutinucleated giant germ cells in the 
lumen of seminiferous tubules, presumably due to failure of recognition of germ cells by Sertoli cells; 
and these cells are also observed in the lumen of epididymides. Very few sperm were made in the 
homozygous mutant mice, and the only few sperm showed no motility.  Testicular expression levels of 
several IFT components, including IFT74, IFT20, IFT25, IFT27, IFT57, IFT88 were significantly reduced in 
the homozygous mutant mice; however, IFT140 and IFT172 were not changed. Protein levels of 
SPAG16L, a key component of sperm axonemal protein, and ODF2, a component of outer dense fiber 
were not changed.   Our studies demonstrate that IFT81 is essential for mouse spermatogenesis and 
male fertility, probably through modulating other IFT expression/stability and transporting key proteins 
for cilia/flagella formation. 
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Abstract #48 

Rappolee DA, Dutta S, Abdulhasan M, Gurdziel K, Li Q , Ruden D, Puscheck EE 

Innovative high throughput screens in embryonic stem cells report stress-forced increased 1st 

differentiated lineage and decreased 2nd and later lineages, stemness, and Warburg anabolism 

Wayne State University 

 

SIGNIFICANCE: Miscarriage is a prevalent loss of life. Embryos surviving stresses that nearly cause 

miscarriage are associated with pre- and post-natal US health costs in tens of $billions/year. 

Environmental and/or genetic causes of miscarriage are important. Assessment of risks of stress 

exposures from manufactured chemicals, drugs, and environmental toxicants is best done by high 

throughput screen (HTS) using transgenic embryonic stem cells (ESCs) that predict miscarriage and pre- 

and post-natal teratogenesis.  

OBJECTIVE: To validate HTS, Rex1-promoter- stemness-reporter ESCs were tested for stress-forced 

override in stemness and changes in metabolic, developmental, epigenetic and proliferative states. 

METHODS: ESC were tested by RNAseq after 72hr exposures to 0-300mM hyperosmotic sorbitol with 

stemness-maintaining LIF. Controls for normal stem-ness were LIF+ and normal differentiation were LIF-. 

RNA quality was checked by Agilent TapeStation, cDNA was synthesized using Lexogen’s QuantSeq 

library kit, and barcoded, multiplexed and sequenced by Illumina NovaSeq 6000. Data were 

demultiplexed by CASAVA software and fold change (FC) expression was compared between conditions. 

In triplicate experiments, significant FC genes (FC≥2; FDR≤0.05, P<0.05) identified affected pathways. 

Proliferation was assayed by Hoechst staining. Results. Stress forces dose-dependent responses; 

decreasing 4 Warburg transcripts and proliferation. The stress-forced, dose-dependent range of up-and 

down-regulated mRNA increased 3.5 fold, but total transcript types decreased 10%, from 0-300mM 

sorbitol. Stress forced 5FC increase in 8 1st lineage mRNA but 5FC decrease in 3 2nd lineage transcripts 

and 85% of later lineages decreased. Increases occurred in checkpoint genes, genes mediating 

epigenetic DNA/Histone methylation, stress response/heat shock genes. All of the FC here were 

significantly high for FC and low for FDR/Pvalue.  

CONCLUSION: Stress decreases proliferation, stemness, and Warburg anabolism, and compensates for 

fewer cells with increase essential, prioritized 1st differentiated lineage compared with decreased 2nd 

and later lineages. This should predict teratogenesis. Stress adaptation is mediated by high FC in few 

transcripts. 
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Abstract #49 

Roy S1, Huang B2, Wang J2, Sen A1 

Erasing the methyl mark: mechanism of androgen action in the ovary 

1Reproductive and Developmental Sciences Program, 2Department of Computational Mathematics, 

Science & Engineering, Michigan State University 

 

Androgen actions through androgen receptor (AR) are critical for follicle growth and female fertility. 

However, how androgens regulate ovarian physiology, or its underlying mechanism is still poorly 

understood. Androgen actions are mediated through ‘nuclear/genomic’ or ‘extra-nuclear/non-genomic’ 

actions of AR. Recently we reported that androgens through both the extra-nuclear and nuclear 

pathways inhibit the expression and activity of Ezh2, (a histone methyl-transferase involved in gene 

repression mark, H3K27me3) to induce different genes that are imperative for ovarian function. Here, in 

this study, in addition to Ezh2, we show that androgens also regulate the expression of a histone 

demethylase called Jumonji domain containing protein 3 (JMJD3/KDM6B), that is responsible of 

removing H3K27me3 mark. Results show that DHT in granulosa cells (GCs) increase hypoxia-inducible 

factor 1 alpha (HIF1α) in a transcription-independent fashion through the PI3K/Akt pathway, which in 

turn induced JMJD3 expression. This effect of DHT on HIF1α protein level is blocked by inhibition of AR, 

PI3K and protein translation. Interestingly the 5’ prime end of JMJD3 have HIF1α response elements 

(HRE) and ChIP studies show increased binding of HIF1α on the JMJD3 promoter region with DHT 

treatment. Moreover, inhibition of AR, PI3K/AKT pathway and siRNA-mediated knockdown of HIF1 

attenuate androgen-induced expression of JMJD3. To determine the global effect of DHT in GCs, we 

performed ChIP-Seq analysis using H3k27me3 antibody. Results show a global decrease of H3K27me3 

enrichment with DHT treatment compared to control. Specifically, the promoter region of some of the 

key ovarian genes like Dicer, Runx1, Admas9, KitL have lower H3k27me3 mark in DHT treated GCs 

compared to control. This shows that androgens have a global effect on ovarian gene expression 

through modulation of the H3K27me3 mark via regulating the expression and activity of key epigenetic 

enzymes, Ezh2 and JMJD3.  

Nothing to Disclose: SR, AS 

Sources of Research Support: NIH RO1HD086062-03 grant, USDA-HATCH project MICL02383, Michigan 

State University and MSU AgBioResearch awarded to AS. 
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Ryva BA1,2, Pacyga DC3, Schantz SL4,5, Strakovsky RS3 

Associations of bisphenol exposure with nausea and vomiting symptoms in pregnancy 

1Department of Pharmacology and Toxicology, 2College of Osteopathic Medicine, 3Department of Food 

Science and Human Nutrition, Michigan State University, MI, 4Department of Comparative Biosciences 

and 5Beckman Institute, University of Illinois, Urbana-Champaign, IL 

 

BACKGROUND: Bisphenols (BPA, BPS, BPF) are endocrine disrupting chemicals found in plastic-

containing products. Nausea and vomiting during pregnancy (NVP), known as morning sickness, is one of 

the most common pregnancy symptoms.  

OBJECTIVE: Given the hormonal basis for morning sickness, this study assessed associations between 

exposure to bisphenols, which are endocrine disruptors, and NVP.  

METHODS: Bisphenol concentrations were assessed by pooling 5 urine samples across pregnancy from 

347 Illinois women. At 10-14 weeks gestation, women reported the presence and frequency of NVP. 

Bisphenol concentrations were specific gravity-adjusted and natural log-transformed. Covariate-

adjusted logistic regression models assessed relationships of bisphenols with NVP. Modifications by 

maternal age, fetal sex, and maternal pre-pregnancy weight were also explored.  

RESULTS: Women in the study were mostly white (83%), middle class (51%), college-educated (82%), 

and had urinary bisphenol concentrations comparable to U.S. women. Overall, higher BPS exposure was 

associated with higher odds of experiencing nausea frequently (≥3 times/week) and having vomiting. 

However, in stratified analyses, this was only observed in women who weighed <175lbs (<75th weight 

percentile), where every ng/mL increase in urinary ln-BPS was associated with higher odds of having 

more frequent nausea (OR: 3.89; 95%CI: 1.1, 13.4; P=0.03) and vomiting (OR: 2.4; 95%CI: 1.2, 5.1; 

P=0.02). Furthermore, only in women carrying males, every ng/mL increase in ln-BPS was associated 

with higher odds of having more frequent vomiting (OR: 4.4; 95%CI: 1.4, 14.3; P=0.01). Overall, BPA and 

BPF were not associated with NVP. Interestingly, in stratified analyses, in women ≥35 years old, higher 

BPA and BPF concentrations were associated with lower odds of having frequent nausea (OR: 0.06; 

95%CI: 0.00, 0.93; P=0.04 and OR: 0.08; 95%CI: 0.01, 0.98; P<0.05, respectively).   

CONCLUSION: Associations of bisphenol exposures with NVP appear to differ by maternal age, weight, 

and fetal sex. The mechanisms driving these associations should be explored.  
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Abstract #51 

Sáenz de Miera C, Bellefontaine N, Elias CF 

The leptin sensitive glutamatergic population in the Premammillary Ventral nucleus stimulates 

reproduction 

Department of Molecular and Integrative Physiology, University of Michigan, MI 

 

Leptin, a hormone produced by adipocytes, signals the amount of energy stored to the neuroendocrine 

reproductive axis, necessary for sexual maturation and fertility. The premammillary ventral nucleus 

(PMV) of the hypothalamus is an essential relay for leptin action on reproduction. While signaling 

through the leptin receptor (LepR) in the PMV is sufficient for this action, the neural mechanisms 

involved remain unknown. PMV leptin-responsive neurons are predominantly glutamatergic, expressing 

the vesicular glutamate transporter 2 (VGLUT2), and are activated by leptin. Using molecular genetic 

tools, we aim to examine the role of PMV glutamatergic LepR cells in female reproduction. Mice null for 

LepR (LepRloxTB/loxTB) are infertile. We selectively restored LepR in the PMV of LepR null mice by injecting 

AAV-Cre directly into the PMV, which induced puberty and restored fertility, observed by vaginal 

opening, increased uterine size and ovulation. In another group, we concurrently deleted VGLUT2 

(LepRloxTB/loxTB; VGLUT2loxP/loxP). In these mice, no progression through puberty was observed, indicating 

that glutamate signaling is required for leptin’s effect on puberty. We next examined the effects of PMV 

LepR neuron activation on LH release by chemogenetics. We injected a Cre-dependent virus expressing 

stimulatory DREADDs (designer receptors exclusively activated by designer drugs) directly in the PMV of 

adult female LepR-Cre mice. PMV LepR-Cre neurons expressing DREADDs were activated with clozapine-

N-oxide (CNO; 0.5mg/kg iv) and serial blood samples were collected every 10 minutes for one hour after 

CNO administration to analyze LH levels. Our preliminary results show an increase in plasma LH content 

following LepR PMV neurons activation, suggesting that these neurons influence fertility by inducing LH 

release. We are currently exploring the hypothalamic populations mediating this response using 

immunohistochemistry and in situ hybridization. Together, our results suggest that glutamatergic PMV 

signaling is sufficient for the stimulatory effect of leptin to the reproductive axis.  
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Abstract #52 

Ruebel ML1,2, Schall PZ1,2,3, Vincent KA 1,2, Wang K1,2, Latham KE1,2,4 

SMCHD1 terminates the first embryonic genome activation event in mouse two-cell embryos and 

contributes to a transcriptionally repressive state 

1Department of Animal Science, Michigan State University, 2Reproductive and Developmental Sciences 

Program, Michigan State University, 3Comparative Medicine and Integrative Biology Program, Michigan 

State University, 4Department of Obstetrics, Gynecology and Reproductive Biology, Michigan State 

University 

 

Early embryonic nuclear programming is essential for viability. Essential functions of the first embryonic 

genome activation event (EGA1) and a similar two cell (2C) state have been reported in mice and 

humans to be vital for embryo development.  We discovered that structural maintenance of 

chromosome flexible domain content 1 (SMCHD1) is a novel maternal effect gene expressed in the 

oocyte, regulating exit from the EGA1/2C state. Using BDF1 mice embryos, we conducted siRNA 

knockdown of SMCHD1 in late one cell stage embryos.  RT-qPCR and immunofluorescence confocal 

microscopy were used to quantify mRNA and protein expression of SMCHD1 and two EGA1 marker 

genes (Dux and Zscan4) in 1-cell and synchronous 2-cell embryos. We observed peaks of SMCHD1 

nuclear staining at the mid 2-cell stage, an apparent result of maternal mRNA translation. This coincides 

with times of repression of EGA marker genes. siRNA knockdown of Smchd1 resulted in sustained 

expression of Dux and Zscan4. This indicates SMCHD1 has an important role in the timely termination of 

EGA1. Additionally, mouse embryos transition from a transcriptionally permissive to non-permissive 

state, which establishes the ability to regulate gene expression for the first time in the life of the animal.  

Bioinformatics analyses revealed that likely contributes to this essential transition, thereby enabling the 

correct regulation of thousands of genes during the 2-cell and subsequent cleavage stages.  Combined, 

our results show that SMCHD1 is a novel maternal effect gene that plays a key role in programming the 

embryonic genome for business, thereby regulating the ‘Master Switch’ of life.   
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Abstract #53 

Seay, R1, Ralston A1,2 

Characterization of the role of HIPPO signaling in pre-implantation blastomere polarization and cell fate 

determination 

1Cell and Molecular Biology Graduate Program, 2Department of Biochemistry and Molecular Biology, 

Michigan State University 

 

The process of mammalian development requires that a single fertilized cell differentiate into over 200 

cell types in the newborn offspring. Identification of the factors which direct the initial cell fate decisions 

in the pre-implantation embryo is important to understanding the genetic and biochemical 

requirements for stem cell establishment. Apicobasal polarization of blastomeres in the pre-

implantation mammalian embryo is an important early determinant of blastomere cell fate. Our lab has 

demonstrated that HIPPO family transcription factors YAP1 and WWTR1 are necessary in the 

maintenance of cell polarity, as embryos lacking Yap1/Wwtr1 display a loss of the apical domain (Frum 

et al., eLife, 2018). My study will delve deeper into the mechanism of HIPPO influence on blastomere 

polarization and cell fate, in order to ultimately answer the question of how, as transcription factors, 

YAP1/WWTR1 are able to influence cell polarity. I will first test this in vivo and determine whether 

Yap1/Wwtr1 are required for the initiation of polarization or only its maintenance by characterizing 

mouse embryos maternally- and zygotically-null for Yap1/Wwtr1. In these embryos, I will determine the 

localization and functionality of apical domain proteins and their targets by immunofluorescence, as 

well as their mRNA levels by qPCR. I will complement this study in vitro using trophectoderm stem (TS) 

cells, which offer the opportunity to turn Yap1/Wwtr1 off at precise timepoints via Cre-mediated 

deletion. I will examine the polarity, cell junction integrity, and cell fate of Yap1/Wwtr1-deleted TS cells 

using immunofluorescence, qPCR, and functional assays to determine if Yap1/Wwtr1 are necessary to 

maintain an established trophectoderm cell identity. Understanding how HIPPO signaling directs these 

early cell fate decisions will improve our knowledge of stem cell neogenesis and development in its 

natural environment and help identify novel genetic causes of birth defects and infertility. 
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Abstract #54 

Sinha N1, Roy S1, Puttabyatappa M2, Padmanabhan V2, Sen A1  

Developmental programming:  Prenatal testosterone-induced epigenetic modulation and its effect on 

gene expression in sheep ovary 

1Reproductive and Developmental Sciences Program, Department of Animal Sciences, Michigan State 

University, 2Department of Pediatrics and the Reproductive Sciences Program, University of Michigan 

 

Altered nutrition or intra-uterine exposure to adverse conditions during fetal development can lead to 

epigenetic changes in fetal tissues, predisposing those tissues to diseases that manifest when offspring 

become adults. Various animal models, as well as epidemiological studies, in humans, show that 

prenatal androgen exposure may be an underlying cause of development of Polycystic ovary syndrome 

(PCOS) later in life. In women, PCOS is a common fertility disorder with comorbid metabolic dysfunction. 

In this study, using a sheep model, we elucidate the epigenetic changes induced by prenatal (30-90 day) 

testosterone (T) exposure and its effect on gene expression in fetal (90d) and adult (2yr) ovaries. We 

find that histone markers H3K4me3, H3K27ac, H3K9ac (gene inducing marks), H3K27me3 and H3K9me3 

(gene silencing marks) showed no change in the protein expressions of prenatally androgenized fetal 

ovary compared to controls. In contrast, these markers were upregulated in the adult ovary of 

prenatally androgenized animals. We also looked at the corresponding epigenetic modulators that 

specifically regulates these epigenetic marks. Intriguingly, EZH2 (tri-methylates H3K27), p300 (histone 

acetyltransferase) were upregulated in fetal (90d) and downregulated in adult (2yr) ovaries. Histone 

demethylases, JMJD2b (demethylates H3K4) and JMJD3 (demethylates H3K27) were also upregulated in 

fetal ovaries but were not expressed in the adult.  Furthermore, through RNA-seq studies we identified 

298 upregulated and 566 downregulated genes in adult and 31 upregulated and 19 downregulated 

genes in fetal ovaries (T vs Control). Pre-natal androgen downregulates intraovarian steroidogenic genes 

(STAR, HSD3β, CYP17A1, CYP19A1). Currently, using these genes as endpoints, we have performed 

chromatin immunoprecipitation studies to determine prenatal testosterone-induced epigenetic 

modulation of the steroidogenic pathway in the ovary. This study provides mechanistic insights into 

prenatal androgen-induced developmental programming and its manifestation to ovarian dysfunction 

and development of PCOS in adult life.  

Sources of Research Support: NIH R01HD086062-03 grant, USDA-HATCH project MICL02383, Michigan 

State University and MSU AgBioResearch awarded to AS and HD PO1HD44232 to VP. 
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Abstract #55 

Smith GD, Ren Y, Yan Z, Keller L, Yan L, Qiao J 

Towards understanding human embryo mosaicism:  regional and developmental genetic concordance by 

single cell sequencing 

University of Michigan School of Medicine 

 

Knowledge of human preimplantation embryonic genetic concordance at a single cell level is essential, 

and significantly wanting, to fully appreciate the incidence of human embryo mosaicism and 

interpretation of preimplantation genetic testing for aneuploidy (PGT-A) in relation and offspring genetic 

normalcy.  We asked the question: how does the ploidy status compare between neighboring 

trophectoderm (TE) cells, neighboring inner cell mass (ICM) cells, and ICM-derived human embryonic 

stem cells (hESCs) at a single cell level? This was tested in a prospective single cell genetic analysis and 

comparison of human embryo TE, ICM, and resulting hESCs. Human blastocysts no longer needed for 

reproduction or unsuitable for implantation were donated with informed consent to an IRB-approved 

study for hESC derivation.  Warmed blastocysts underwent laser dissection of the ICM for hESC 

derivation and resulting TE was collected for single cell isolation.  ICMs were plated on human foreskin 

fibroblasts in xeno-free media with knock-out serum replacement at 5%O2/5%CO2/90%N2; 37°C.  After 

3-4 days of culture half of the ICM was harvested for single cell isolation.  Remaining ICMs were used to 

derive hESCs.  TE, ICM, and hESC single cells were isolated with trypsin/accutase treatment, confirmed 

to be single cells, placed individually into tubes for lysis, and whole genome DNA amplification was 

performed by multiple annealing and looping based amplification cycles.  Single cell amplicons were 

confirmed by gel electrophoresis, used to make sequencing libraries, and subjected to next generation 

sequencing to compute copy number variance (CNV) for single cell aneuploidy detection.  hESCs were 

also assessed by single cell G-banding. Differences in genetic concordance (%) within specific embryonic 

regions and/or during development of hESCs were statistically compared by X2 with p-values ? 0.05 

considered significant.  To date 252 single cell CNVs have been measured, comprised of 182 single cell-

TEs from 19 embryos (9.6±0.8, ave±se cells/embryo), 37 single cell-ICMs from 3 embryos (12.3±3.3 

cells/embryo), and 33 single cell-hESCs from 3 embryos (11.0±2.3 cells/embryo).  Collectively, 

significantly less single cell genetic concordance (p<0.001) existed in TE (69%) compared to ICM (89%) 

and hESCs (94%).  In the only 2 sample sets with TEs, ICMs, and hESCs per embryo, the per embryo/per 

region concordance rates were TE – (50%, n=10 and 50%, n=10), ICM – (95%, n=19 and 89%, n=9), and 

hESCs (100%, n=11 and 100%, n=12), respectively.  These data suggest that single cell genetic 

concordance is lower in the human TE compared to the ICM and/or resulting hESCs.  These findings may 

have significant relevance on understanding: i) human embryo mosaicism, ii) PGT-A results obtained 

from multiple unknown numbers of TE cells biopsied, and iii) fidelity of TE proxy for the ICM and 

subsequent offspring genetic normalcy. 
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Abstract #56 

Smith GD, Liu Q, VanHeyningen D, Zhang C 

Altered mouse oocyte DNA methyltransferases (Dnmts) after vitrification with dimethyl sulfoxide (DMSO) 

University of Michigan School of Medicine 

 

Oocyte vitrification with DMSO is used clinically with high cryosurvival and pregnancy success.  Yet, 

DMSO has been demonstrated to impact Dnmts expression, DNA methylation, and epigenetic profiles in 

mouse embryoid bodies and pre-osteoblasts.  Experiments were performed to evaluate Dnmts 

expression in oocytes during maturation and assess influence of oocyte vitrification with DMSO on 

mouse metaphase II (MII) oocyte Dnmts expression. This was done as a prospective laboratory study of 

Dnmts expression in mouse oocytes during in vitro maturation, in vivo maturation, and following 

vitrification with DMSO/warming. Immature (germinal vesicle-intact; GV-I) mouse oocytes were 

collected following equine chorionic gonadotropin (eCG; ~30 oocytes per group; 5 replicates).  Some 

oocytes were matured to MII in vitro in human tubal fluid (HTF) media with protein for 12hrs (~30 

oocytes per group; 10 replicates).  In vivo matured MII oocytes were collected following eCG and human 

chorionic gonadotropin (hCG) stimulation (~30 oocytes per group; 11 replicates).  Some in vivo mature 

MII oocytes were vitrified on Cryolocks (Irvine Scientific) following exposure to equilibration solution 

[ES; 7.5% vol/vol ethylene glycol (EG) / 7.5% vol/vol DMSO in HTF-H, 0.5M sucrose, 20% vol/vol serum 

substitute supplement (SSS)] and vitrification solution [VS; 15% vol/vol EG / 15% vol/vol DMSO in HTF-H, 

20% vol/vol SSS; ~30 oocytes per group; 4 replicates].  Vitrified oocytes were stored at -196°C for at least 

24hrs followed by warming and dilution through progressively lower concentrations of sucrose.  cDNA 

was prepared from each oocyte group/replicate and assessed for Dnmt1, Dnmt1o (oocyte-specific), 

Dnmt3a, Dnmt3b, and Dnmt3L expression with Dnmt-specific primers and real-time quantitative PCR 

with 2≤Cq values calculated and statistically compared by ANOVA and unpaired Student’s t-test.  

Differences were considered statistically significant at p<0.05. Oocytes at each stage of development 

assessed (GV-I, in vitro MII, and in vivo MII) expressed all Dnmts and there were no significant 

differences in any Dnmt expression between GV-I and in vivo MII, GV-I and in vitro MII, or in vivo MII and 

in vitro MII oocytes.  In comparison of in vivo MII and in vivo MII following vitrification with 

DMSO/warming we found significantly reduced (p<0.05) Dnmt1 expression and significantly increased 

(p<0.001) Dnmt1o expression in oocytes following vitrification with DMSO/warming.  No significant 

differences were found in Dnmt3a, Dnmt3b, or Dnmt3L between the in vivo MII and in vivo MII following 

vitrification with DMSO/warming groups. MII oocyte vitrification with DMSO, followed by warming, 

significantly alters Dnmt1 and oocyte-specific Dnmt1o expression.  These findings may have relevance to 

subsequent embryonic methylation, epigenetic profiles, offspring health, and transgenerational 

epigenetics.  Further investigation is warranted. 
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Abstract #57 

Keller L, Vanheyningen D, Smith GD 

MStem Cell Laboratory:  Production, characterization, distribution, and facilitation of monogenic disease-

in-a-dish research 

University of Michigan School of Medicine 

 

Ten years ago, November, 2008, Michigan voters approved the ballot initiative amending the state 

constitution allowing for the first time the production of human embryonic stem cells (hESC) in the state 

of Michigan. With this approval, the University of Michigan (UM) established the state’s first (and only) 

hESC derivation facility.  Embryo donation is performed under an UM-reviewed and approved IRB 

protocol with informed consent.  Any couple participating in In Vitro Fertilization (IVF) and embryo 

production within the United States can voluntarily donate embryos for hESC derivation.  These 

embryos fall into two categories; either i) cryopreserved embryos no longer needed for reproductive 

purposes, or ii) embryos tested with Preimplantation Genetic Testing (PGT) and affected with 

monogenic diseases, aneuploidies, or translocations (not suitable for implantation). To date the majority 

of embryo donations have been from PGT-tested and –affected IVF cycles, where the donated embryos 

would otherwise be discarded.  The production of hESCs has opened the door for a full range of stem 

cell research yielding results that are increasing knowledge of a wide range of diseases. With UM human 

pluripotent stem cell research oversight (HPSCRO) review, this work is performed under the appropriate 

state and federal statutes and regulations. MStem Cell Lab has become the leading U.S. academic 

institution in the production of monogenic, disease-specific hESC lines placed on the National Institutes 

of Health (NIH) hESC registry.   Being on the NIH Stem Cell registry is critical. While MStem Cell Lab 

derivation research cannot be federally funded (requiring University, private foundation, and 

philanthropist funding); the resulting hESC lines produced and accepted on the NIH registry can be used 

as research models by investigators across the U.S., and can be studied using federal funds.  Once on the 

NIH hESC registry, MStem Cell Lab can fulfill the mission of providing unique single gene disorder human 

cell systems to the research community to gain a greater understanding of monogenic disorders and to 

the ensuing development of therapies and cures for these diseases of significant healthcare burden.  To 

date, MStem Cell Lab has derived 32 monogenic disease-specific, aneuploidy, and Robertsonian 

translocation hESC lines on the NIH registry and 20 normal control hESC lines.  These hESC lines are also 

being used to understand fundamental genetic stability and chromatin segregation in human 

preimplantation embryos. 
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Abstract #58 

Song Y1, Su RW2, Joshi NR1, Kim TH1, Jeong JW1, Fazleabas AT1 

NOTCH1 activation enhances invasiveness of endometriotic epithelial cells through epithelial-to-

mesenchymal（EMT）and contributes to the development of endometriosis 

1Department of Ob/Gyn & Reproductive Biology, Michigan State University, Grand Rapids, 2College of 

Veterinary Medicine, South China Agricultural University, Guangzhou, China 

 

The etiology of endometriosis is still undefined, but it has the characteristic of being an invasive disease 

with cells having an enhanced capacity to migrate, invade and survive. In our previous study we 

demonstrated that NOTCH1 expression was up-regulated by IL-6 mediated E-proteins in the ectopic 

epithelial cells of women as well as baboon and mouse models with endometriosis. Aberrant NOTCH1 

expression has been reported in various malignancies and it has been linked to tumor invasion and 

metastasis by inducing EMT transition through repression of E-cadherin. Therefore, in this study we 

investigated whether NOTCH1 promotes EMT and invasiveness of endometriotic epithelial cells and 

contributes to the development of endometriosis. Our results showed that the overexpression of the 

NOTCH1 intracellular domain (N1ICD) in endometriotic epithelial cells (12Z) cells significantly lead to a 

decrease of E-cadherin and beta-catenin, and an increase of their transcriptional repressor Snail and 

Slug. Additionlly, the wound healing  and matrigel invasion assay showed that overexpressing N1ICD in 

12Z cells greatly increased their migration and invasion ability. To determine whether ligand-triggered 

NOTCH1 activation could suppress E-cadherin expression, 12Z cells were treated with 18nM 

recombinant JAG2-Fc for 48h with or without pretreatment with γ-secretase inhibitor (GSI-0.5uM), a 

NOTCH cleavage inhibitor, for 1h. Our data showed that E-cadherin was significantly down-regulated 

while Slug was up-regulated after JAG2-Fc treatment. However, this effect was neutralized by GSI 

treatment. Finally, we induced endometriosis using Ltfcre/+N1ICDf/+ mouse model, in which N1ICD is 

specifically overexpressed in the epithelial cells. We found that the development of ectopic sites was 

significantly increased in Ltfcre/+N1ICDf/+ mice compared to the wild-type mice. In conclusion, our 

study suggests that NOTCH1 activation in ectopic epithelial cells could enhance lesion development by 

inducing EMT and cell invasion. These may contribute to the development of endometriotic lesions. 

(HD042280) 
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Abstract #59 

Su AL, Harris SM, Elkin ER, Loch-Caruso R  

Trichloroethylene stimulates metabolomic changes in the amniotic fluid of a timed-pregnant Wistar rat 

model of fetal growth restriction 

Department of Environmental Health Sciences, School of Public Health, University of Michigan, Ann 

Arbor, MI 

 

Trichloroethylene (TCE) is an environmental contaminant shown to be associated with low birth weight 

and small for gestational age in human epidemiological studies, decreased fetal weight in Wistar rats, 

and impaired mitochondrial function in placental cells. Building upon this information, the present study 

conducted tricarboxylic acid (TCA) Plus and short chain fatty acid (SCFA) targeted metabolomics analysis 

on amniotic fluid samples to identify changes in metabolites induced by exposure to TCE. Rats were 

treated with 480 mg TCE/kg/day from gestational day (GD) 6 to GD 16, and amniotic fluid samples were 

collected on GD 16. We observed a statistically significant decrease for both fetal genders for the 

following metabolites: 6-phosphogluconate (6PG), guanosine diphosphate (GDP), adenosine 

diphosphate (ADP), adenosine triphosphate (ATP), and flavin adenine dinucleotide (FAD). Some 

metabolites decreased in a gender-specific manner including the following: fructose 1,6-bisphosphate 

(FBP) (male only), guanosine triphosphate (GTP) (male only), acetyl-CoA (aCoA) (male only), and uridine 

diphosphate (UDP)-D-glucuronate (female only). Finally, arginine and phosphocreatine were both 

increased with TCE treatment for females only. Together, these results highlight alterations in indirect or 

direct energy supply (6PG, GDP, ADP, ATP, FAD, FBP, GTP, aCoA, phosphocreatine) and oxidative stress 

content (arginine, UDP-D-glucuronate) in the amniotic fluid as part of the response to TCE exposure. 

They also indicate that TCE exerts different effects on amniotic fluid metabolites in male and female 

fetuses. Future research is warranted to fully understand how these alterations could be part of the 

mechanism by which TCE exerts its toxicity during pregnancy. 
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Abstract #60 

Swanson, GM1, Estill, M1, Diamond, MP2, Legro, RS3, Coutifaris, C4, Barnhart, K4, Huang, H5, Hansen, KR6, 

Trussell, JC7, Coward, RM8, Zhang, H5, Goodrich, R1, Krawetz, SA1  

Obesity impacts sperm RNA 

1Department of Obstetrics and Gynecology, Wayne State University, 2Department of Obstetrics and 

Gynecology, Augusta University, 3Department of Obstetrics and Gynecology, Pennsylvania State 

University, 4Department of Obstetrics and Gynecology, University of Pennsylvania School of Medicine, 
5Department of Biostatistics, Yale University School of Public Health, 6Department of Obstetrics and 

Gynecology, University of Oklahoma College of Medicine, 7Urology Department, Upstate Medical 

University, 8Department of Urology, University of North Carolina School of Medicine, Chapel Hill 

 

In the United States almost 40% of adults are considered obese (BMI > 30 kg/m2).  Both animal models 
and to a lesser extent human studies, have associated BMI, a measure of obesity, with alterations in 
sperm DNA methylation and RNAs.  Using a 32-sample subset from the Assessment of Multiple 
Gestations from Ovarian Stimulation (AMIGOS) trial, this study sought to characterize BMI-responsive 
sperm RNAs.  A total of 487 sperm RNA elements (SREs, short exon-sized sequences) were associated 
with increasing BMI (Benjamini-Hochberg adjusted p-value < 0.05), in which 235 SREs were found to 
follow specific BMI responsive patterns, reminiscent of a coregulated RNA network.  The 235 SREs 
comprised four specific patterns: continual increase with BMI (88 SREs/86 genes), an increase once 
obese (BMI>30 kg/m2, 69 SREs/68 genes), a steady decrease (54 SREs/51 genes) and a decrease once 
overweight (BMI 25 – 30 kg/m2, 24 SREs/26 genes).  Gene Ontology revealed a unique relationship 
between BMI and Chromatin remodeler cofactors, RNA interactors, Erasers and Writers (CREWs) with 
enrichment of specific sperm transcripts associated with various pathways including chromosome 
organization, adipogenesis, cellular stress and obesity-related inflammation.  This data suggests BMI 
responsive CREWs are master regulators driving obesity-related pathways of which specific effects 
extend to the sperm. 

Acknowledgments: The work was supported in part by National Institutes of Health (NIH)/Eunice 

Kennedy Shriver National Institute of Child Health and Human Development (NICHD) Grants U10 

HD039005.  Support from the Charlotte B. Failing Professorship to SAK is gratefully acknowledged.  The 

content is solely the responsibility of the authors and does not necessarily represent the official views of 

the NICHD or NIH. 
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Abstract #61 

Talluri T, Hoffmann HM 

VAX1 heterozyote mice have abnormal circadian rhythms which contribute to their poor fertility 

Department of Animal Science, Michigan State University, MI, USA 

  

Genetic factors’ contribution to infertility remain poorly understood. To develop novel infertility 

treatments, a better understanding of genes controlling reproduction is necessary. Fertility is regulated 

by the reproductive axis which encompasses the brain, pituitary gland, and gonads.  The primary drivers 

of the reproductive axis are gonadotropin releasing hormone (GnRH) neurons which release GnRH at the 

median eminence and drive pituitary release of gonadotropins. Our previous work identified the 

developmental transcription factor, Vax1 (Ventral anterior homeobox 1) to be crucial for GnRH neuron 

development. Because Vax1 knock-out (both alleles deleted) is neonatal lethal, fertility was evaluated in 

Vax1 heterozygote mice. Surprisingly Vax1 heterozygote females were very sub-fertile, a sub-fertility 

which could not entirely be explained by the reduction of GnRH neurons. Vax1 is highly expressed in the 

hypothalamic area controlling circadian rhythms called the suprachiasmatic nucleus (SCN). The SCN 

neuropeptide vasoactive intestinal peptide (VIP) is required for female fertility and normal circadian 

wheel-running activity. The objective of this study was to determine if Vax1 heterozygosity impacted 

SCN function and would be a contributing factor to the subfertility of the Vax1 heterozygote females. 

We hypothesized that Vax1 in the SCN is required for normal SCN function. We placed female Vax1 

heterozygote mice in running wheels and found that they had abnormal wheel-running activity in 

constant darkness, showing impaired SCN function (n=5, Statistical analysis by two-way ANOVA). To 

determine how the abnormal SCN function arose we performed immunohistochemistry for VIP. Our 

data show that Vax1 heterozygote mice (n=3) have a reduction in VIP expression, but normal SCN 

morphology as established using hematoxylin and eosin staining (n=3). We conclude that Vax1 

haploinsufficiency cause a reduction in VIP expression leading to an impaired SCN function, both of 

which are contributing factors to the poor fertility of Vax1 heterozygote females. 

 

https://www.canr.msu.edu/ans/


71 
 

Abstract #62 

Tanner H, Ikami K, Abbott H, Lei L 

Differential protein compositions of intercellular bridges in mouse gametogenesis 

Department of Cell and Development Biology, University of Michigan Medical School, Ann Arbor, MI 

 

Germ cells are the origin of gametes which are necessary for sexual reproduction to occur. During 

gametogenesis in mouse fetal gonads, germ cell progenitor primordial germ cells divide to form 

germline cysts due to incomplete cytokinesis from embryonic day 10.5 (E10.5) to E14.5. Within a cyst, 

sister germ cells are connected by intercellular bridges positive with TEX14 protein. Our recent study 

revealed that during gametogenesis in mouse fetal ovaries and testes, germline cysts fragment in a sex-

specific manner during E14.5 to P1. To investigate whether differential bridge dynamics observed in 

mouse fetal ovaries and testes are due to the differential protein composition in bridges, we conducted 

co-immunoprecipitation with TEX14 protein by using mouse fetal ovaries and testes. Preliminary results 

demonstrate unique proteins are enriched in E14.5 female compared to male bridges, where 33 

proteins were highly enriched in female bridges and 22 proteins were highly enriched in male bridges. 

Differentially enriched bridge proteins were also observed in P1 female and male bridges. Further 

characterization of the distribution of these proteins within germline cysts will be conducted to address 

the differential dynamics of female and male bridges, as well as the mechanisms of cyst fragmentation 

during gametogenesis. 
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Abstract #63 

Watts J1,2,3 and Ralston A1,2 

The effects of sexually transmitted Zika virus infection in early embryogenesis 

1Department of Biochemistry and Molecular Biology, Michigan State University, East Lansing, MI, 
2Program in Reproductive and Developmental Sciences, Michigan State University, East Lansing, MI, 
3Graduate Program in Physiology, Michigan State University, East Lansing, MI 

 

Adults contracting Zika virus (ZIKV) exhibit mild cold-like symptoms, whereas newborn babies exhibit 

fetal defects ranging from mild growth retardation to miscarriage. Aside from transmission via 

mosquito, ZIKV is to also sexually transmitted, which introduces the possibility that ZIKV infection could 

occur shortly after conception. However, the mechanisms underlying ZIKV-induced birth defects in early 

development are not understood. I hypothesize that sexually transmitted ZIKA virus infects embryos 

around the time of conception, leading to the most severe congenital defects. Consistent with this 

hypothesis, I have discovered that candidate ZIKV receptors are present in early embryos. Among these, 

the MERTK is present in mouse embryo-derived stem cell lines, extraembryonic endoderm (XEN) cells. In 

fact, my preliminary results show that ZIKV can infect these stem cells to a degree that is comparable to 

human cells. I will test the hypothesis by evaluating the effects of ZIKV on gametes, zygotes, and 

preimplantation embryos. Lastly, I will identify the role of endocytosis in ZIKV infection using XEN cells, 

gametes, and embryos. The results generated will show the consequences and mechanism of ZIKV 

infection in early embryos development and determine whether inhibiting endocytosis, which is 

essential for viral entry, can improve embryo quality. My studies are significant to human health 

because they will further our knowledge of ZIKV infection in early pregnancy and outcomes for newborn 

children.  

This work is supported by NIH T32 HD087166 awarded to J.W. and the James K. Billman, Jr., M.D. 

Endowment awarded to A.R. 
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Abstract #64 

Wei C1, Lehner A2, Agnew D2, Buchweitz J2 

Identification and quantification of deslorelin via enzymatic cleavage by GC-MS/MS 

1Biochemistry Department, College of Natural Science, Michigan State University, 2Veterinary Diagnostic 

Laboratory, College of Veterinary Medicine, Michigan State University 

 

Deslorelin is a 1282 Dalton (Da) gonadotropin releasing hormone (GnRH) agonist drug, which is used in 

veterinary medicine for the purpose of promoting ovulation and stabilizing high-risk pregnancies in 

livestock and pharmacological contraception in males. It is generally applied as a drug-releasing implant. 

The compound is very potent to low concentrations, has a long half-life and is difficult to measure 

quantitatively in animal serum. Currently, only quantitative method available is Enzyme Linked 

Immunosorbent Assay (ELISA), which is fairly non-linear and non-specific, and is only useful during the 

initial period following implantation. Our lab has developed a method for analyzing Deslorelin indirectly, 

yet specifically, by utilizing the cleavage of a unique portion of the protein carboxy terminus containing a 

modified proline (Pro-HNEt), which can be removed by the enzyme Clostridiopeptidase B (specific for 

peptide bonds after Arginine). Pro-HNEt can be extracted from digested serum and reacted to give an N-

t-butyldimethylsilyl (MTBSTFA) derivative that is analyzed by tandem quadrupole Gas Chromatography-

Mass Spectrometry (GC-MS/MS). Instrument settings have been optimized to give detectability of 

unextracted ProHNEt to 10 parts-per-trillion (ppt), and derivatization has been optimized for maximum 

yield by adjustment of solvent type, reaction time, temperature and use of additives such as 

dimethylformamide (DMF), tetradecanol and hydrochloric acid. The copper, zinc and nickel binding 

complex with Histidine residue of Deslorelin is identified by matrix-assisted laser desorption/ionization 

time-of-flight (MALDI-TOF) mass spectrometer, and the copper Deslorelin binding complex is released 

by the administration of triethylenetetramine. The final method will be used to measure Deslorelin in 

serum samples from a variety of zoo animals including tigers, and in small animal such as cats and 

ferrets from clinical veterinary practices. In summary, we demonstrate here that enzymatic cleavage of 

Deslorelin by Clostridiopeptidase B (Clostrapain) can release a detectable modified proline moiety (Pro-

HNEt), which can be identified and quantified on GC-MS/MS as a representation of Deslorelin. 
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Abstract #65 

Yang MY 

Left-right asymmetry in bovine fetal ovarian development: ovarian weight, follicle population, estradiol 

production and expression of transcription factor FIGLA 

Reproductive and Developmental Sciences Program, Department of Animal Science, Michigan State 

University 

 

The present study explored one of the most fundamental questions in the reproductive/developmental 

biology: do mammalian left and right fetal ovaries develop equally (symmetrically).  Although it is well 

known that during female chick embryogenesis asymmetrical gonad morphogenesis results in only one 

functional ovary on the left side, development of mammalian left and right ovaries has been widely 

assumed the same.  However, recent studies in cows and women demonstrated that both the ovulation 

rate and the developmental competence of oocytes in the right ovary are superior to those of the left 

one.  Causes of the asymmetrical development and functions of the adult left and right ovaries are 

unknown, but one possible mechanism could be the difference in the size of ovarian follicular reserve 

(i.e. the maximum number of primordial follicles).  Primordial follicle formation and establishment of 

ovarian follicular reserve occur during fetal life in cows and women.  Could the asymmetrical functions 

of the adult ovaries originate during fetal development?  Using cattle as a model, we demonstrated, for 

the first time, that the difference in the ovarian weight (n = 42 pairs; P < 0.01) and the number of 

primordial follicles (n = 5 pairs; P < 0.05) between left and right bovine fetal ovaries was significantly 

asymmetric, with right ovaries 1.2-fold heavier than the left ones and containing 20% less follicles.  

Furthermore, our studies suggested that these differences may have been induced by the asymmetric 

estradiol production (n = 12 pairs; P = 0.07) and FIGLA (factor in the germline alpha) mRNA expression (n 

= 11 pairs; P < 0.05) in the left and right bovine fetal ovaries during early embryogenesis.  These findings 

provide important novel information on the left-right asymmetry in mammalian fetal ovarian growth 

and function, which is critical for a female’s reproductive lifespan and fertility. 
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Abstract #66 

Yap YT 1, Huang Q1, 2, Li W1, Wang Z1, 2, Zhang Z1 

Lesson from the study of human MEIG1/PACRG interaction: identification of the mouse PACRG domain 

that mediates interaction with mouse MEIG1 

1Department of Physiology, Department of Obstetrics/Gynecology, Wayne State University, 2School of 

Medicine, Wuhan University of Science and Technology, Wuhan, Hubei, China  

 

Mouse meiosis expressed gene 1 (mMEIG1) and parkin co-regulated gene (mPACRG) are proteins 

located in the manchette of elongating spermatids that are essential for normal spermiogenesis and 

male fertility. Our earlier studies demonstrated that mPACRG recruits mMEIG1 to the manchette 

through four amino acids on the mMEIG1 surface; however, the location where mMEIG1 binds to 

mPACRG is not clear. Full-length mPACRG is not stable, and purification of mPACRG for structural study 

has not been successful. Interaction between human MEIG1 (hMEIG1) and human PACRG (hPACRG) is 

conserved. We identified another human PACRG transcript, named hPACRG2.1, by sequencing the RT-

PCR product that was slightly smaller than the full-length hPACRG. The amino acid sequence of 

hPACRG2.1 is identical to hPACRG except that 45 amino acids are absent in the center region of the full 

length hPACRG. hPACRG2.1 does not bind to hMEIG1 as demonstrated by direct yeast two hybrid assay, 

indicating that the 45 amino acids play an important role in interaction between hMEIG1 and hPACRG. 

The 45 amino acids are conserved in mPACRG. To test if the 45 amino acids of PACRG directly bind to 

MEIG1, cDNAs encoding the 45 amino acids of mouse and human PACRGs were amplified and 

constructed into a yeast expression plasmid and binding ability to MEIG1 was examined by direct yeast 

two-hybrid assay. Neither the human nor the mouse 45 amino acids showed binding ability with MEIG1. 

We concluded that the 45 amino acids of PACRG are not the domain for binding to MEIG1 directly. 

However, these 45 amino acids are essential to maintain functional structure of PACRG protein for 

binding to MEIG1. 
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Abstract #67 

Yuan S1, 2, Huang Q1, 2, Liu H1, 2, Zhang S1, 2, Zhang L2, Zhang Z1, 3  

Characterization of Dynactin Subunit 4 (DCTN4), an IFT25 binding partner, in male germ cells 

1Department of Physiology, Wayne State University School of Medicine, 2School of Public Health, Wuhan 

University of Science and Technology, Wuhan, Hubei, China, 3Department of Obstetrics & Gynecology, 

Wayne State University 

 

Intraflagellar transport (IFT) is a conserved mechanism essential for the assembly and maintenance of 

most eukaryotic cilia and flagella. In mice, mutations in IFT proteins have been shown to cause several 

ciliopathies, including male infertility. IFT25 is a component of the IFT complex. Inactivation of the 

mouse Ift25 gene in male germ cells results in male infertility associated with disrupted sperm flagella 

assembly. To investigate the mechanism of IFT25 in controlling cilia/flagella assembly, a yeast two-

hybrid screen was conducted using full-length mouse IFT25 as bait, and dynactin subunit 4 (DCTN4) was 

identified to be a potential binding partner. The interaction between IFT25 and DCTN4 was confirmed by 

a direct yeast two-hybrid assay and co-localization experiment in transfected CHO cells. In mice, DCTN4 

is abundant in the testis, and its expression level is up-regulated during spermiogenesis. Its localization 

in germ cells was examined by immunofluorescence staining. The protein is present in the cytoplasm of 

spermatocytes and round spermatids; in the elongating spermatids, DCTN4 partially co-localizes with α-

tubulin, suggesting a localization in the manchette. DCTN4 is also present in the developing flagella. The 

testicular DCTN4 level was not changed in the Ift25 knockout mice.  Given that DCTN4 is a component of 

dynein complex, it may function to carry IFT25 complex alone the developing flagella to build functional 

sperm. 
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Abstract #68 

Chen W, Zhang Z, Chang C, Wang Y 

Metabolic shifts during spermatogonial differentiation 

Reproductive and Developmental Sciences Program,Department of Animal Science, Michigan State 

University, East Lansing, MI  

 

Spermatogonial stem cells (SSCs) are the foundation of spermatogenesis, a complex postnatal germ cell 

developmental process which eventually leads to sperm formation. Currently, the in vitro culture of SSCs 

has been well-established and represents a powerful tool to understand the regulatory events that 

govern germ cell development. Accumulating evidence suggests that metabolic players regulate stem 

cell self-renewal and differentiation, but their roles in spermatogonial differentiation remain unclear. To 

understand the role of metabolism on spermatogonial differentiation, we performed transcriptomic 

analysis and metabolomics analysis in cultured spermatogonia during differentiation. Here we show a 

distinct metabolic change upon spermatogonial differentiation. We identified several pathways that 

were differentially regulated during spermatogonial differentiation. Interestingly, we found that the 

expression levels of key glycolytic enzymes were decreased upon differentiation while some metabolic 

enzymes involved in oxidative phosphorylation (OXPHOS) were upregulated, indicating there is a shift 

from glycolysis to oxidative phosphorylation upon spermatogonial differentiation. Taken together, this 

work will contribute to our understanding of metabolic regulation in mammalian germ cell 

development. 
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This event would not have been possible without all the volunteers working behind the 

scenes before and during the event. 

A big thank you to all the MARTS 2019 volunteers! 
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