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S1.3 - Deciphering the targets of the ubiquitin-proteasome system in boar sperm 
capacitation – bottom-up sperm proteomics approach  

Michal Zigo ,University of Missouri                                                                                                                  
Jacob Netherton Priority, University of Newcastle                                                                               
Dalen Zuidema, University of Missouri,                                                                                                 
Karl Kerns, Iowa State University                                                                                                               
Mark Baker, University of Newcastle                                                                                                                         
Peter Sutovsky, University of Missouri  

Capacitation is an essential post-testicular maturation event endowing spermatozoa with 
fertilizing capacity within the female reproductive tract, significant for fertility, 
reproductive health, and contraception. This is a progress report from our group in an 
effort to completely understand the role of the ubiquitin-proteasome system (UPS) in 
sperm capacitation. UPS is universal, evolutionarily conserved, cellular proteasome-
wide degradation and recycling machinery that has been shown to play a significant role 
in reproduction during the past two decades. Herein, we have used a bottom-up 
proteomic approach in order to i) monitor capacitation-related changes of the sperm 
protein level, and ii) identify the targets of UPS regulation during sperm capacitation. 
Spermatozoa were capacitated in proteasomal activity-permissive and inhibiting 
conditions (100 µM MG132), also including vehicle (0.2% ethanol) and non-capacitated 
controls. All four groups in six biological replicates were analyzed by label-free 
quantitative mass spectrometry (MS). We identified 948 proteins of interest with known 
corresponding genes. Principal component and cluster analysis showed an unequivocal 
difference between non-capacitated and capacitated sperm proteomes with 513 
individual proteins that differed in abundances (P<0.05). However, only 34 proteins were 
found significantly different (P<0.05) between capacitated spermatozoa with 
proteasomal inhibition compared to the vehicle control, confirming our previous data 
that UPS has a narrow range of primary substrates during capacitation. An interesting 
finding is that 32/34 of these proteins have an affinity for zinc ions and 21/34 are co-
expressed in the brain. PANTHER molecular function analysis of 34 significantly different 
proteins with 14 total function hits revealed that these proteins perform the following 
functions: catalytic activity (8 hits), binding (4 hits), transporter activity, and molecular 
adaptor activity (1 hit each). PANTHER protein class analysis identified 9 different 
categories (18 total protein class hits) with metabolite interconversion enzyme being the 
most represented (7 hits). Lastly, PANTHER pathway analysis identified 35 pathways (40 
total pathway hits), and interestingly the Parkinson’s Disease pathway was one of those 
identified (2 hits). We conclude that i) during sperm capacitation the sperm proteome is 
subjected to extensive alteration; ii) UPS has a narrow range of proteins targets during 



capacitation; and iii) neurodegenerative disease pathways such as Huntington’s, 
Parkinson's, and Alzheimer’s are involved in sperm physiology. This knowledge could 
help identify new pharmacological targets to positively or negatively modulate sperm 
fertilization ability for the benefit of animal agriculture and human health. 

Supported by USDA-NIFA grants 2020-67015-31017 (P.S.), 2021-67015-33404 (P.S.), 
2019-67012-29714 (KK), and MU F21C Program (PS). 
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S1.4 - Investigating the effects of abnormal sperm histone retention on 
preimplantation embryo development  

Lacey Luense, University of Pennsylvania                                                                                          
Mariel Mendoza, University of Pennsylvania                                                                                                
Marisa Bartolomei, University of Pennsylvania                                                                                
Shelley Berger, University of Pennsylvania  

During normal spermatogenesis, germ cell nuclei undergo a dramatic change in 
chromatin composition and organization, with 90-99% of nucleosomal histones replaced 
with protamines during the post-meiotic process of spermiogenesis. This process of 
histone eviction is preceded by histone hyperacetylation to facilitate removal of 
nucleosomes and allows for tightly compacted chromatin in the mature sperm nucleus. 
The role of the remaining retained paternally derived nucleosomes on early embryo 
development is poorly understood, but likely plays a critical role in mediating epigenetic 
regulation of the embryo through the paternal germline. Abnormal nucleosome retention 
in sperm has been correlated with human male infertility, unexplained poor 
embryogenesis, and recurrent pregnancy loss. However, the underlying mechanism 
(i.e., excess histones, or aberrantly packaged DNA) and how it in turn affects 
embryogenesis has not been elucidated.  We hypothesize that the paternal epigenome, 
specifically paternally-derived nucleosomes, ‘mark’ specific genomic loci that contribute 
to normal preimplantation development.  To test this hypothesis, we utilized our 
previously generated Gcn5 conditional knock-out mutant mouse line (Gcn5cKO), which 
exhibits a dramatic increase in histone retention in mature sperm to investigate the role 
of paternal nucleosomes on preimplantation embryo development.  To further 
characterize the histone post-translational modification signature of retained histones in 
Gcn5cKO sperm, “bottom-up” tandem mass spectrometry was performed. Retained 
histones in Gcn5cKO sperm exhibited reduced levels of acetylation at multiple lysine 
residues (H3K14ac, H4K5ac, H2AxK5ac, and others), indicating an abnormal histone 
post-translational modification signature.  To investigate the functional consequence of 
abnormal retained histones in sperm, we next utilized intracytoplasmic sperm injection 
(ICSI) to generate embryos with normal levels of paternal histones (Gcn5Ctrl) or 
increased levels of paternal histones (Gcn5cKO). Our initial studies focused on addressing 



two key questions: 1) is preimplantation embryo development altered due to abnormal 
paternal histone retention, and 2) does increased paternal histone retention lead to 
changes in transcription and chromatin dynamics during preimplantation 
development.  In these initial experiments, we observed a dramatic phenotype with 
50.2% of embryos generated by Gcn5cKO sperm failing to undergo cleavage and reach 
the 2-cell embryo stage (Control = 92.6%, p<0.001).  Intriguingly, Gcn5cKO sperm-
derived embryos that did reach the 2-cell stage developed to blastocysts at the same 
frequency as Gcn5Ctrl derived embryos.   Preliminary single-blastocyst RNA-seq 
identified ~250 differentially expressed genes in Gcn5cKO derived-embryos, suggesting 
that even in embryos that appear to develop normally that changes in gene expression 
persist.  Ongoing experiments (immunofluorescence, single-embryo sequencing) are 
investigating early timepoints to identify initial chromatin changes that may lead to failure 
to undergo 2-cell cleavage.  These initial results provide exciting new evidence that 
paternal nucleosomes may play critical roles in preimplantation development. 
 

S2.3 - Invasive Trophoblast Cell-Natural Killer Cell Dynamics in the Establishment 
of the Hemochorial Placenta  

Ayelen Moreno-Irusta, University of Kansas Medical Center                                                           
Olha Krichevskiy, University of Kansas Medical Center                                                                 
Esteban Dominguez, University of Kansas Medical Center                                                      
Khursheed Iqbal, University of Kansas Medical Center                                                                      
Marc Parrish, University of Kansas Medical Center                                                                            
Michael Soares, University of Kansas Medical Center  

Natural killer (NK) cells and invasive trophoblast cells have roles in orchestrating the 
transformation of the uterus, including uterine spiral artery remodeling.  In the rat, NK 
cells enter and expand in number within the post-implantation mesometrial uterine 
compartment.  After mid-gestation, NK cells disappear from the uterine-placental 
interface as invasive trophoblast cells migrate into the uterus.  Thus, NK cells and 
invasive trophoblast cells cooperate but act in temporally distinct phases of gestation. In 
this work, we explore roles for NK cells and invasive trophoblast cells in transformation 
of the uterine-placental interface and adaptations that occur in their absence. We used 
an interleukin 15 (Il15) null rat as a model of NK cell deficiency and a placenta specific 1 
(Plac1) mutant rat as a model of invasive trophoblast cell deficiency.  Pregnancies with 
homogenous placental genotypes/phenotypes were analyzed. We used four different 
breeding combinations: 1) wild type (WT) male x WT female (WT pregnancies); 2) WT 
male x Il15-/- female (uterine deficiency in NK cells); 3) WT male x Plac1-/- female (uterine 
deficiency in invasive trophoblast cells); 4) WT male x Plac1-/-, Il15-/- female (uterine 
deficiency in invasive trophoblast cells and NK cells).  Pregnancies were examined on 
gestation day (gd) 7.5 and gd 18.5. Viable placentas and fetuses were weighed. Mutant 
placentation sites were examined histologically and through biochemical and molecular 
analyses. We also assessed gravimetric changes in liver and spleen weights. Pregnancy 



outcomes were evaluated postnatally.  Viability and litter size did not differ among the 
breeding combinations at gd 7.5.  At gd 18.5, maternal NK cell deficiency was 
associated with abnormalities in intrauterine invasive trophoblast cells, whereas invasive 
trophoblast cell deficiency was associated with placentomegaly and the retention of NK 
cells in the uterine mesometrial compartment. Double-deficient pregnancies (absence of 
maternal NK cells and invasive trophoblast cells) exhibited placentomegaly, fetal growth 
restriction, and a significant decrease in fetal survival. Postnatal survival was negatively 
affected in offspring from double mutant pregnancies. In summary, these experiments 
were focused on cellular dynamics at the uterine-placental-interface. A "single hit" 
affecting either NK cells (IL15 deficiency) or invasive trophoblast cells (PLAC1 
deficiency) affected placental site development; however, a "double hit" affecting both 
invasive trophoblast cells and NK cells was not limited to the structure of the 
placentation site but extended to impacts on placental and fetal development and 
survival. These in vivo findings highlight the plasticity associated with hemochorial 
placentation. [Supported by Lalor Foundation postdoctoral fellowships to AM and EMD, 
NIH HD20676 and HD099638, and the Sosland Foundation] 
 

S2.4 - Spatial phenotyping of endometriosis microenvironment reveals unique 
lesion-specific immune cell distributions and communications  

Yuliana Tan, The Jackson Laboratory for Genomic Medicine                                                              
William Flynn, The Jackson Laboratory for Genomic Medicine                                                         
Santhosh Sivajothi, The Jackson Laboratory for Genomic Medicine                                               
Diane Luo, The Jackson Laboratory for Genomic Medicine                                                         
Martine Seignon, The Jackson Laboratory for Genomic Medicine                                               
Jessica Grassman, The Jackson Laboratory                                                                                                      
Paul Gabriel, The Jackson Laboratory                                                                                               
Anthony Luciano, The Jackson Laboratory for Genomic Medicine                                                                 
Paul Robson, The Jackson Laboratory for Genomic Medicine                                                                
Danielle Luciano, University of Connecticut Health Hospital                                                                       
Elise Courtois, The Jackson Laboratory for Genomic Medicine  

Endometriosis is characterized by growth of endometrial-like tissue outside of the uterus 
affecting many women in their reproductive age, causing years of pelvic pain and 
potential infertility. Its pathophysiology remains largely unknown, limiting early diagnosis 
and treatment. Current treatment relies on hormone therapy to relieve endometriosis 
symptoms in conjunction with invasive surgery to remove endometriosis lesions. 
However, many patients fail to respond to hormonal therapy and lesions frequently recur 
after surgery. 

Using a single cell transcriptomic approach (scRNA-seq), we previously characterize 
peritoneal and ovarian lesions, in woman under hormonal treatment, and compare to 
matched endometriosis endometrium and control endometrium. Through this holistic 



view of the endometriosis microenvironment, we identified disease specific cell types 
promoting immunotolerance and angiogenesis. We also defined fundamental 
differences in eutopic endometrium and between lesions microenvironments, and a 
novel pro-restitutive-like epithelial cell subpopulation expressing a unique transcriptomic 
signature. More importantly, such transcriptomic profiling revealed, through ligand-
receptor analysis, specific cellular interactions between the cells composing the 
microenvironment. Using comprehensive spatial transcriptomic (Visium, 10x genomics) 
and targeted hyperplex antibody-based assays (Image Mass Cytometry), we spatially 
resolve many of the cell types identified through scRNA-seq and provide a 
complementary approach to scRNA-seq. In particular, we identify unique disease 
specific interaction between immunosuppressive T-reg lymphocytes and LYVE-1 
expressing macrophages, which also display pro-angiogenic, pro-neurogenic and 
tolerogenic features. We identify the presence of tertiary lymphoid structures in 
peritoneal lesions and describe differences within the microenvironment cellular 
organization for two common types of endometriosis lesions: ovarian and peritoneal 
lesions. This study provides further understanding for the establishment of the niche 
where lesions establish, evolve and recur. 
 

S3.3 - Transcription factor AP-2 family biology in trophoblast cell lineage and 
placental development  

Esteban Dominguez, University of Kansas Medical Center                                                              
Ayelen Moreno-Irusta, University of Kansas Medical Center                                                 
Khursheed Iqbal, University of Kansas Medical Center                                                                             
Michael Soares, University of Kansas Medical Center  

The transcription factor AP-2 (TFAP2) family is a key regulator of embryonic 
development.  These actions include the regulation of trophoblast cell lineage and 
hemochorial placentation.  Trophoblast cells emerge from trophectoderm cells of the 
blastocyst and differentiated into trophoblast cells possessing specialized transport 
function, facilitating maternal-fetal exchange, and invasive properties capable of 
transforming the uterus.  In this study, we investigate roles for TFAP2 in human 
trophoblast cells and in the developing rat placenta with a focus on trophoblast cell-
guided events within the uterine-placental interface.  These efforts included 
investigations using first trimester human placental specimens, human trophoblast stem 
(TS) cells, and genome edited rat models.  TFAP2A and TFAP2C were localized by in 
situ hybridization to the extravillous trophoblast (EVT) cell column. TFAP2C expression 
was more prominent in the proximal region of the EVT column where stem/progenitor 
cells are located. Both TFAP2A and TFAP2C were expressed in human TS cells. Loss-
of-function experiments, using lentiviral delivered short hairpin RNAs specific to TFAP2A 
or TFAP2C, were also performed in human TS cells.  Disruption of TFAP2C interfered 
with maintenance of the stem state and led to an arrest in cell proliferation and profound 
changes in gene expression profiles. We further sought to investigate the biology the 



TFAP2 family in the rat. The rat possesses deep placentation characterized by extensive 
intrauterine trophoblast cell invasion similar to human placentation. Single cell RNA 
sequencing of the rat uterine-placental interface demonstrated prominent and specific 
expression of TFAP2C in invasive trophoblast cells. These results were confirmed by in 
situ hybridization.  Genome editing was utilized to generate a global disruption of the 
Tfap2c gene in the rat.  A 308 bp out-of-frame deletion was generated targeting the 
DNA binding domain of TFAP2C.  Homozygous Tfap2c mutants died between gestation 
days (gd) 8.5 and 9.5, a timeframe earlier than the onset of the major wave of 
intrauterine trophoblast cell invasion.  We also examined Tfap2c heterozygous (Tfap2c+/-

) placentation sites at gd 15.5 and 18.5 and observed disruptions in intrauterine 
trophoblast cell invasion and retention of natural killer cells within the uterine-placental 
interface.  The results indicate dose-dependent actions of TFAP2C within the rat 
placentation site.  In summary, we established in vitro and in vivo model systems for 
investigating the TFAP2 family in trophoblast cell lineage and placental development 
and implicate the TFAP2 family in the regulation of the invasive trophoblast/EVT cell 
lineage.  [Supported by BRTP and KINBRE postdoctoral awards to EMD, Lalor 
Foundation postdoctoral fellowships to AM and EMD, NIH HD20676, HD099638, and the 
Sosland Foundation]  
 

S3.4 - Apical morphogenesis in a human epiblast model is driven by AP-1 clathrin 
adaptor complex-dependent trafficking machinery  

Amber Carleton, Medical College of Wisconsin                                                                                    
Sicong Wang, Medical College of Wisconsin                                                                                   
Deborah Gumucio, University of Michigan Medical School                                                                     
Mara Duncan, University of Michigan Medical School                                                                     
Kenichiro Taniguchi, Medical College of Wisconsin  

The pro-amniotic cavity of the implanting human embryo forms from an unpolarized 
mass of pluripotent epiblast cells. This process requires apico-basal polarization, radial 
organization of epiblast cells and central lumen formation. To gain a global 
understanding into the poorly understood machinery involved in epiblast polarization, 
we recently interrogated the proteomes of apical and basolateral membrane territories 
in a three-dimensional human pluripotent stem cell-derived epiblast cyst model and 
revealed a marked apical enrichment of proteins involved in vesicular trafficking. In 
particular, the components of the clathrin-associated adaptor protein complex 1 (AP-1), 
a complex known for its important role in clathrin-dependent traffic at the trans-Golgi 
network and endosomes, are apically enriched. To examine the role of the AP-1 
complex in human epiblast cavity formation, we generated the epiblast cavity model 
lacking AP1G1, the gamma-subunit that plays an integral role in maintaining AP-1 
complex structure. Strikingly, AP1G1-KO lines exhibit a novel phenotype: KO cysts 
contain a central disc-shaped lumen, surrounded by tall, thin, radially organized cells, 
which is in significant contrast to the cuboidal cells and balloon-shaped lumens in 



controls. Further, the formation of the apicosome, an apically charged organelle that 
drives lumen formation in human epiblast model, is impaired in AP1G1-KO cells. 
Interestingly, while PODXL, an apical transmembrane protein, is enriched apically, 
demarcating the disc-shaped lumen, ectopic PODXL localization is also observed on 
intracellular vesicles, a portion of which localize proximal to the basolateral membrane, 
suggesting that AP-1 may play a role in apical sorting of PODXL vesicles critical for the 
formation of apical membrane and apicosomes. To test the idea that the disc-shaped 
lumen is due, at least in part, to impaired apical trafficking of apically charged PODXL 
vesicles, leading to reduced apical membrane components at the apicosome and at the 
lumenal surface, we overexpressed a PODXL-mCherry construct in KO human epiblast 
cyst model, and found a modest increase in apicosome formation and lumen size. 
Together, these results are consistent with a novel role for the AP-1 complex in proper 
trafficking of essential apicosomal and vesicle membrane components that contribute 
apically charged membrane to expand the apical lumen during human epiblast model 
morphogenesis. 
 

S4.3 - Zearalenone exposure affects the ovarian proteome and is altered in 
combination with heat stress  

Crystal Roach, Iowa State University                                                                                                         
Edith Mayorga, Iowa State University                                                                                                       
Lance Baumgard, Iowa State University                                                                                                 
Jason Ross, Iowa State University                                                                                                            
Aileen Keating, Iowa State University  

Zearalenone (ZEN), an estrogenic mycotoxin, causes endocrine disruption and 
reproductive dysfunction in pigs. Heat stress (HS) occurs when exogenous and 
metabolic heat accumulation exceeds heat dissipation, a scenario negatively impacting 
reproduction in pigs. Our objective was to identify differentially abundant ovarian 
proteins in gilts exposed to ZEN both with and without HS. We hypothesized that ZEN 
exposure negatively impacts the ovarian proteome, and that HS would be additive to 
ZEN-induced ovotoxicity. Prepubertal gilts (n = 38) were assigned to one of six 
treatment groups: thermoneutral (TN) ad libitum control (TC; n = 6); TN + ZEN (TZ; 0.04 
ppm; n = 6); pair-fed (PF) control (PC; n = 6); PF+ ZEN (PZ; 0.04 ppm; n = 6); HS control 
(HC; n = 7); and HS + ZEN (HZ; 0.04 ppm; n = 7). Pigs were subjected to TN (20 ± 1 °C) 
or cyclic HS (35 ± 1 °C for 12 h/31.6 ± 1 °C for 12 h) conditions for 7 d. Liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) was performed on ovarian 
protein homogenates. Exposure to ZEN increased 48 and decreased 45 ovarian proteins 
in TN pigs (P < 0.05) including a decreased abundance of oxidative stress response 
protein (OSR1; -0.56-fold) and programmed cell death protein 5 (PDCD5; -0.66-fold). In 
pigs who were PF to the HS feed intake level, ZEN exposure increased 50 and 
decreased 47 ovarian proteins (P < 0.05), with reduced abundance of the toll-like 
receptor 4 signaling pathway protein transmembrane P24 trafficking protein 7 (TMED7; -



2.1-fold). During HS, ZEN exposure differentially affected 126 ovarian proteins, with 58 
increased and 68 increased (P < 0.05). Increased abundance of daz associated protein 
1 (DAZAP1; 1.5-fold), an ovarian protein also altered by obesity, was observed. In the 
absence of ZEN exposure, HS altered 330 ovarian proteins, with 151 increased and 179 
decreased (P < 0.05) relative to PC. Fkbp prolyl isomerase 1A (FKBP1), which is 
associated with both polycystic ovary syndrome and prolactin signaling, was increased 
(3.4-fold) during HS compared to PC. Reduced feed intake altered 229 ovarian proteins, 
with 124 increased and 105 decreased between TC and PC pigs. Seventy-two common 
proteins were identified to be changed by HS relative to both TN controls, with 58 
common proteins altered by ZEN exposure among all environmental treatments. Cellular 
pathways impacted by either HS or ZEN alone or in combination included cellular stress, 
metabolic pathways, and estrogenic pathways. Thus, ZEN and HS, both alone and in 
combination, impacted the ovarian proteome in prepubertal pigs in ways that could 
contribute to infertility. This project was supported by the Iowa Pork Producers 
Association and a NIEHS-funded predoctoral fellowship (F31ES033551-01). 
 

S4.4 - Obesity Attenuates the Ability of the Ovary to Recover from DMBA Exposure  

Jaspreet Rishi, Iowa State University                                                                                                   
Kelsey Timme, Iowa State University                                                                                                          
Hunter White, Iowa State University                                                                                                             
Aileen Keating, Iowa State University  

Obesity is a global epidemic and the incidence of obesity in America has worsened 
during the COVID-19 pandemic. In females, obesity complicates fertility by increasing 
the incidence of developing polycystic ovary syndrome and miscarriage, reducing 
conception, diminishing oocyte quality, and impairing fecundity. 
Dimethylbenz[a]anthracene (DMBA) is the most ovotoxic polyaromatic hydrocarbon 
found in cigarette smoke and is an alkylating agent. After ovarian bioactivation to a 
genotoxic metabolite, DMBA exposure causes DNA double stranded breaks. Excessive 
DNA damage can either shunt follicles towards apoptosis or if the damage remains 
unrepaired, can compromise germline integrity. The ovary is capable of responding to 
DNA damage, but our findings in obese mice suggest that their response to DNA 
damage is blunted. In this study, the hypothesis investigated was that impaired DNA 
damage repair caused by obesity persists even after the removal of a genotoxic insult. 
Both lean and obese mice (~10-week-old) were exposed to either corn oil (CT) or DMBA 
(1 mg/Kg) for 7 d via intraperitoneal injection (n = 5/treatment) and allowed a recovery 
period (8-22 d) before euthanizing on the second day of diestrus. The length of time 
spent in each phase of the estrous cycle was determined and reported as a percentage. 
Time spent in proestrus did not change across treatment groups (P > 0.1). Obese CT 
mice spent less time in estrus (P < 0.05) but tended (P = 0.09) to spend more time in 
metestrus/diestrus as compared to lean CT mice. In obese mice, DMBA exposure 
reduced the time spent in metestrus/diestrus (P < 0.05) compared to CT mice. By 



experimental design, total body weight was higher in the obese mice (P < 0.01). Liver (P 
< 0.01) and spleen (P < 0.01) weight were increased in obese CT females as compared 
to lean CT females, whereas uterine weight was decreased (P < 0.01) in DMBA-treated 
obese females as compared to DMBA-treated lean females. In obese mice, DMBA 
exposure tended to decrease (P = 0.06) uterine weight compared to CT mice. Ovary 
weight and serum progesterone were unaffected (P > 0.1) by obesity or DMBA 
exposure. Obesity tended (P = 0.09) to reduce primordial follicle number but there was 
not an effect of DMBA exposure. In both lean and obese mice, primary follicle number 
was decreased in both lean (P < 0.08) and obese (P < 0.08) mice. There was not any 
effect on the number of secondary follicles, antral follicles or corpora lutea. In pre-antral 
follicles, a differential impact of DMBA exposure was observed in lean and obese mice 
(P < 0.05). These data represent persistent impacts of DMBA exposure and highlight 
differing recovery potentials in lean and obese mice suggesting that obesity attenuates 
the ability of the ovary to recover from genotoxic stress. Supported by 1R01ES030341 
from NIEHS. 
 

S5.1 - The orphan nuclear receptors SF-1 (Nr5a1) and LRH-1 (Nr5a2) direct distinct 
transcriptional changes in the establishment and activation of the ovarian reserve  

Camilla Hughes, Université de Montréal                                                                                                  
Mylène Brunelle, Université de Sherbrooke                                                                                      
Marie Charlotte Meinsohn, Harvard Medical School                                                                                       
Vickie Roussel, Université de Montréal                                                                                                 
Nicolas Gévry, Université de Sherbrooke                                                                                               
Bruce Murphy, Université de Montréal  

The ovarian reserve comprises the nonrenewable endowment of primordial follicles that 
determines fertility in mammals. In the mouse, conditional depletion of either of two 
related orphan nuclear receptors, liver receptor homolog-1 (LRH-1) or steroidogenic 
factor-1 (SF-1), from pregranulosa and granulosa cells of the germ cell nest stage 
onward (via Amhr2-cre; cKO) results in infertility. In both lines, the phenotype is 
attributable to impaired regulation of the ovarian reserve, but the underlying 
mechanisms differ. In LRH-1 cKO mice, primordial follicle activation is inhibited, but 
follicular assembly is unaffected. In SF-1 cKOs, primordial follicle assembly and 
activation, as well as ovarian size, are reduced. To explore this, SF-1 cKO ovaries were 
compared to controls by RNAseq on embryonic day (ED)17.5 (before follicular 
assembly), postnatal day (PND)1 (during assembly), and PND4 (after assembly, during 
early activation). SF-1 cKO resulted in differential expression of 566 mRNA on ED17.5, 
1061 on PND1, and 1001 on PND4 (Padj<0.05, log2 fold change>|1|). Several follicular 
assembly pathways were disrupted by loss of SF-1, including Irx3, Irx5, and their 
downstream targets; Notch signaling; and the activin-inhibin-follistatin signaling axis. We 
have reported RNAseq demonstrating that ovarian cKO of LRH-1 on PND4 affects 
quiescence and epithelial-to-mesenchymal transition (EMT). SF-1 regulates neither of 



these functions, indicated by SF-1-regulated genes and pathways, and instead affects 
follicular activation through mechanisms including granulosa cell differentiation, the KIT-
KITL pathway, and alterations to extracellular matrix. Indeed, only 28 transcripts were 
differentially regulated in both LRH-1 and SF-1 cKO ovaries on PND4, with 27/28 
changing in opposite directions, demonstrating unique functions for LRH-1 and SF-1. 
Among differentially regulated genes from PND4, 86% from SF-1 cKO ovaries and 65% 
from LRH-1 cKO had predicted NR5A1/NR5A2 binding sites in cis-regulatory regions. 
Finally, we performed single-cell RNAseq and ATACseq to compare SF-1 cKO to control 
on PND4. Compared to controls, 80 transcripts were upregulated and 38 downregulated 
in SF-1 cKO granulosa cells (Foxl2+, Kitl+). Pathway analysis revealed regulation of 
WNT/beta-catenin signaling and extracellular matrix. Moreover, Lgr5 was downregulated 
in SF-1 cKO granulosa cells and SF-1 cKO ovaries had fewer Lgr5+ (epithelial-derived) 
cells, which form second-wave follicles required for adult fertility. In control granulosa 
cells, NR5A1/NR5A2 was among the top five motifs present in open chromatin, 
confirming its importance. Differences in open chromatin between SF-1 cKO and control 
granulosa cells included 15 motifs enriched in controls (including GATA4 and TCF7, the 
transcripts for which were upregulated in controls, and NR5A1/NR5A2,) and 13 motifs in 
SF-1 cKO (including JUND, SNAI2, and NR1H4, the transcripts for which were 
upregulated in SF-1 cKOs). We conclude that LRH-1 and SF-1 are crucial to the 
regulation of the primordial follicle pool. SF-1 mediates assembly and survival of the 
primordial follicle pool. SF-1 and LRH-1 are both regulators of follicular activation, but 
through distinct pathways. LRH-1 promotes follicular activation through regulation of 
cellular quiescence and EMT, whereas SF-1 regulates the KIT-KITL pathway, and 
formation and function of the ovarian extracellular matrix. Supported by CIHR PJT-
169184 to BDM and a Lalor Foundation Fellowship to CHKH. 
 

S5.2 - AMH regulates the WNT pathway in pre-granulosa cells  

Marie-Charlotte Meinsohn, Massachusetts General Hospital - Harvard Medical School                               
Maeva Chauvin, Massachusetts General Hospital - Harvard Medical School                                  
Hatice Saatcioglu, Massachusetts General Hospital - Harvard Medical School                                    
Aki Kashiwagi, Massachusetts General Hospital - Harvard Medical School                                          
Nicholas Nagykery, Massachusetts General Hospital - Harvard Medical School                                                                              
Patricia Donahoe, Massachusetts General Hospital - Harvard Medical School                                    
David Pépin, Massachusetts General Hospital - Harvard Medical School  

Women are born with a finite number of primordial follicles known as the ovarian 
reserve. The mechanism regulating the maintenance and progressive activation of the 
primordial follicle pool remains one of the biggest mysteries of female reproduction. 
Anti-Mullerian hormone (AMH), also known as Mullerian inhibiting substance (MIS), is a 
paracrine ligand of the TGF-B superfamily produced by granulosa cells of growing 
follicles and thought to inhibit primordial follicle activation and follicle development by 
providing negative feedback through its receptor AMHR2, also found in granulosa cells. 



We have previously shown that administration of exogenous AMH in adult mice, using 
recombinant protein or adeno-associated viral vectors (AAV9) gene therapy, resulted in 
a near complete arrest of folliculogenesis, loss of cyclicity, and contraception. 
Furthermore, postnatal day 6 (PND6) ovaries from mice which received AAV9-AMH at 
PND1 were significantly smaller than the ones harvested from control littermates treated 
with empty vector. These MIS-treated ovaries had significantly fewer primary and 
secondary follicles, but, surprisingly, no differences in the number of primordial follicles. 
However, morphological evaluation of the MIS-treated ovaries also revealed the 
existence of a unique population of follicles characterized by an enlarged oocyte, with a 
diameter equivalent to that expected from a primary or secondary follicle but 
surrounded by a single layer of flattened granulosa cells. This phenotype suggests 
oocyte progression can occur independently from pre-granulosa cell differentiation. 
Furthermore, phenocopies of this phenotype have been reported in other transgenic 
mice, including the Wntless Sf1 Cre conditional knockout, where Wnt4, Wnt6 and Wnt11 
are inhibited in granulosa cells. To better understand the mechanism involved in the 
establishment of this phenotype, we compared transcriptomic profiles of PND6 control 
and AMH-treated ovaries using single cell RNA sequencing (inDROP). We identified an 
AMH signature characterized by inhibitors of cell-cycle (Cdkn1a, Cdkn1c), 
downregulation of markers associated with differentiation of granulosa (Nr5a2, Kctd14 
and Slc18a2) as well as dysregulation of secreted factors, including downregulation of 
Wnt6, upregulation of Wnt4, but no change in Wnt11. This led us to hypothesize that 
AMH prevents pregranulosa differentiation in part through regulation of the Wnt 
pathway. To elucidate the relationship between Amh and Wnt we treated E14.5 rat 
embryos urogenital ridges and neonatal ovaries with Wnt inhibitor (IWP2) or activator 
(CHIR99021) with or without AMH. After 48 hours we showed that either MIS or the Wnt 
activator could induce complete regression of the Mullerian duct, while the Wnt inhibitor 
was able to block regression of the Müllerian duct from both endogenous AMH of the 
male gonadal ridge and exogenous MIS in a female ridge. We showed a similar 
mechanism in the ovary where Wnt inhibitor replicated the phenotype observed in MIS 
treated samples. Downstream WNT targets such as Lef1, Atf3 but also Timp3 and Lrp3 
were also shown to be dysregulated following AAV9 MIS delivery. In conclusion, our 
data suggest that AMH regulates both pre-granulosa cell differentiation and Mullerian 
duct regression trough modulation of specific WNT proteins.    
 

S5.3 - Oncostatin-M: A Leukocyte-derived Novel Cytokine Impacts Progesterone 
and Prostaglandin E2 Production in Human Periovulatory Follicles  

Yohan Choi, University of Kentucky                                                                                                              
Mats Brännström, University of Gothenburg                                                                                                 
James Akin, Bluegrass Fertility Center                                                                                                  
Thomas Curry Jr, University of Kentucky                                                                                          
Misung Jo, University of Kentucky  



Oncostatin-M (OSM) is a pleiotropic cytokine that belongs to the interleukin-6 family and 
is akin to leukemia inhibitory factor (LIF) in both structure and function. OSM exerts its 
signal through two types of cell surface heterodimeric receptors, OSMR/IL6 signal 
transducer (IL6ST) and LIFR/IL6ST, and activates downstream signaling mediators. 
Single-cell expression profiling of follicular aspirates from in vitro fertilization patients in 
our pilot study showed that the expression of OSM was exclusively detected in 
macrophages and T cells, while its receptor components are predominantly expressed 
in granulosa cells, implicating the potential impact of leukocyte-derived OSM on 
granulosa cells of periovulatory follicles during the ovulatory process in humans. The 
cell-type-specific expression of OSM and its receptors was verified by qPCR analyses 
using leukocytes and granulosa cells separated from follicular aspirates by magnetic-
activated cell sorting with CD45-microbeads. Using granulosa cells obtained from 
normally cycling women before the endogenous luteinizing hormone surge 
(preovulatory, Pre) and at defined times [early ovulatory (EO), 12-18 hours; late 
ovulatory (LO), 18-34 hours; post-ovulatory (PO), 40-70 hours] after human chorionic 
gonadotropin (hCG) administration, we found a rapid increase in levels of mRNA 
for OSMR and IL6ST at the EO phase, which was sustained at the LO phase. In contrast, 
LIFR mRNA levels were drastically decreased at the EO phase, which was maintained 
throughout the periovulatory period. Primary human granulosa-lutein cells (hGLCs) 
obtained from women undergoing in vitro fertilization were utilized to characterize the 
expression and function of OSM and its receptors in human periovulatory granulosa 
cells. qPCR analyses using hGLCs treated with ± hCG (1 IU/ml) showed that hCG 
increased the levels of OSMR and IL6ST mRNA at 12 and 36 hours but had no effects 
on LIFR expression, mimicking in vivo expression patterns. To determine whether OSM 
activates signaling cascades in periovulatory granulosa cells, hGLCs were treated with ± 
hCG and twelve hours later, rhOSM (0, 1, 5, 10, and 20 ng/ml) were added. The cells 
were further cultured for 0.5 and 1 hours. rhOSM increased the levels of phosphorylated 
STAT3 (pSTAT3), pERK1/2, and pAKT levels within 0.5 hours. The increased levels of 
pERK1/2 were continued until 1h, whereas those of pSTAT3 and pAKT were attenuated 
and disappeared, respectively, by 1 hour. Functional analyses were performed using 
hGLCs treated with ± hCG (1 IU/ml) for 12 hours and then further with ± rhOSM (10 
ng/ml) for 24 hours. After 36 hours of total incubation, rhOSM stimulated progesterone 
(P4) and prostaglandin E2 (PGE2) production and increased the levels of mRNA for 
STAR and PTGS2, key genes involved in P4 and PGE2 production, respectively, in 
hGLCs. Taken together, this study revealed that OSM and its receptors are expressed in 
leukocytes and granulosa cells, respectively, in human ovulatory follicles, and they 
facilitate steroidogenesis and PG biosynthesis by regulating gene expression in 
periovulatory granulosa cells. This is the first experimental evidence demonstrating the 
LH surge-induced coordination between leukocytes and periovulatory follicles, through 
OSM and their receptors, on the periovulatory process in the human ovary (Supported 
by P01HD71875,R03HD095098,R01HD096077)  
 



S5.4 - The Transcription Factor RUNX1 Regulates The Establishment Of The 
Ovarian Reserve  

Barbara Nicol, NIEHS / NIH                                                                                                                   
Karina Rodriguez, NIEHS / NIH                                                                                                             
Liying Gao, University of Illinois                                                                                                              
Jodi Flaws, University of Illinois                                                                                                               
Humphrey Yao, NIEHS / NIH  

Starting a family later in life has become increasingly common. However, the ovary 
contains only a finite number of oocytes and overtime, this ovarian reserve is gradually 
exhausted. Here we show that RUNX1, a transcription factor expressed in the granulosa 
cells, regulates the size of ovarian reserve in mice. RUNX1 is an early marker of 
granulosa cells, expressed in an ovary-specific manner starting at 12.5 days post-coitum 
with a peak of expression around the time of birth. Conditional ablation of Runx1 (cKO) 
in the somatic cells of the mouse fetal ovary led to the presence of a larger stock of 
oocytes after birth. Throughout adulthood, Runx1 cKO ovaries contained significantly 
more follicles, suggesting that loss of Runx1 in the fetal ovary delays the age-related 
exhaustion of the ovarian reserve. Multiple events during the fetal development of the 
ovary can determine the stock of oocytes, such as germ cell proliferation as the gonads 
differentiate, the timing of meiosis entry and oocyte attrition that eliminates about two-
third of the oocytes around the time of birth. In Runx1 cKO, the larger stock of oocytes is 
caused by repression of oocyte attrition. Transcriptomic and genomic analyses led to 
the identification of the pathways downstream of RUNX1 that are involved in the 
intercellular communication from granulosa cells to oocytes and contribute to the 
control of oocyte stock. In summary, we have uncovered a novel role of RUNX1 in the 
control of the ovarian reserve size. In the absence of RUNX1, a larger stock of oocytes is 
maintained, resulting in an increased follicle pool throughout reproductive lifespan. 
Since RUNX1 is only found in the granulosa cells, our findings further support the 
hypothesis that establishment of the definitive stock of oocytes is not exclusively cell 
autonomous. Instead, granulosa cells through the action of RUNX1 play a critical role in 
this determining process. This study was supported by NIEHS/NIH Intramural Research 
Funds. 
 

S7.3 - Sex-specific regulatory networks prime primordial germ cell fate 
commitment  

Adriana Alexander, National Institute of Environmental Health Sciences                                                     
Karina Rodriguez, National Institute of Environmental Health Sciences                                       
Humphrey Yao, National Institute of Environmental Health Sciences  

Together, male and female germ cells carry the hereditary information required for the 
generation of a new individual. Mature, sexually dimorphic gametes share few 



morphological features yet develop from a common cellular origin, the primordial germ 
cell (PGC). PGCs are the bipotential stem cells of the germline that transit from naive 
pluripotency in early embryonic development to become highly specialized cell types, 
egg and sperm, in adulthood. The specification of PGCs during mammalian 
development is accompanied by extensive epigenetic modifications, including induction 
of germ cell genes, repression of the somatic program, and global changes in DNA 
methylation. PGC sex-determination commences in response to cues from the gonadal 
environment, during which PGCs commit to either a male or female sex-specific lineage, 
characterized by mitotic arrest or meiotic entry, respectively. An emerging theme from 
recent studies is that epigenetic and transcriptional remodelers play key roles in PGC 
development and cell fate plasticity. However, the molecular foundation controlling sex 
differentiation of PGCs is not clearly defined due to the technical limitations of isolating 
individual cell types from embryonic gonads. To gain insights into the mechanisms that 
govern PGC sex-determination, we developed the first single-cell multi-omics map of 
chromatin accessibility and gene expression during murine PGC development in both 
male and female embryos. By simultaneously profiling cell-type specific transcriptomes 
and regions of open chromatin for single PGCs and somatic cells in the gonads, we 
cataloged a multimodal reference atlas of differentiating PGCs and resolved previously 
unreported interactions between PGCs and somatic support cells. Using this novel 
approach, we discovered that regulatory element chromatin accessibility precedes gene 
expression during PGC reprogramming, suggesting that changes in chromatin 
accessibility may prime PGC lineage commitment prior to differentiation. For example, 
we detected accessible chromatin at the promoter for Stra8, a key effector of meiotic 
initiation, in female PGCs prior to Stra8 mRNA expression or PGC differentiation to the 
female-specific pathway. Combining single-cell mRNA sequencing data with chromatin 
accessibility information, we computationally mapped the cascade of transcription 
factors that regulate the expression of sexually dimorphic genes in PGCs. Fifteen 
transcription factors, whose functions have yet to be described in germ cells, were 
significantly enriched in a sex-specific manner. Specifically, expression of the 
transcription factors Forkhead Box O1 (FOXO1) and ABL proto-oncogene (ABL1) was 
found in females and males, respectively, at the onset of PGC differentiation. We also 
uncovered the ligand-receptor signaling events between gonadal somatic cells and 
PGCs. For example, increased kit receptor signaling in females and ephrin signaling in 
males are concomitant with PGC sex-determination, indicating that external cues from 
somatic cells likely direct PGC cell fate decisions. In summary, these results illustrate the 
temporal programming of the PGC regulatory modules leading to sex-specific cell fate 
commitment. These data represent an invaluable resource for the discovery of 
previously unknown regulatory networks that coordinate PGC differentiation and ensure 
production of functional gametes.  
 

 



S7.4 - N(6)-Methyladenine Epigenetic Regulation in Bovine Preimplantation 
Embryo Development  

Linkai Zhu, LSU Animal Science                                                                                                     
Zongliang Jiang, LSU Animal Science  

Epigenetic regulation is critical for early development, and traditionally it includes the 
subtypes of histone modifications and the DNA modification 5-methylcytosine (and its 
derivatives). The recent discovery of N6-methyladenine (N6-mA) in mammalian 
genomes suggests a previously unrecognized epigenetic mechanism (Wu et al., 2016 
Nature). A most recently study has further demonstrated an unexpected molecular 
mechanism for N6-mA function via SATB1 in mouse early development (Li et al., 2020 
Nature). Here, we sought to investigate the biological effect of perturbing N6-mA by 
manipulating its demethylase ALKBH1 in bovine preimplantation embryo development. 

We utilized in vitro produced embryos and zygotic intervention through microinjecting 
CRISPR/Cas9 system or in vitro transcript RNA targeting ALKBH1 to establish ALKBH1 
knockout (KO) or overexpression (OE) bovine embryos.  We performed 
immunofluorescence, embryo grading, RNA-seq, and ATAC-seq analysis of the 
developing edited embryos to investigate the role of N6-mA in bovine embryogenesis. 

Immunofluorescence analysis have shown N6-mA first appears at 8-cell stage and is 
predominantly present at trophectoderm cell lineages in early embryos. We found that 
ALKBH1 KO/OE embryos develop normally to the 8-cell stage. Interestingly, 
overexpression of ALKBH1 impaired blastocyst formation while knockout of ALBKH1 
significantly improved the embryo developmental potential, an increase of the blastocyst 
rate. RNA-seq and ATAC-seq analysis of edited embryos at 2-, 8-cell, and blastocyst 
(inner cell mass and trophectoderm) stage indicated that the trophectoderm gene 
programs are modulated in response to the ALBKH1 mediated N6-mA remodeling. 

In summary, our data demonstrate that the N6-mA, newly identified in mammalian 
tissues, is necessary for bovine embryonic development, and may play a specific 
regulatory mechanism in the bovine trophoblast stem cell development. 
 

 

S8.3 - A 3D in vitro follicle growth system preserves molecular signatures of 
gonadotropin-dependent folliculogenesis and enables the identification of ovarian 
toxicants  

Jiyang Zhang, Rutgers University                                                                                                         
Yingzheng Wang, Rutgers University                                                                                                                          
Pawat Pattarawat, Rutgers University                                                                                                                   



Delong Zhang, Rutgers University                                                                                                          
Daniela Russo, Massachusetts Institute of Technology                                                                       
Alex Shalek, Massachusetts Institute of Technology                                                                                   
J. Julie Kim, Northwestern University                                                                                                   
Qiang Zhang, Emory University                                                                                                       
Brittany Goods, Dartmouth College                                                                                                       
Shuo Xiao, Rutgers University  

Accumulating evidence reveals that both environmental chemicals and clinical drugs 
can be toxic to the ovary and its functional unit, follicles, resulting in heightened risks of 
reproductive disorders and infertility. Identification of ovarian toxic chemicals, however, 
is challenging due to the low throughput of animal models. We previously established an 
alginate hydrogel-based 3D encapsulated in vitro follicle growth (eIVFG) system which 
recapitulates key ovarian functions in vivo, including gonadotropin-dependent follicle 
maturation, hormone secretion, and ovulation. Here, we further determined whether the 
molecular signatures of these follicular events are preserved in follicles derived from 
eIVFG, thus enabling a truly scalable and highly controllable system to identify ovarian 
toxicants and mechanisms involved. Secondary follicles were isolated from 16-day-old 
CD-1 female mice and cultured with eIVFG for 8 days. Follicles were collected on day 0, 
4 and 8 of eIVFG for single-follicle RNA-sequencing (RNA-seq) analysis. The principal 
component analysis (PCA) separated follicles into distinct clusters based on their 
cultured days, indicating dynamic transcriptome changes of follicular cells during the 
gonadotropin-dependent folliculogenesis. Genes with fold-change ≥ 2 or ≤ 0.5 and 
adjusted p-value < 0.05 were defined as differentially expressed genes (DEGs). There 
were 726, 2,521 and 1,073 DEGs when comparing follicles from day 4 to day 0, day 8 to 
day 0, and day 8 to day 4, respectively. We next performed soft clustering to investigate 
the gene expression profiles at various eIVFG times. Totally 16 temporal gene 
expression clusters were identified and 8 of them were enriched with a statistically 
significant number of genes. Genes in profiles 1-4 were continuously increased during 
eIVFG, indicating that these genes were actively involved in follicle growth and 
maturation. In contrast, genes in profiles 5-8 exhibited a consistent decrease in 
expression from day 0 to day 8, suggesting that the suppression of these genes may be 
critical for follicle development. We also examined the expression of well-established 
follicle maturation-related genes, including Fshr, Cyp19a1, Hsd17b1, Inha, Inhba, Inhbb, 
Pappa, and Lhcgr. All of these genes were remarkably induced during eIVFG. More 
importantly, these genes had the expression patterns consistent to previous results from 
in vivo animal models, indicating that eIVFG conserves the molecular signatures of 
gonadotropin-dependent folliculogenesis. We next used eIVFG to examine the ovarian 
toxicity of 42 chemicals, including 10 bisphenol analogues, 7 flame retardants, 6 per-and 
polyfluoroalkyl substances (PFASs), 6 harmful algal bloom (HAB) toxins, and 8 pre-
clinical compounds. Results showed that several tested chemicals exhibited ovarian 
disrupting effects. For example, microcystin-LR (MC-LR), an emerging environmental 
contaminant produced from harmful algal blooms (HABs), did not affect follicle growth 
and estradiol secretion but significantly inhibited follicle ovulation. Single-follicle RNA-



seq and other mechanistic analyses revealed that MC-LR interfered with protein 
phosphatase-1 (PP1)-mediated PI3K/AKT/FOXO1 signaling in follicular granulosa cells 
to disrupt FSH-dependent follicle maturation, which resulted in defective follicle 
ovulation. Taken together, our study demonstrates that eIVFG preserves structural, 
hormonal, and molecular signatures of gonadotropin-dependent folliculogenesis, 
enabling a high-throughput identification of ovarian toxicants as well as the mechanisms 
involved. 
 

S8.4 - Estrogen Receptor Signaling Mediates Uterine Epithelial Organoid 
Development.  

Jason Rizo, Division of Animal Sciences, University of Missouri                                                                                                          
Andrew Kelleher, Division of Animal Sciences, University of Missouri                                                       
Thomas Spencer, Division of Animal Sciences, University of Missouri  

All mammalian uteri contain glands in their endometrium that develop primarily after 
birth. Gland development or adenogenesis is intrinsically regulated by proliferation, cell-
cell interactions, growth factors and their inhibitors, as well as transcription factors, 
including forkhead box A2 (FOXA2) and estrogen receptor alpha (ESR1). While several 
studies have established a critical role for FOXA2 in gland development, the role of 
ESR1 remains unclear. Uterine epithelial proliferation and initial gland development were 
unaltered in Esr1 null mice prior to puberty; however, luminal epithelial proliferation and 
the number of glands were reduced in adult ESR1 null mice. Furthermore, neonatal 
administration of ICI 182,780, a potent ESR1 antagonist, or exogenous estrogen, 
resulted in aberrant uterine gland development and function. To comprehensively 
determine the role of ESR1 in uterine epithelial development, studies were performed 
using a combination of mouse genetic models and uterine epithelium organoid culture. 
Endometrial epithelial cells were isolated from neonatal ESR1 null or wildtype (WT) 
females (n=3 per genotype), plated in 25 mL drops of 80% Cultrex hydrogel, and 
cultured in WNT-activating organoid expansion media. Loss of ESR1 in organoids was 
confirmed by immunofluorescence and western blot analysis. ESR1 was detectable only 
in WT organoids, whereas progesterone receptor and the endometrial gland marker, 
FOXA2, was unaltered in ESR1 null organoids. Although organoids could be established 
from both WT and ESR1 null mice, differences in morphology and organoid growth were 
observed. Wildtype organoids formed single layered spheres, whereas ESR1 null 
organoids formed dense, multilayered structures. Next, organoids were dissociated into 
single cells and growth characteristics were determined. A total of 3000 cells were 
plated in 20 mL drops of Cultrex hydrogel (n=6 per animal), and formation was 
evaluated every 96 h for 20 days. Organoid formation efficiency was unaffected 
(P=0.21) by the absence of ESR1. Interestingly, ESR1 null organoids were 2.2-fold larger 
(P<0.05) than WT organoids. Next, organoids were developed and then cultured in 
phenol red-free expansion media for 48 h, followed by 24 h of 10 nM 17-beta estradiol- 
(E2) to determine steroid hormone responsiveness. Treatment with E2 did not (P>0.05) 



affect levels of Pgr, Lgr5, Lif, Ltf, Prss28, or Prss29 mRNA in WT organoids. Spp1 mRNA 
levels were decreased (P<0.05) 84.7-fold, while Foxa2 mRNA was increased (P<0.05) 
5.2-fold in ESR1 null compared to WT organoids. Western blot analysis detected a 5.5-
fold increase (P<0.001) in FOXA2 protein in ESR1 null organoids. Of note, Foxa2 mRNA 
levels were higher (P<0.05) in the uterus of ESR1 null as compared to WT mice. 
Additionally, WNT signaling-related genes Axin2, Birc5, Porcn, Sfrp1, and Wnt4 were 
also increased (P≤0.0001) in organoids from ESR1 null compared to WT mice. These 
studies provide evidence that ESR1 impacts the WNT-signaling pathway and Foxa2 
expression in the uterine glands. Future studies will focus on understanding the 
underlying molecular mechanisms of ESR1 signaling and regulation of uterine epithelial 
development and function. Supported by NIH Grant R01 HD096266. 
 
 

S9.3 - Characterizing the Equine Placental Microbiome in Healthy Pregnancies 
Using Metatranscriptomics Analysis  
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Hossam El-Sheikh Ali, Department of Veterinary Science, University of Kentucky                                  
Barry Ball, Department of Veterinary Science, University of Kentucky                                          
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The existence of a placental microbiome is still controversial, mainly due to technical 
limitations and the inability to distinguish between the microbiome and contaminants 
when using DNA based methods. We characterized the placental microbiome using dual 
RNA-seq, in healthy placentae from horses, a species with an epitheliochorial placenta 
that can easily be separated from the endometrium with minimal maternal residue in the 
fetal placenta. Total RNA was extracted from the chorioallantois (n= 6 late-term and 
n=11 postpartum), followed by rRNA depletion and RNA sequencing (>60Gb/sample). 
We identified 432 genera and 574 species with a minimum threshold of 50 reads. We 
identified 316 genera in late term placentae and 334 genera in postpartum placentae. 
Late-term and postpartum placentae had 249 (62.1%) genera in common. We identified 
294 species in late-term and 482 species in postpartum placentae, from which 234 
(43.2%) were in common. The top 5 most abundant species were Lysobacter 
enzymogenes (33.8% ± 19.5% of total organisms detected [TOD]), Micromonospora 
coxensis (19.4% ± 14.9% TOD), Curtobacterium flaccumfaciens (5.1% ± 10.4% TOD), 
Klebsiella pneumoniae (4.1% ± 2.9% TOD), and Neurospora crassa (3.1% ± 8.1% TOD). 
The taxonomic discovery using dual RNA-seq had higher taxonomic resolution 
compared to 16S rDNA sequencing. Using 16S, we identified 53 genera but only 8 were 
also identified in dual RNA-seq. To further test our methods, we inoculated six mares, at 
the same gestation stage as the late-term group, intracervically with Streptococcus equi 



subspecies zooepidemicus (Strep equi) and sampled the placentae 8 days after 
inoculation. Using dual RNAseq, we identified the inoculated bacteria (Strep. equi) 
among the three most abundant bacteria (8.75% TOD) in all the inoculated placentae. In 
contrast, Strep. equi was around the 200th most abundant bacteria (0.02% TOD) in 
healthy late-term pregnancies. We further identified an association between placental 
transcriptome and bacterial abundance in our samples. The placental samples with a 
lower abundancy of Lysobacter and Micromonospora displayed a similar placental gene 
expression pattern, indicating that the composition of the placental microbiome has an 
influence on placental gene expression and subsequent function. Furthermore, similar 
sample clustering based on abundancy of Strep. equi and placental gene expression 
pattern was observed. Using weighted correlation network analysis (WGCNA), we found 
2487 positively and 8527 negatively correlated placental genes with the abundance of 
Lysobacter enzymogenes, 9588 positively and 2487 negatively correlated genes with 
the abundance of Micromonospora coxensis, 9635 positively and 603 negatively 
correlated genes with the abundance of Curtobacterium flaccumfaciens, 983 positively 
and 8918 negatively correlated genes with the abundance of Klebsiella pneumoniae, 
and 105 positively correlated genes with the abundance of Neurospora crassa. The 
combination of metatranscriptomic and placental expression data support the 
observation that the bacteria identified with dual RNA-seq are part of a ‘normal’ 
placental microbiome. We conclude that the equine placenta harbours a robust and 
unique microbiome. Additionally, this data supports the use of metatranscriptomics as a 
powerful tool to identify bacteria in low biomass samples that can be coupled to host 
changes simultaneously. 
 

S9.4 - Correlations between vaginal and fecal microbiota in commercial sows with 
variable risk for pelvic organ prolapse during late gestation  

Zoe Kiefer, Iowa State University                                                                                                                    
Lucas Koaster, Iowa State University                                                                                                             
Jamie Studer, Iowa State University                                                                                                 
Stephan Schmitz-Esser, Iowa State University                                                                                   
Jason Ross, Iowa State University  

Sow mortality has increased during the last decade, largely due to pelvic organ prolapse 
(POP) manifesting during late gestation. Approximately 21% of sow mortality is 
attributed to POP, which is a significant economic and animal welfare concern. The 
study objective was to compare the microbial communities at different body sites of 
sows during late gestation and identify correlations between fecal and vaginal 
microbiota that could be associated with POP risk. Using an established perineal scoring 
(PS) system, 2,864 sows were assigned PS1 (low), PS2 (moderate), or PS3 (high) based 
on phenotypic observations of presumed POP risk during gestation week 15. Previous 
work has shown that the fecal and vaginal communities are significantly different 
between sows at high or low risk for POP. The objective of this study was to determine if 



potential biological relationships exist between fecal and vaginal microbiota in sows 
during late gestation. Fecal and vaginal swabs from sows (n = 221) were collected, DNA 
was extracted, and submitted for 16S rRNA gene Illumina MiSeq sequencing. Data was 
analyzed using mothur, phyloseq, and SAS. Co-occurrence networks were then 
constructed between microbial communities using CoNet (V1.1.1) to identify 
correlations in taxa abundance. Differences in community composition (PERMANOVA; P 
< 0.05) and structure (alpha diversity measurements; P < 0.01) were observed between 
fecal and vaginal microbiota. When evaluating individual operational taxonomic units 
(OTU), 9,649 were shared between fecal and vaginal communities. Additionally, fecal 
communities had 1,126 unique OTUs and vaginal 234 unique OTUs. The abundances of 
several taxa were correlated across sample collection sites, suggesting the fecal and 
vaginal microbial communities may influence one another. In total, 145 nodes were 
considered to be correlated (P < 0.05) and were connected by 485 edges. However, 
only 12 of these edges were negative correlations and the remaining 473 were positive. 
Correlations were then made between taxa within each environment, resulting in 
detection of 64 and 81 significant correlations within the vaginal and fecal environment, 
respectively. Previous work has shown Clostridium, Treponema, and Streptococcus to 
be positively associated with increased POP risk. Veillonella has been observed to be 
positively associated with decreased POP risk. The current study observed several 
OTUs classified within these genera of interest to be significantly (P < 0.05) correlated 
with several other genera. Understanding the correlations between these communities 
may aid in developing mitigation strategies and identify targets for combatting POP, and 
the comparison of these communities provides a novel assessment of late gestation sow 
microbiota. This project was supported by the National Pork Board and the Foundation 
for Food and Agriculture Research. 
 

S10.3 - Regulation of meiotic entry and progression.  
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The meiotic cell division program is driven by a specialized transcriptome, which 
supports complex chromosome behaviors that are integrated with cell cycle 
progression. Although general principles are conserved, those driven by mammalian-
specific or poorly conserved genes are challenging to identify and have limited our 



understanding of mammalian gametogenesis. We employed a phenotype-driven 
forward-genetics screen in mouse to explore the genetic basis of mammalian meiotic 
processes and isolated several novel mutants with diverse and dramatic meiotic 
phenotypes. I will present our screen along with studies characterizing one affected 
gene, encoding the RNA helicase YTHDC2. 

We and others identified YTHDC2 to be a critical regulator of meiotic entry in the mouse 
germline, and demonstrated that YTHDC2, along with its binding partner and functional 
collaborator MEIOC, constitutes a post-transcriptional control pathway that switches 
cells from mitotic to meiotic gene expression programs. However, how this critical cell 
fate change is accomplished was unknown. I will present our surprising findings into the 
mechanisms of how the YTHDC2 pathway shapes the gene expression landscape 
during gametogenesis to regulate both entry into and progression through the meiotic 
cell cycle. YTHDC2 has 3′→5′ RNA helicase activity in vitro, and similarity within its YTH 
domain to an N6-methyladenosine (m6A) recognition pocket that can recognize m6A-
modified RNAs in vitro. By applying a structure-function approach, we unravel the 
contributions of YTHDC2 RNA binding domains. While the m6A-recognition pocket in the 
YTH domain is dispensable, the helicase activity of YTHDC2 is essential for proper 
meiotic progression. Yeast two hybrid studies of YTHDC2 reveal how this protein 
interacts with MEIOC and give insight into how both proteins may cooperate. We used a 
combination of molecular approaches, including ribosome profiling and CLIP-seq, to 
determine the mechanism of YTHDC2-mediated gene expression control and to identify 
the molecular determinants of YTHDC2-RNA binding specificity. Our findings inform a 
model in which YTHDC2 binds transcripts independent of m6A status and regulates 
gene expression during multiple stages of meiosis by distinct mechanisms. Collectively 
these studies inform us about post-transcriptional regulation of RNA during 
gametogenesis and how cells ensure proper progression of meiosis. 

 

S10.4 - F-actin is required for the fidelity of bipolar spindle formation in mouse 
oocytes  

Edgar Soto-Moreno, University of Missouri- Division of Animal Sciences                                                     
Ahmed Balboula, University of Missouri- Division of Animal Sciences  

A critical step in oocyte meiosis is the formation of a bipolar spindle that provides the 
machinery for accurate chromosome segregation. in somatic mitotic cells, centrioles are 
organelles that maintain centrosome integrity and play critical roles in regulating bipolar 
spindle formation. In contrast to mitotic cells, mouse oocytes lack centrioles and, 
therefore, bipolar spindle assembly depends on self-organization of numerous 
microtubule organizing centers (MTOCs) into two poles. Accordingly, following NEBD, 
MTOCs undergo two critical steps to assemble a bipolar spindle: 1) MTOC clustering 
(MTOC-MTOC aggregation) and 2) MTOC sorting (i.e., MTOC movement and 



distribution towards the poles). Thus, at metaphase (Met) I, the oocyte already has two 
spindle poles with clustered and sorted MTOC foci. The molecular mechanism 
regulating this self-organization of MTOCs in oocytes remains largely unknown. The 
traditional view was that, in mammalian oocytes, microtubules (MTs) and their 
associated proteins are the only cytoskeletal components responsible for regulating 
spindle bipolarity. However, recent data revealed that F-actin inhibition prevents bipolar 
spindle assembly in human oocytes. How F-actin regulates spindle bipolarity in 
mammalian oocytes remains unknown. We found that perturbing global or cytoplasmic, 
but not cortical, F-actin resulted in MTOC clustering and sorting defects, and decreased 
percentages of bipolar spindle at Met I. Interestingly, in mammalian oocytes, F-actin 
localizes to the MT spindle and forms a structure called the actin-spindle. The biological 
significance of such localization for bipolar spindle assembly are still unknown. We used 
two different approaches to address this question. First, siRNA-mediated depletion of 
unconventional myosins (MyoX, MyoVIIb and/or MyoXVa that link F-actin to MTs by 
having both MT and F-actin binding domains) or expressing a dominant negative MyoX 
mutant (mutation at the MT binding domain) abolished F-actin localization to the spindle, 
phenocopied MTOC clustering and sorting defects in F-actin-perturbed oocytes and 
increased the incidence of aneuploidy at Met II. Such phenotypes were rescued by 
forcing F-actin localization to the spindle in Myo-depleted oocytes using UtrCH-MAP4. 
Second, we optimized a novel photoswitchable optojasp approach that can manipulate 
actin dynamics at a µm precision to perturb F-actin selectively at the spindle, following 
its exposure to 405 nm laser pulses. Perturbing spindle-localized F-actin in pro-Met I 
oocytes using optojasp approach resulted in clustering and sorting defects compared to 
laser-exposed untreated or optojasp-treated controls. Importantly, exposing one spindle 
pole to laser pulses (to perturb F-actin selectively at one spindle pole) in optojasp-
treated Met I oocytes (with already clustered and sorted MTOCs) resulted in MTOC 
clustering and sorting defects compared to those at the non-laser exposed spindle pole. 
Taken together, these findings reveal an unexpected function of F-actin in bipolar 
spindle assembly in mammalian meiosis, a process that is notoriously prone to mistakes. 
 

S11.3 - Transcriptomic mapping of the metzincin landscape in human trophoblasts  

Jasmin Wächter, The University of British Columbia                                                                     
Matthew Shannon, The University of British Columbia                                                                
Barbara Castellana, The University of British Columbia                                                                     
Jennet Baltayeva, The University of British Columbia                                                                  
Alexander Beristain, The University of British Columbia  

The metzincin family of metalloproteases coordinates cell and tissue developmental 
processes through regulation of growth factor availability, receptor signaling potential, 
and cell-cell/cell-matrix adhesion. During placental development, while distinct roles for 
metzincin proteases in controlling specific trophoblast functions have been described, a 



comprehensive assessment of metzincins in trophoblasts during discrete stages of 
differentiation has yet to be performed. 

Here we provide a comprehensive single cell transcriptomic resource of metzincin 
protease expression in diverse states of human trophoblasts from 11 first trimester 
placentas. In the 8 distinct trophoblasts states categorized [four progenitor 
cytotrophoblast (CTB), one syncytiotrophoblast precursor (SCTp), two column CTB 
(cCTB), and one extravillous trophoblast (EVT) state], we identified 24 metzincin 
proteases, including 12 adamalysins, 2 pappalysins, 3 astacins and 7 matrixins. Cell 
trajectory modeling shows that most (19/24) metzincins increase along the EVT 
pathway, though multiple proteases also increase along the villous pathway as CTB fuse 
into syncytiotrophoblast. Within the CTB niche, single-cell velocity ordering identified 11 
metzincin proteases (ADAM10, -17, MMP14, -15, -19, -23B, ADAMTS1, -6, -19, TLL-1, -
2) expressed in progenitors proximal to the predicted origin. Analysis of metzincin-
substrate interactions within the CTB niche revealed ~150 substrates and binding 
partners, including FBN2 as an ADAMTS6-specific substrate preferentially expressed in 
trophoblast progenitors. Additional single-cell RNA sequencing analysis of metzincin 
protease dynamics in the novel first trimester organoid model reveals a high degree of 
overlap with our in vivo dataset. 

Together, this work characterizes the metzincin transcriptomic landscape in human first 
trimester trophoblasts and establishes insight into the roles specific proteases perform 
within distinct trophoblast niches and during differentiation. This resource serves as a 
guide for future investigations into the roles of metzincin proteases in placental 
development. 
 

S11.4 - Dams with Increased Adiposity have Reduced Circulating Estrogen which 
may lead to Decreased Trophectoderm Outgrowth and Placenta Weight.  

Petra Rose, University of Nebraska Lincoln                                                                                              
Katie Bidne, University of Nebraska Lincoln                                                                                              
Alison Ermisch, University of Nebraska Lincoln                                                                                         
Cecillia Ferrer, University of Nebraska Lincoln                                                                              
Jennifer Wood, University of Nebraska Lincoln  

Numerous studies demonstrate that embryo development rates are reduced, and fetal 
development altered in mouse models of diet-induced obesity. These studies typically 
use a diet high in fat and/or sugar to induce increased body weight. However, it is not 
clear if diet has a direct effect on these phenotypes. Thus, to induce metabolic and 
inflammatory phenotypes associated with obesity without the use of high dietary sugar 
and fat, we housed female mice at 22C or 30C from 3- to 8-weeks of age; both groups 
were fed normal rodent chow. We confirmed that 30C mice had increased body weight 
and percent body fat due to increases in both white (WAT) and brown adipose tissue 



(BAT). There was increased CD68 staining in WAT, which is indicative of inflammation. 
BAT had decreased uncoupling protein 1, enlarged lipid droplets, and increased 
macrophage markers indicating whitening and increased inflammation. We also 
observed reduced pregnancy rates in the 30C (50%) compared to 22C (90%) dams at 
embryonic day 12.5 (E12.5). This experimental model was used to test the hypothesis 
that increased adiposity and inflammation, in the absence of a high fat/high sugar diet, 
alters steroid profiles, decreases embryo development rates, and alters placenta and/or 
fetal development. Female C57BL/6 mice were housed at 22C or 30C as described 
above and then bred with male C57BL/6 mice at 8-weeks of age. E0.5 embryos were 
collected from 22C and 30C mice followed by in vitro culture for 72 hours. There were 
no differences in development rate to blastocyst or blastocyst cell numbers between 
groups. To identify any phenotypic changes in blastocyst cells, E3.5 embryos were 
flushed from 22C (n=32) and 30C (n=21) mice and placed in extended in vitro culture 
for 5 days. Embryos were fixed and dual immunofluorescence performed using 
antibodies against F-actin (trophectoderm, TE) and OCT4 (embryo).  When TE 
outgrowth area was measured, embryos from the 30C mice had decreased TE area 
(140+/-8 nm2) compared to embryos from 22C mice (170+/-8 nm2) (P<0.005). F-actin 
expression was also decreased in 30C embryos. Placenta-fetus pairs were isolated from 
30C (n=79) and 22C (n=49) mice at E10.5. Placenta weight decreased (P<0.02) in 30C 
(40.87+/-0.68 mg) compared to 22C (44.06+/-0.79 mg) groups; there were no 
differences in fetal weight. Circulating 17beta-estradiol (E2) was measured in dam 
serum collected at E3.5 and E10.5 using ELISA assays. E2 was decreased in 30C 
(174.4+/-18.42 pg/ml) compared to 22C (271.8+/-18.42 pg/ml) dams at E3.5 (P<0.02). 
Likewise, at E10.5, E2 was decreased (P<0.02) in 30C (177+/-28 pg/ml) compared to 
22C (299+/-35.26 pg/ml) dams. Interestingly, others have shown that estrogen promotes 
trophectoderm outgrowth and estrogen receptor signaling regulates trophectoderm 
differentiation. Our data suggest that increased adiposity and BAT whitening, when mice 
are housed at 30C, reduces E2 synthesis and/or secretion. Decreases in E2 likely alter 
the differentiation and therefore phenotype of trophectoderm cells resulting in reduced 
cell migration and reduced placental size at E10.5. Furthermore, decreased E2 at E10.5 
may reflect altered placenta function which may cause fetal developmental 
abnormalities or fetal loss. 
 

S12.1 - Ketanserin, a serotonin receptor 2A and 2C antagonist, prevents serotonin- 
and fluoxetine-induced adverse pregnancy and neonatal outcomes.  

Rafael Domingues, University of Wisconsin-Madison                                                                          
Milo Wiltbank, University of Wisconsin-Madison                                                                               
Laura Hernandez, University of Wisconsin-Madison  

Selective serotonin reuptake inhibitors (SSRI) are the most common antidepressant 
used by pregnant women. However, maternal SSRI use has been associated with 
adverse pregnancy outcomes and perinatal morbidity/mortality in women and animal 



models. SSRI inhibit the serotonin transporter resulting in increased circulating 
concentrations of serotonin. As a vasoactive hormone, serotonin reduces 
uterine/placental blood perfusion. Accordingly, SSRI treatment alters placental vascular 
perfusion and function affecting pregnancy and neonatal outcomes. We investigated the 
role of ketanserin, a serotonin receptors 2A and 2C antagonist, on preventing SSRI-
induced adverse pregnancy and neonatal outcomes. In experiment 1, pregnant 
C57Bl/6J mice were treated daily with saline (control; n=11), fluoxetine (one of the most 
popular SSRI; 2 mg/kg; n=14) or serotonin (5 mg/kg; n=12) from DPC 10.5 until 
parturition. Serotonin reduced (p<0.0001) maternal weight gain between DPC10.5 and 
the day before parturition (8.0 ± 0.8 g). Maternal weight gain in fluoxetine-treated dams 
(10.9 ± 0.9 g) was intermediate, although it was not significantly different from the 
control (12.5 ±.0.5 g). Litter size was decreased (p<0.03) for dams treated with 
fluoxetine (6.8 ± 0.4) and serotonin (5.2 ± 0.5) compared to the control (8.3 ± 0.4). 
Neonatal weight on postnatal days 0 and 1 were decreased (p<0.006) for the serotonin 
group (1.138 ± 0.028 and 1.223 ± 0.028 g) compared to the control (1.271 ± 0.021 and 
1.347 ± 0.032 g). Lastly, overall neonatal mortality was greater in the serotonin (32.3%; 
p<0.0001) and fluoxetine (11.6%; p=0.06) groups compared with the control (4.1%). In 
experiment 2, pregnant mice were treated as in experiment 1; however, all mice 
received ketanserin (1 mg/kg) daily one hour before saline (n=6), fluoxetine (n=5) or 
serotonin (n=5) treatment. Ketanserin prevented the serotonin-induced decrease in 
maternal weight gain (10.2 ± 0.6 vs 11.4 ± 0.5 g; p >0.1). Additionally, litter size was not 
different (p>0.1) between serotonin (7.0 ± 0.5) and fluoxetine (7.4 ± 0.6) groups 
compared with control (7.0 ± 0.3). Neonatal weight was decreased in the serotonin 
group only on postnatal day 0 (1.197 ± 0.01 vs 1.264 ± 0.01 g; p = 0.002). Lastly, overall 
neonatal mortality was not different for fluoxetine (24.3%; p=0.11) and serotonin (22.8%; 
p=0.18) groups compared to the control (8.5%). Thus, diminishing the effects of 
increased circulating serotonin (either due to serotonin or SSRI treatment) using a 
serotonin receptor antagonist prevents some adverse pregnancy and neonatal 
outcomes. Furthermore, although there are 14 serotonin receptors, the subtypes A2 and 
2C seem to be the ones associated with adverse pregnancy and neonatal outcomes. 
Taken together, the effects of SSRI on pregnancy and neonatal outcomes appear to be 
due to increased circulating concentrations of serotonin and the use of serotonin 
receptor 2A and 2C antagonist might prevent adverse effects of SSRI on pregnancy and 
neonatal outcomes. Noteworthy, ketanserin does not affect the antidepressant effects of 
SSRI, therefore, it may be a therapeutic approach to prevent SSRI-induced adverse 
pregnancy and neonatal outcomes while allowing the mother to continue SSRI 
treatment during gestation. 
 

 

 



S12.2 - Neurotensin as a Novel Regulator of Vascular Permeability in the Ovarian 
Follicle.  

Andrew Pearson, Eastern Virginia Medical School                                                                       
Thomas Curry Jr., University of Kentucky College of Medicine                                                                             
Diane Duffy, Eastern Virginia Medical School  

Neurotensin is a paracrine signaling molecule expressed in the ovulatory follicle after 
the luteinizing hormone surge. We have previously demonstrated that antibody 
neutralization of neurotensin in preovulatory follicles of cynomolgus macaques reduces 
ovulation by 75%. Neurotensin neutralization also causes dramatic red blood cell 
extravasation and pooling in the follicle antrum, indicative of disrupted vascular integrity. 
To determine if neurotensin reduces vascular permeability in the ovarian vasculature, 
monkey ovarian microvascular endothelial cells (mOMECs) were enriched from follicle 
aspirates of cynomolgus macaques (Macaca fascicularis) via two rounds of CD31 
magnetic bead isolation and endothelial cell selective culture conditions. In vitro cultures 
of >95% mOMECs (n=5 animals) were used to assess paracellular permeability of a 
confluent monolayer to the horseradish peroxidase conjugated macromolecule 
streptavidin (60 KDa) in a trans-well permeability assay. Streptavidin was chosen 
because permeability to molecules smaller than ~ 60 KDa would not be controlled by 
permeability mechanisms that could result in red blood cell extravasation. Thrombin (1 
U/mL) and dibutyryl-cAMP (10uM) served as positive and negative controls, 
respectively. Neurotensin at higher doses (0.5-50uM) significantly decreased mOMEC 
permeability (p<0.05). Lower doses of neurotensin (0.005-0.05uM) did not affect 
mOMEC permeability. These results indicate that neurotensin can regulate permeability 
of monkey ovarian microvascular endothelial cells. This is consistent with our 
observation that neutralization of neurotensin causes apparent disruption of vascular 
integrity in vivo. Cadherin-based adherens junctions between adjacent vascular 
endothelial cells control vascular permeability to large molecules and cells. 
Immunostaining with a pan-cadherin antibody demonstrated the presence of cadherins 
at the periphery of mOMECs, consistent with the expected plasma membrane 
localization. Surprisingly, expression of the primary vascular endothelial cadherin 
(CDH5, also known as VE-cadherin) was not detected in mOMECs via 
immunohistochemistry and western blot. To validate species reactivity of our CDH5 
primary antibody, CDH5 immunohistochemistry and western blot were performed on 
commercially obtained human umbilical vein endothelial cells (HUVECs) as well as 
human ovarian microvascular endothelial cells (hOMECs) enriched from follicle 
aspirates of healthy young women serving as oocyte donors. While HUVECs were CDH5 
positive by immunostaining and western blot, hOMECs were also CDH5 negative like the 
mOMECs. Both RNA sequencing and qPCR of mOMECs (n=4) demonstrated that CDH5 
mRNA was undetectable. However, several other cadherins were expressed following 
the pattern CDH2 > CDH6 >> CDH1 > CDH5. These findings indicate that the ovarian 
follicular microvasculature relies on atypical junctional proteins to regulate permeability. 
We have previously demonstrated that neurotensin induces mOMEC migration and 



sprouting. These activities are key components of branching angiogenesis during which 
neighboring endothelial cells reduce junctional connections and increase permeability 
as new vessels form. The data presented here indicate that neurotensin may also 
decrease vascular permeability to maintain vascular integrity during ovulatory 
angiogenesis. Supported by NIH grants HD071875 and HD097675 (DMD and TEC) and 
product donation from Organon, Jersey City, NJ. 
 

S12.3 - Regulation of expression of enzymes for synthesis of polyamines by the 
uterus during the estrous cycle of sheep.  

Makenzie Newton, Texas A&M University Department of Animal Science                                  
Claire Stenhouse, Texas A&M University Department of Animal Science                                    
Katherine Halloran, Texas A&M University Department of Animal Science                                          
Nirvay Sah, Texas A&M University Department of Animal Science                                                       
Robyn Moses, Texas A&M University Department of Animal Science                                               
Fuller Bazer, Texas A&M University Department of Animal Science  

Agmatine and polyamines (putrescine, spermidine, and spermine) are important 
molecules for growth, proliferation, and survival of conceptuses (embryo and associated 
placental membranes) in mammals. Recent evidence suggests progesterone (P4) has 
important roles in the synthesis and secretion of polyamines by uterine luminal and 
glandular epithelia (LE/GE, respectively) during gestation in sheep. However, the effects 
of P4, with respect to expression of P4 receptors (PGR) in uterine epithelia, and 
estradiol (E2) and its receptor (ESR1) on polyamine synthesis during the estrous cycle 
of ewes are not known. The estrous cycles of mature Suffolk ewes (n=13) were 
synchronized and checked for estrus (Day 0) in the presence of vasectomized rams. On 
Days 1 (E2 dominant, PGR/ESR1 positive LE/GE), 9 (P4 dominant, PGR positive LE/GE), 
or 14 (P4 dominant, PGR negative LE/GE) of the estrous cycle ewes were euthanized, 
hysterectomized, and endometrial samples were collected. The mean relative 
expression of mRNAs for enzymes that regulate the conversion of amino acids to 
polyamines including AMD1 (S-adenosylmethionine decarboxylase 1), ARG2 (arginase 
2), ASL (argininosuccinate lyase), MAT2B (methionine adenosyltransferase 2B), and 
ODC1 (ornithine decarboxylase 1) were quantified by RT-qPCR, as were those for 
enzymes regulating the interconversion of polyamines including SRM (spermidine 
synthase), SMS (spermine synthase), SAT1 (spermidine/spermine N1-acetyltransferase), 
PAOX (polyamine oxidase), and SMOX (spermine oxidase). There was an effect of day 
of the estrous cycle on expression of ODC1 mRNA in the endometria (P<0.05). 
Expression of ODC1 and SMOX mRNAs was lower in endometria on Day 9 than Day 1 
of the estrous cycle (P<0.05), and expression of ODC1 mRNA tended to be greater in 
endometria on Day 14 compared to Day 9 (P=0.066). Expression of MAT2B and SMS 
mRNAs was greater in endometria from Day 14 than Day 9 (P<0.05), and the expression 
of SMS mRNAs tended to be greater in endometria on Day 14 than Day 1 (P=0.056). 
Expression of ASL mRNA in endometria was lower on Day 14 than Day 1 (P<0.05) and 



Day 9 (P=0.061) of the estrous cycle. Collectively, these findings suggest that E2, P4, 
and expression of PGR in uterine epithelia influence expression of enzymes for the 
synthesis of polyamines in the endometrium across the estrous cycle. Expression of 
AMD1, SRM, PAOX, SAT1, and ARG2 mRNAs was not affected by day of the estrous 
cycle. This lack of regulation of expression by hormones suggests the constitutive 
expression of these mRNAs for enzymes required for the synthesis and secretion of 
polyamines in endometrial tissue. A deeper understanding of polyamines and their roles 
in mechanisms that govern implantation and early conceptus development has the 
potential to introduce strategies to improve conception rates and conceptus survival 
which will increase successful outcomes of pregnancy in humans and animals. This 
research was supported by Agriculture and Food Research Initiative Competitive Grant 
2016-67015-24958 from the USDA NIFA. 
 

S12.4 - Progesterone signaling in the oviductal epithelial cells regulates the 
inflammatory response during preimplantation embryo development  

Emily McGlade, Washington State University                                                                                       
Kalli Stephens, Washington State University                                                                                          
San-Pin Wu, National Institute of Environmental Health Sciences Francesco                                                  
DeMayo, National Institute of Environmental Health Sciences                                                           
Wipawee Winuthayanon, Washington State University  

Ten to twenty percent of pregnancies end in miscarriage with eighty percent of 
pregnancy loss occurring during the first trimester. Because we lack a complete 
understanding of the environment within the oviduct (Fallopian tube in humans) and its 
role in regulating early pregnancy, it is difficult to provide diagnostic tools for oviductal 
origin of early pregnancy loss. Progesterone (P4), the pregnancy hormone, is required 
during the first day of pregnancy for normal embryo development and transport to the 
uterus. Increased cytokine levels during pregnancy have been associated with recurrent 
miscarriage. The treatment of dydrogesterone (synthetic progesterone) has been 
suggested to suppress cytokine levels during pregnancy, indicating the importance of P4 
action for successful pregnancy. Previous studies have shown that ablation of 
progesterone receptor (Pgr) in the epithelium of the female reproductive tract (epithelial 
Pgrd/d) causes infertility, partly due to a uterine implantation defect in mice. Here, we 
found that epithelial PGR expression in the oviduct was also required for normal embryo 
development in the oviduct as ~50% of embryos at 3.5 days post-coitus (dpc) are 
nonviable or developmentally delayed. Additionally, ~60% of embryos were retained in 
epithelial Pgrd/d oviducts suggesting that epithelial PGR is crucial for normal embryo 
development and transport. Furthermore, the majority of the embryos that were retained 
in the oviduct were underdeveloped or nonviable. Single cell RNA-sequencing analysis 
of oviductal tissues from epithelial Pgrd/d females showed an upregulation of 
inflammatory responsive genes (i.e., Il22, Stat3 and Tlr4) in epithelial cell populations 
compared to control oviducts at 0.5 dpc. Using PGR-ChIP Seq analysis, we identified 



PGR binding sites at -4kb from the transcriptional state site (TSS) of Il22ra and Il22rb, 
and at the TSS of Stat3, and Tlr4. Therefore, it is likely that expression of inflammatory 
responsive genes is PGR-mediated and that PGR regulates immune function in the 
oviduct during early pregnancy. Lastly, we observed an upregulation of genes in the 
protease family (such as Prss23), downregulation of protease inhibitors (i.e., Serpina1e), 
and downregulation of extracellular vesicle marker genes (Cd9 and Cd63) in epithelial 
Pgrd/d oviducts. These transcriptomic alterations due to a loss of oviductal epithelial PGR 
may lead to an environment not suitable for preimplantation embryo 
development.  These findings shed light on the roles of classical P4 signaling through 
epithelial PGR in the oviduct and offer potential applications for women’s reproductive 
health and diagnostic tools of early pregnancy loss. 
 

S12.5 - Reprogramming Macrophage Phenotype using the Epigenetic Modulator 
RRX-001 as a Potential Treatment for Endometriosis  

Iona McIntyre, Warwick Medical School                                                                                              
Priya Dhami, Warwick Medical School                                                                                                     
Matthew Rosser, Warwick Medical School                                                                                         
Kavita Panir, Warwick Medical School                                                                                                             
Erin Greaves, Warwick Medical School  

Endometriosis is characterised by the presence of extrauterine endometrial-like tissue 
(‘lesions’) within the peritoneal cavity and is associated with infertility and chronic pelvic 
pain. This disorder impacts 190 million women worldwide, however, treatment options 
for endometriosis are currently insufficient and there is an urgent need for novel 
therapeutics. Macrophages are central to the pathophysiology of endometriosis; 
predominant macrophage populations with a ‘pro-repair’ phenotype play a critical role in 
the proliferation, vascularisation and innervation of lesions. Conversely, in a mouse 
model of experimental endometriosis we have recently shown a role for monocyte-
derived large peritoneal macrophages which protect against endometriosis 
development. In the current study, we hypothesised that the 
erythrophagoimmunotherapeutic RRX-001 would reduce lesion number and size in mice 
with induced endometriosis. 

We investigated the effects of intravenously administered RRX-001 (10mg/kg, 2x 
weekly) in a syngeneic bioluminescent menstrual mouse model of experimental 
endometriosis. Groups included in the study were experimental endometriosis + drug (n 
= 11), endometriosis + vehicle (DMA-PEG400; n = 11), sham (intraperitoneal injection of 
saline, rather than endometrial tissue) + drug (n = 6) and sham + vehicle (n = 6). Non-
invasive bioluminescent in vivo imaging of lesions was performed on days 3, 7, 10 and 
14, to determine lesion number and size (final number, size and histology was confirmed 
using immunohistochemical staining and ImageJ analysis). We explored local and 
referred pain responses (mechanical hyperalgesia) using von Frey behavioural tests. 



Finally, macrophages were isolated from peritoneal fluid and lesions, with qPCR and 
single-cell Multiome RNA-Seq analysis implemented to profile the transcriptomic and 
epigenomic effects of RRX-001.  

Comparisons between experimental groups revealed that RRX-001 significantly reduced 
lesion number and size (reduced bioluminescence photon count day 3 to 7, p = 0.0030 
and day 3 to day 10, p = 0.0061; reduced lesion number and cross-sectional area, p = 
0.0028), and an attenuation of local abdominal endometriosis-associated pain responses 
(p = 0.0006). Taken together, these results suggest that modifying macrophage 
phenotype could be used as a novel therapeutic strategy for endometriosis 
management. 
 

S12.6 - Spatial Asymmetry in the Molecular Determinants of Ovarian Follicle 
Rupture  

Emily Zaniker, Northwestern University                                                                                              
Jiyang Zhang, Rutgers University                                                                                                                  
Riley Drake, Massachusetts Institute of Technology                                                                              
Alex Shalek, Massachusetts Institute of Technology                                                                                 
Teresa Woodruff, Michigan State University                                                                                              
Shuo Xiao, Rutgers University                                                                                                                       
Britt Goods, Dartmouth College                                                                                                              
Francesca Duncan, Northwestern University  

Profiling the spatial organization of tissues is criticual to understanding complex 
biological processes, like ovulation. Ovulation occurs when the surface-facing wall of an 
ovarian follicle and the juxtaposed wall of the ovary coordinately rupture, and an oocyte 
is released. The walls of the follicle that face the interior of the ovary (unruptured 
regions) undergo the process of luteinization which is the trans-differentiation of the 
estrogen-producting granulosa cells into progesterone-dominate luteal 
cells.  Importantly, these ruptured and unruptured regions are recapitulated in an in vitro 
grown follicle (encapsulated in vitro follicle growth (eIVFG)) model of ovulation following 
hCG stimulation.  This model is free of surrounding epithelial, immune, and vascular 
cells, allowing for the identification of follicle-inherent factors that drive spatial re-
arrangement during ovulation. To investigate the molecular signatures of the rupture 
versus unruptured regions of the ovulatory follicle, we enzymatically isolated multilayer 
secondary follicles, encapsulated them in alginate hydrogels, cultured them to the antral 
stage, and induced ovulation with human chorionic gonadotropin (hCG). We then paired 
the eIVFG technique with microdissection to separate regions of pre- and post-hCG 
treated follicles. We also conducted functional experiments to test the ability of 
microdissected post-ovulatory follicle halves to form corpora lutea in absence of the 
cumulus oocyte complex. Preliminary data suggests that these follicles take on distinct 
morphologies, where the unruptured side forms a corpora lutea-like structure and the 



ruptured side dissipates in culture. We then performed RNA-sequencing on the 
microdissected regions. Our preliminary results demonstrate that there are 2,122 
differentially expressed genes (DEGs) between halves of pre-ovulatory follicles and 
2,545 differentially expressed genes between halves of post-ovulatory follicles. The 
genes that were significantly upregulated the putative ruptured zone of the pre-ovulatory 
follicle have enriched expression of extracellular matrix organization, collagen 
organization, and neutrophil signaling pathways while those upregulated in the putative 
unruptured side express cholesterol biosynthetic pathways and mitotic pathways. 
Expression patterns of significantly upregulated genes in the post-ovulatory follicle 
halves have enriched protein metabolism and extracellular matrix organization in the 
actual ruptured zone while those in the actual unruptured zone have higher expression 
of mitotic pathways, cytoskeleton organization, and regulation of apoptotic pathways. 
We also conducted upstream regulator analysis to identify potential genetic targets that 
could be used in non-hormonal contraceptive development. Additionally, further analysis 
of these data can be used to identify targets for non-hormonal contraceptives that could 
prevent ovulation without inhibiting hormone production. Future work will include 
additional time points throughout ovulation and luteinization into our sequencing 
analysis to further understand these molecular differences and use of RNAscope assays 
to validate differential gene expression within pre- and post-ovulatory follicles to 
determine how molecular changes impact functional output of the two halves. Taken 
together, our data suggests that regions of the developing follicle are spatially organized 
and molecularly distinct, independent of supporting cells, and that these differences are 
apparent prior to delivery of the ovulatory stimulus. 
 

S13.3 - Identification of Novel Mitophagy Determinants in The Mammalian Cell 
Free System for the Study of Mitochondrial Inheritance.  

Alexis Jones, University of Missouri- Columbia                                                                                        
Dalen Zuidema, University of Missouri- Columbia                                                                                         
Michal Zigo, University of Missouri- Columbia                                                                                             
Peter Sutovsky, University of Missouri- Columbia  

Post-fertilization sperm mitophagy is a developmental mechanism which ensures the 
inheritance of mitochondria from the maternal lineage in a variety of taxa. Inheritance of 
paternal, sperm-contributed mitochondrial genes is seldom observed in mammals due 
to post-fertilization targeting and degradation of sperm mitochondria also known as post 
fertilization sperm mitophagy. Post-fertilization sperm mitophagy is controlled in part by 
a protein-turnover pathway called the ubiquitin proteasome system (UPS). In this 
system, ubiquitin-binding pro-autophagic receptors such as SQSTM1 and the 
proteasome-interacting ubiquitinated protein dislocase VCP, contribute to sperm 
mitophagy. To identify additional proteins involved in this mitophagic process, we have 
developed a novel porcine cell-free system that recapitulates the early post-fertilization 
mitophagic events and interactions which take place between sperm organelles and 



oocyte proteins during fertilization. In the context of fertilization events, a multi-pronged 
proteomic and sperm phenotyping approach is used to further understand the function 
and distribution of 195 candidate sperm mitophagy substrates and determinants 
identified by proteomic analysis of boar spermatozoa exposed to porcine oocyte 
extracts. This approach allows for the implication of oocyte proteins in the processes of 
mitophagy as well as the observation of oocyte proteins translocating to sperm 
structures such as the mitochondria, during sperm-extract coincubation. The candidate 
pro-autophagic proteins being validated currently include proteasomal subunit alpha 8 
(PSMA8) which is crucial for proper meiotic exit by the forming spermatids and carried 
over into fully differentiated spermatozoa, translocase of outer mitochondrial membrane 
34 (TOMM34) which imports pre-proteins into the mitochondria, and FUN14 domain 
containing 1 (FUNDC1) which functions as a mitophagy receptor that contributes to 
mitochondrial quality control following stress. These proteins of interest are being 
further studied and validated by using IVF protocols, cell imaging, proteomics, and our 
labs novel porcine cell-free system. Results from this study will advance the 
understanding of mitochondrial inheritance and may shed light on the origins of certain 
mitochondrial diseases arising from the failure of post fertilization sperm mitophagy. 
Study funded by USDA-NIFA grant number 2021-67015-33404. 

 

 S13.4 - The role of mitochondria in early-onset preeclampsia  

Jessica Milano-Foster, University of Missouri                                                                                         
Juliann Leak, University of Missouri                                                                                                             
Bin Ge, University of Missouri                                                                                                                 
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Placental mitochondrial dysfunction may play a role in the etiology of early-onset 
preeclampsia (EOPE). Mitochondrial function is impaired at term in placentas delivered 
from EOPE pregnancies, but it is not known whether this dysfunction is present early in 
gestation. Previously, our lab isolated umbilical cord (uc) fibroblasts from normal 
pregnancies as well as those complicated by EOPE and reprogrammed them to create 
induced pluripotent stem cells (iPSCs). These iPSCs can be differentiated to trophoblast 
lineages to recapitulate the placental cells of early pregnancy by treatment with BMP4, 
A83-01 and PD173074 (BAP). Here, we measure mitochondrial number, mitochondrial 
function, and the relationship between mitochondrial and trophoblast function in this 
model of early pregnancy placenta. Overall, ATP content was significantly higher 
following BAP-directed differentiation to trophoblast than in undifferentiated iPSC, under 
both 5% (physiological) and 20% (stress) oxygen conditions (p < 0.0001). This is 
consistent with previous observations that pluripotent cells utilize glycolysis for 



generation of ATP, while trophoblasts rely on oxidative phosphorylation. However, in 
pairwise comparisons, while ATP production in control (MRuc5i, MRuc6i, MRuc7i, 
MRuc8i) iPSCs increased upon differentiation at both 5% (p = 0.0009) and 20% (p = 
0.0008) O2, and in EOPE (MRucAi, MRucJi, MRucMi, MRucRi) trophoblasts at 5% O2 (p 
= 0.003), ATP did not significantly increase upon differentiation in EOPE cells (p = 0.08) 
under conditions of oxidative stress (20% O2). Interestingly, there is a positive 
correlation between ATP production and trophoblast invasion at physiological oxygen 
(5% O2) only in the EOPE group (p = 0.009, r2 = 0.98), which indicates that ATP may be 
a driver of invasion under physiological oxygen conditions, but other factors may limit 
invasion under oxidative stress. Mitochondria were quantified by staining with 
MitoTracker Red CMXRos, which efficiently labels whole and fragmented mitochondria, 
and cells counterstained with phalloidin to distinguish cytotrophoblast and 
syncytiotrophoblast. Confocal images were then evaluated with Mitochondrial Analyzer 
plugin for Image J software. Total mitochondrial area increased significantly (p = 0.03) in 
both control (MRuc8i cell line) and EOPE (MRucRi cell line) trophoblast cells under 
oxidative stress compared to those under physiological oxygen conditions. Additional 
mitochondrial features, such as total perimeter, total branch length, branches, branch 
junctions, and branch endpoints, were also significantly different between 5% and 20% 
oxygen (p < 0.05), indicating morphological changes in trophoblast mitochondria under 
oxidative stress conditions. Preliminary measurements of superoxide, a type of reactive 
oxygen species (ROS) produced as a byproduct of OXPHOS, by MitoSOX Red 
Superoxide Indicator suggest an increase in fluorescent signal in the 20% O2 group 
compared to cells cultured at 5% O2. Taken together, our results reveal morphological 
differences in trophoblast mitochondria in iPSCs differentiated to early trophoblast 
lineages under oxidative stress compared to those cultured under physiological oxygen 
conditions. Furthermore, ATP production appears to be impacted by oxidative stress 
only in EOPE cells, consistent with our previous observations of impaired trophoblast 
invasion in EOPE in these conditions. 
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Follicle-stimulating hormone (FSH), a dimeric glycoprotein produced by pituitary 
gonadotrope cells, is an essential regulator of gonadal function. FSHβ subunit (Fshb) 
transcription is rate-limiting in production of the mature hormone. Activins stimulate 
Fshb expression via complexes of SMAD3, SMAD4, and FOXL2, which bind to the Fshb 
promoter. Recent evidence suggested additional regulatory mechanisms governed by 
an upstream enhancer. Addition of this enhancer increased activin-stimulated murine 
Fshb promoter-reporter activity in gonadotrope-like LβT2 cells. In addition, a variant in 
the corresponding human FSHB enhancer is associated with lower FSH levels. A 
CRISPR-Cas9 induced 6-bp deletion near the corresponding base-pair in LβT2 cells 
dramatically increased basal and activin-stimulated Fshb expression and FSH release. 
We therefore set out to further characterize this putative enhancer. In contrast to the 
previous study, addition of a genomic region containing the enhancer did not increase 
basal or activin-regulated murine Fshb promoter-reporter activity in LβT2 cells. 
Moreover, FSH synthesis and secretion were unaltered in male or female mice in which 
the enhancer was deleted by CRISPR-Cas9. Single nucleus ATAC-seq analysis of wild-
type murine pituitary demonstrated the presence of three additional regions of co-
accessibility upstream of the Fshb gene exclusively in gonadotropes. We refer to these 
as enhancers (Enh) 1-4, with Enh 1 being most proximal to the gene. The previously 
described enhancer is Enh 2. Enh 2-4 were closed in LβT2 cells under basal conditions 
but were accessible following short-term activin and pulsatile gonadotropin-releasing 
hormone (GnRH) treatment. Similarly, the Fshb promoter and three out of four 
enhancers were fully or partly closed in gonadotropes of activin type II receptor 
knockout or GnRH-deficient (hpg) mice. According to ChIP-seq analysis in LβT2 cells, 
SMAD3, FOXL2, and the enhancer mark H3K27Ac were enriched in Enh 3 and 4. Unlike 
Enh 2, Enh 3 and 4 increased basal and activin-stimulated murine Fshb promoter-
reporter activity in LβT2 cells. Enh 1 had similar, though less robust effects. Collectively, 
the data indicate that there are as many as four upstream enhancers that regulate 
murine Fshb transcription. At least two of these regions bind SMADs and FOXL2, which 
may facilitate their association with the promoter. Whether these enhancers play unique, 
complementary, or redundant roles in FSH transcription has yet to be determined. 
 

S14.4 - GnRH Induced Acetylation of α-Tubulin Regulates Microtubule Dynamics 
and Kinesin-1 Association in Gonadotrope Cells  

Elizabeth Quigley, University of Wyoming                                                                                        
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Microtubules (MT) are long polarized filaments composed of α and β tubulin that 
dynamically switch between growth and shortening in the cytoplasm. They are critical 



for cell structure and serve as a highway system upon which cellular cargo can be 
transported with the aid of motor proteins. MTs are diversified through post translational 
modifications (PTMs) that can dramatically alter dynamics and stability. α tubulin is 
acetylated at lysine 40 (K40) but it is unknown whether this modification occurs in 
gonadotrope cells of the anterior pituitary gland. Our data reveals that gonadotropin 
releasing hormone agonist (GnRHa) temporally induces -tubulin acetylation at 60 
minutes in LT2 gonadotrope cells. To test the functional consequence of K40 -tubulin, 
we utilized a fluorescently tagged end binding protein 1 (EB1-GFP) to track the growing 
plus end of microtubules in transfected LT2 cells in real time. Time lapse confocal 
microscopy of EB1-GFP revealed that MT tracks had longer average lengths following 
60 min GnRHa treatment (4.39 m) compared to control (2.86 m). EB1-GFP studies also 
revealed longer MT average lifetimes following 60 min of GnRHa (16.99 s) treatment 
compared to control (12.72 s). To investigate the deacetylase responsible for removing 
acetyl groups from α tubulin, we utilized the HDAC6 inhibitor tubacin. Tubacin rapidly 
enhanced microtubule acetylation and increased MT length and lifetime similar to 
GnRHa.  Recent evidence suggests intracellular cargo preferentially moves along 
microtubules marked by PTMs to facilitate delivery to specific subcellular domains. 
Using co-immunoprecipitation studies, our results show that GnRHa induced acetylation 
of α-tubulin facilitates association with the anterograde motor protein kinesin-1. Taken 
together, our data suggests GnRHa induced acetylation stabilizes MT tracks by 
increasing lengths and lifetimes to facilitate proper kinesin binding to effectively 
transport secretory vesicles to the membrane following GnRH stimulation. Consistent 
with this, we also find that acetylated tubulin levels are highest in gonadotrope cells 
during estrus, precisely when trafficking of a large number of secretory vesicles are 
required for initiating the luteinizing hormone surge to induce ovulation. 
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Despite the fundamental importance of fertilization for all sexually reproducing 
organisms, the molecular factors that govern this process have long escaped our 
knowledge. Recently, however, we identified the three-finger, egg membrane-expressed 
protein, Bouncer, which is essential for fertilization in zebrafish and species-specific 
between zebrafish and medaka (Oryzias latipes), two species that cannot cross-fertilize 



naturally. Remarkably, when zebrafish Bouncer is replaced with that of medaka on the 
zebrafish egg, these eggs can be fertilized by medaka sperm. Conversely, expressing 
zebrafish Bouncer on the medaka egg is sufficient to enable fertilization by zebrafish 
sperm. Thus, together with its currently unknown binding partner on sperm, Bouncer 
enables sperm-egg binding in a species-specific manner for zebrafish and medaka. 
What mediates species specificity in Bouncer and is therefore critical for binding, 
however, is unknown. To investigate Bouncer’s functional domains, we used this species 
specificity as a tool by testing medaka/zebrafish Bouncer chimeras and predicted 
ancestral states for their ability to rescue fertilization. Fertilization assays with transgenic 
zebrafish bncr-/- females expressing medaka/zebrafish Bouncer chimeras revealed that a 
combination of two of Bouncer’s “fingers” are needed for species-specific sperm-egg 
interaction. By testing predicted ancestral states of Bouncer, we found that the amino 
acid changes that underlie medaka sperm bias arose specifically in the Oryzias genus. 
Combining compatibility data from fish Bouncer homologs, medaka/zebrafish Bouncer 
chimeras, and ancestral states, we identified three candidate residues in addition to 
opposite N-glycosylation patterns in medaka and zebrafish Bouncer that together may 
provide species specificity and be critical for Bouncer’s function. By defining the 
functional interaction sites within the Bouncer protein, this work provides insights into 
how Bouncer accomplishes specific sperm binding on the amino acid level and how 
species specificity between medaka and zebrafish arose. 
 

S15.4 - An ancient testis specific IQ motif containing H gene regulates transcript 
isoform expression during spermatogenesis in mice.  
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The regulatory networks that modulate the multistage process of spermatogenesis are 
complex and remain to be fully understood. Thus, the identification of critical genes in the 
process of sperm production is necessary to further our understanding of the 
transcriptional program of spermatogenesis. The IQ domain containing H gene (Iqch) is a 
testis-specific gene, previously associated with male fertility in cattle, whose role is yet 
unknown. We aim to characterize the function of Iqch along the process of 
spermatogenesis using a Iqch mutant (Iqchmu) model, which was produced inducing 
frameshift deletions using CRISPR-Cas9 technology. Sperm in wild-type (WT) and Iqch 
mutant (Iqchmu) males was evaluated in terms of concentration, viability, morphology, and 
motility. Moreover, western blots, immunohistochemistry and RNA-seq of testis samples 
(4-5 Iqchmu and 4-5 WT mice in each experiment) were performed. Iqchmu males were 



sterile and showed sperm defects as well as low sperm production. We found Iqch was 
localized in somatic and germ cells and mainly in the nucleus at spermatocytes and 
spermatids, were IQCH appeared juxtaposed with SC35 (Serine/Arginine Repetitive 
Matrix 2) and ERSP1 (Epithelial Splicing Regulatory Proteins 1), both involved in mRNA 
splicing, suggesting that interactions among these proteins regulate alternative splicing. 
By RNA-seq differential gene expression (FDR<0.01) we noted that Iqchmu alters the 
expression of protein-coding genes and lncRNAs, which belong to the different testis cell 
types, showing more upregulation in spermatogonia and somatic cells and more 
downregulation in late stages (spermatocyte and spermatid). Differential splicing event 
(FDR<0.05 and DPSI>0.1), isoform expression (FDR<0.05) and isoform switching 
(FDR<0.05 and difference in isoform fraction >0.1) analyses revealed the dysregulated 
expression of mRNA isoforms, where the main effect of the mutation in Iqch is the change 
of the expression of the specific isoforms of spermatogenesis by the main somatic isoform 
of the gene. These findings suggest that Iqch is a regulator of the expression of specific 
isoforms during spermatogenesis, along with the large network of functionally 
interconnected lncRNAs and proteins. Overall, our findings reveal the role of Iqch in testis 
and provide clues to the molecular mechanisms controlling the expression of specific 
RNA isoforms during spermatogenesis. Supported by RTI2018-093548-B-I00 grant, 
PRE2019-088813 Fellowship, and FJC2019-040385-I contract from MICINN. 
 

S16.3 - Heat-Induced Increases in Body Temperature Impact Cumulus and 
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An acute heat stress event after a pharmacologically-induced luteinizing hormone (LH) 
surge induced changes in the periovulatory follicular fluid proteome potentially 
impacting ovulation and oocyte developmental competence. To investigate the cellular 
origins of these changes, periovulatory cumulus and granulosa cell transcriptomes were 
examined in cows exhibiting varying levels of hyperthermia after the LH surge. Lactating 
dairy cows with a corpus luteum were given prostaglandin F2α (PGF2α); 11 days later a 
progesterone containing controlled intravaginal drug release device (CIDR) was inserted 
and gonadotropin releasing hormone (GnRH) administered. Seven days thereafter, 



CIDR was removed and PGF2α was administered. Cows with a dominant follicle were 
moved to a climate-controlled facility ~35 hours later. Forty hours after final PGF2α, 
GnRH was given to induce an LH surge. Cows were maintained under thermoneutral 
[~67 temperature-humidity index (THI)] or heat stress conditions where THI was steadily 
increased for ~12 hours (71 to 86 THI) and was sufficient to steadily elevate rectal 
temperature. Average rectal temperatures ranged from 38.3 to 38.5°C in thermoneutral 
cows compared to 38.9 to 40.1°C in heat-stressed cows. Cumulus-oocyte complexes 
and mural granulosa cells were recovered ~16 h after GnRH, by transvaginal aspiration 
of dominant follicle contents. Total RNA from cumulus cells mechanically removed from 
the maturing oocyte and from the mural granulosa cells was subjected to mRNA library 
preparation (Universal Plus mRNA-seq; Nugen). Sequencing was completed on the 
Illumina HiSeq 2500 and then aligned against the Ensembl Bos taurus genome (ARS-
UCD1.2; Ensembl release 96). Rectal temperature was used as a continuous, 
independent variable to identify differentially expressed genes (DEGs) increased or 
decreased per each 1ºC change in temperature with a false discovery rate < 0.05. 
Functional annotation and pathway analysis were performed utilizing Gene Ontology 
(version 2021-07-02), PANTHER (version 16.0), and DAVID (version 6.8). Cumulus (n = 
9 samples) and granulosa (n = 8 samples) cells had 25 and 87 DEGs, with the majority 
(23 and 66, respectively) being upregulated by hyperthermia. Moderate but impactful 
increases in rectal temperature induced modest fold changes in gene expression (< 2-
fold per 1°C change in rectal temperature). Cumulus DEGs were linked to cell junctions, 
plasma membrane rafts, and cell cycle regulation, consistent with marked changes in 
the interconnectedness and function of cumulus after the LH surge. Hyperthermia 
related cumulus changes may have indirect but impactful consequences on the oocyte 
as it undergoes meiotic maturation. Two of the granulosa cell DEGs have been reported 
by others to promote ovulation, while other granulosa cell DEGs are known to impact 
collagen formation or angiogenesis which are processes important for corpus luteum 
formation. This project was supported in part by the Agriculture and Food Research 
Initiative Competitive Grant no. 2016-67015-24899 from the USDA National Institute of 
Food and Agriculture. 
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The follicle microenvironment provides an optimal cavity for oocyte growth and 
maturation, largely regulated by its crosstalk with the granulosa and theca cells. It has 
been reported that intracellular communication, in part mediated through extracellular 
vesicles (EVs), plays an imperative role in propagating competent gametes. EVs, 



commonly known as nano-sized, lipid enclosed complexes, harnessed with a plethora of 
bioactive cargo, are crucial to regulating processes like folliculogenesis and the initiation 
of different signaling pathways. Therefore, here we aimed to determine the ability of 
granulosa cell-derived EVs to modulate bovine oocytes tolerance to heat stress (HS) 
during in vitro maturation (IVM). For this, granulosa cells, isolated from follicular fluid, 
were cultured under normal (38.5°C) or thermal stress (42°C) conditions to retrieve EVs 
from the respective conditioned media. EVs were isolated and purified using 
ultracentrifugation (120,000xg for 70min. x 2) followed by characterization via protein 
marker detection using western blots, nanoparticle tracking analysis, and transmission 
electron microscopy. In a 2x4 factorial design for temperature (38.5°C or 41°C) versus 
supplemented treatments [non-treated controls (NTC), PBS Vehicle (VE), normal EVs 
(N-EVs), stressed EVs (S-EVs)], cumulus-oocyte complexes (COCs) were supplemented 
with 20% of the total maturation medium at the time of IVM. Oocytes supplemented with 
the respective treatment were first primed with EVs for 8h at 38.5°C, followed by 
initiating thermal stress at 41°C for the HS group for the remaining 14hrs of the 22h 
maturation period. In vitro fertilization (IVF) and subsequent in vitro culture (IVC) were 
carried out under normal temperature to investigate the effects of EV supplementation 
during oocyte maturation on developmental competence. Results indicate S-EV 
supplementation during IVM resulted in significant cumulus expansion and increased 
expression of cumulus expansion marker genes (PTX3, PTGS2, and EGFR) in cumulus 
cells under recurrent HS compared to NTC. Moreover, a significant reduction (p<0.05) 
in the relative expression of stress marker genes (HSP70, HSP90, and NRF2) was found 
in oocytes supplemented with S-EVs under thermal stress condition compared to the 
NTC. The accumulation of reactive oxygen species (ROS) detected by fluorescence 
microscopy was greatly decreased in oocytes (p=0.001) and blastocysts (p=0.0394) 
supplemented with S-EVs despite recurrent exposure to thermal stress during IVM. 
Notably, the supplementation of EVs alters mitochondrial membrane potential (MMP) 
detected through JC-1 fluorescent dye (Invitrogen, Carlsbad, CA). Interestingly, 
cleavage rates tended to increase with N-EVs (90.80±1.2%) and S-EVs (88.98±0.85%) 
supplementation, compared to the non-supplemented controls (85.11±1.7%) during 
exposure to recurrent HS. Similarly, the number of COCs to develop to fully competent 
blastocyst was higher in N-EVs and S-EVs (p≤0.05) supplemented group compared to 
the NTC. Conclusively, EVs derived from GCs exposed to HS induce tolerance in 
oocytes against recurrent thermal stress thereby mitigating the negative impact of 
thermal stress on oocyte developmental competence. 
 

S17.3 - Social and sensory determinants of reproductive aging  

Michael Garratt, University of Otago  

The rate and onset of reproductive aging is partly influenced by an animal’s 
environment. In mice, male and female aging responds to opposite sex interactions, 
which can hasten and delay reproductive aging in sex-specific ways. However, the 



specific causes for these effects have been largely unknown. I will present data from life-
long (e.g. two year) assessments of reproductive aging in mice of both sexes, which 
define how different social cues and chemo-sensory inputs regulate the reproductive 
aging process. These experiments have used both wild-derived mice and genetically 
modified laboratory strains - this ensures relevance to wild animals while defining the 
sensory signalling pathways underlying responses. 

In female mice, we find that recurrent early-life pregnancy (up to 300 days of age) 
hastens reproductive aging and causes females to have an earlier age at last litter. 
However, exposure to male mating alone, without pregnancy, elevates fertility late in life. 
Our results suggest these latter effects are caused by seminal fluid exposure, since 
removal of male seminal vesicle glands before mating inhibits female fertility changes 
from occurring. In male mice, mating with a female across life delays their reproductive 
senescence and reduces late-life testicular pathology. We have conducted experiments 
testing whether long-term detection of female odours – via their effects on the 
hypothalamic-pituitary-gonadal axis – are causally important in these anti-aging effects 
on fertility. Our results suggest that male reproductive aging can be partly regulated by 
the detection of female pheromones via specific sensory neurons in the mouse 
accessory olfactory system. Exposure to female odours across life influences male 
mortality and late-life fertility, while genetically impaired function of the vomeronasal 
organ – the olfactory system that detects pheromones – causes males to have impaired 
fertility late in life. 

These results illustrate the powerful effects that social interactions can have on 
reproductive physiology and the decline in fertility that occurs later in life. Specific social 
cues, and associated sensory systems, alter reproductive physiology in different ways. 
These changes likely promote optimal reproduction early in life but can also influence 
the pace of aging. 
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During the last 16 years, several researchers have proposed the presence of ovarian 
stem cells: so-called postnatal neo-oogenesis. This concept has been fiercely debated 
and is highly controversial. However, it is clear that, if these cells are present in the 
ovary, they do not rescue it from oocyte depletion. Thus, female fertility and 
reproductive lifespan in mammals critically depend on the size and quality of the ovarian 
reserve that is generated, mostly, in utero.  However, to each rule there is an exception. 
The naked mole-rat (NMR, Heterocephalus glaber) is well known for being the longest-
lived rodent, with a maximum lifespan of >37 years. Female NMRs are also exceptional 
because they demonstrate no decline in fertility or fecundity for the vast majority, if not 
the entirety, of their decades-long lifespan, whereas comparably sized mice have 
reduced fertility by 9 months of age. However, the mechanism(s) allowing them to avoid 
reproductive senescence are still unknown. We reported that, in contrast to mice, 
humans, and other mammals, in the NMR, the entire process of oogenesis occurs 
postnatally. Evidence of postnatal oogenesis in naked mole-rats includes a significant 
increase in germ cell numbers, identification of germ cells positive for pluripotency, 
primordial germ cells and proliferation markers. This results in more than 1.5 million 
germ cells in naked mole-rat ovaries by Postnatal Day 8, approximately five times more 
than in humans at birth. Using in vivo and in vitro approaches, we showed the ability of 
these postnatal germ cells to mitotically divide. So, in NMR ovaries, the lack of decline in 
fertility or fecundity is supported by germ cell proliferation in the postnatal ovary along 
the entire lifespan, maintaining the ovarian reserve and avoiding reproductive aging. 
 

S18.3 - Hippo signaling inactivation in Sertoli cells impairs the development of the 
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Sertoli cells occupy a unique place in the testis, playing major roles in the process of sex 
determination and the ensuing differentiation of the testis cell lineages. It is therefore 
important to have a better understanding of the signaling pathways involved in the 
regulation of these processes. Hippo pathway is a signaling pathway with well-established 
roles in cell proliferation and differentiation mechanisms, however its role in the 
developing Sertoli cells still needs to be elucidated. It is known that when Hippo signaling 
is active, LATS1 and LATS2, the two main redundant kinases of the pathway, 
phosphorylate the functionally redundant transcriptional activators YAP and TAZ, 
resulting in their nuclear export and sequestration and/or degradation. On the other hand, 



when Hippo signaling is inactive, YAP/TAZ form complexes with numerous transcription 
factors to activate target genes. To study the involvement of the Hippo pathway in the 
development of the testes, we first used a gene targeting approach in which Lats1 and 
Lats2 were conditionally deleted in developing mouse Sertoli cells 
(Lats1flox/flox;Lats2flox/flox;Amh-Cre). Preliminary characterization of this model demonstrates 
that the loss of Lats1/2 leads to the inactivation of the Hippo signaling pathway and the 
absence of phosphorylation of YAP in the developing Sertoli cells. Histopathologic 
evaluation reveals that LATS1/2 are necessary for the maintenance of spermatogenesis, 
and that their loss leads to the progressive disorganisation of the testis cords associated 
with the loss of polarity of SOX9/WT1-positive Sertoli cells and an increase in their 
number. To further evaluate if the observed phenotype was associated with an increase 
in the activity of YAP and TAZ, we generated a quadruple knockout mouse model in which 
Lats1, Lats2, Yap and Taz were conditionally deleted in mouse Sertoli cells. Interestingly, 
at 7 weeks of age,  compound mutant, Yap flox/+;Taz flox/flox;Lats1flox/flox;Lats2flox/flox;Amh-cre, 
and Yap flox/flox;Taz flox/+;Lats1flox/flox;Lats2flox/flox;Amh-cre had different phenotypes; In fact, the 
maintenance of TAZ affected the polarity of the Sertoli cells and spermatogenesis while 
the maintenance of YAP did not affect the polarity of the cells but did affect 
spermatogenesis. Finally, an almost complete rescue of the phenotype was observed in 
the testes of the quadruple knockout animals (Yap flox/flox;Taz 

flox/flox;Lats1flox/flox;Lats2flox/flox;Amh-cre). Taken together, our novel results suggest that Hippo 
signaling is required to maintain proper differentiation and functions of Sertoli cells and 
that the activity of both YAP and TAZ must be tightly regulated in these cells. Supported 
by Discovery Grants and an accelerator supplement (RGPIN-2020-05230 and RGPAS-
2020-00026) from NSERC, Canada. 

 

S18.4 - The mouse Pramel1 gene regulates spermatogonial development through 
the retinoic acid (RA) signaling pathway  
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Wansheng Liu, The Pennsylvania State University                                                                                                        
Jon Oatley, Washington State University  

The PRAME protein, a cancer/testis antigen (CTA) and a nuclear receptor transcriptional 
regulator, acts as a repressor of RA receptor (RAR) to inhibit cancer cell differentiation. 
However, it is largely unknown the function of PRAME family proteins in germ cells. To 
test the hypothesis that PRAMEL1 is involved in RAR signaling in spermatogenic cells, 
we have generated and characterized two models of the Pramel1 knockout (KO) mice. 
One was a global KO (gKO) by a CRISPR/Cas9 approach, and another was a conditional 
KO (cKO) by Cre-loxP with the Stra8-Cre. We found that the gKO mice had some 
distinct phenotypes comparing with cKO which were related to the germ cell’s response 
to RA in the neonatal testis. No difference was observed in the testis weight/index and 



the number of prospermatogonia among the wild-type (WT), gKO and cKO mice at 
postnatal day 2 (P2). However, we observed two significant phenotypes among these 
juvenile animals. First, the testis weight/index were significantly increased in the juvenal 
gKO mice (P14) (P<0.01) than WT and cKO mice. Meanwhile, the gKO males produced 
38.4% more sperm than WT and cKO males at P41, which leads to a significant increase 
in litter size (P<0.01) to make the gKO to be superfertile. Second, approximately 7% 
seminiferous tubules were abnormal with some germ cell loss in both gKO and cKO 
mice compared to WT. Remarkably, these abnormal tubules showed a Sertoli cell-only 
(SCO) phenotype in the gKO but not in cKO mice during the first round of 
spermatogenesis. To further determine how Pramel1 is involved in spermatogonia 
response to RA at P3, we performed immunofluorescence (IF) staining with germ (PLZF, 
TRA98, and STRA8) and Sertoli (SOX9) cell makers on neonatal testis cross-sections 
which indicated that the number of undifferentiated spermatogonia was not affected in 
the Pramel1 gKO mice at P2 (P>0.05), but decreased at P3-P6 (P<0.01) when germ 
cells respond to the first RA pulse. At the same time, the differentiating (PLZF+STRA8+) 
spermatogonia were increased in the gKO mice (P<0.01). We applied TUNEL assay to 
study germ cell apoptosis from P7 to P35 testis and found that WT mice had a normal 
curve of apoptotic germ cells that peaks around P14. However, the peak was not 
observed in the gKO mice. Increased differentiating spermatogonia and less apoptosis 
explain why the gKO mice produced more sperms during the first round of 
spermatogenesis. To explain how SCO tubules were formed in gKO but not in cKO 
mice, we isolated seminiferous tubules at P2-P6 and performed the whole-mount dual-
staining with TRA98 & SOX9 and TRA98 & CASP3 (apoptotic marker). The SCO regions 
were originated in the Pramel1 gKO testis from P3 onward. Germ cells at either end of 
the SCO region failed in homing and underwent apoptosis at P3. Together, our data 
indicated that deletion of Pramel1 before and after P3 would lead to different 
phenotypes during the first round of spermatogenesis, suggesting the involvement of 
PRAMEL1 in the RAR signaling pathway.   
 

S19.3 - Oocyte-specific midbody distortion ensures developmental potential.  

Gyu Ik Jung, Rutgers University                                                                                                                               
Sungjin Park, University of Wisconsin-Madison                                                                                                 
Ahna Skop, University of Wisconsin-Madison                                                                                                       
Karen Schindler, Rutgers University  

Female meiosis leads to the formation of a healthy egg that supports the foundation of 
new life. Cytokinesis, the last step in meiosis I, is critical for egg quality because it is 
necessary for physical separation of daughter cells and for preventing aberrancies like 
polyploidy. Moreover, cytokinesis leads to the formation of a transient, membrane-less 
organelle called the midbody (MB) which has ribonucleoprotein (RNP) granule qualities 
such as active translation. Mitotic cells release MBs via symmetric abscission or clipping 
but can uptake MBs through phagocytosis following abscission. When MB uptake 



occurs, this event correlates with cell fate determination and changes in stemness and 
tumorigenicity, consistent with MBs being RNP granules. In contrast, mammalian 
oocytes undergo asymmetric divisions during meiosis, suggestive of asymmetric 
cytokinesis and abscission, events not common in mitosis. Whether oocytes have MBs 
and, if so, what function they have is not known. Because MBs can influence somatic 
cells, we hypothesized that inheriting a meiotic MB is critical to sustain pre-implantation 
embryonic development and to acquire totipotency after fertilization. To address these 
gaps in knowledge, we first identified MB structures in mouse oocytes based on the 
localization of key structural proteins MKLP2 (arms), PRC1 (core), and MKLP1 (ring) 
described in mitotic cells. Surprisingly, we observed that the midzone spindle and the 
ring structure have a unique, distorted morphology not observed in mitosis. To explore 
why the structure of the ring is distorted, we tested the hypothesis that microtubules 
exert uneven forces during cytokinesis. By high-resolution live-cell imaging, we found 
that although the rate of polymerization is the same, the abundance of microtubules on 
the egg side is greater than on the polar body side, indicating a role of microtubule 
asymmetry in driving the distortion. Consistent with this interpretation, either acute 
depolymerization of the midzone spindle using Nocodazole or inducing symmetric 
division by compression reduced the ring distortion. We next asked if meiotic MBs are 
also RNP granules. By conducting fluorescence in situ hybridization and 
immunocytochemistry, we found that polyadenylated RNAs and ribosomal proteins are 
enriched at the MB ring, in line with the localized translation we detected in this region. 
We also observed an enrichment of factors which correlate with developmental capacity 
at the MB, supporting our hypothesis that the MB is involved in preparing the egg for 
embryo development. Finally, we asked if the distortion-derived cap acts as a barrier 
that prevents nascent proteins from leaving the egg and escaping into the polar body. 
We evaluated translation signal localization after disrupting the cap with Nocodazole. 
Unlike control eggs which retained translation in the egg, eggs with no cap showed 
translation signal leakage into the polar body. To expand on the potential role of the MB 
in ensuring developmental competence, we are parthenogenetically activating eggs with 
and without cap disruption and comparing the development efficiency to the blastocyst 
stage. Together, these data show asymmetries at the subcellular level distort the MB in 
mouse oocytes and highlight the potential role the distortion has in guaranteeing egg 
quality and developmental competence. 

S19.4 - New candidate ligand for human sperm-oocyte membrane binding and 
fusion.  

Katerina Komrskova, Charles University                                                    
Jana Svobodova, Institute of Biotechnology of the Czech Academy of Sciences                    
Michaela Frolikova, Institute of Biotechnology of the Czech Academy of Sciences                           
Lukas Ded, Institute of Biotechnology of the Czech Academy of Sciences                                                                  
Jiri Cerny, Institute of Biotechnology of the Czech Academy of Sciences                                                                
Pavla Postlerova, Institute of Biotechnology of the Czech Academy of Sciences                                                         
Veronika Palenikova, Institute of Biotechnology of the Czech Academy of Sciences                                                                                                                              



Radek Machan, Charles University, Czech Republic                                                                                                                 
Allan Pacey, University of Sheffield, Medical School, Sheffield, U.K.                                                                 
Zuzana Holubcova, Masaryk University, Czech Republic                                                                                                                                         
Soojin Park, Osaka University,Japan                        
Ondrej Simonik, Institute of Biotechnology of the Czech Academy of Sciences                                       
Ruiwu Liu, University of California, Davis                                                                            
Raghavendran Partha, University of Pittsburgh, Pittsburgh                                                                                               
Nathan Clark, University of Utah                                                                                                                                                     
Jiri Neuzil, Griffith University, Australia,                                                                                          
Masahito Ikawa, Osaka University, Japan,                                                                                          
Kent Erickson, University of California, Davis                                                                                                             
Kit Lam, University of California, Davis                                                                                                                 
Harry Moore, University of Sheffield, U.K.  

Sperm-oocyte membrane interaction and fusion during fertilization is mediated by 
various molecules that are located on both the oocyte and sperm membranes. 
Previously, Izumo1, Juno and CD9 were identified as the critical proteins involved in 
sperm-oocyte fusion and fertilization. It was shown in mouse, that at the point of sperm 
adhesion to the oocyte, Juno associates with monomeric Izumo1 on sperm membrane, 
resulting in Izumo1 dimerization and followed by a Juno removal from the oocyte 
surface. It implies that other additional receptor on the oocyte membrane is required to 
play a role in sperm-oocyte fusion. We used one-bead one-compound (OBOC) 
combinatorial peptide library for screening of new gamete ligands. Based on human 
sperm/bead adhesion experiments we identified a candidate ligand for Fc receptor-like 
3 (FcRL3). FcRL3 protein was expressed on human oolemma and could interact via Fc-
homologous extracellular domain with Ig containing domain of IZUMO1. Knock-out of 
the orthologous gene in mice (Fcrl5) most resembling FcRL3 partially inhibited fertility in 
vivo. Interaction between FcRL3 and JUNO on the oolemma was indicated by co-
localization and proximity ligation assays and was confirmed by transmission electron 
microscopy (TEM) of the close association of both proteins on microvilli. Transfected 
human embryonal kidney cells co-expressing FcRL3 and JUNO permitted human sperm 
to bind and fuse in vitro. Structural modelling suggests that FcRL3 forms a highly stable 
interaction with the IZUMO1/JUNO dimer complex, enhancing binding to IZUMO1 on 
the shedding of JUNO to elicit tight apposition of membranes and to permit specific 
gamete fusion. The complexity of the FcRL isotype may also offer a cryptic sexual 
selection mechanism to avoid genetic incompatibility and achieve favourable fitness 
outcomes.  

 

 

 



PC1 - Investigating active demethylation pathways in germline epigenetic 
reprogramming using novel Tet1 mouse mutants  

Rexxi Prasasya, University of Pennsylvania Perelman School of Medicine                                              
Blake Caldwell, University of Pennsylvania Perelman School of Medicine                                            
Rahul Kohli, University of Pennsylvania Perelman School of Medicine                                                                                      
Marisa Bartolomei, University of Pennsylvania Perelman School of Medicine  

To prevent transmission of epimutations to the subsequent generation, mammalian 
primordial germ cells (PGCs) undergo genome-wide epigenetic reprogramming 
following specification in the epiblast. Along with extensive remodeling of the chromatin, 
DNA methylation (5-metylcytosine, 5mC) erasure is an obligate process of PGC 
reprogramming. While the majority of the PGC genome undergoes demethylation 
through replication-coupled passive dilution, a subset of loci demethylates concurrently 
with the cessation of proliferation of gonadal PGCs. These late demethylating loci 
include imprinting control regions (ICRs) and promoters of meiosis-associated genes. 
We and others have demonstrated that Tet-Eleven Translocation (TET) family of 
methylcytosine deoxygenases is required for demethylation at these loci. The 
mechanisms of active demethylation in PGCs remain largely unresolved as previous 
studies relied on Tet1-null mice. Active demethylation by TET1 can occur through two 
means: 1) conversion of 5mC to 5-hydroxymethylcytosine (5hmC), which is poorly 
recognized by the maintenance DNA-methyltransferase, or 2) sequential oxidation of 
5hmC into 5-formylcytosine (5fC) and 5-carboxycytosine (5caC), which can be 
recognized and removed by the base excision repair pathway to recover unmodified 
cytosine. To resolve which active demethylation pathways are employed in PGC 
reprogramming, we generated two new knock-in mouse lines producing a catalytically 
inactive form of TET1 (Tet1-HxD) and a TET1 that is unable to oxidize modified-cytosine 
beyond 5hmC generation (Tet1-V). We analyzed the male germline of homozygous 
Tet1-HxD, Tet1-V, along with Tet1-null mice on the Illumina Infinium Mouse Methylation 
BeadChip to identify distinct and common methylation defects resulting from these 
TET1 variants. As suggested from previous studies, methylation defects are limited to 
subsets of loci--global hypermethylation is not observed in the genomes of Tet1-variant 
sperm. 28 loci are commonly hypermethylated among Tet1-null, Tet1-HxD, and Tet1-V, 
with the majority being ICRs. This finding underscores the importance of active 
modification of 5mC for complete erasure of ICRs during PGC development. 
Comparison of differentially methylated regions (DMRs) between Tet1-HxD and Tet1-
null revealed distinct misregulated loci (92 loci unique to Tet1-null, 25 loci unique to 
Tet1-HxD sperm). This result represents the first evidence for potential non-catalytic 
functions of TET1 in the germline. In contrast, Tet1-V sperm show the most subtle 
methylation defects among the three mutant lines. Finally, we confirmed that 
hypermethylated ICRs are inherited in a subset of Tet1-mutant offspring and are further 
exploring the consequences of non-ICRs misregulated loci during offspring 
development. In addition, we are developing a low input method for the BeadChip array 
to analyze 5mC and 5hmC changes in PGCs of Tet1-variant mutants in order to 



delineate which of sperm DMRs originate from failure of demethylation during PGC 
epigenetic reprogramming. 
 

PC2 - GATA6+ peritoneal macrophages contribute to maintaining the pro-
inflammatory environment exacerbating endometriosis-associated pain in a mouse 
model.  

Mingxin Shi, Washington State University                                                                                                   
Liang Zhao, Washington State University                                                                                         
Madeleine Harvey, Washington State University                                                                                         
James MacLean II, Washington State University                                                                              
Kanako Hayashi, Washington State University  

Endometriosis is a chronic inflammatory disease that causes debilitating pelvic pain in 
women. We have previously found that GATA6+ peritoneal macrophages are involved in 
the establishment of the aberrant inflammatory environment in the pelvic cavity. These 
cells likely contribute to peripheral nociceptor neuron sensitization, not only in 
endometriosis-like lesions (ELL) but also in other pelvic organs. To further understand 
the role of GATA6+ peritoneal macrophages on endometriosis-associated pain, we 
generated Lyz2-Cre Gata6flox/flox (MacGata6 KO) mice with a deletion of GATA6 in 
peritoneal macrophages. We induced a ‘menses-like’ event in ovariectomized estrogen- 
and progesterone-primed wild-type mice (Donor). Then, menses-like endometrium, 
scraped from myometrium and cut into fragments from donor mice, were inoculated into 
the peritoneal cavity of Gata6-flox control or MacGata6 KO mice (Recipient). Peritoneal 
immune cells were profiled by flow cytometry at Day -1 (pre-induction), 3, 7, 21, and 42 
after the induction of ELL in Gata6-flox and MacGata6 KO mice. As we expected, ELL 
induction caused rapid monocytes (Ly6Chi) recruitment on Day 3 and high levels of pro-
inflammatory macrophages (Ly6Chi F4/80+) until Day 7 in both Gata6-flox or MacGata6 KO 
mice, indicating massive inflammation has occurred in the peritoneal cavity. To examine 
endometriosis-associated pain, ELL-induced Gata6-flox and MacGata6 KO mice were 
examined by von Frey behavior test. The von Frey test showed significantly higher 
sensitivity (i.e., elevated pain behavior) in the abdomen and hind paw as the indication of 
local and systemic pain, respectively, on Day 3 and 7 compared to those on Day -1. 
However, Gata6-flox and MacGata6 KO mice did not show any difference in sensitivity 
levels on Day 3 and 7. By Day 21, the pro-inflammatory macrophage population 
returned to the baseline level in MacGata6 KO mice but not in Gata6-flox mice. On Day 42, 
pro-inflammatory macrophages showed the baseline level in both Gata6-flox and 
MacGata6 KO mice. Furthermore, MacGata6 KO mice showed reduced pain behavior, 
especially in the abdomen sensitivity on Day 21. In support of our behavior findings, 
abundant expression of TRPV1, a key ion channel that is sensitized from noxious stimuli 
such as pain and inflammation, was observed in the dorsal root ganglia (DRG) in Gata6-
flox mice on Day 21, but not in MacGata6 KO mice. These results suggest that elevated 
pro-inflammatory peritoneal macrophages are associated with endometriosis-associated 



pain. Peritoneal GATA6+ macrophages directly contribute to maintaining the local 
inflammatory environment in the peritoneal cavity to further establish chronic 
inflammation and endometriosis-associated pain. Supported by NIH/NICHD 
R01HD104619 
 

PC3 - Seminal plasma induces in endometrial stromal fibroblasts a distinct in vitro 
decidualization program resembling the in vivo state  
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Julie Frouard, University of California, San Francisco, CA                                                                             
Trimble Spitzer Lt Col, Naval Medical Center, Portsmouth, VA                                                              
Rebecca Marquez, Naval Medical Center, Portsmouth, VA                                                                      
Warner Greene, University of California, San Francisco, CA                                                                
Adrian Erlebacher, University of California, San Francisco, CA                                                                   
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Nadia Roan, University of California, San Francisco, CA 

Decidualization is a differentiation program of endometrial stromal fibroblasts (eSF) 
essential for embryo implantation. Decidualization can be induced in vitro upon the 
treatment of eSF with estradiol combined with progesterone (E2P4), and/or with cAMP 
agonists. We previously demonstrated that seminal plasma (SP), the liquid fraction of 
semen, can also promote decidualization of eSF from both healthy women and from 
those with diseases associated with implantation failure, including endometriosis and 
PCOS. Strikingly, eSF that do not decidualize in response to E2P4 treatment can be 
enabled to do so upon the addition of SP. SP exposure is also clinically associated with 
increased implantation rates, suggesting that SP factors can help normalize defective 
endometrial receptivity. However, the mechanisms by which SP promotes 
decidualization, how SP-mediated decidualization differs from E2P4-mediated 
decidualization, and the extent to which these in vitro decidualization programs 
resemble the in vivo state are not clear. We assessed by single-cell RNA sequencing 
(scRNAseq; 10X Genomics) the transcriptional response of eSF (N = 4 donors) to E2P4, 
SP, SP combined with E2P4 (SP + E2P4), or EtOH (vehicle control) on day 12. 
Decidualization of the E2P4, SP, and SP + E2P4 conditions was confirmed by IGFBP1 
secretion and eSF morphological changes on day 12. At the single-cell level, we found 
that a subset of eSF were commonly shared across all treatments including the vehicle 
control, suggesting not all eSF undergo decidualization when treated with 
decidualization agents. While some similarities between the different decidualization 
conditions were observed, clustering analyses revealed E2P4-mediated decidualization 
was transcriptionally distinct from that of SP-mediated decidualization. E2P4-mediated 
decidualization induced activation of pathways related to intracellular signaling 
cascades, cytokine secretion, and ion transport. In contrast, SP-mediated 
decidualization induced activation of pathways related to extracellular matrix 
organization, morphogenesis, and cell development. Interestingly, despite unique 



transcriptomic signatures, both E2P4- and SP-mediated decidualized eSF were 
transcriptionally similar to in vivo decidualized eSF, including eSF collected during the 
peri-implantation window and early pregnancy. Our results suggest that while both E2P4 
and SP can induce a potent decidualization response of eSF in vitro, the molecular 
mechanisms underlying the response differ. Better understanding the diverse 
mechanisms by which decidualization occurs can lead to insights into endometrial 
receptivity to embryo implantation and treatment strategies to optimize it in, for example, 
recurrent implantation failure 

PC4 - A novel cell population from hindlimbs interacts with mesenchymal cells in 
the external genitalia to facilitate proper penis formation  

Ciro Amato, National Institute of Environmental Health Sciences                                                       
Humphrey Yao, National Institute of Environmental Health Sciences  

Hypospadias, or incomplete closure of the urethra along the penis, is the second most 
common birth defect in the United States. This defect often requires surgical correction 
and if not corrected, it can lead to difficult urination and intercourse, leaving lasting 
physical and psychological impacts. In the male embryo, the urethra first starts to close 
at the base of the penis. This closure continues up the penis in a zipper-like fashion 
where it eventually forms a tube along the length of the penis. Disruption at any time 
during the closure event results in hypospadias. Therefore, understanding penis 
development has significant implications on human health. Here we report a novel 
population of mesenchymal cells from the hindlimb that are responsible for proper 
penile urethra closure in the mouse. After the onset of penis formation, a population of 
mesenchymal cells appears near the hindlimb of the fetus. Just prior to urethra closure 
initiation, these hindlimb-derived cells migrate centrally and gradually positioned 
bilaterally to the penile urethra. Using single cell mRNA sequencing, we discovered that 
these hindlimb-derived cells extensively interact with a neighboring mesenchymal cell 
population. Interactions between the two populations consisted of genes related to 
extra-cellular matrix, cell migration, and morphogens. Removal of the hindlimb-derived 
cells, using a cell-type specific ablation model, resulted in severe urethra closure 
malformations. In many cases there was a failure to initiate the closure of the urethra. 
Single cell analysis of control and hind-limb ablated mice revealed transcriptomic shifts 
in the neighboring mesenchymal cells in the penis. Transcriptomic differences between 
control and hind-limb ablated penis are attributed to genes involved in extracellular 
matrix and cell migration. Our results reveal hindlimbs as a source mesenchymal cells in 
the penis that are required for the initiation of urethra closure. Their role in urethra 
closure involves extracellular matrix gene expression in the hindlimb and neighboring 
cell populations inside the penis. These hindlimb-derived cells provide new entry points 
to understand the biology of penis formation and potential causes of hypospadias in 
humans. 



PC5 - E-Cigarette Exposure Modulates Embryo Implantation Success and 
Gestational Timing  

Margeaux Marbrey, University of North Carolina School of Medicine                                       
Elizabeth Douglas, University of North Carolina School of Medicine                                                                           
Kathleen Caron, University of North Carolina School of Medicine  

Pregnancy is a complex process orchestrated by the coordination of hormonal and 
molecular mechanisms resulting in successful implantation of the embryo, placental 
development, and healthy delivery of the fetus. Due to this intricacy, many external 
factors can control the success of a pregnancy. Cigarette smoke is one particular factor 
that has been demonstrated to regulate pregnancy outcome as women that smoke 
during their pregnancy exhibit a higher risk for implantation failure, miscarriage, reduced 
placental and fetal weights, and fetal developmental abnormalities. However, cigarette 
use has decreased in recent years as the popularity of e-cigarettes or electronic 
nicotinic delivery systems (ENDs) has risen. ENDs consist of an atomized base liquid 
comprised of a mixture of propylene glycol and vegetable glycerin which can contain 
differing levels of nicotine, flavorants, and other constituents. Currently, 3.6 million high 
school and middle school-aged individuals use ENDs with ~80% of users preferring 
ENDs with flavorings. Due to the significant number of young, reproductive aged women 
using these devices, including a predicted 9% of pregnant women, it is critically 
important to evaluate the safety of ENDs usage during pregnancy. We hypothesized 
that ENDs elicits negative effects on fertility, implantation success, and gestational 
outcome. To examine this, wildtype pregnant mice were exposed to ENDs vapors 
containing nicotine and/or flavoring during pregnancy using a Sci-Req inExpose 
chamber. After a four month fertility trial, dams exhibited a 3-4 day delay in delivery of 
the first litter (n=5). Furthermore, the number of pups delivered per dam was reduced 
and variable (n=5). Successful pregnancies were examined in naturally mated mice with 
the presence of a copulatory plug. Mice exposed to ENDs with flavoring exhibited a 17% 
decrease in implantation site presence compared to sham (n=4-7) and at mid-gestation, 
pregnancy success rate was reduced by 40% compared to sham (n=3-4). At late 
implantation (day 5.5), ENDs exposed animals exhibited few implantation events. After 
the receptive time, ENDs exposed embryos appeared somewhat delayed in 
development compared to sham exposed embryos. Upon performance of 
transcriptomic studies, critical uterine receptivity pathways including chemokine and 
prostaglandin were found to be altered at the time of embryo implantation (n=4). 
Additionally, ENDs with flavoring and nicotine caused a mild reduction in fetal and 
placental weight outcomes while the absence of nicotine resulted in slightly elevated 
placental weights (n=21-30). Thus, ENDs exposure can prevent pregnancy initiation, 
delay embryo implantation and gestational timing, and cause minor changes in placental 
and fetal weight. Future studies include examination of placental gene expression 
changes and morphological phenotypes upon ENDs exposure. This work was supported 
by a TCORS pilot project 5P50HL1201000405(KMC) and K99HD104900 (MWM). 
 



PC6 - Dynamic Imaging of Ovulated Egg Transport into the Oviduct.  

Kohei Umezu, Baylor College of Medicine, Houston, Texas                                                            
Shang Wang, Stevens Institute of Technology, Hoboken, New Jersey                                                                             
Irina Larina, Baylor College of Medicine, Houston, Texas  

Ovulation is the appropriately timed release of mature oocytes from the ovary into the 
surrounding space enclosed by the ovarian bursa, followed by their transport to the 
infundibulum, the first portion of the oviduct. Multiple studies using genetic and 
biochemical approaches have provided important insights into molecular and cellular 
regulation of the ovulatory process. However, due to the limited imaging access to the 
inside of the ovarian bursa, there is little information on the dynamic aspect of this 
process. Specifically, as the ovulated egg transport into the oviduct is a highly dynamic 
and biologically important event, in vivo dynamic imaging investigations are required to 
reveal the physiological mechanism of this event. We recently developed a new 
approach for live volumetric imaging of the female mouse reproductive tract using 
optical coherence tomography (OCT). Taking advantage of this unique imaging 
approach, we aimed to investigate how ovulated eggs are transported into the 
infundibulum within the ovarian bursa. To investigate structural changes of the ovarian 
bursa during the ovulatory process, we first performed micro computed tomography 
imaging and quantified the ovarian bursa volume at the several time points after the 
injection of human chorionic gonadotropin. The bursa volume was dramatically 
increased after the ovulation but only when some ovulated eggs remained in the bursa. 
After all the eggs were transported into the oviduct, the bursa volume was decreased to 
the almost same level as before the ovulation. This result indicates that the ovarian 
bursa undergoes dynamic volumetric and structural changes during ovulatory 
processes specifically when the ovulated eggs were transported within the bursa, 
suggesting that the intra-bursa fluid dynamics could be involved in the egg transport 
process. Ex vivo and in vivo 3D OCT imaging was performed for dynamic visualization of 
ovulated eggs and ovarian structures including the ovarian bursa. Our OCT imaging 
volumetrically visualized the ovulated eggs within the ovarian bursa as well as the 
ovarian structures and oviduct. We observed periodic contraction-like movement of the 
ovarian bursa after the ovulation both ex vivo and in vivo, which coincided with a flow of 
cumulus cells inside the bursa. This result suggested that the flow generated by the 
periodic bursa movement could contribute to the egg transport into the oviduct. We also 
demonstrated that the oviduct physically contracted with the expanded bursa during the 
egg transport.  Together, our results indicated that the contractions of oviductal smooth 
muscle induce the periodic movement of ovarian bursa and the flow inside the 
expanded bursa, which propels the ovulated eggs towards the infundibulum. In 
conclusion, this study demonstrates intravital OCT as a promising tool for ex vivo and in 
vivo volumetric analysis of ovulatory processes in mice, and presents potential 
mechanisms for the egg transport within the ovarian bursa to the oviduct. 
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P1 - Deciphering the nature of a stillborn southern white rhinoceros ovary  
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Advanced reproductive techniques are the only option for saving the northern white 
rhinoceros, which is functionally extinct with only two females left in the world. Every 
female rhinoceros is born with an ovarian reserve that consist out of immature oocytes 
in primordial follicles. In vivo, those follicles will be activated throughout life under the 
influence of hormones. Establishing methods to grow and culture these oocytes in the 
lab would increase the chance of successful in vitro embryo production for endangered 
species. In order to establish efficient culture methods, the basic physiology of the ovary 
needs to be revealed. In addition to investigating adult ovaries, newborn samples can 
provide species-specific insight into the development of an ovary. Therefore, this study 
examined the structural and molecular characteristics of a stillborn rhinoceros ovary, 
which is a rarely obtained specimen. The ovaries of a stillborn (died during birth) 
southern white rhinoceros calf were collected and one ovary was cut and fixed in 10 % 
formalin. Haematoxylin-and-eosin stain (H&E), Masson Trichrome stain and hyaluronic 
acid staining were applied to investigate the viability, the general structure and 
extracellular matrix components of the tissue. Detection of collagen I, Ki-67 (proliferation 
marker), SOX2 (pluripotency marker) and DDX4 (also known as Vasa; germ cell marker) 
were performed using immunohistochemistry with DAB peroxidase visualisation. The 
stillborn ovary showed a unique and distinct structure. The combination of stainings 
revealed that most of the ovary consisted of large cells organised in cords separated by 
stroma and extracellular matrix consisting of hyaluronic acid and collagen I. Follicles at 
all stages of development were present; from primordial to antral. 
Immunohistochemistry characterised the large undefined cells as mitotically active (Ki-
67 positive), pluripotent (SOX2 positive) cells with germ cell properties (DDX4 positive). 
These results may indicate the ovary still contains ovigerous cords at the moment of 
birth, which would be a remarkable finding since in most mammals breakdown of the 
ovigerous cords happens in the second half of fetogenesis. However, more 
characterisation is required to confirm this hypothesis. Especially the acquirement of 
more stillborn or neonatal samples would provide the possibility to confirm the true 
nature of the cell population that constitutes the major part of the young ovary. Since the 
southern white rhinoceros is the closest related animal to the northern white rhinoceros, 
we expect translation of the results between the two subspecies will be possible. All 



rhinoceros species can benefit and contribute to the mapping of ovarian tissue and in 
that way facilitate the development of in vitro culture techniques. Future studies will 
investigate steroidogenesis, other proliferation factors and apoptosis. This achievement 
is a precious step forward in revealing the development and physiology of the 
rhinoceros ovary. 
 

P2 - Influence of oral progestin pre-treatment on the ovarian response to 
exogenous gonadotropins in tigers  

Shelley Sandmaier, Omaha's Henry Doorly Zoo & Aquarium                                                            
Jonathan Aaltonen, Omaha's Henry Doorly Zoo & Aquarium                                                                 
L Krause, Omaha's Henry Doorly Zoo & Aquarium                                                                                 
Monica Stoops, Omaha's Henry Doorly Zoo & Aquarium                                                                        
Jason Herrick, Omaha's Henry Doorly Zoo & Aquarium  

The Association of Zoos and Aquariums (AZA) manages populations of Amur (Panthera 
tigris altaica), Sumatran (P.t. sumatrae), and Malayan (P.t. jacksoni) tigers, which are all 
endangered or critically endangered in the wild. The sustainability of tiger populations 
within U.S. zoos is currently threatened due to low birth rates in recent years, skewing 
the demographics toward aging individuals. This trend, combined with reduced genetic 
diversity, has prompted the need for the development of assisted reproductive 
technologies (ART). A crucial first step in the implementation of ART is developing a 
protocol for manipulation of the estrous cycle. In this study, female tigers (age range = 
3-12 years) were treated with equine chorionic gonadotropin (eCG; 800 IU) followed by 
porcine luteinizing hormone (pLH; 10,000 IU) 82 hours later following (+, n=8) or not (-, 
n=12) pre-treatment with oral altrenogest (Alt; Regu-mate®; 0.088 mg/kg/day) for 30 
days. Ovarian responses to hormone treatments were evaluated via analysis of estrogen 
(E) and progestin (P) metabolites in fecal samples. Baseline concentrations of each 
hormone were calculated and used to identify periods of elevated E (2x baseline) and P 
(2x baseline) associated with estrus or a non-pregnant luteal phase, respectively.  Estrus 
was not detected during the period of Alt treatment in 7/8 females. Treatment with eCG 
induced follicular development in 17/20 females (10/12 -Alt, 7/8 +Alt). All females 
exhibiting follicular development ovulated in both groups. Concentrations of P increased 
to luteal concentrations within 8.7 ± 4.9 days (-Alt) and 8.6 ± 2.4 days (+Alt) of pLH 
treatment, with significant variation between females (range = 4-21 days). The length of 
the non-pregnant luteal phase in the -Alt group was 25.8 ± 7.3 days compared to 43.4 ± 
9.3 days in the +Alt group (p<0.05). These data suggest that the hormone protocol 
effectively stimulates follicular development, ovulation, and luteinization in tigers, but the 
time between pLH and ovulation and the length of the non-pregnant luteal phase 
exhibited significant variation. Future research will be needed to reduce this variation 
and provide a more precise ovulatory window, allowing for timed artificial insemination 
procedures. 
 



P3 - Follicle-stimulating hormone receptor knockout inhibits testis maturation in 
Atlantic salmon (Salmo salar)  

Rüdiger Schulz, Utrecht University                                                                                                                   
Eva Andersson, Institute of Marine Research                                                                                                 
Fernanda Almeida O’Sullivan, EMBRAPA                                                                                                        
Lene Kleppe, Institute of Marine Research                                                                                                         
Kai Skaftnesmo, Institute of Marine Research                                                                                                          
Erik Kjærner-Semb, Institute of Marine Research                                                                                             
Diego Crespo, Institute of Marine Research                                                                                                        
Per Fjelldal, Institute of Marine Research                                                                                                   
Tom Hansen, Institute of Marine Research                                                                                                
Birgitta Norberg, Institute of Marine Research                                                                                             
Rolf Edvardsen, Institute of Marine Research                                                                                                                          
Anna Wargelius, Institute of Marine Research  

Early puberty in farmed Atlantic salmon males stunts growth and causes welfare 
problems due to the maturation-associated loss of osmoregulation capacity in seawater. 
Since follicle-stimulating hormone (Fsh), but not luteinizing hormone (Lh), is present in 
the circulation during pubertal testis growth in salmonid fish, we hypothesized that 
rendering the Fsh receptor (fshr) gene non functional, will prevent testis maturation. We 
generated fshr mutants using CRISPR-Cas9 and first studied highly mutated F0 fshr 
crispants. Cripants were reared together with wild-type (wt) control males. After 
triggering smoltification, precocious maturation was induced in 12 months old 
postsmolts by exposure to continuous light and 16ºC water for a period of three months, 
before returning to natural photoperiod and temperature conditions. Testis and pituitary 
samples were taken 1, 2, 5 and 9 months post induction. Three transcripts (fshb, lhb, 
gnrhr2bba) were quantified in pituitary tissue. For subsequent, similar studies on the F1 
generation, samples were collected 7 and 11 months post induction. A total of 33 wt 
controls and 81 F0 crispants were sampled. Testis weight did not differ initially (months 
1 and 2) between wt and F0 crispant males. After 5 months, F0 crispants showed 
slightly, and after 9 months, a clearly lower testis weight. Histological analysis of 
spermatogenesis revealed a certain phenotypic variability among F0 crispants, probably 
related to their genetic mosaicism, but testis maturation in general started later and 
lasted shorter than in control males, overall resulting in smaller testes. No differences 
were found regarding the three pituitary transcript levels. Most F0 crispants produced 
sperm (or eggs in female F0 crispants) and we crossed four highly mutated fish to 
create an F1 generation. We identified by sequencing F1 sibling males having either wt, 
fshr+/- or fshr-/- genotypes with known mutations. When stimulating pubertal maturation in 
F1 males as described above, clear genotype-dependent differences became apparent. 
While 42% of fshr+/- males (N=24) and 94% of wt males (N=17) entered puberty, none of 
the fshr-/- (N=9) males did, associated with a more than 40-fold lower testis weight in fshr-

/- males. Spermatogenic tubuli of fshr-/- males contained only Sertoli cells and 
undifferentiated type A spermatogonia, while all germ cell stages, including many 



spermatozoa, were found in maturing wild-type or heterozygous males. Pituitary 
transcript levels of gnrhr2bba and lhb, but not of fshb, were clearly reduced in fshr-/- 
compared to wt males. Our finding that fshr-/- Atlantic salmon males did not enter 
puberty, is in stark contrast to the situation in medaka or zebrafish fshr-/- males, which 
showed no clear phenotype regarding fertility, testis size and spermatogenesis. This 
difference may be related to Lh-stimulated androgen production, in turn triggering 
spermatogenesis, in both model species. In salmonid fish, Lh is not secreted until the 
spawning period. This endocrine characteristic of salmonid fish, and the resulting Fsh-
dependency of testis maturation, may allow developing approaches to mitigate 
problems associated with early male puberty in salmonids, and may open a path to 
produce sterile fish. 
 

 P4 - A role for a voltage-gated channel in the regulation of calcium and sperm 
motility in mosquito sperm  

Gabrielle Martinez, University of California, Riverside                                                                        
Catherine Thaler, University of California, Riverside                                                                                                  
Richard Cardullo, University of California, Riverside  

Prior to fertilization, sperm from most animals are quiescent until motility is activated 
through a variety of mechanisms. In many systems, calcium plays a key role in motility 
and the physiological transformations that take place between the initiation of sperm 
motility and successful fertilization. In many animals, calcium signaling in sperm is 
regulated by a highly conserved and specialized voltage-gated cation channel, CatSper. 
In contrast, CatSper has not been identified in lower invertebrates, including the Culex 
mosquito; however, calcium is still required for the maintenance of sperm motility. 
Following Culex sperm activation, exposure to various T-type voltage-gated calcium 
channel blockers including NiCl, ZnCl, and NNC 55-0396 dihydrochloride led to a 
significant decrease in sperm motility over a twenty-minute period. NiCl affected general 
sperm motility at a concentration of 1 mM and resulted in 50% inhibition of sperm 
motility at approximately eight minutes. ZnCl affected forward progressive motility at a 
concentration of 1 mM and at this concentration, resulted in fully inhibited forward 
progressive sperm motility. NNC 55-0396, an inhibitor of T-type Calcium channels, had 
the most significant and robust effect on sperm motility with a 50% decrease in sperm 
motility in three minutes at a concentration of 50µM. Taken together, these data suggest 
a role for the T-type voltage-gated calcium channel in the maintenance of mosquito 
sperm motility. 

  

 



P5 - Repurposed prostate specific antigen (PSA) inhibitors show potential for a 
non-hormonal contraception method.  

Jeffery Erickson, Washington State University                                                                                       
Prashanth Anamthathmakula, University of Missouri - Kansas City                                                      
Wipawee Winuthayanon, Washington State University  

Semen liquefaction is a post-ejaculatory process that is dependent on the enzyme 
activity of prostate-specific antigen (PSA) to liquefy semen coagulum. This process 
ultimately facilitates successful sperm motility for fertilization in the female reproductive 
tract. Previously, we have shown that a non-specific serine protease inhibitor, AEBSF, 
blocked semen liquefaction in mice and humans. Additionally, AEBSF was shown to 
inhibit enzyme activity of several serine proteases, including PSA, elastase, thrombin, 
and chymotrypsin (p<0.05). Although these findings show promise for a serine protease 
inhibitor to be developed as a novel contraceptive, the lack of specificity in enzymatic 
activity warrant further investigation of specific PSA inhibitors. Thus, we reviewed 
existing literature on specific PSA inhibitors designed for prostate cancer therapy and 
tested them for their contraceptive potential. Specifically, there were three distinct PSA 
inhibitor structures identified, comprising of two triazole inhibitors (B1 & B3), β-lactam 
analog (β-L), and peptidyl boronic acid (PBA). We hypothesized that these novel PSA 
inhibitors have potential usage as a non-hormonal contraceptive by preventing semen 
liquefaction, ultimately preventing sperm from reaching the site of fertilization. In 
vitro PSA enzyme activity screening resulted with B1, B3, β-L, and PBA having apparent 
Kis’ of 13.78 µM, 59.2 µM, 0.225 µM and 601.7 µM respectively (N=3). This suggests 
that B1 and PBA have higher affinity for PSA than B3 and β-L. Thus, B1 and PBA were 
chosen for human semen liquefaction analysis. Specifically, semen from healthy donors 
(N=6) were incubated with 100 µM of B1 or PBA, comparing to our prototype 
compound, AEBSF. Relative to control, B1 and PBA were both 10x more effective at 
blocking semen liquefaction compared to AEBSF. Since PBA showed nonspecific 
inhibitory activity towards other serine proteases, B1 was selected for further in 
vitro and in vivo toxicity analyses. Specifically, human ectocervical (hECT1) cells were 
incubated with control, increasing doses of B1 (0.001, 0.1, 1, 10, and 100µM), or N9 for 
1 and 3 hours (N=3). Additionally, in vivo toxicity was evaluated in mouse vaginal 
cavities (N=6). Female mice were left untreated (no treatment control), treated 
transvaginally with vehicle control, 250µM B1, and Gynol (containing nonoxynol 9, 
spermicide) for 10-min or daily for 14 consecutive days. Vaginal cell death was 
assessed by quantifying levels of green fluorescent intensity from YOYO-1 dye 
incorporation using ImageJ analysis. After 10-min of treatment, B1 showed little to no 
cell death, unlike Gynol which showed diffuse cell death. After 14-day treatment, there 
was no significant difference between vehicle control, B1, or Gynol. These data suggest 
that B1 has similar effects on vaginal cell death compared to that of control. However, 
Gynol induced cell death after acute exposure but not after long-term treatment. In 
summary, these studies show triazole B1’s efficacy and its potential future contraceptive 
usage to block semen liquefaction without observable toxicity in the mouse vagina. 



Future studies will include improving B1’s specificity on PSA activity by utilizing 
structural activity relationship studies. 
 

P6 - Identifying novel contraceptive drug targets using single-cell RNA sequencing  

Daniela Russo, MIT and Harvard                                                                                                              
Yu-Ying Chen, Northwestern University                                                                                                       
Riley Drake, MIT and Harvard                                                                                                                             
Teresa Woodruff, Michigan State University                                                                                                                                     
Francesca Duncan, Northwestern University                                                                                          
Alex Shalek, MIT and Harvard                                                                                                                             
Brittany Goods, Dartmouth College  

An estimated 43 million individuals in the United States have unmet family planning 
needs. Hormonal birth control is one of the major classes of female-directed 
contraceptives, but serious side effects result in discontinued or improper use. Despite 
an urgent need to identify novel contraceptive targets, few datasets to date provide that 
opportunity. To identify targets, it is crucial to identify and understand the functional 
pathways of ovarian follicles. Ovarian follicles, the functional unit of the ovary, are 
comprised of an oocyte and surrounding somatic sells. While ovarian follicles have been 
characterized in bulk, there is a need to better define with high-resolution the 
transcriptomes of these cells across stages to nominate contraceptive targets. Here, we 
used single-cell RNA-sequencing to better understand the transcriptome of single 
oocytes and somatic cells at unique follicular stages. Several pathways and upstream 
regulators were identified using Igenuity Pathway Analysis, many of which are involved 
in early follicle activation. This includes WNT signaling, which has been previously 
implicated in somatic cell differentiation, and several other regulators like TGFB and 
FOXO3. Taken together, our results begin to elucidate pathways that drive follicle 
activation and nominate putative contraceptive targets. Moving forward, understanding 
the signaling events that control activation and maturation of follicles can also be used to 
better understand and treat ovulatory diseases, like polycystic ovarian syndrome and 
infertility, in addition to creating new options for contraception. 
 
 

P7 - Developing antibodies to protein targets for non-hormonal male contraception  

Courtney Sutton, Baylor College of Medicine                                                                                       
Kurt Christensen, Baylor College of Medicine                                                                                               
Kaori Nozawa, Baylor College of Medicine                                                                                                   
Masahito Ikawa, Osaka University                                                                                                                       
Thomas Garcia, Baylor College of Medicine                                                                                             
Martin Matzuk, Baylor College of Medicine  



Antibody production can be used in a variety of lab techniques including assays, 
blotting, and histology. Antibodies are also useful tools in a clinical setting to treat 
immune deficiencies and diseases such as multiple sclerosis, rheumatoid arthritis, and 
psoriasis. Novel research is underway for the development for a non-hormonal form of 
female contraception, which has long been the sole focus of contraceptive research. 
However, male contraception remains largely untapped, and provides many avenues of 
non-hormonal contraceptive use. Unfortunately, there are few antibodies available for 
the proteins of interest within the male reproductive tract, creating a barrier to fruitful 
experiments. Previous research in our laboratory identified several proteins necessary 
for sperm competency and migration through the female reproductive tract. For most of 
these novel proteins, there are no readily available or trusted antibodies on the market. 
We utilized the Protein and Monoclonal Antibody Production Core at Baylor College of 
Medicine to generate our own antibodies for our proteins of interest. Using protein-
specific knockout female mice generated with CRISPR-Cas9, we were able to develop 
monoclonal antibodies. Mice (n = 4) were first immunized with our protein of interest 
(human serine protease 37 PRSS37) around 7 weeks of age and subsequently boosted 
at 2 and 4 weeks post initial injection. Approximately a week following the second boost, 
a blood sample was taken and screening for anti-sera was conducted using a western 
blot to test specificity. After the primary screening of the anti-sera, a final boost was 
given to the mouse. Three days following the final boost, we performed a spleen cell 
fusion in methylcellulose. The following week hybridomas were selected and moved to a 
96 well plate and allowed to grow. The best hybridomas were selected and transferred 
again and then screened using an ELISA for the protein of interest. Following ELISA 
screening, positive hybridomas will be moved to a 24 well plate and confirmed a second 
time through ELISA and western blotting. Confirmed positive hybridomas will then be 
frozen and stored for later use. Developing antibodies to novel and understudied 
proteins can help further advance research efforts particularly related to male 
contraception. In our lab, developing these antibodies will help us identify suitable 
targets to pursue non-hormonal forms of male contraception. 

C.M.S. is supported by the Eunice Kennedy Shriver National Institute of Child Health 
and Human Development T32 HD098069 training grant (P.I.: Stephanie Pangas). These 
studies have been supported by grants R01HD088412 and P01HD087157 (to M.M.M. 
and M.I.) and the Bill & Melinda Gates Foundation (INV-001902 to M.M.M. and M.I.). 
 

P8- Affinity Selection Mass Spectrometry for Confirmation of Novel TEX14 
Inhibitors Isolated from DNA Encoded Library  

Qiuji Ye, Baylor College of Medicine                                                                                                                
Katarzyna Kent, Baylor College of Medicine                                                                                          
Murugesan Palaniappan, Baylor College of Medicine                                                                              
Zhifeng Yu, Baylor College of Medicine                                                                                                 
Yong Wang, Baylor College of Medicine                                                                                                         



Jian-Yuan Li, Baylor College of Medicine                                                                                             
Sureshbabu Nagarajan, Baylor College of Medicine                                                                                       
Mingxing Teng, Baylor College of Medicine                                                                                            
Damian Young, Baylor College of Medicine                                                                                          
Martin Matzuk, Baylor College of Medicine  

A safe, effective, and reversible nonhormonal male contraceptive drug is needed to 
enhance fertility control, to include male contraception in a more comprehensive birth-
control strategy, to avoid female hormonal contraceptive side effects and risks, and to 
prevent unintended pregnancies. Testis-expressed 14 (TEX14), an inactive kinase 
essential for converting transient midbody rings into stable intercellular bridges during 
the spermatogonium differentiation process, is necessary for production of spermatozoa 
and male fertility. In testes, intercellular bridges are formed to generate the A-paired 
(Apr) spermatogonia from the A-type single (As) spermatogonium, present throughout 
the sperm cell differentiation process, and are important for the synchronization of germ 
cells as well as for sharing organelles and molecules between the germ cells. In our 
previous studies, we demonstrated that knockout of mouse Tex14 eliminates the 
formation of intercellular bridges and results sterility in male mice, that TEX14 is a 
unique target for male contraception, and that the development of a small-molecule 
TEX14 binder could disrupt the formation of intercellular bridge leading to the discovery 
of a novel antispermatogenic agent for male contraceptive. To identify and discover 
small molecule inhibitors of TEX14, we employed the screening process of DNA-
encoded chemistry technology (DEC-Tec) which involves the screening of DNA-
encoded chemical libraries (DECLs), which contain billions of chemically unique DNA-
barcoded compounds generated through individual sequences of reactions and 
different combinations of functionalized building blocks. The structures of the TEX14 
binders are proposed based on the sequencing analysis of the DNA barcode labeled on 
each individual DECL compound. The proposed structure is synthesized through multi-
step reactions. To evaluate and confirm the binding affinity between the DEC-Tec 
identified molecules and the inactive kinase TEX14, we developed an affinity selection 
mass spectrometry (ASMS) assay that incorporates liquid chromatography with tandem 
mass spectrometry (LC-MS/MS). In comparison with the previous established ASMS 
assay, incorporating the LC-MS/MS technique into this binding assay can efficiently 
remove background signals and enhance target compound signal intensity leading to 
highly sensitive and reproducible measurement of the binding affinity. Our data reveal 
that the binding affinity measured by the affinity selection with tandem mass 
spectrometry (AS-MS/MS) is consistent with the results from thermal shift assay (TSA) 
data. With the AS-MS/MS assay data, we successfully discovered and optimized a 
series of TEX14 inhibitors warranting additional biological functional assay and further 
development for non-hormonal male contraception. 

Acknowledgments: This work is supported by the Bill and Melinda Gates Foundation 
(INV-001902) and the Eunice Kennedy Shriver National Institute of Child Health and 
Human Development (P01HD087157). 



P9 - Investigating the Role of OVCH2 CUB Domains in Sperm Maturation and Male 
Fertility  

Katarzyna Kent, Baylor College of Medicine                                                                                       
Kaori Nozawa, Baylor College of Medicine                                                                                                        
Masahito Ikawa, Osaka University, Japan                                                                                            
Thomas Garcia, Baylor College of Medicine                                                                                               
Martin Matzuk, Baylor College of Medicine  

To date, hormonal male contraceptives have not been effective and the need for a safe 
and reversible non-hormonal method of fertility control for men has been widely 
recognized. To advance progress towards the development of a novel non-hormonal 
male contraceptive, characterization of the molecular pathways required for sperm 
maturation in the epididymis is imperative. Recently, we identified an epididymis-specific 
gene, Ovochymase 2 (Ovch2), that codes for a secreted protease and is required for 
male fertility in mice. Ovch2 knock-out (KO) mice are sterile due to an inability of sperm 
to transit the uterotubal junction (UTJ) or bind to the oocyte zona pellucida (ZP), and 
improper processing of sperm surface protein, ADAM3. OVCH2 contains two CUB (C-
terminal Complement C1, UEGF, and BMP1) domains of unknown functional relevance, 
while it is known that CUB domains of spermadhesins (SAs) in cow and pig bind 
carbohydrates on the oocyte zona pellucida (ZP), and in several non-reproductive 
proteins, CUB domains are required for oligomerization and/or recognition of substrates 
and protein partners. In the present study, to determine the molecular mechanism of 
OVCH2 function and the physiological requirement of its CUB domains, we have 
generated knock-in (KI) mice that express either FLAG-tagged full-length OVCH2 fusion 
protein, FLAG-tagged OVCH2 with deleted CUB2 domain, and FLAG-tagged OVCH2 
with both CUB domains deleted. We have confirmed specific expression of the OVCH2-
FLAG fusion protein in proximal caput epididymis of these mice. Expansion of these KI 
lines for subsequent testing, including mating trials, is ongoing. These novel mouse 
models will not only demonstrate whether there is a functional requirement for one or 
both CUB domains in male fertility, but also provide means for performing localization 
studies within the male and female reproductive tracts through FLAG immunolabeling, 
and for identification of the OVCH2 interactome in vivo through FLAG affinity purification 
and LC-MS/MS. Further, to test the hypothesis that OVCH2 interacts with key sperm 
proteins, ADAM3 and PRSS55, that yield similar phenotypes upon deletion in mice, we 
have conducted co-expression and co-immunoprecipitation studies in an immortalized 
mouse proximal caput epididymal cell line, PC1. Our results demonstrate specific 
interactions between OVCH2 and ADAM3, and between OVCH2 and PRSS55. 
Experiments are ongoing to test whether deletion of one or both CUB domains ablate 
these specific interactions. Future proteins that we identify through our in vivo 
interactome studies will be confirmed and studied for CUB domain requirement through 
the same co-IP approach. In conclusion, our structure-function studies will expand our 
knowledge about the molecular processes of sperm maturation within the epididymis 
and determine required functional sites within OVCH2 that may be vulnerable to novel 



inhibition by a small molecule. Our studies will serve the dual purpose of advancing the 
development of a novel male contraceptive and improving diagnostic utility of genetic 
screens in infertile men with idiopathic sperm disfunctions. 

These studies have been supported by NICHD P01HD087157 and R01HD088412 (to 
M.M.M./M.I.), the A.I. & Manet Schepps Discovery Foundation (to K.K.), and the Bill & 
Melinda Gates Foundation (INV-001902 to M.M.M./M.I.). 
 

P10 - Effect of prenatal testosterone excess on corpus luteum function of first-
generation ewe lambs  

Sara Gurule, Texas A&M University                                                                                                         
Jessica Sustaita, Texas A&M University                                                                                                                                           
Renata Landers, Texas A&M University                                                                                                      
Leslie King, Texas A&M University                                                                                                               
Sarah West, Texas A&M University                                                                                                               
Logan Perry, Texas A&M University                                                                                                                   
Lauren Black, Texas A&M University                                                                                                       
Vasantha Padmanabhan, University of Michigan                                                                                     
Rodolfo Cardoso, Texas A&M University  

Prenatal testosterone exposure from days 30-90 of gestation causes reproductive 
perturbations in sheep that include hypergonadotropism, functional hyperandrogenism, 
polycystic ovaries, and anovulatory infertility, similar to those seen in women with 
polycystic ovary syndrome (PCOS). Obesity plays a significant role in the development 
and severity of the PCOS phenotype. This study aimed to investigate the effect of prenatal 
testosterone excess from days 60-90 of gestation (unlike the day 30-90 exposure model, 
these animals are not virilized) and postnatal weight gain on corpus luteum capacity in 
first generation (F1) sheep during the first breeding season. Pregnant Suffolk cross ewes 
received testosterone propionate (T; 100 mg i.m.) or corn oil (C; vehicle i.m.) twice weekly 
from days 60 to 90 of gestation (term=147 d). Ewe lambs were weaned at ~3 mo of age 
and T lambs were assigned randomly to gain either 0.3 kg/d (T maintenance) or 0.4 kg/d 
(T overfed) thereafter. Control lambs were fed to gain 0.3 kg/d. Maintenance diet was 
designed to promote optimal growth without excess fat deposition, meeting NRC 
recommendations. Overfed females were provided a ration equal to 130% of the NRC 
recommendations and designed to achieve a body weight ~30% above that of 
maintenance. Concentrations of progesterone were measured in blood samples collected 
twice weekly from control, T maintenance, and T overfed lambs (n=15/group) from before 
the expected start of the breeding season until after the breeding season (August-
January). Progesterone concentration was assessed via radioimmunoassay to evaluate 
average progesterone concentration, peak progesterone concentration, and cycle 
duration. Data were analyzed as one-way ANOVA with post-hoc Tukey HSD. Six animals 
(C, n=1; T maintenance, n=3; T overfed, n=2) did not attain puberty during the first 



breeding season and were subsequently assigned the last day of the study as date of first 
ovulation. For all other animals, first progestogenic cycle was defined as when 
progesterone concentrations were <0.5 ng/ml for four consecutive samples followed by 
three consecutive samples ≥0.5 ng/ml. Peak progesterone concentrations tended to be 
greater for both T overfed (3.56±0.17 ng/ml; P=0.053) and T maintenance (3.49±0.18 
ng/ml; P=0.108) compared to controls (3.04±0.16 ng/ml). Cycle duration was greater (P 
< 0.05) for T maintenance lambs (11.91±0.62 d) compared to controls (10.01±0.55 d). 
However, cycle length was not different (P=0.196) between the T overfed group 
(11.30±0.58 d) compared to the control and T maintenance groups. Average 
progesterone concentration was not different between groups (C=1.50±0.09 ng/ml; T 
maintenance=1.62±0.09 ng/ml; and T overfed=1.59±0.09 ng/ml). Ongoing studies will 
determine whether increased cycle duration in T females results from alterations in the 
LH preovulatory surge, timing of prostaglandin F2α secretion, and/or CL function. In 
conclusion, these results demonstrate that prenatal testosterone exposure increases 
progestogenic cycle duration in juvenile sheep. While overfeeding partially normalized 
progestogenic cycle duration during the first breeding season in T females, our previous 
studies with longer T treatment window found that long-term excess weight gain amplifies 
the adverse effects of prenatal testosterone excess on reproductive function in adult 
sheep. Research supported by NIH-NICHD award number R01HD099096. 
 

P11 - Comparison of IVF, MOET and AI derived cattle for production, health and 
fertility traits.  

Simon Lafontaine, Université Laval                                                                                                         
Rémi Labrecque, SEMEX Boviteq                                                                                                                
Patrick Blondin, SEMEX Boviteq                                                                                                                
Roger Cue, McGill University                                                                                                                    
Marc-André Sirard, Université Laval  

Although molecular differences resulting from the use of in vitro fertilization (IVF) in 
cattle are well characterized, long term impacts of reproductive technology on dairy 
animals remains largely undocumented. In line with the DOHaD theory, studies on 
rodents and early data from humans and cattle suggest that in vitro manipulation of 
gametes and embryos could result in long-term alteration of metabolism, growth and 
fertility. 

Our goal was to better describe those presumed consequences in the IVF population of 
dairy cows in Québec (Canada) and to compare them to animals conceived by artificial 
insemination (AI) or multiple ovulation embryo transfer (MOET). To do so, we leveraged 
a large phenotypic database (2.5 M animals and 4.5 M lactations) aggregated by 
Lactanet (Sainte-Anne-de-Bellevue, QC, Canada) milk recording from 2012-2019 in 
Québec. We identified 304163 AI, 12993 MOET and 732 IVF conceived cows from 
which we retrieved information for 576448, 24192 and 1299 lactations respectively. 



Statistical analyses were performed using mixed linear models in SAS 9.4 software 
(SAS Institute; Cary, NC, USA). Lifetime Performance Index (LPI) of the cow’s parents 
were used to normalize for genetic potential across animals. 

When accounting for the higher LPI of MOET and IVF animals in the models, we found 
no statistical difference between the conception methods for the milk production of the 
daughters across their first 3 lactations. We also found that the rate of LPI improvement 
of the IVF population during the 2012-2019 period was half the rate observed in the AI 
population. Preliminary fertility analysis revealed that MOET and IVF animals also scored 
1 point lower on the daughter fertility index. 

These results highlight the challenge of elite genetic improvement while attesting the 
progress the industry has made to minimize epigenetic disturbance during embryo 
production. Still, additional work is required to ensure that IVF animals can achieve their 
full health and performance potential. 
 

P12 - Investigating the Maternal Effects in Female-biased Embryonic Death 
Induced by Genomic Instability  

Yiwen Qin, Cornell University  

Mammalian development is a dynamic process that primarily depends on the genetic 
contribution of both parents. The pregnancy outcomes are also controlled by various 
environmental factors and genetic variations within the gametes such as 
macromolecules, organelles and epigenomes. Previously, our group discovered that 
genomic instability (GIN) caused by replication stress impacts embryonic developmental 
outcomes. A decrease in the level of minichromosome maintenance proteins (MCM) is 
observed in the mutant allele Mcm4Chaos3 (chromosome aberrations occurring 
spontaneously 3), which causes GIN in mice3. When more reduction of MCMs (MCM2, 6 
or 7) is imposed on the mice homozygous for Mcm4Chaos3, there is a significant loss of 
female embryos starting from mid-gestation. This developmental defect is probably due 
to the inflammation in the placental tissue, likely originating from cyclic GMP–AMP 
synthase (cGAS)–stimulator of interferon genes (STING) pathway. It was thought that 
the micronuclei trigger this pathway, as 7.5% of erythrocytes in Mcm4Chaos3/Chaos3 mice 
containing micronuclei compared to the 0.25% in their wildtype littermates. More 
importantly, the sex skewing depends on the maternal genotype, as swapping the dam 
genotype to relatively genomically -stable genotypes helped suppress the maternal-fetal 
inflammation and restored the ratio of born female to male mice back to 1:1. This 
phenomenon suggests that some unknown maternal factors contribute to the 
susceptibility of embryos to DNA damage in genomically-unstable dams. Mitochondria 
are the key modulators of p53-mediated apoptosis pathway which was shown to be 
activated under replication stress. Additionally, only oocytes’ mitochondria are 
transmitted to the embryo. By understanding how maternal genomic instability leads to 



inflammation and eventually embryonic death, we will provide insights into the complex 
maternal-fetus interaction and identify factors contributing to the observed non-
Mendelian inheritance. 
 

P13 - Culture of bovine preimplantation embryos with choline chloride increases 
birth weight of the resultant calves.  

McKenzie Haimon, University of Florida                                                                                                       
Eliab Estrada- Cortes, University of Florida                                                                                                   
Thiago Amaral, University of Florida                                                                                                                                
Surawich Jeensuk, University of Florida                                                                                                       
Froylan Sosa, University of Florida                                                                                                             
Jeremy Block, University of Wyoming                                                                                                      
Daniella Heredia, University of Florida, NFREC                                                                                             
Mauro Venturini, University of Florida                                                                                                            
Camilla Santos Rojas, University of Florida, NFREC                                                                        
Angela Gonella-Diaza, University of Florida, NFREC                                                                           
Nicolas DiLorenzo, University of Florida, NFREC                                                                                       
Peter Hansen, University of Florida  

Choline is a micronutrient that plays important roles in DNA methylation (through 
oxidation to betaine), lipid metabolism (as a precursor for phosphatidylcholine) and 
intercellular signaling (through acetylation to form acetylcholine). Typically, choline is 
absent in defined embryo culture media. It was hypothesized that addition of choline 
chloride to culture medium for the first 7 days of development would alter embryonic 
function in a manner that programs subsequent fetal development. Bovine embryos 
were produced by in vitro fertilization using oocytes from a total of 20 Brahman donors 
and one of three Brahman sires.  Donors were randomly assigned to produce embryos 
cultured with either 1.8 mM choline chloride (equivalent to the total amount of choline 
metabolites in blood in postpartum cows) or vehicle. Choline was present in culture 
medium through day 7 of development. Blastocysts were transferred to suckled beef 
cattle recipients.  There was no effect of choline on pregnancy rate at day 28 or 56 or on 
calving rate. The fraction and percent of embryos resulting in a live calf were 25/65 
(38.5%) for choline and 26/66 (39.4%) for vehicle. There was no difference in gestation 
length between choline (292.4 + 1.0 days) and vehicle (291.3 + 1.2 days).  Birth weight, 
however, was greater (P=0.0443) for calves derived from choline-treated embryos (37.4 
+/- 0.8 kg) than for calves from control embryos (34.8 + 0.9 kg). Results indicate that 
provision of choline chloride to embryo culture medium can alter the developmental 
program of the embryo to result in calves of larger weight at birth. Further investigation 
will be performed to evaluate if effects seen at birth are sustained later in the postnatal 
period. Support: USDA-NIFA 2020-67015-30821.  
 



P14 - Maternal lactation undernutrition affects hormonal milieu, ovarian 
transcriptome and follicles maturation in female mice offspring at different stages 
of development.  

Dominika Kawka, Polish Academy of Sciences , Poland                                                                          
Damian Panas, Polish Academy of Sciences, Poland                                                                                           
Alicja Zochowska-Klepanska, Polish Academy of Sciences, Poland                                                              
Kamil Myszczynski, Polish Academy of Sciences and Medical University of Gdansk, 
Poland                                                                                                                                    
Monika Kaczmarek, Polish Academy of Sciences, Poland  

Developmental programming theory assumes that environmental factors, including 
maternal nutrition, act early in life to program the risk of adverse health outcomes in 
offspring’s adulthood. A growing body of evidence indicates that developmental 
programming concept applies also to the reproductive system development and 
functions. We showed that maternal undernutrition, restricted only to the lactation period, 
results in delayed puberty and irregularity of initial estrous cycles in female mice offspring. 
Here, we hypothesize that those effects are accompanied by alterations in hormonal 
milieu, ovarian transcriptome and follicular development. 

To test this hypothesis, we utilized a mouse model of undernutrition during suckling by 
exposing lactating mothers to undernutrition. Newborn pups were randomly assigned to: 
1) control group (CON) – mother fed ad libitum or 2) lactation undernutrition group (LUN) 
– mother fed 50% of the standard diet during lactation. After weaning, offspring from both 
groups were fed ad libitum. Blood and ovaries were collected at weaning and at two 
additional time points: 1) peripubertal stage established as the day of diestrus occurrence 
after the first estrus, and 2) postpubertal stage recognized as the day of diestrus 
occurrence after 7 regular estrous cycles. Leptin and progesterone concentration in blood 
plasma was measured by ELISA. Ovaries collected from females at weaning were 
subjected to RNA-seq. Gene expression was also assessed in peripubertal and 
postpubertal ovaries using real-time PCR. After hematoxylin and eosin staining ovarian 
follicles were quantified. 

We found lower plasma leptin concentration in LUN females at weaning and peripubertal 
stage, while progesterone levels were reduced in postpubertal LUN vs. CON females. 
Comparison of CON and LUN ovaries revealed over 700 differentially expressed genes 
(DEGs). Among processes upregulated in offspring’s ovaries by maternal undernutrition 
were short-chain fatty acids metabolic processes and those related to growth factor 
binding and lipid droplets formation, whereas steroids biosynthesis and hormone 
metabolic processes were suppressed. Further analysis revealed that 179 DEGs enriched 
lipid metabolism, while almost 200 enriched molecular transport, among others governing 
cholesterol concentration. Expression of several ovarian genes encoding molecules 
important for steroido- and folliculogenesis (Hsd3b1, Lhcgr, Inhba) was decreased in LUN 
vs. CON offspring at weaning, while expression of others (Gdf9, Esr1) was increased. 



These alternations disappeared at peripubertal stage, but other changes occurred after 
puberty attainment, including lower expression of Cyp19a1 and Gdf9 and higher 
expression of Dhcr24 and Hsd3b1 in LUN vs. CON females. Interestingly, maturation of 
ovarian follicles was disrupted at the peripubertal stage, as lower number of secondary 
and antral/preovulatory follicles was demonstrated in LUN vs. CON females. 

In conclusion, nutritional perturbation during first weeks of life alter plasma leptin and 
progesterone concentrations, and expression of ovarian genes involved in 
steroidogenesis, follicles maturation and response to sex hormones. Simultaneously, 
disturbed ovarian follicles maturation was observed in adulthood. These findings give us 
hints about ovarian development during delayed puberty and estrous cycle disruption in 
female mouse offspring exposed to nutritional programming at early postnatal period. 

Research supported by Polish National Science Centre grant OPUS 
2018/31/B/NZ4/03527. 
 

P15 - Development of transgenerational guinea pig model to elucidate the effects 
of maternal undernutrition with second hit of Western High Fat Diet.  
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Matt Hagen, Oregon Health & Science University                                                                             
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Development of transgenerational guinea pig model to elucidate the effects of 
maternal undernutrition with second hit of Western High Fat Diet. Hillary Le, Matt 
Hagen, Samantha Louey, Kent Thornburg, Monica Hinds, George Giraud, Paul Barnes 

Cardiovascular disease (CVD) is the leading cause of death globally. Maternal 
undernutrition followed by offspring overnutrition is correlated with adverse health 
outcomes later in life including CVD, diabetes and obesity.  To better understand how 
maternal malnutrition affects offspring exposed to a “second hit” of HFD, we established 
a transgenerational model of fetal undernutrition followed by overnutrition using the 
guinea pig model. Guinea pigs were used because of their similarity to humans with a 
hemomonochorial placenta and vascular susceptibility to atherosclerosis from dietary 
lipids. The model included dams in F0 generation fed with 100% or 70% of their ad lib 
daily average intake LabDiet 5025 (13% energy from fat, 27% from protein, 60% from 
carbohydrate) for 5 weeks prior to mating while all breeder males remained on 100% ad 
lib diet for the whole study. At day 36 of gestation, restricted dams were reverted back 
to 90% ad lib diet to prevent spontaneous abortion. F1 offspring were given either a 



HFD or 100% ad lib diet, some of whom received 100% ad lib diet during mating and 
gestation. F2 offspring were also fed HFD or 100% ad lib diet. The results of these 
studies showed trends for the F1 and F2 offspring between the HFD (n=23) and control 
groups (n=22) including BMI, 0.0074 kg/m2 and 0.0080 kg/m2 (p-value= 0.20) as well as 
pancreas to body weight ratio at 3.99 g/kg and 3.86 g/kg, respectively (p-value= 0.93). 
The significant increases between HFD and control groups were heart to body weight 
ratio at 2.95 g/kg and 3.30 g/kg (p-value = 0.02), liver to body weight ratio at 40.7 g/kg 
and 33.2 g/kg (p-value= 0.03), and spleen to body weight ratio at 1.49 g/kg and 1.12 
g/kg, respectively (p-value=0.02). Conclusion: This transgenerational model shows that 
this model affects offspring growth and organ development. In upcoming studies, we will 
investigate the transcriptional and epigenetic changes and alterations in vascular 
endothelial cell biology to determine the underpinnings of cardiovascular disease across 
F1 and F2 generations. 
 

P16 - Psychological Prenatal Stressors Affect the Expression of Genes Involved 
with Parturition Across Four Generations of Rats.  

Nayara Lopes, University of Alberta                                                                                                         
Taylor Scheidl, University of Alberta                                                                                                                  
Xin Fang, University of Alberta                                                                                                                 
Erin Falkenberg, University of Lethbridge                                                                                                 
Gerlinde Metz, University of Lethbridge                                                                                                              
David Olson, University of Alberta  

Prenatal maternal stress (PNMS) is associated with poor birth outcomes, including 
preterm birth, and is linked with higher non-communicable diseases risk later in life. The 
effects of PNMS can last for several generations, affecting pregnancy and neonatal 
outcomes of the progeny. Here, we assessed uterine proinflammatory and stress marker 
profiles of the parental generation (F0) stressed rats. We also examined the effects of 
PNMS on the F1-F3 generations’ uterine outcomes and if F1 generation exposure to an 
enriched environment (EE) improves these results. Timed-pregnant female rats were 
split into stress or control groups. F0 dams were prenatally stressed from GD12-18 (F0-
S). Psychological stress (S) consisted of interleaved restraint and overnight social 
isolation. Upon reaching 95 days of age, female rats were bred with stress-free males, 
producing the F1 generation. The same protocol was used to generate the F2-F3 
generations of female rats. Maternal uteri were collected 21 days after they gave birth. 
We measured mRNA levels of uterine inflammatory and stress markers involved with 
parturition using RT-qPCR. These included interleukin (Il)1a, Il1b, glucocorticoid and 
mineralocorticoid receptor (GR/Nr3c1, MR/Nr3c2), 11β-hydroxysteroid dehydrogenase 
type 1 and 2 (11bHsd1/2), and superoxide dismutase 1 and 2 (Sod1/2). Prenatal stress 
reduced 11bHsd2 mRNA expression in the F0, F1 and F3 generations and decreased 
Il1a abundance in F3 animals compared to controls. In contrast, we found increased 
expression of Il1b cytokine in F2 prenatally stressed animals. Stress increased the 



abundance of the antioxidant enzyme Sod1 in F1S animals and elevated the expression 
of the MR Nr3c2 in F2S and F3S uteri. Exposure to EE resulted in a non-significant 
decrease in expression of 11bHsd in F3 animals compared to standard housing (SH). 
Western blot protein analysis revealed no changes in Il1racp (IL-1R1 accessory protein) 
abundance due to stress. Enriched housing did not significantly alter the Il1racp uteri 
protein, although reduced levels were observed in F3S animals compared to SH. 
Parental (F0) exposure to PNMS resulted in reduced expression of the enzyme that 
inactivates corticosterone stress hormone, 11bHsd2, in the progeny and increased the 
Il1b proinflammatory cytokine in F2 uteri. The results suggest that stress-induced 
molecular changes in the offspring are complex and generation-specific. These findings 
indicate that PNMS has adverse consequences for the F1-F3 offspring, and enriched 
housing does not improve outcomes in this cohort. Ultimately, these results support the 
fetal programming hypothesis. (Funded by CIHR) 
 

P17 - Past exposure effects on future generations’ health: a lesson from studies in 
medaka fish  

Ramji Bhandari, University of North Carolina Greensboro                                                                 
Xuegeng Wang, South China Normal University                                                                                      
Sourav Chakraborty, University of North Carolina Greensboro                                                          
Elissa Guzman, University of North Carolina Greensboro                                                                            
Yashi Feng, University of North Carolina Greensboro  

The consensus is that the contamination of the environment by endocrine-disrupting 
chemicals (EDCs) will be diminished, and endocrine disruption can be minimized if the 
production of these compounds phases out and that their use becomes limited or 
prohibited. Recent studies clearly demonstrate that endocrine-disrupting chemicals 
(EDCs) can leave long-lasting and heritable effects if germ cells are exposed to them 
during their critical stages of increased sensitivity, such as germ cell sex differentiation 
and spermatogenesis. It is not clearly understood what mediates inter and 
transgenerational passage of EDC-induced phenotypic defects and whether these 
effects can be neutralized before they turn into phenotypic defects. We found that BPA, 
atrazine, ethinylestradiol (EE2), delta-9 THC can induce heritable effects in germ cells 
which leads to reproductive and metabolic disorders in subsequent unexposed 
generations. BPA exposure of medaka embryos for the first 12 days of life resulted in 
reproductive impairment in males, dysbiosis of gut microbiota, and non-alcoholic fatty 
liver disease (NAFLD) in the unexposed grandchildren. A clear germline transmission of 
altered DNA methylation profile was observed in the paternal sperm and offspring 
somatic cells predicting dysregulation of transcriptional networks associated with 
observed phenotypes. Atrazine, EE2, and delta-9 THC exposure during the same 
developmental period led to fertility impairment in males in the unexposed third-
generation offspring, including transcriptional dysregulation in the brain predictive of 
increased addiction in the future generations by delta-9 THC exposure. These studies 



collectively suggest that environmental exposure effects are heritable and can persist in 
organisms even after the environmental contamination is mitigated. These observations 
also call for research to determine the health risks caused by past environmental 
contaminants in humans and wildlife as well susceptibility of current unexposed 
generation to second or third hit by the contaminants of emerging concern (CECs). It 
also warrants strategies to mitigate transgenerational diseases in future generations 
before their onset in adulthood. 

Supported by the funds from the National Institutes of Health (R21ES027123, 
R21HD098621, R01ES032452) to RKB. 
 

P18 - Novel Functional Proteomics Reveal a Critical Role of Sulfhydration in 
Pregnancy and Preeclampsia Dependent Activation of Human Uterine Artery BKCa 
Channels  
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Introduction: Pregnancy-augmented hydrogen sulfide (H2S) relaxes human uterine 
artery (hUA) via activating large conductance calcium/voltage-activated potassium 
(BKCa) channels; BKCa channels are tetramers of the constitutively expressed α-
subunit.  How H2S activates BKCa channel is unknown.  BKCa activity is regulated by the 
auxiliary β1-4 and/or γ1-4 subunits; β1 BKCa (BKβ1) is known to be important for UA 
hemodynamics. S-sulfhydration denotes the conversion of free thiol (-SH) to persulfides 
(-SSH) on cysteines in proteins, representing a major signaling route of H2S. We 
hypothesized that sulfhydration of BKβ1 mediates uterine vasodilation in pregnancy, 
which is diminished in preeclampsia. 

Methods: hUAs were isolated hysterectomies from nonpregnant (NP) and pregnant (P) 
women and myometrial biopsies were from term normotensive P and preeclamptic 
women. Tag-switch was used to specifically label total SSH-proteins for quantitation and 
identification of SSH-BKβ1 by immunoblotting. SSH-proteins in paired samples were 
profiled by a low-pH quantitative thiol reactivity profiling (LP-QTRP) platform using 
LC/MS that also identify SSH-site(s), relying on the ability of an electrophilic thiol-
reactive probe IPM to preferentially label SSH-proteins at pH=5.  SSH-proteomes were 
analyzed by Gene Ontology, KEGG pathway, and protein interaction networks. Site-



directed mutagenesis was used to generate SSH-deficient BKβ1 mutant, which was 
used to determine SSH on BKCa activation by patch clamp. 

Results: Levels of total SSH-proteins and SSH-BKβ1 were 1.8-fold and 2.4-fold in P vs. 
NP hUA, and 1.4-fold and 2.5-fold in normotensive P vs. preeclamptic myometrium, 
respectively (all p<0.05). hUA and myometrium contained many SSH-proteins (206 in 
UA and 198 in myometrium) linked to various biological processes such as genes that 
regulate vascular remodeling and vasodilation, including actin, α-actinin 1, talin 1, 
vimentin, desmin, laminin subunit α5, integrin α1, integrin β1 and sarcoplasmic/ 
endoplasmic reticulum calcium ATPase 2, and BKCa channels. Levels of these SSH-
proteins were concurrent with pregnancy and preeclampsia dependent changes in the 
degree of SSH. Pregnancy increased SSH-BKβ1 on Cys53, which was diminished in 
preeclampsia. When Cys53 in BKβ1 were replaced by serine, the C/S mutated BKβ1 
cannot be sulfhydrated by H2S. When this SSH-deficient C53S/BKβ1 was transfected in 
hUA smooth muscle cells, H2S-induced BKCa activity was downregulated. 

Conclusion: Protein sulfhydration in human UA and myometrium is differentially 
regulated in pregnancy and preeclampsia. SSH-proteins participate in vascular 
remodeling and sulfhydration of BKβ1 on Cys53 results in BKCa activation, serving as a 
novel mechanism for regulating UA hemodynamics. (AHA Postdoc Fellowship 903757 
(to JB) and RO1 HL70562 and RO1 HD105699 (to DBC). 
 

P19 - Does the in-utero sex ratio of a litter alter the ovarian and uterine 
development in female pigs?  
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Environmental stressors to which a foetus is exposed at key development stages in-
utero, affect a range of physiological functions in offspring post-natally, including its 
reproductive potential. Such stressors include extremes of steroid hormone exposure. 
For example, androgenised uterine environments may negatively impact on 
reproductive function of gestated animals. However, few studies to date have 
investigated the mechanisms responsible.  Here, we aim to investigate whether females 
gestated in a predominantly male- or female-biased litter exhibit an altered reproductive 
potential postnatally. To this end, we examined the ovarian reserve and endometrial 
morphology in individuals from oestrogenised, balanced, or androgenised litters. 



Reproductive tracts of pigs gestated in female-biased (>65% female, n=15), non-biased 
(45-54.9% female, n=15), or male-biased (<35% females, n=9) litters were collected at 
slaughter (95-115 kg). These represented oestrogenised, balanced, or androgenised 
uterine environments, respectively. Ovaries and uterine horns (UH) were fixed and 
sectioned at 8μm for histological examination using H&E staining or 
immunohistochemistry. Ovarian reserve was measured by examining the numbers of 
follicles (Stages; primordial, recruited, and atretic), and uterine capacity by gross 
morphological assessment (Endometrial area, luminal perimeter, stromal cell and gland 
counts) and cell proliferation (PCNA). Measurements were conducted in QuPath and 
analyses in R, using a Levenes-test for variability. Mixed linear models were used to 
determine if birth weight (BW), slaughter weight (SW), or in-utero sex ratio altered 
ovarian or uterine capacity.  

SW had no effect on any parameters measured. BW was far more variable in individuals 
gestated in male- and female-biased litters (p=.0008077). Higher BW was associated 
with increased atretic follicle numbers (p=.00174), whilst a lower BW was associated 
with decreased uterine gland numbers (p=.04492).  A significant interaction between 
BW and SR was observed (P<0.05). Individuals from male-biased litters with lower BWs 
had a higher primordial follicle count with the reverse seen in female-biased litters i.e. 
low primordial follicle numbers seen in individuals with high BW (p=.0147). Balanced 
litters were not influenced by BW. No effect (BW, SW, SR) was observed for recruited or 
atretic follicle numbers.  Ovaries of individuals gestated in male-biased litters displayed 
more variability in primordial follicle numbers compared to other groups (p=.01418). 
Similarly, endometrial stromal cell nuclei counts showed a greater variability in 
endometria of individuals gestated in male- or female-biased litters than non-biased 
litters (p=.02672). 

Overall, this study highlighted the effect of a sex-biased in-utero environment on 
reproductive potential was dependent on the BW of individuals. Pigs gestated in an 
androgenised in-utero environment held a larger primordial pool if they had a lower BW, 
whereas a high BW pig that gestated in an oestrogenised environment held a larger 
primordial pool. Uterine morphology or endometrial gland proliferation was not affected.  

We report variability in the number of primordial follicles in ovaries developed in male-
biased litters, and stromal cells in endometria from male- and female-biased litters. This 
could inflate the variability of reproductive success seen in animals from sex-biased 
litters by increasing the likelihood of a insufficient primordial follicle pool and potential 
impact on stromal-derived growth factors for endometrial function.  
 

 

 



P20 - The Multispecies Ovary Tissue Histology Electronic Repository (MOTHER): 
Share your ovary histology slides with the world  

Karen Watanabe, Arizona State University                                                                                                    
Yian Ding, Arizona State University                                                                                                                    
Wenli Ma, Arizona State University                                                                                                           
Suzanne Dietrich, Arizona State University                                                                                                
James Sluka, Indiana University                                                                                                                   
Mary Zelinski, Oregon Health & Science University  

Reproduction is vital for sustaining all living organisms, and multiple strategies exist 
among different species. To increase reproductive science capacity and infrastructure, 
we are developing the Multispecies Ovary Tissue Histology Electronic Repository 
(MOTHER), an online repository of ovary tissue histology digital images. MOTHER will 
maximize the value returned from previously funded studies generating ovary histology 
slides by maximizing the reuse and repurposing of these valuable data assets. Sharing 
these histology images will facilitate comparative studies of female reproductive 
strategies, enable the development of computational models to test hypotheses related 
to ovarian development and female reproduction, and serve as an educational resource 
thereby reducing the use of animals in research.  This presentation shares the 
development of MOTHER and how to contribute histology slides.  Development includes 
designing a database, encoding transfer pipelines for images and metadata, populating 
MOTHER with an initial set of images for macaque ovaries and developing associated 
protocols to ensure data quality and provenance.  To share slides, contributors will 
create a project in the Open Science Framework (OSF.io) and upload OME.tif images 
with associated metadata to their OSF project. Using an OSF project for collaboration 
has several advantages, including reaching a wider audience through search 
capabilities provided by OSF, specifying the license terms for data sharing, and being 
able to share additional data and metadata beyond the histology images and the 
MOTHER metadata. The MOTHER project leverages the Ecological Metadata Language 
(EML) for documenting the provenance of the images and extends EML with additional 
metadata requirements for the digitized slides. A Web-based tool assists the scientist in 
the specification of the metadata.  Currently, MOTHER contains histology slides from 
macaques and their metadata.  With these images, we have tested our data quality 
protocols, data storage and transfer pipelines.  We encourage scientists with ovary 
histology slides from any species to collaborate with us and share your work.  We also 
seek collaborators who will test MOTHER and provide feedback to help us refine the 
system and ensure its widespread use.  Potential applications of the data in MOTHER 
include development of spatially realistic, mechanism-based computational models to 
study ovarian development and function. Biology is increasingly dependent upon 
quantitative data analysis. However, the benefits of predictive, biologically based models 
in hypothesis testing and experimental design are often overlooked. In addition, the 
increasing use of Artificial Intelligence in analyzing medical images requires large sets of 
annotated images as training data. MOTHER will provide data that facilitates model 



development, acts as an educational resource, and provides tools to the scientific 
community. 
 

P21 - Impaired Ovulation and Luteinization Following Exposure to an 
Environmentally Relevant Phthalate Metabolite Mixture in Mouse Antral Follicles In 
Vitro.  
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Ava Fugate, University of Kentucky College of Medicine                                                                      
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Phthalates are chemicals used as solvents and plasticizers in many common consumer 
products including cosmetics, food/beverage containers, building materials, medical 
supplies, etc. Humans are exposed daily to multiple phthalates that are rapidly 
metabolized in the body. Previous studies have shown that these metabolites are 
endocrine-disrupting chemicals that have the ability to target the ovary and disrupt 
ovarian function; however, the direct effects on ovulation are largely unknown. 
Successful ovulation and fertility require luteinizing hormone (LH)/human chorionic 
gonadotropin (hCG)-stimulated increases in progesterone production and luteinization, 
which is the differentiation of a pre-ovulatory follicle into a corpus luteum (CL). 
Progesterone production is driven by LH/hCG-induced increases in steroidogenic genes 
(Star, Cyp11a1, Parm1), while luteinization is characterized by increases in Cdkn1a and 
Wnt4. To mimic human exposure to phthalates, this study used an environmentally 
relevant phthalate metabolite mixture (MPTmix), which was derived from urinary 
phthalate levels in pregnant women. We hypothesized that MPTmix exposure would 
decrease ovulation rates, alter P4 levels, and disrupt luteinization. Early antral follicles 
were mechanically isolated from adult CD-1 mice and placed in culture. Follicles were 
cultured with media supplemented with FSH for 96hr to support pre-ovulatory 
development, and treated with vehicle control (dimethylsulfoxide, DMSO) or MPTmix (1-
500μg/ml). After pre-ovulatory follicle development, media were replaced with 
maturation media ± hCG to induce ovulation and treated with DMSO or MPTmix. Oocyte 
release was assessed, and media, follicles, and CLs were collected at time-points across 
the ovulatory period (4 and 18hr, ovulation occurs approximately at 12hr) for P4 
measurements and gene expression analysis (n=4-8, p≤0.05). In the ovulation assay, 
treatment with hCG alone resulted in a 76% ovulation rate. However, all tested doses of 
hCG+MPTmix decreased ovulation rates with the hCG+500μg/ml group being 
statistically equivalent to the DMSO group that did not receive hCG and did not ovulate. 
Treatment with hCG increased P4 levels when compared to DMSO. However, P4 
production increased with the hCG+100μg/ml dose at both time-points and decreased 
with hCG+1μg/ml at 4hr and hCG+500μg/ml at 4 and 18hr when compared to hCG. 
Expression of Star decreased with hCG+MPTmix at 4hr (1, 500μg/ml doses) and at 18hr 
(1, 10, 500μg/ml doses) relative to hCG. Cyp11a1 was also decreased with 



hCG+MPTmix at 4hr (10, 500μg/ml doses) and 18hr (1, 10, 500μg/ml doses) relative to 
hCG. Parm1 decreased with hCG+MPTmix at 4hr (100, 500μg/ml doses) and at 18hr 
(10, 500μg/ml doses) relative to hCG. Treatment with hCG+MPTmix decreased Cdkn1a 
(10, 500μg/ml doses) and Wnt4 (100, 500μg/ml doses) expression at 18hr when 
compared to hCG. These data suggest that the environmentally relevant mixture directly 
inhibited ovulation, disrupted luteinization via decreases in genes regulating CL function, 
and altered P4 production via decreases in steroidogenic genes. Thus, exposure to 
phthalates potentially contributes to ovulatory defects—a leading cause of infertility in 
women. Supported by R01ES033767, R00ES028748, P30ES026529. 
 

P22 - The effects of imidacloprid on gene expression in the mouse ovary  

Ashley Deviney, University of Illinois                                                                                                            
Vasiliki Mourikes, University of Illinois                                                                                                    
Anushna Sen, University of Illinois                                                                                                 
Sayeepriyadarshini Anakk, University of Illinois                                                                                     
Jodi Flaws, University of Illinois  

Neonicotinoid pesticides have become some of the most popular pesticides worldwide. 
They are synthetic nicotine derivatives that act as systemic neurotoxicants by binding 
nicotinic acetyl choline receptors. The most commonly used member of this family is 
imidacloprid (IMI). IMI is found in large scale agricultural systems, home gardens, and 
veterinary pharmaceuticals. The water-solubility and slow decomposition of IMI leads to 
increased likelihood of large-scale environmental accumulation and chronic exposure in 
humans, birds, fish, pollinators, and other non-target species. Studies indicate that IMI 
and its metabolites are found in the ovary almost immediately after exposure. However, 
little is known if the metabolites travel to the ovaries, if the ovaries have the metabolic 
machinery to convert IMI to its metabolites on their own, and about how IMI causes 
ovarian toxicity. In this study we tested the hypothesis that IMI causes ovarian toxicity by 
interfering with expression of steroidogenic regulators and antioxidant enzymes. We 
also tested the hypothesis that the ovary contains the enzymes to convert IMI into its 
metabolites.  To test these hypotheses, adult C57BL/6 female mice were orally dosed 
with vehicle control (honey, water, and DMSO in 4:1:1) or IMI (50 mg/kg) twice daily for 
21 days. After 21 days, the ovaries were collected for gene expression analysis of 
steroidogenic regulators, antioxidant enzymes, and metabolic enzymes. IMI exposure 
significantly increased expression of the gene that codes for Cyp2e1, which is 
implicated in IMI metabolism, and borderline significantly increased the expression of 
the metabolic enzyme Aox1 and estrogen receptor Esr1. Conversely, IMI exposure 
caused a borderline significant decrease in expression of the metabolic enzyme 
Cyp4f18 and two steroidogenic regulators (Star and Cyp19a1). IMI exposure did not 
cause any significant changes in the other selected steroidogenic regulators or 
antioxidant enzymes. These findings suggest that the ovary may likely metabolize IMI by 



Cyp2e1 and that exposure to IMI may affect some aspects of sex steroid hormone 
synthesis and signaling. Supported by NIH T32ES007326 and R01ES028661. 
 

P23 - Monophthalate Mixtures Impact Steroid Hormone Levels in Mouse Granulosa 
Cells  

Stav Kramer, University of Illinois Urbana-Champaign                                                                           
Mary Laws, University of Illinois Urbana-Champaign                                                                         
Richelle Björvang, Karolinska Institutet                                                                                                    
Pauliina Damdimopoulou, Karolinska Institutet                                                                                                        
Jodi Flaws University of Illinois Urbana-Champaign  

Phthalates are a group of chemicals found in hundreds of products used in day-to-day 
life, such as food packaging, children’s toys, and plastic containers. Phthalate mixtures 
are known to have negative effects on female reproduction, but the effects of phthalate 
mixtures on granulosa cells are largely unknown. This study investigated the effects of 
phthalate mixtures on steroid hormone levels and the cytotoxicity of granulosa cells. 
Primary granulosa cells were isolated from ovaries of CD-1 female mice 32-42 days of 
age and were exposed to three different phthalate mixtures in vitro. The epidemiological 
mixture consisted of nine monophthalates: mono(2-ethylhexyl) phthalate (MEHP), 
mono(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono(2-ethyl-5-carboxypental) phthalate 
(MECPP), mono(3-carboxypropyl) phthalate (MCPP), monobutyl phthalate (MBP), 
monoisobutyl phthalate (MiBP), monobenzyl phthalate (MBzP), mono(2-ethyl-5-
hydroxyhexyl) phthalate (MEHHP), and monoethyl phthalate (MEP) at concentrations 
similar to those found in women’s urine from the Midlife Women’s Health Study Cohort. 
The equimolar mixture contained the same nine monophthalates as the epidemiological 
mixture, but at equivalent concentrations. The bad actor mixture consisted of four 
monophthalates (MEHHP, MiBP, MEP, MBzP) that were found to be associated with 
serum estradiol levels using Weighted Quantile Sums regression. Additionally, MEHHP 
treatment was used as a single phthalate comparison. The cells were exposed to DMSO 
control or each treatment at two doses: epidemiological mixture (2 µM, 200.25 µM), 
epidemiological mixture (2 µM, 200.25 µM), bad actor mixture (1.63 µM, 163.4 µM), or 
MEHHP (0.22 µM, 22.25 µM). Estradiol and testosterone levels were measured in the 
media from the exposed cells. Cytotoxicity was measured after 24 and 72 hours of 
treatment in culture. The epidemiological mixture treatment (200.25 µM) increased 
estradiol levels in granulosa cells and MEHHP (22.25 µM) decreased estradiol levels 
compared to control after 24 hours of exposure. The mixture treatment did not affect 
testosterone levels compared to vehicle control after 24 hours of treatment. Phthalate 
treatment did not change 17ß-Hsd expression compared to control after 24 hours of 
exposure. The mixture did not change the cytotoxicity after 24 hours or 72 hours of 
treatment compared to control. These data suggest that monophthalates have an effect 
on estradiol levels, but not testosterone levels or cytotoxicity in mouse granulosa 
cells.   Supported by Swedish Research Council FORMAS grant number 2018-02280 



 

P24 - Long-term Dietary Diisononyl Phthalate Exposure Reduces Gestational 
Indices and Increases Rate of Dystocia in Mice  

Mary Laws, University of Illinois                                                                                                                   
Daryl Meling, University of Illinois                                                                                                                    
Ashley Deviney, University of Illinois                                                                                                             
Ix Marquez, University of Illinois                                                                                                                  
Rachel Angles, University of Illinois                                                                                                                 
Stav Kramer, University of Illinois                                                                                                                     
Justin Chiu, University of Illinois                                                                                                                  
Ramses Santacruz-Marquez, University of Illinois                                                                                                  
Zhong Li, University of Illinois                                                                                                                               
Jodi Flaws, University of Illinois  

Phthalates are a class of environmental contaminants found in many consumer goods, 
including plastic food containers, blood bags, and medical tubing. Phthalates have been 
shown to negatively impact the female reproductive tract, but few studies have assessed 
the effects of long-term exposure of phthalates on female fertility. Because oral ingestion 
of phthalates is a main route of exposure, this study investigated the effects of phthalate 
exposure via food on female fertility in mice. Beginning at 1.5 months of age, female CD-
1 mice were exposed to either di(2-ethylhexyl) phthalate (DEHP), diisononyl phthalate 
(DiNP), or a mixture of phthalates containing DEHP, DiNP, benzyl butyl phthalate (BBzP), 
di-n-butyl phthalate (DBP), diisobutyl phthalate (DiBP), and diethyl phthalate (DEP). Mice 
were fed ad libitum rodent diet containing vehicle control (corn oil) or phthalates (0.15 
ppm, 1.5 ppm, or 1500 ppm). Measurements of phthalates in the urine by liquid 
chromatography coupled with tandem mass spectrometry confirmed effective delivery 
of phthalates in the rodent diet. After 1 year of phthalate exposure, 5-6 female mice per 
treatment group were placed in breeding studies to assess fertility outcomes. Female 
mice were paired with male mice and checked twice daily for the presence of a 
copulatory plug. Phthalate treatment did not affect mating indices compared to control. 
Gestational indices were calculated by comparing the number of dams that gave birth to 
live pups to the number of dams that became pregnant. In contrast to mating indices, 
DiNP treatment decreased gestational indices compared to control. Mice exposed to 
control diet had a gestation index of 100%, whereas mice exposed to 0.15 ppm DiNP 
had a gestation index of 75%, mice exposed to 1.5 ppm DiNP had a gestation index of 
50%, and mice exposed to 1500 ppm DiNP had a gestation index of 0%. Interestingly, 
mice in the DEHP treatment groups (0.15 ppm and 1500 ppm) and mice in the phthalate 
mixture treatment groups (0.15 ppm and 1500 ppm) also had decreased gestation 
indices compared to the control group, but to a lesser extent than the DiNP groups. 
Further, a higher percentage of mice exposed to DiNP experienced dystocia compared 
to the control group (75% of the mice exposed to either 0.15 ppm DiNP or 1500 ppm 
DiNP had dystocia with their first pregnancy and 50% of the mice exposed to 1.5 ppm 



DiNP experienced dystocia). These data indicate that chronic oral exposure to 
phthalates via the diet impairs female fertility in mice. Supported by NIH R01 
ES028661and NIH T32 ES007326. 
 

P25 - Short-term exposure to phthalates via the food has subtle effects on cell 
cycle regulators, but not apoptosis or antioxidant enzymes in the mouse ovary  

Ramsés Santacruz-Márquez, University of Illinois Urbana-Champaign                                                
Mary Laws, University of Illinois Urbana-Champaign                                                                                                      
Daryl Meling, University of Illinois Urbana-Champaign                                                                  
Ashley Deviney, University of Illinois Urbana-Champaign                                                                          
Ixzacil Marquez, University of Illinois Urbana-Champaign                                                                           
Rachel Angles, University of Illinois Urbana-Champaign                                                                      
Justin Chiu, University of Illinois Urbana-Champaign                                                                               
Stav Kramer, University of Illinois Urbana-Champaign                                                                           
Allison DuPont, University of Illinois Urbana-Champaign                                                                             
Jodi Flaws, University of Illinois Urbana-Champaign  

Phthalates are widely used as plasticizers in polyvinyl chloride plastics, flooring, food 
packaging, personal care products, medical tubing, and plastic toys. Di-(2-ethylhexyl) 
phthalate (DEHP) and diisononyl phthalate (DiNP) are two of the most commonly used 
phthalates. Humans can be occupationally and environmentally exposed to DEHP, DiNP, 
and mixtures of phthalates on a daily basis.  Previous studies from our lab showed that 
short-term oral exposure to phthalates disrupts ovarian functions such as 
steroidogenesis and folliculogenesis in female mice. However, the mechanisms by 
which phthalates disrupt ovarian function still not clear. Thus, the goal of this work was 
to determine whether short-term phthalate exposure causes oxidative stress, apoptosis, 
and cell cycle alterations. Adult female mice were exposed to DEHP, DiNP, or a 
phthalate mixture (DEHP, DiNP, benzyl butyl phthalate, di-n-butyl phthalate, diisobuthyl 
phthalate, and diethyl phthalate) at 0.15 ppm, 1.5 ppm, or 1500 ppm via the chow for 1 
month. After the mice were euthanized, the ovaries were collected, and RNA was 
isolated from whole ovaries and used to evaluate the expression of apoptotic and cell 
cycle regulators as well as antioxidant enzymes. The results show that DEHP exposure 
did not affect the expression of apoptosis markers, cell cycle regulators, and antioxidant 
enzymes compared to control. DiNP exposure (1.5 ppm) induced the expression of the 
cell cycle regulator Ccnb2 compared to control. Exposure to the phthalate mixture (1.5 
and 1500 ppm) decreased the expression of the cell cycle inhibitor Cdkn1b. These data 
indicate that short-term oral phthalate exposure via the chow disrupts cell cycle 
regulators in mouse ovaries, possibly affecting ovarian function. Supported by R01 
ES028661, NIH T32 007326, and Billie Field Fellowship. 
 



P26 - Effects of Prenatal Exposure to an Environmentally Relevant Phthalate 
Mixture on Ovarian Gene Expression in F1 Female Mice  

Endia Fletcher, University of Illinois Urbana Champaign                                                                            
Jodi Flaws, University of Illinois Urbana Champaign                                                                                           
Mary Laws, University of Illinois Urbana Champaign  

Phthalates are a family of synthetic chemical compounds used as plasticizers and 
solvents. Phthalates are commonly seen in the environment as mixtures in building 
materials, medical equipment, and personal care products. Although virtually 100% of 
the U.S. population has measurable exposure to several types of phthalates, little 
research has been done to understand the effects of prenatal exposure to phthalate 
mixtures on reproductive health in female offspring. Thus, this study tested the 
hypothesis that prenatal exposure to an environmentally relevant phthalate mixture 
affects ovarian gene expression of steroidogenic enzymes in the F1 generation. To test 
this hypothesis, pregnant CD1 dams were dosed orally with vehicle control or three 
different doses of phthalate mixture (20 µg/kg/day, 200 µg/kg/day, 200 mg/kg/day). The 
pregnant dams were allowed to deliver pups naturally and the ovaries from the F1 
female offspring were collected at 6 months. RNA was isolated from the ovaries and 
used in qPCR reactions to quantify expression of steroidogenic genes: steroidogenic 
acute regulatory protein (Star), cytochrome P450 family 11 (Cyp11a1), and aromatase 
(Cyp19a1). RNA was also used to measure gene expression of immune cytokine genes: 
interleukin1β (Il-1β), interferon gamma (Ifn-γ), interleukin 4 (Il4), and interleukin 10 (Il10). 
The results indicate that prenatal exposure to the mixture does not significantly alter the 
expression of steroidogenic enzymes in the F1 ovaries compared to control. In contrast, 
prenatal exposure to the mixture at 20 µg/kg/day decreased the expression of Il-1β, Il4, 
and Il10 compared to control. These data suggest that prenatal exposure to a phthalate 
mixture may not significantly alter ovarian expression of steroidogenic enzymes in the 
F1 generation long after initial exposure to a phthalate mixture. However, the phthalate 
mixture may interfere with the expression of immune response genes and cause a 
change in immune system status long after initial exposure. Supported by NIH-R01 
ES032163-5 and a NIH Diversity Supplement. 
 

P27 - Assessing how exposures to environmentally relevant levels of benzyl butyl 
phthalate impair the female and male germlines  

Ayana Henderson, Blavatnik Institute, Harvard Medical School, Boston, MA                                                   
Don Eaford, Blavatnik Institute, Harvard Medical School, Boston, MA                                      
Monica Colaiacovo, Blavatnik Institute, Harvard Medical School, Boston, MA  

Epidemiological and experimental data suggest that exposure to endocrine disrupting 
chemicals (EDCs) are linked to reproductive health issues including infertility, 
miscarriages, stillbirths, and birth defects. However, few studies have focused on the 



direct effects of EDCs on the germline. Because this is a daunting task in humans, we 
are investigating this using the nematode C. elegans, a genetically tractable model 
organism that is highly predictive of human reprotoxicity, with a well characterized 
meiotic program, and that shares a high degree of gene conservation with 
humans1,2. Here we present our studies on benzyl butyl phthalate (BBP), an EDC that is 
widely used as a plasticizer and is found in various consumer, medical, and building 
products. BBP is one of six phthalates identified in human maternal urine3,4. Our analysis 
has revealed that BBP exhibits a non-monotonic dose response in C. elegansand mass 
spectrometry analysis of whole worm lysates determined that, as in humans, BBP is 
rapidly metabolized into mono-n-butyl phthalate (MBuP) and monobenzyl phthalate 
(MBzP) in worms. Moreover, this analysis determined that exposure to a 10 mM dose 
results in internal levels that are within the range detected in human biosamples. 
Subsequent analyses show that 10 mM BBP exposure: 1) impairs both mitotic and 
meiotic DNA double-strand break (DSB) repair progression during oogenesis, leading to 
activation of the p53/CEP-1-dependent DNA damage checkpoint in late pachytene and 
phosphorylation of the CHK-1 kinase both in premeiotic S-phase and late pachytene 
nuclei; 2) alters meiotic progression, resulting in an increase in the number of nuclei in a 
leptotene/zygotene-like state persisting into pachytene; 3) alters chromosome 
organization within the germline leading to increased gaps and aggregates; 4) results in 
chromosome fragments, chromatin bridges, and frayed chromosomes that suggest 
errors in repair of DNA damage; and 5) leads to increased embryonic lethality, further 
supported by increased X chromosome non-disjunction as determined by high-
throughput analysis. In contrast, exposure to   10 mM BBP impacts primarily mitotic 
nuclei in the male germline, suggesting a sexual dimorphic effect for BBP. Current 
studies to determine how DSB repair is altered and why BBP does not affect the female 
and male germlines in the same way are currently underway. Taken together, these 
combined studies will reveal the mechanisms underlying the effects of BBP, determine 
the sexual dimorphic effects of BBP, and provide new insights into the impact of this 
EDC on human reproductive health. 

 1. Lui DY, Colaiácovo MP. Meiotic development in Caenorhabditis elegans. Adv Exp 
Med Biol. 2013; 757:133-70. 

2. Ferreira DW, Allard P. Models of germ cell development and their application for 
toxicity studies. Environ Mol Mutagen. 2015; 56(8):637-49. 

3. Yazdy MM, et al. A possible approach to improving the reproducibility of urinary 
concentrations of phthalate metabolites and phenols during pregnancy J. Expo. Sci. 
Environ. Epidemiol. 2018; 28(5):448-460.  

4. Zhou C, Flaws JA. Effects of an environmentally relevant phthalate mixture on 
cultured mouse antral follicles. Toxicol. Sci. 2017; 156(1): 217–229. 
 



P28 - Perfluorooctanoic acid (PFOA) leads to time- and dose-dependent inhibition 
of metabolic and steroid activity of bovine granulosa cells.  

Ruhi Kabakci, Kırıkkale University and University of Nebraska Medical Center                                             
Kendra Clark, University of Nebraska Medical Center and Veterans Affairs Nebraska-
Western Iowa Health Care System                                                                                                                                        
Michele Plewes, University of Nebraska Medical Center and Veterans Affairs Nebraska-
Western Iowa Health Care System                                                                                                                               
John Davis, University of Nebraska Medical Center and Veterans Affairs Nebraska-
Western Iowa Health Care System  

In recent years, perfluorooctanoic acid (PFOA), a member of perfluorinated compounds 
(PFCs) has attracted the attention of researchers as it causes reproductive toxicity due to 
long-term persistence in the environment and bioaccumulation in the body of the living 
beings. This study was design to investigate the possible adverse effects of PFOA on the 
viability and steroid secretion of bovine granulosa cells (bGC). Preliminary experiments 
examining cellular viability of primary cultures of bGC exposed to different concentrations 
of PFOA (1-100 µM) determined the ED50 concentration as 40 µM.  In subsequent 
experiments bGC were exposed to 0, 4, and 40 µM PFOA with or without 1% fetal bovine 
serum (FBS) for 48 and 96 h. At each time point, metabolic activity, proliferation and 
steroid secretion of bGC were analyzed by MTT assay, trypan blue staining, and 
commercial ELISA kits, respectively. We observed that PFOA had cytotoxic effects on cell 
viability due to inhibiting metabolic activity at both concentrations and incubation periods 
in serum free media (P<0.001), while only the higher concentration (40 µM) of PFOA 
decreased the metabolic activity of cells in the presence of 1% FBS at 96 h (P<0.01). 
Although it was observed an increase in live cell counts with PFOA exposure, it was not 
statistically significant in terms of media condition or time points (P>0.05). The 40 µM 
concentration of PFOA significantly inhibited 53% (P<0.001, n=3) and 47% (P<0.05, n=3) 
the secretion of progesterone (P4) and estradiol (E2), respectively, in media with or 
without FBS. Suppressive effects of 4 µM PFOA on steroid secretion were observed in 
only serum free media at 48 and 96 h for P4 and E2, respectively. In conclusion, PFOA 
did not statistically affect cell proliferation but, it dramatically reduced the metabolic (MTT) 
and steroidogenic activity of bGC, suggesting that PFOA, a common environmental 
contaminant, may adversely affect the reproductive health of cows and other livestock. 

This study supported by the Scientific and Technological Research Council of Turkey, 
TUBITAK-1059B192001213 (RK), NIH F32HD106722 (KLC), VA IK2BX004911 (MRP), VA 
I01BX004272 and IK6BX005797 (JSD), and the Olson Center for Women’s Health (JSD). 

 

 



P29 - Imidacloprid and Desnitro-imidacloprid Elicit Different Mechanisms of 
Toxicity in Isolated Neonatal Ovaries and Antral Follicles in Culture  

Vasiliki Mourikes, University of Illinois Urbana Champaign                                                                         
Mary Laws, University of Illinois Urbana Champaign                                                                             
Ramses Santacruz-Marquez, University of Illinois Urbana Champaign                                                  
Alison Neff, University of Illinois Urbana Champaign                                                                          
Andressa Gonsioroski, University of Illinois Urbana Champaign                                                            
Jodi Flaws, University of Illinois Urbana Champaign  

Neonicotinoid pesticides are nicotine derivatives and thus, agonists of nicotinic 
acetylcholine receptors (nAChR). Imidacloprid (IMI) is a neonicotinoid pesticide used in 
large scale agricultural systems, home gardens, and veterinary pharmaceuticals.  IMI is 
a small molecule that is more water soluble than other insecticides, increasing the 
likelihood of large-scale environmental accumulation and chronic exposure of non-target 
species. IMI is readily absorbed in the gastrointestinal tract of mammals where it travels 
to the liver and undergoes phase I biotransformation into a variety of intermediate 
metabolites such as desnitro-imidacloprid (DNI), a bioactive metabolite with significantly 
higher affinity than IMI for nAChRs. 

Studies have shown that IMI reaches the ovaries almost immediately after oral exposure 
and that IMI exposure reduces ovarian weight and causes morphological abnormalities 
compared to control. However, little is known about the role that DNI (bioactive 
metabolite) plays in IMI-induced ovarian toxicity as well as the mechanisms through 
which these compounds interact with ovarian follicles at different stages of 
maturity.  Although IMI and DNI are nAChR agonists, the presence and role of these 
receptors in ovarian follicles have not been studied. Thus, we tested the hypothesis that 
IMI and DNI elicit different mechanisms of toxicity in neonatal ovaries and antral follicles 
in vitro and that these differences are mediated via nAChRs.         

Antral follicles were dissected from ovaries of CD-1 mice (31-41 days old) and cultured 
in media containing vehicle control or 0.2µg/ml - 200µg/ml of IMI or DNI. After 48 hours, 
follicle growth was measured and then follicles were collected for gene expression 
analysis.  Culture media were also collected for estradiol quantification. In other 
experiments, whole ovaries, rich in germ cells, primordial follicles, and primary follicles, 
were collected from neonatal mice (4 days old) and cultured in media with vehicle 
control or 0.2µg/ml - 200µg/ml of IMI or DNI. After 48 hours, the ovaries were collected 
for gene expression analysis.  

IMI (200µg/ml) increased antral follicle growth, whereas DNI (200µg/ml) inhibited antral 
follicle growth compared to control. Interestingly, both IMI (200µg/ml) and DNI 
(200µg/ml) significantly decreased follicular estradiol synthesis and secretion compared 
to control. Although both IMI (0.2-200µg/ml) and DNI (0.2-200µg/ml) dysregulated 
expression of steroidogenic enzymes in antral follicles compared to control, IMI caused 



more drastic changes than DNI. IMI (0.2 and 200 µg/ml), but not DNI, affected 
expression of estrogen receptors 1 and 2 in antral follicles compared to control. nAChR 
subunits α2, α4, α7, β1 and β2 were identified in antral follicles and neonatal ovaries. IMI 
(0.2-200µg/ml) and DNI (0.2-200µg/ml) significantly dysregulated expression of all 
identified subunits in antral follicles and neonatal ovaries compared to control. IMI 
(20µg/ml) and DNI (20 and 200µg/ml) dysregulated expression of Bax in antral follicles, 
but not neonatal ovaries compared to control. IMI (20 and 200µg/ml) and DNI (20µg/ml) 
dysregulated expression of Bcl2 in antral follicles and neonatal ovaries compared to 
control. 

Together, these data suggest that ovarian follicles are targets of IMI and DNI toxicity and 
mechanisms of toxicity vary at different stages of follicle development.  Supported by 
NIH T32 ES007326 and R01 ES028661. 
 

P30 - Exposure to an estrogenic endocrine disrupting chemical causes 
transgenerational effects on female fertility  

Rachael Rogers, The University of Melbourne                                                                                     
Marci Chai, The University of Melbourne                                                                                                  
Andrew Pask, The University of Melbourne                                                                                      
Deidre Mattiske, The University of Melbourne  

Significant decreases in both male and female fertility have been observed over the past 
50 years, with female conceptions rates dropping by 44% and male sperm counts 
decreasing by over 50%. This dramatic decrease in fertility can be attributed in part to 
our increasing exposure to endocrine disrupting chemicals (EDC’s). Diethylstilbesterol 
(DES) is an estrogenic EDC that was prescribed to millions of pregnant women between 
1940-1970 and resulted in detrimental reproductive effects in the offspring that were 
exposed in utero. Women who were exposed to DES in utero experienced higher rates 
of infertility, pregnancy complications and reproductive cancers. Alarmingly, there is 
evidence to suggest that these effects may persist in the grandchildren and great 
grandchildren of exposed women. To define transgenerational reproductive impacts in 
females following exposure to DES, gestating F0 female mice were exposed to three 
concentrations of DES. The effects of DES were monitored in the F1-F4 female 
descendants. Reductions in pregnancy rate and fertility index were observed up until 
the third generation and the onset of puberty was also significantly affected, with the 
timing of vaginal opening occurring significantly earlier in DES descendants compared 
to controls. The anogenital distance (AGD) was also impacted in DES descendants with 
all concentrations resulting in a significantly smaller AGD up until the third, unexposed 
generation compared to the control cohort. These results indicate a transgenerational 
effect of DES on multiple reproductive parameters including fertility, timing of puberty 
and AGD. These data have significant implications for the >50 million DES descendants 



worldwide as well as raising concerns for the ongoing health impacts caused by 
exposures to other estrogenic EDCs which are pervasive in our environment. 
 

P31 - Mono-2-ethylhexyl phthalate alters the expression of oocyte-derived factors 
and functional targets in ovarian antral follicles  

Zane Inman, University of Illinois Urbana-Champaign                                                                                  
Jodi Flaws, University of Illinois Urbana-Champaign  

Di(2-ethylhexyl) phthalate (DEHP) is a plasticizer used in the production of numerous 
consumer products. In the body, DEHP is hydrolyzed to its metabolite, mono-2-
ethylhexyl phthalate (MEHP). MEHP is a reproductive toxicant that targets the ovary and 
disrupts folliculogenesis and steroidogenesis, but it is unclear how these effects are 
mediated. We hypothesized that MEHP impairs follicle development and hormone 
production by altering expression of paracrine acting oocyte-derived factors. To test this 
hypothesis, antral follicles were isolated from CD-1 mouse ovaries, cultured for 24 hours 
in the presence of DMSO as a vehicle control or MEHP (0.1-10µg/ml), and collected for 
gene expression analysis.  Exposure to MEHP increased expression of the oocyte-
derived factors, growth/differentiation factor 9 (Gdf9) and bone morphogenetic protein 
15 (Bmp15), compared to control treated follicles. Additionally, MEHP exposure 
increased expression of downstream targets of GDF9 and BMP15, including 
prostaglandin-endoperoxide synthase 2 (Ptgs2) and pentraxin 3 (Ptx3), relative to 
control. GDF9 has been shown to be a negative regulator of luteinizing 
hormone/choriogonadotropin receptor (Lhcgr) expression in the ovary. Consistent with 
this, MEHP exposure decreased Lhcgr expression in antral follicles, relative to control 
follicles. Additionally, GDF9 and BMP15 together have been shown to induce expression 
of anti-müllerian hormone (Amh) in granulosa cells. AMH is a key regulator of 
folliculogenesis. Follicles exposed to MEHP exhibited increased expression of Amh 
relative to control follicles. Together, these data suggest that DEHP, through its 
metabolite MEHP, impacts ovarian function by inducing expression of oocyte-derived 
factors (Gdf9 and Bmp15) that in turn, alter expression of key factors regulating 
steroidogenesis (Lhcgr) and folliculogenesis (Amh). 

Supported by NIH T32 ES007326 and R01 ES028661. 

 

P32 - High-refined carbohydrate diet leads to abnormal reproductive control of the 
hypothalamic-pituitary axis in female rats  
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Obesity is associated with several female reproductive complications, such as polycystic 
ovary syndrome (PCOS). The exact mechanism of this relationship remains unclear. 
Few studies examining the effects of diet containing refined carbohydrate (HCD) on 
obesity and reproductive dysfunctions have been performed. In our previous study, 
subacute HCD exposure resulted in obesity and PCOS-like features, such as high LH 
levels and reduced ovarian reserve in female rats. However, the impacts at the 
hypothalamic-pituitary (HP) axis, specifically regarding signaling pathways engaged 
linked to gonadotropin-releasing hormone (GnRH) and gonadotropin (LH and FSH) 
modulation, are unknown. In this investigation, we assessed whether subacute HCD 
exposure results in abnormal reproductive control and other irregularities in the HP axis. 
Female rats were fed with HCD for 15 days and reproductive HP axis morphophysiology 
was assessed. We further assessed HP axis inflammation and fibrosis. HCD exposure 
caused improper functioning in the HP axis. Specifically, HCD exposure caused 
abnormal hypothalamic mRNA expression (downregulated – Kiss1, Kiss1R, LepR and 
AMHR2, p < 0.05; did not change: GnRH, and mTOR, p > 0.05) and did not change 
protein expression of AR, ERα and ERβ (p > 0.05). HCD did not significantly change 
protein expression of GnRHR, AR, ERα and ERβ in pituitary compared to control (p > 
0.05). However, a tendency to increase pituitary LHβ mRNA and protein expression was 
observed with HCD treatment (p: 0.09 and p: 0.08, respectively) compared to control. 
An increase in LHβ + cells (immunohistochemistry) was observed in pituitaries of rats 
treated with HCD compared to control (p < 0.01). Taken together, these changes likely 
contribute to the increase in serum LH observed. Pituitary FSHβ mRNA presented to 
tendency to increase with HCD treatment (p: 0.05). We also explored other mechanisms 
that may impact HP function. A tendency to increase IL-6 protein expression was 
observed in HP axis of HCD treated rats (p: 0.08). After histological evaluation, the 
pituitaries of HCD treated rats exhibited morphological abnormalities, such as an edema, 
hyperemia, and disorganization of the cell cords. A high collagen deposition was also 
observed in the pituitaries of HCD treated rats (p > 0.05). Theses abnormalities could be 
associated with abnormal sex steroid feedback control of HP axis in HCD rats. Thus, 
these data suggest that the subacute HCD exposure led to abnormal reproductive 
control of HP axis and other abnormalities in female rats. This research was supported 
by CNPq (#304724/2017-3/ N°12/2017; # 307224/2021-0/ Nº 4/2021) and FAPES/CNPq 
(PRONEX 24/2018 / TO #572/2018; UNIVERSAL 03/2021/ TO #486/2021). Nothing to 
Disclose: JBG, CSC, JFZ, OMSN, JZ, MC, LNGZ, RAM, PCL, TAC, RR, LCFL 



P33 - Guinea pig model of mild hyperandrogenemia – is it a suitable model for 
women with polycystic ovary syndrome (PCOS)? A pilot study.  

Juriana Barboza Sagrero, Oregon State University                                                                                  
Kayla Noll-Bader, Oregon State University                                                                                           
Rosalia Tanori, Oregon State University                                                                                                           
Patrick Chappell, Oregon State University                                                                                                       
Cecily Bishop, Oregon State University  

Polycystic Ovary Syndrome (PCOS) is an idiopathic disorder prevalent in ~5-10% of 
reproductive-aged women. In PCOS women who become pregnant, many experience 
complications including increased susceptibility of having a miscarriage, high blood 
pressure, and gestational diabetes, among others. Additionally, exposure to PCOS may 
have transgenerational impacts: offspring may be at increased risk of overall poor health 
in adulthood. Many models of PCOS have been developed, such as the sheep and 
rodent animal models; yet these models do not provide a good foundation to study 
PCOS as it would appear in women, and to understand the effects inflicted on offspring 
later in life. In previous studies, a nonhuman primate model of PCOS was developed to 
expose rhesus monkeys to mildly elevated testosterone (T) with and without a high fat 
diet (HFD) during early adolescence developed many PCOS-like symptoms; however, 
transgenerational studies in macaques were challenging to pursue due to longer 
generational intervals (5+ years). We hypothesize the guinea pig sow is a good 
surrogate for primates and will show a similar PCOS like phenotype. Eight Hartley 
Guinea Pigs were obtained prior to puberty, and had subcutaneous implants placed 
containing either cholesterol (C; n=4) or T (n=4) at 1 month of age (T:C ratio 1:20, 0.25 
mm packed volume) and again at 3 months of age (T:C 1:20, 0.5mm packed volume). 
Serum T levels and weight were assessed weekly, and females were monitored for 
signs of estrus daily. At 5 months of age, after 16 weeks of treatments, all females were 
necropsied, and tissues of interest were collected for histology and RNA isolation. The 
T-treated females did not differ in body weight by age or compared to the controls, 
similar to previous studies in rhesus monkeys. After the end of the eight weeks, the T-
treated females had serum testosterone 2.01 +/- 0.5-fold higher than guinea pig sows in 
the cholesterol control group. RT-PCR analysis revealed significant increases in kiss1, 
kiss1R, and gnrh expression in the hypothalami of T-treated females, with a trend toward 
a potential compensatory decrease in gnrhr expression in pituitaries of T-treated 
females. These results suggest the guinea pig sow may be a good surrogate model of 
mild hyperandrogenemia, similar to women with PCOS. Supported by: Oregon State 
University College of Agricultural Sciences E.R. Jackman Internship Support Program 
(JEBS), Oregon State University Animal and Rangeland Sciences Departmental Funds 
(CVB).   
 

 



P34 - Effects of Prenatal and Postnatal Nutrition on Neuropeptide Y Gene 
Expression in the Arcuate Nucleus of Beef Heifers  

Sarah West, Texas A&M University                                                                                                           
Thomas Welsh Jr, Texas A&M University                                                                                                    
Gary Williams, Texas A&M University                                                                                                       
Rodolfo Cardoso, Texas A&M University  

Nutrition during gestation and early postnatally can modulate the development of 
hypothalamic neurocircuitries controlling GnRH secretion, thus programming puberty in 
female mammals. Neuropeptide Y (NPY) is one of the most potent orexigenic peptides 
involved in the metabolic control of reproduction through 1) direct inhibition of GnRH 
neurons and 2) indirect suppression of GnRH release through kisspeptin inhibition. 
Transcriptional changes in NPY expression can delay puberty and have long-term 
detrimental effects on reproduction. Using the bovine model, the objective herein was to 
test the hypothesis that either maternal undernutrition or obesity during late gestation, in 
combination with a low or high rate of body weight (BW) gain in heifer offspring during 
the juvenile period, alters the number of NPY mRNA expressing neurons in the arcuate 
nucleus (ARC). Brangus cows (n = 36) bearing female pregnancies were fed to achieve 
thin (L, n = 12), moderate (M, n = 12), or obese (H, n = 12) body condition (BC) by ~6 
mo of gestation and maintained at the target BC until calving. Heifer offspring from each 
group were weaned at ~3.5 mo of age and assigned randomly to be fed to achieve a low 
(L; 0.5 kg/d) or high rate of BW gain (H; 1 kg/d) until 8 mo of age. This 3×2 factorial 
design created six combinations of maternal-postnatal nutritional treatments (LL, LH, 
ML, MH, HL, and HH). Heifers were euthanized at ~14 mo of age, and hypothalamic 
tissue was dissected to collect the mediobasal hypothalamus. The ARC tissue was 
processed for in situ hybridization using the RNAscope technology to determine the 
number of neurons expressing NPYmRNA. Maternal nutrition did not affect the number 
of neurons expressing NPY in the ARC. However, there was a reduction (P<0.001) in the 
number of neurons expressing NPY mRNA in the caudal region of the ARC of heifers 
placed on a high postnatal diet (96±10 cells/section) compared to heifers placed on the 
low postnatal diet (271±34 cells/section). The total number of NPY-expressing neurons 
in the whole ARC was reduced (P<0.05) in the postnatal H heifers (499±44 cells/section) 
compared to L heifers (772±73 cells/section). No interactions between prenatal and 
postnatal treatments were observed. These results corroborate our previous findings 
that reduced NPY mRNA expression in the ARC is likely an important mechanism by 
which elevated postnatal nutrition advances puberty in heifers since postnatal H heifers 
attained puberty 2 mo earlier than postnatal L heifers. However, these results contradict 
our hypothesis that nutritional extremes during late gestation could permanently alter 
the NPY transcriptional profile in the post-pubertal female offspring. The current results 
suggest that the caudal ARC is a key target region for the nutritional control of NPYgene 
expression. Notably, our previous studies found that reduced nutrition during juvenile 
development increased NPY inputs to kisspeptin cells in the caudal ARC, thus 
suggesting that increased NPY expression could result in greater NPY synaptic input 



towards kisspeptin neurons. Project supported by Agriculture and Food Research 
Initiative Competitive Grant no.2018-67015-27595 from the USDA-NIFA. 
 

P35 - Impact of Estradiol Treatment on Reproductive and Endocrine Systems in a 
Mouse Model of Gender-affirming Hormone Therapy  

Daniel Pfau, University of Michigan                                                                                                                      
Hadrian Kinnear, University of Michigan                                                                                                                                 
Amanda Schwartz, University of Michigan                                                                                               
Cynthia Dela Cruz, University of Michigan                                                                                            
Vasantha Padmanabhan, University of Michigan                                                                                      
Moravek Molly, University of Michigan                                                                                            
Ariella Shikanov, University of Michigan  

Gender-affirming hormone therapy (GAHT) can help align secondary sex-associated 
traits for many transgender and gender diverse (TGD) individuals. For example, 
transgender women may take estradiol (E) to suppress endogenous testosterone (T) 
production and induce feminization of external sex-associated traits. However, clinical 
evidence from transgender women identifies widespread changes in tissues sensitive to 
E and T, particularly in the reproductive system. Interestingly, the effects on hormones 
and reproduction for individual E-GAHT patients are highly variable. For example, E 
treatment alone does not sufficiently lower testicular T synthesis in all E-GAHT patients, 
so some are given antiandrogens to suppress T’s effects. Similarly, histology from 
clinical studies of E-GAHT indicate altered gonadal structures in some but not all 
patients. Interpretations of such diverse clinical data may be supplemented by basic 
evidence from translational studies to help patients make informed medical decisions 
regarding their reproductive health. Animal studies where E is given to males exist, but 
these often begin by orchiectomizing them and/or use acute treatments, making such 
research untranslatable to the reproductive health of long term GAHT-E patients. With 
the goal of informing clinical research and practice for TGD individuals taking E, we 
created a mouse model of E-GAHT by implanting gonadally intact males with capsules 
containing three different doses to capture diverse clinical outcomes: a low (L 1.25 mg), 
mid (M 2.5 mg), or high dose (H 5 mg). Blank (B) capsules served as controls 
(n=5/group). At six weeks, mice receiving all the doses had increased serum E 
compared to controls (L 28.09±15.7; M 26.4±18.4; H 30.4±24.9; B <5.0 pg/mL; 
means±SD) but only mice that received the highest dose had a lower serum luteinizing 
hormone concentration compared to controls (L 0.24±0.08; M 0.19±0.04; H 0.1±0.06; B 
0.61±0.57 ng/mL). Mice given the high dose also had lower testes weights compared 
with the mid dose and control group (L=81.8±3.2; M=86.3±7.3; H=75.66±3.0; 
B=91.3±6.7 mg). Analysis of spermatozoa from the cauda epididymis revealed mature 
morphology in all groups but motility was only apparent in controls. E-GAHT treatment 
also significantly decreased lumen size in epididymal tubules (L=3.4±1.2; M=3.1±0.7; 
H=2.1±0.5; B=5.4±0.5 µm2x104) but expanded the interstitium. Overall, several clinical 



outcomes from E-GAHT patients are replicated between our three doses, including 
variable suppression of gonadotropins between the lower and high E doses. These data 
represent the first evidence that mouse models offer an effective tool to understand E-
GAHT’s impact on reproductive health. [Support: NIH 5R01HD098233-03]. 
 

P36 - Impact of pre-and postnatal nutritional extremes on responsiveness of 
ovariectomized, sexually mature heifers to a neurokinin B agonist during estrogen 
dominance  

Viviana Garza, Texas A&M University                                                                                                       
Sara Gurule, Texas A&M University                                                                                                           
Rodolfo Cardoso, Texas A&M University                                                                                                     
Gary Williams, Texas A&M University  

Developmental changes in response to nutritional extremes may in some cases be 
manifested later in adult life. Objectives were to test the hypothesis that nutritional 
extremes during prenatal development interact with postnatal nutrition during the 
juvenile period of heifers to impact KNDy neuron responsiveness to a neurokinin B 
(NKB) agonist (Senktide). Heifers were selected from a larger population programmed 
nutritionally using a 3 x 2 factorial arrangement of pre-and postnatal diets. In brief, 
beginning at 90 days of pregnancy, Bos indicus-influenced cows (n = 95) were fed to 
achieve body condition scores (BCS; 1-9 scale) of 3-3.5 (L; thin), 5.5-6 (M; moderate), or 
7.5-8 (H; obese) by the onset of the third trimester and maintained thereafter. Heifer 
offspring were weaned at 3-3.5 months of age and assigned to either a low- (L; 0.5 
kg/day) or high-gain (H; 1.0 kg/day) diet until 8 mo of age, then fed a common diet until 
puberty. For the current experiment, heifers (n = 18; 6/group) representing LL, MH, and 
HH combinations were ovariectomized postpubertally (17 mo of age) and received 
estradiol (E2) replacement to maintain basal E2 concentrations at 2-4 pg/mL. To 
enhance estradiol-17β dominance pharmacologically, Compudose (Elanco, Greenfield, 
IN) implants were cut in half and placed in the ear to elevate E2 to concentrations at or 
above those observed during the follicular phase of the estrous cycle 6 d prior to the 
initiation of Senktide challenge. Heifers received sequential intravenous injections of 
saline (Saline-1, 2 h), Senktide (7.1 ug/kg I.V., 2 h), and Saline (saline-2, 2 h) at 10-min 
intervals over a 6-h period. Jugular blood samples were collected immediately following 
each injection throughout the 6-h sampling period to determine LH via 
radioimmunoassay. Overall, heifers in the LL nutritional group exhibited a greater (P = 
0.0260) amplitude of LH pulses than HH and MH groups and mean concentrations of LH 
(1.52 ± 0.04 ng/mL) were greater (P < 0.001) compared to both HH (1.16 ± 0.04 ng/mL) 
and MH (1.02 ± 0.04 ng/mL). However, the overall frequency of LH pulses was greater 
(P < 0.05) in the HH group (2.53 ± 0.18) compared to LL (1.93 ± 0.18) and MH (2.00 ± 
0.18). During Senktide treatment, both the frequency (3.2 ± 0.18 ng/mL) and amplitude 
(1.89 ± 0.15 ng/mL) of LH pulses was greater (P = 0.05) than during Saline-1 (1.53± 
0.18 and 1.36 ± 0.15 ng/mL) and this effect carried over into the Saline-2 period (1.73 ± 



0.18 and1.77 ± 0.15 ng/mL), irrespective of nutritional treatment.  However, LL exhibited 
the greatest (P = 0.001) mean concentrations of LH (1.77 ± 0.09 ng/mL) during the 
Senktide period compared to both HH (1.16 ± 0.09 ng/mL) and MH (1.03 ± 0.05 ng/mL). 
Pre- and postnatal nutritional extremes interact to impact KNDy neuron responsiveness 
to NKB receptor signaling in heifers suggesting that such extremes may disrupt the 
neuroendocrine system to impact secretion of LH. Project supported by Agriculture and 
Food Research Initiative Competitive Grant no. 2018-67015-27595 from USDA-NIFA. 
 

P37 - Chronic Endotoxin Administration Impairs Luteinizing Hormone Secretion 
and Kisspeptin Expression in Castrated, Male Sheep 
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Brian Whitlock, University of Tennessee College of Veterinary Medicine                                         
Joseph Daniel, Berry College                                                                                                                            
Lew Strickland, University of Tennessee                                                                                                   
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Morgan Adkins, University of Tennessee College of Veterinary Medicine                                                        
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Cydney Babione, University of Tennessee College of Veterinary Medicine  

Chronic endotoxemia (lipopolysaccharide, LPS), experienced by animals during 
diseases such as mastitis and metritis, negatively impacts reproduction through 
suppression of gonadotropin releasing hormone (GnRH) and luteinizing hormone (LH) 
secretion. Acute systemic administration of LPS reduces hypothalamic kisspeptin mRNA 
and plasma LH concentrations. However, there is limited and conflicting information 
regarding the effects of LPS in livestock models, like sheep, even when LPS is 
administered chronically. While chronic administration of LPS has been shown to 
suppress plasma LH concentrations, there is no data on the effects of LPS on kisspeptin 
protein expression in the hypothalamus. In this experiment, twenty-two sheep were 
randomly assigned to one of five groups - control (CON), single acute IV dose (SAD; 
400 ng/kg BW LPS) administered on Day 1, daily acute IV dose (DAD; 400 ng/kg BW 
LPS), daily increasing IV dose (DID; starting with 400 ng/kg BW LPS and increasing 
20% each day), or steady subcutaneous dose (SSD; 20 µg/kg BW LPS over 24 hours), 
all administered during a one-week study period. On Day 1 and 7, blood was collected 
via jugular venipuncture every twelve minutes for six hours (1 hour pre-treatment, 5 
hours post-treatment). Following blood collection on Day 7, animals were euthanized 
with an overdose of sodium pentobarbital after heparinization. Hypothalmic tissue was 
sectioned 50 um on a cryostat in a series of five. Middle arcuate sections (n=3 hemi-
sections per animal) were selected and underwent immunohistochemistry for kisspeptin. 
Images were captured via a Leica microscope and quantified by two blinded reviewers 



with Photoshop and ImageJ. On Day 1, all animals that received LPS IV had a fewer LH 
pulses per hour than CON while those in SSD did not (CON, 0.7 +/- 0.1 pulse; IV, 0.3 +/- 
0.1 pulse; SSD, 0.4 +/- 0.1 pulse; p<0.05). Additionally, there was a decrease in mean 
plasma concentration of LH 2.5 hours after LPS administration for those that received 
endotoxin (p<0.05). On Day 7, DID (0.4 +/- 0.1 pulse) had fewer LH pulses per hour than 
CON (0.8 +/- 0.1 pulse) while SAD (0.9+/-0.1 pulse), DAD (0.7 +/-0.1 pulse) and SSD 
(0.9 +/- 0.1 pulse) did not differ (p<0.05). Only DID had a decrease in mean plasma 
concentration of LH in post treatment on Day 7 (p<0.05). There was no difference in 
pulse amplitude (p>0.05). There were fewer immunopositive kisspeptin neurons in DID 
(33.3 +/- 10.9 cells) compared to other groups (CON, 85.6 +/- 13.6 cells; SAD, 83.8 +/- 
11.8 cells; DAD, 113.74 +/- 10.4 cells; SSD, 107.65 +/- 13.3 cells) (p=0.001). Taken 
together, chronic inflammation (over a one-week period), induced by a daily rising dose 
of IV LPS, suppresses circulating LH concentrations through reducing kisspeptin protein 
expression in the middle arcuate nucleus of the ovine hypothalamus. Moreover, this 
model of LPS-induced inflammation may be used in future studies to elucidate the 
mechanisms by which chronic inflammation impacts reproductive neuroendocrinology 
and how best to prevent or ameliorate those effects on fertility. 
 

P38 - Transcription Factor (TCF) 3 and TCF12 Regulate Female Reproduction in 
Part Through Gonadotrope Regulation of Luteinizing Hormone Expression and 
Secretion  

Joseph Flock, University of Wyoming                                                                                                      
Cindy Pru, Washington State University and University of Wyoming                                                                   
John Lydon, Baylor College of Medicine                                                                                                    
Jon Oatley, Washington State University                                                                                                       
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Amy Navratil, University of Wyoming  

Transcription factor (TCF) 3 and TCF12 belong to the helix-loop-helix (HLH) superfamily 
of transcription factors and form homodimers, as well as heterodimers with other HLH 
proteins to regulate transcription by binding consensus CANNTG E-box elements. TCF3 
and TCF12 are essential regulators of developmental patterning in the lymphoid and 
neural lineages. Using conditional mutagenesis (Pgr-Cre mice), we recently established 
that TCF3 and TCF12 are likewise essential for fertility in the female owing, in part, to 
faulty uterine decidualization. We noted a diminished ovulation and development of 
corpora lutea in ovaries from Tcf3/12d/d female mice. Superovulation of Tcf3/12d/d 
females resulted in normal gonadotropin responses with ovulation and serum 
progesterone levels consistent with Tcf3/12fl/fl female mice. Furthermore, follicular 
ablation of Tcf3 and Tcf12 using Amh-Cre mice had no impact on female fertility, 
suggesting that these transcription factors are dispensable for folliculogenesis and 
ovulation. Subsequent evaluation of serum luteinizing hormone (LH) in ovariectomized 
Tcf3/12d/d female mice (Pgr-Cre) revealed significantly lower levels of LH compared with 



Tcf3/12fl/fl female mice. Given that Pgr-Cre ablates genes in gonadotropes, these findings 
suggested that TCF3 and/or TCF12 regulated LH production through transcription. To 
test this, whole pituitaries were isolated from Tcf3/12fl/fl and Tcf3/12d/d female mice and 
the expression of genes encoding gonadotrophin subunits, as well as transcriptional 
regulators that function up-stream of these subunits, were evaluated by qPCR. Among 
the most interesting genes evaluated, Lhβ expression was significantly decreased in 
pituitaries from ovariectomized Tcf3/12d/d females compared with Tcf3/12fl/fl females. A 
retrospective evaluation of TCF3 and TCF12 expression showed that both transcription 
factors were abundantly expressed in LH positive gonadotropes. Interestingly, 
gonadotrope TCF3 and TCF12 expression were cycle-dependent with higher 
expression during estrus than diestrus. To address what may be upregulating TCF 
expression, we utilized the gonadotrope derived L𝛽𝛽T2 cell line to show that TCF 12 
expression increases following 6 hours of gonadotropin releasing hormone agonist 
(GnRHa) treatment. Taken together, TCF3 and TCF12 are dynamically upregulated in 
gonadotrope cells during estrus and are essential for female fertility through their 
regulation of Lhβ transcription. Supported by NIH HD097641 and the Curtis and Marian 
Rochelle Endowment. 
 

P39 - A model for extended culture of in vitro luteinized bovine granulosa cells.  

Zachary Seekford, University of Florida                                                                                                       
John Bromfield, University of Florida  

Postpartum uterine disease occurs in up to 40% of dairy cows, resulting in reduced 
fertility. Uterine disease is caused by pathogenic bacteria including Gram-negative 
Escherichia coli and Gram-positive Trueperella pyogenes. Follicle growth is reduced in 
cows with uterine disease, resulting in smaller subsequent corpora lutea. As a 
consequence, estradiol and progesterone concentrations are reduced in cows with 
uterine disease, which may contribute to reduced fertility. Treatment of bovine 
granulosa cells in vitro with lipopolysaccharide causes a reduction in CYP19A1 
expression and subsequent decrease in estradiol synthesis. However, it is not known if 
the negative effects of lipopolysaccharide on the steroidogenic capacity of granulosa 
cells are carried over onto subsequent luteal cells after differentiation. We hypothesize 
that lipopolysaccharide treatment of granulosa cells will alter the steroidogenic capacity 
of luteal like cells after 10 days of culture. While bovine granulosa cells are known to 
spontaneously differentiate into luteal-like cells, the current objective was to develop 
and evaluate an extended culture model for in vitro luteinization. Granulosa cells isolated 
from 2-8 mm antral follicles were cultured in basal medium containing 10% fetal calf 
serum and supplemented with 1 ng/mL FSH, 1 μM androstenedione for 48 h. 
Subsequently, granulosa cells were maintained in basal medium (n = 3) or luteinization 
medium (n = 3) supplemented with 10 µM forskolin, 2 µg/mL insulin, and an additional 
1% fetal calf serum. Cells were passaged every 48 hours for 10 days to prevent 
confluence. Supernatants and cells were collected at each passage for analysis. The 



expression of genes involved in granulosa cell (CYP19A1 and FSHR) and luteal cell 
(HSD3B1 and STAR) function were evaluated by qPCR, and progesterone and estradiol 
accumulation were measured by commercial ELISA. Regardless of treatment medium, 
expression of the granulosa cell markers CYP19A1 and FSHR were reduced (P < 0.05) 
after 48 h by 96.4% and 75.2%, respectively compared to cells at the time of initial 
isolation. In parallel, regardless of treatment medium, expression of the luteal cell 
markers STAR and HSD3B1 increased (P < 0.05) after 96 h by 59.4-fold and 13.5-fold, 
respectively compared to cells at the time of initial isolation. Estradiol accumulation after 
the initial 48 h culture period was 4.5 pg/mL, which was reduced (P < 0.05) by 27.7% in 
the third 48 h period and 74.7% by the fifth 48 h period. After the initial 48 h culture 
period progesterone concentration was 5.54 ng/mL. Regardless of treatment medium, 
luteal-like cells increased (P < 0.05) progesterone synthesis 3.7-fold in the second 48 h 
period which peaked in the third 48 h period at 23.3 ng/mL, representing a 4.2-fold 
increase (P < 0.05) from the first 48h period. In conclusion, spontaneous luteinization in 
basal medium was as effective in promoting luteinization as medium designed to 
promote luteinization. This extended culture model for in vitro luteinization of bovine 
granulosa cells can be used to understand the long-term impact of lipopolysaccharide 
on subsequent luteal cell steroidogenic capacity. 
 

P41 - Palmitate impedes oleate induced steatosis and rescues the progesterone 
production in granulosa cells: A comparative analysis with HepG2 and CHO-K1 
cells  

Vijay Baddela, Research institute for farm animal biology (FBN), Germany                                                    
Arpna Sharma, Research institute for farm animal biology (FBN), Germany                                  
Christian Plinski, Research institute for farm animal biology (FBN), Germany                                                    
Jens Vanselow, Research institute for farm animal biology (FBN), Germany  

Oleic acid (OA; C18:1) and palmitic acid (PA; C16:0) are the most abundant fatty acids 
(FAs) in ovarian follicular fluid. OA and PA have been implied to pose contradicting 
cellular effects. Especially, OA has been shown to offer protection against PA-induced 
lipotoxicity. The present study is aimed to understand the aggregate impact of PA and 
OA in granulosa cells (GCs) since FAs do not present in mutually exclusive manner. We 
treated bovine GCs with 200 µM of PA, OA, and their equimolar combination (200 µM 
PA+ 200 µM OA) while control cells were treated with BSA. Analyses revealed that OA-
treated cells showed cellular hypertrophy and accumulated nine folds of lipid droplets 
(LD), while PA-treated cells have only two folds of LD with no altered morphology 
compared to controls. Surprisingly, PA treatment caused no lipotoxic effects in GCs. 
Cotreatment with PA+OA completely abolished the OA-induced LD accumulation and 
morphological changes. To confirm this anti-steatotic effect of PA, we measured cellular 
triglycerides (TGs), which revealed that similar to LD, TGs were significantly decreased 
following OA+PA treatment compared to OA treated cells. Since cultured GCs produce 
progesterone (P4), we measured P4 levels in the spent media. OA significantly 



decreased P4 production while neither PA nor PA+OA treatment caused such an effect. 
It has been shown that inhibition of cAMP-PKA signaling accelerates LD accumulation in 
hepatic cells. So we asked whether cAMP plays a role in OA-induced LD accumulation 
and progesterone production in GCs. Measurements revealed that OA treatment 
significantly decreased cAMP levels while BSA, PA, and OA+PA treatments caused no 
changes in cAMP levels. Treatment with adenylyl cyclase activator, Forskolin, 
significantly increased cellular cAMP levels, decreased lipid accumulation, and 
increased P4 production in OA treated cells. These results reiterate that the cAMP 
pathway inhibits lipid accumulation and upregulates P4 production in GCs. The 
dogmatic view on FAs suggests the cytotoxic nature of PA in Hepatoma-G2 (HepG2) 
and Chinese hamster ovary (CHO) cells. Since we observed no lipotoxic effect in GCs, 
we wonder whether the differences in PA-induced toxicity between GCs and other cells 
are due to different technical details followed in the present study. To answer this, we 
cultured bovine granulosa, HepG2, and CHO-K1 cells and treated them with FA using 
identical media. Analyses revealed that 60% (mean) HepG2 and 95% (mean) CHO-K1 
cells, but only 5% GCs stained positive for propidium iodide (PI) and were considered 
dead after PA treatment, which reiterates that PA is lipotoxic to HepG2 and CHO-K1 
cells but not to GCs. This could be because GCs have a higher expression of the 
stearoyl CoA desaturase enzyme (SCD), which was shown to protect cells from PA-
induced lipotoxicity. Remarkably, OA significantly increased the PI-positive portion in 
GCs. However, unlike HepG2 and CHO-K1 cells, the percent of cell death was meager 
in GCs (<10%) under all conditions. Overall, these results indicate the unique physiology 
of GCs i.e., unlike in  HpeG2 and CHO cells, PA protects GCs from OA-induced 
steatosis and downregulation of progesterone production. Funding:  Deutsche 
Forschungsgemeinschaft (grant No. BA 6909/1-1). 
 

P42 - Effects of age at weaning on salivary cortisol levels in piglets  

Helena Kisor, California State Polytechnic University                                                                               
Eeman At-Taras, California State Polytechnic University  

Optimal weaning age of piglets varies in different swine operations as producers attempt 
to find the balance between early weaning, which can depress growth and increase 
disease susceptibility and weaning at an older age, which may not be commercially 
feasible. Weaning is a stressful event in a pig’s life that can cause an increase in the 
stress hormone, cortisol. Measuring salivary cortisol has become increasingly utilized in 
situations where drawing blood can cause stress and have a confounding effect on 
detection of cortisol concentrations. In the present study, 44 mixed breed piglets were 
weaned at 21 (n=15), 28 (n=14), or 35 (n=15) days of age to determine the effects of 
weaning age on weight gain and salivary cortisol. All piglets were weighed, and saliva 
was collected between 6:00 and 8:00 am on three consecutive days each week starting 
at 7 days of age until 4 weeks post-weaning. Salivary cortisol was analyzed via enzyme-
linked immunosorbent assays (Arbor Assays DetectX® Cortisol Kits).  Interestingly, 



piglets weaned at 21 days experienced a higher weight gain and lower salivary cortisol 
than those weaned at either 28 or 35 days.  Furthermore, male piglets showed higher 
post-weaning salivary cortisol compared to females regardless of age at 
weaning.  These data enhance our understanding of the stress axis in piglets at a 
vulnerable time in their life.  The findings can be used to guide producers in making 
decisions about management of weaning in pigs. 
 

P43 - Characterization of Zrt- and Irt-like Protein 9 (ZIP9) in the Mammalian Ovary.  

Allison Carothers, The Pennsylvania State University                                                                   
Francisco Diaz, The Pennsylvania State University  

Zrt- and Irt-like Protein 9 (ZIP9) is a G-protein coupled membrane androgen receptor 
and zinc transporter that has been shown to mediate granulosa cell proliferation and 
apoptosis in teleost ovaries. However, the role of this novel membrane androgen 
receptor has yet to be examined in the mammalian ovary. The overall objective of this 
study was to characterize the presence of ZIP9 in the mammalian ovary and determine if 
ZIP9 is hormonally regulated. We hypothesized that ZIP9 would be present in granulosa 
cells of both antral and preantral ovarian follicles in both the mouse and cow. 
Immunocytochemistry staining of ZIP9 in ovarian granulosa cells collected from 
postnatal day 12 and 20 - 21 CD1 mice and mural granulosa cells from bovine ovaries 
collected from a slaughterhouse demonstrated the presence of ZIP9 in preantral, 
cumulus, and mural granulosa cells of the mouse and mural granulosa cells of the cow. 
This ZIP9 staining was found on the plasma membrane and in the perinuclear area of 
granulosa cells. This perinuclear ZIP9 staining was more pronounced in bovine 
granulosa cells. Additionally, ZIP9 staining on the mitotic spindle was detected in both 
species. To assess whether the abundance of ZIP9 changes during follicular 
development or after hormonal stimulation, ovaries from CD1 mice at postnatal day 14, 
20 unprimed, and 20 primed with PMSG (n = 4 for each time point) were analyzed for 
the presence of ZIP9 via western blotting. These results demonstrated no difference in 
ZIP9 levels between time points indicating no difference in ZIP9 expression throughout 
follicular development (data analyzed by one-way ANOVA; p>0.05). IACUC number: 
PRAMS200844472. Funding source: NIH T32GM108563. 
 

P44 - Androgen receptor developmental timeline and expression patterns in fetal 
pigs  

Jennifer Jankovitz, University of California - Davis                                                                                  
Elizabeth Maga, University of California - Davis  

Androgen steroid hormones include testosterone (T) and dihydrotestosterone (DHT) 
which function through androgen receptors. Testosterone and DHT support fetal 



development of the male reproductive tract. Swine gonadal development begins by 26 
days post conception (dpc) with genital differentiation occurring 30 – 45 dpc; T is 
elevated in boars 35 - 40 dpc. Burek et al. (2007) found fetal pigs devoid of AR mRNA at 
18 days post coitus (or 17dpc) but were positive at 32 days post coitus (or 31 dpc). 
Gonadal development indicates a need for ARs by 26 dpc, however there may be a 
need for testosterone signaling before this time. 

Fetal development has been sparsely successful in previous attempts to generate 
androgen-receptor knock-out (ARKO) swine using CRISPR/Cas9 gene editing. 
Established pregnancies failed to survive beyond 30 dpc with guides targeting both AR 
signaling pathways, suggesting an ARKO mutation in swine may be fatal. The objective 
of this study was to characterize AR expression during porcine fetal development as it is 
hypothesized that ARs appear prior to the previously reported 31dpc. Characterizing the 
timing and quantification of porcine AR expression will help better understand 
androgenic support in-utero. 

Pre-pubertal gilts were synchronized with P.G.600 and chorionic gonadotropin (hCG) 
before artificially inseminating (AI) 2x during estrus. Pregnant reproductive tracts were 
collected at 16-21 dpc, 24 dpc, 27 dpc, and 29 dpc with day 0 referring to 24 hours after 
AI, when ovulation is expected. Sub samples of each litter were flash-frozen for total 
RNA isolation via the RNeasy Plus Minikit (Qiagen) and cDNA was synthesized using the 
RevertAid First Strand cDNA Synthesis kit (Thermo Scientific) for use in RT-PCR and 
RT-qPCR for AR expression. 

Primers for RT-PCR targeted swine AR exon 3 and 4 (242 base pair (bp)) to detect 
presence of AR mRNA, with additional primers targeting GAPDH (500bp) as the house 
keeping gene. Results were visualized on an agarose gel using electrophoresis. 
Androgen receptor mRNA was quantified using RT-qPCR with primers for swine AR 
mRNA exon 6 and 7 and housekeeping gene, GAPDH (O’Connor et al., 2012). Samples 
were run in triplicate, including a no-template negative control, and normalized to 
GAPDH using the 2-ΔΔCt method. Expression of AR mRNA was detected in18 dpc (n=3), 
19 dpc (n=4), 20 dpc (n=4), 21 dpc (n=1), 24 dpc (n=1), and 27 dpc (n=2) fetuses. 
Preliminary RT-qPCR results indicate a notable increase in AR expression in 24 dpc 
fetuses when compared to 18 dpc. This work highlights the presence of AR mRNA 
earlier in swine development than previously reported. Androgens are primarily 
recognized for male reproductive development during gestation however, fetal porcine 
AR expression and the indicated lethality of ARKO swine models suggest a larger role 
for androgens in the fetal pig. 
 

 

 



P45 - Seasonal variation in morphokinetics of in vitro-derived bovine embryos  

Dorit Kalo, the Hebrew 
University                                                                                                                                                                     
Zvi Roth, the Hebrew University  

Summer heat stress is a major cause of low fertility in dairy cattle that is mostly 
associated with reduced development of preimplantation embryos. Nevertheless, 
seasonal effects on embryo morphokinetics have been less studied. Here we used a 
non-invasive time-lapse imaging system (TLS) to continuously monitor the development 
of in vitro-derived embryos. The experiments were performed during the cold (Dec–
May) and hot (Jun–Sep) seasons for three consecutive years, 2018–2020. Average 
maximal (22.0±0.3 and 31.7±0.1°C) and minimal (11.4±0.2 and 22.5±0.1°C) 
temperatures for cold and hot seasons, respectively, were obtained from the central 
meteorological station in Bet Dagan, Israel. Relative humidity was 70.4±0.4 and 
67.4±0.2% and calculated temperature humidity index was 75.2 and 62.6 units for the 
hot and cold seasons, respectively. Cumulus-oocyte complexes (n=2155) were 
aspirated from ovaries collected at the local slaughterhouse, matured in oocyte 
maturation medium (22h), fertilized in in-vitro-fertilization-TALP (18h) and in-
vitro cultured in potassium simplex optimized medium in an incubator equipped with the 
TLS for ~190 h. Overall, the effects of season did not differ (P=0.79) between the years, 
and data were therefore merged and analyzed by JMP Pro 16 software. The proportion 
of fertilized oocytes that cleaved to 2- to 4-cell-stage embryos (P<0.003) and that of 
cleaved embryos that developed to blastocysts (P<0.0001) was lower in the hot vs. cold 
season. The kinetics of preimplantation embryos differed between seasons, due to a 
delay in the second cleavage in the hot vs. cold season (39.5 vs. 38.0 h postfertilization, 
respectively; P=0.03). The proportion of normally cleaved to abnormally cleaved 
embryos was higher in the cold vs. hot season (P<0.001), mostly reflected by a higher 
proportion of unequally cleaved embryos in the hot season (P<0.001). Note that these 
latter embryos did not develop to the blastocyst stage, which might explain in part the 
reduced embryonic development during the hot season. The distribution of embryos 
into different morphological grades (good, fair and poor) through the 1st, 2nd and 3rd 
cleavages, but not among blastocysts, differed between seasons (P<0.001, P<0.001 and 
P=0.03, respectively), with a higher proportion of good-grade embryos in the hot 
season. These findings suggest that despite their reduced development, blastocysts that 
develop from oocytes collected in the hot season have the same morphological pattern 
as those developed from oocytes collected in the cold season. To examine seasonal 
variations among embryos, quantitative real-time PCR was performed on developed 
blastocysts to compare the expression of genes related to the cell cycle (CDCA8, 
NPM2, UHRF1, USP3, STAT3, AURKA), apoptosis (AHR, HIFa), and stress (HSP, HSF1). 
In summary, the TLS enabled exploring seasonal variations in oocyte developmental 
competence that were associated with morphokinetic alterations in the developed 
embryos during the hot season. Seasonal variation in gene expression might clarify the 



quality of the developed blastocyst. Taken together, our findings could lead to the 
development of new strategies to mitigate the effects of heat stress on fertility 
 

P46 - Impact of Weight Reduction on Ovarian Metabolic Pathways in 
Dimethylbenz[a]anthracene-exposed Mice  

Imaobong Inyang, Iowa State University                                                                                                     
M. Estefanía González-Alvarez, Iowa State University                                                                              
Aileen F. Keating, Iowa State University  

The prevalence of obesity is a growing public health concern, and obesity is inversely 
proportional to reproductive health indices. The ovotoxicant, dimethylbenz[a]anthracene 
(DMBA) compromises oocyte quality leading to premature ovarian senescence and 
infertility. We have previously discovered that female obese mice have heightened 
sensitivity to reproductive toxicant exposures, including DMBA, resulting in negative 
reproductive consequences. The potential for weight reduction to benefit ovarian health 
has not been explored as it relates to ovotoxicity, thus, this study investigated the 
hypothesis that weight reduction would ameliorate ovarian damage through changes in 
metabolic pathways (biological process). C57BL/6J female mice were placed in three 
groups: 1) Lean mice (L; n = 20) fed a chow diet for 12 weeks, 2) obese mice (O; n = 20) 
fed a HFHS diet for 12 weeks and, 3) a slim-down group (S; n = 20) fed with HFHS diet 
for 7.5 weeks until they had attained a higher body relative to chow-fed mice and then 
switched to a chow diet for 4.5 weeks to achieve weight loss. At the end of the dietary 
treatment period, mice received either corn oil (CT) or DMBA (D; 1 mg/kg) for 7 ds via 
intraperitoneal injection (n = 10/treatment) and were euthanized at the end of dosing on 
second day of diestrus. Body weight was 28% (approximately 30%) higher on week 
eight between mice on chow and HFHS diets, and on week twelve the S mice had 
reversed to the weight level of the L mice. Total protein (n = 5) was isolated and 
analyzed through LC-MS/MS. KEGG pathways and enrichment analysis was used to 
identify differentially abundant proteins. In the L mice, six proteins were enriched in 
metabolic pathways due to DMBA exposure as compared to control (P < 0.1). In the S 
mice, DMBA altered the abundance of ten proteins, including GSTP1, involved in 
metabolic pathways as compared to the control (P < 0.05). However, in the O mice only 
one gene was enriched in metabolic pathways due to DMBA exposure (P < 
0.05).  Panther analysis for biological processes enriched by DMBA exposure in the L 
mice included response to stimulus, cellular and metabolic processes. Ovaries of S mice 
were enriched for biological regulation, localization, cellular and metabolic processes. In 
summary, this finding supports the hypothesis that weight loss may ameliorate obesity-
induced ovarian damage through compensatory mechanism including changes to 
biological processes and metabolic pathways. Supported partly by 1R01ES030341-01-
S1 from NIEHS. 
 



P47 - Single-cell multi-omics reveals transcriptomic and epigenetic changes in 
murine germ cells exposed to bisphenol A and S at the prenatal stage  

Liang Zhao, Washington State University                                                                                                  
Mingxin Shi, Washington State University                                                                                                 
Sarayut Winuthayanon, Washington State University                                                                                
Logan Butler, Washington State University                                                                                                  
Esther Langholt, Washington State University                                                                                                  
Madeleine Harvey, Washington State University                                                                                                                                
James MacLean II, Washington State University                                                                                      
Kanako Hayashi, Washington State University  

Exposure to bisphenol (BP) A and structurally similar analogs negatively affect female 
and male reproductive functions. Our previous studies have shown that mouse offspring 
exposed to environmentally relevant doses of BPS and BPA in utero exhibit extensive 
alterations in reproductive phenotypes in not only the F1 but also the F3 male offspring. 
These impairments include disturbed spermatogenic progression, interrupted gene 
expression in testes, and significantly reduced sperm counts and motility. Furthermore, 
BPA and BPS exposure in utero altered the expression of DNA methyltransferases and 
DNA methylomes in the neonatal F3 testis, indicating that ancestral BPS exposure is 
able to transgenerationally disturb reproductive functions in offspring, probably due to 
disruption of spermatogenesis in the developing testis. To further elucidate these 
transgenerational effects, single-cell multi-omics (RNA+ATAC) were used focusing on 
neonatal (postnatal day 6, PND6) germ cells. PND6 was selected to determine altered 
epigenetic marks during the window where massive epigenetic reprogramming of germ 
cells is nearing completion. Pregnant CD-1 dams (F0) were administered 50 µg/kg/day 
BPA or BPS from gestational day 7 to parturition. Male mice from F1 and/or F2 offspring 
were bred with female mice without BP treatment to generate F2 and/or F3 offspring. 
We confirmed decreased sperm counts in 2~3-month-old F1, F2, and F3 offspring. 
However, no significant differences in motility or body and testis weights. The stages of 
the adult spermatogenic cycle showed disrupted germ cell development in male 
offspring. THY1+ germ cells from F1, F2, and F3 male mice at PND6 were collected for 
single-cell multi-omics with the expectation to reveal changes in germs at both gene 
expression and chromatin remodeling levels (TBD currently under the investigation of 
detailed analyses). The present study will provide whether in utero exposure to BPA or 
BPS alter epigenetic reprogramming in germ cells to induce reproductive defects in 
adults and whether certain epimutations sustained in cells of the germline can 
potentially be transmitted to subsequent generations. Supported by NIH/NICHD 
R21ES031607 
 

 



P48 - Characterization of Bull Seminal Plasma in Terms of Chemical Composition 
and Redox Status with Impact on Sperm Quality  
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Marko Halo Jr., Slovak University of Agriculture in Nitra, Slovakia,                                                    
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Marián Tomka, Slovak University of Agriculture in Nitra, Slovakia                                                       
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Peter Massányi, Slovak University of Agriculture in Nitra, Slovakia  

Seminal plasma plays an important role in the reproduction process due to its 
composition, providing spermatozoa with nourishment, antioxidants, etc. Analogically to 
blood plasma, seminal plasma could be considered a marker of reproductive health. The 
aim of our research was to determine the chemical composition of seminal plasma and 
how it affects redox status with overall impact on motility characteristics of spermatozoa. 
Semen of 20 bulls (Rad Holstein, Black Holstein, Slovak Simmental cattle) was collected 
and aliquoted for the further purposes of the study. Sperm quality was examined by 
Computer Assisted Semen Analyzer (CASA) for motility and by mitochondrial toxicity test 
(MTT) to evaluate the viability. Both analyses were carried out right after the collection 
and after an hour long coincubation of spermatozoa with seminal plasma at 37 °C. Seminal 
plasma, obtained by centrifugation, was analyzed by inductively coupled plasma atomic 
emission spectroscopy and selective mercury analyzer to quantify the concentrations of 
selected chemical elements (Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, Na, Ni, 
Pb, Sr and Zn). To suggest mode of action of detected chemical elements on 
spermatozoa, markers of oxidative stress (Total oxidant status – TOS, Ferric reducing 
ability of plasma – FRAP, Glutathione peroxidase – GPx, Superoxide dismutase – SOD, 
Malondialdehyde – MDA) were analyzed in seminal plasma. Pearson correlation 
suggested significant (p < 0.01) positive association of copper and magnesium content 
on TOS. Concentration of GPx negatively correlated (p < 0.05) with iron and mercury. 
Furthermore, positive relationships (p < 0.05) were observed between magnesium and 
sperm velocity and sperm viability. Contrary, sperm velocity was negatively associated 
with zinc concentration in seminal plasma. To conclude, acquired data indicate the quite 
high susceptibility of low levels of heavy metals that act via generation of reactive oxygen 
species and eventually impair spermatozoa motility features. Seminal plasma is easily 
accessible fluid of sires used for artificial insemination and therefore it should be 
monitored frequently to evaluate the reproductive health and to eliminate environmental 
or dietary threats that may affect the animal. This research was supported by the 
Operational program Integrated Infrastructure within the project: Creation of nuclear 
herds of dairy cattle with a requirement for high health status through the use of genomic 
selection, innovative biotechnological methods, and optimal management of breeding, 
NUKLEUS 313011V387, co-financed by the European Regional Development Fund. 
 



 

P49 - The ovarian response to DMBA exposure is altered by diet-induced obesity  

Kelsey Timme, Iowa State University                                                                                                     
Hunter White, Iowa State University                                                                                                      
Aileen Keating, Iowa State University  

Lifestyle and environmental factors, such as obesity and ovotoxicant exposure, reduce 
female fertility.  Obesity is associated with poor oocyte quality which limits female 
reproductive capacity by reducing conception and implantation. 7,12-
dimethylbenz[a]anthracene (DMBA) is a polycyclic aromatic hydrocarbon (PAH) created 
through the combustion of organic material.  Known ovotoxicants, PAHs result in female 
infertility through DNA damage.  Due to previous findings of DNA damage and a 
reduced ovarian protective response to ovotoxicant exposure in hyperphagia-induced 
obese relative to lean mice, this study investigated the hypothesis that a blunted 
response to DMBA exposure would occur in a diet-induced model of obesity.  At six 
weeks of age, female C57BL6J mice were fed either a normal rodent diet containing 
3.5% kCal from fat (lean; n = 20), or a high fat high sucrose diet comprised of 45% kCal 
from fat and 20% kCal from sucrose (HFHS; n = 20).  All mice were fed ad libitum until 
the HFHS mice attained a 30% increase in body weight compared to the lean mice, at 
which time each diet group was divided and injected with corn oil as vehicle control 
(CT) or 1 mg/kg DMBA for 7 d.  Vaginal cytology was performed starting at dosing onset 
until euthanasia at day two of diestrus.  Body, ovary, uterus, spleen, and liver weights 
were collected.  One ovary was utilized for follicle classification and enumeration. 
Protein was isolated from the second ovary for LC-MS/MS analysis. Body weight was 
increased (P < 0.05) by the HFHS diet but DMBA exposure had no effect.  Liver weight 
was increased (P < 0.05) in the HFHS DMBA (0.96g ± 0.04) compared to lean DMBA 
(0.80g ± 0.04) with no difference in the CT treated Lean or HFHS groups.  There was no 
treatment effect (P > 0.05) on ovary, uterine, or spleen weights, nor any effect (P > 0.05) 
on estrous cyclicity or circulating 17b-estradiol or progesterone.  Primordial follicles 
were higher (P < 0.05) in HFHS CT (386.0 ± 24.9) compared to Lean CT (279.2 ± 58.3) 
mice, while there was a tendency (P < 0.1) for higher primordial follicle number in DMBA 
exposed HFHS (366.0 ± 32.5) relative to Lean (285.5 ± 45.8) mice.  In HFHS mice 
exposed to DMBA, higher (P < 0.05) antral follicle number (6.7 ± 2.5) compared to Lean 
DMBA exposed mice (2.6 ± 0.8) were recorded.  There was no treatment effect (P > 0.1) 
on remaining follicular stages, or corpus lutea.  HFHS diet altered (P < 0.05) 80 proteins 
in CT treated mice, while only 14 proteins were altered (P < 0.05) by DMBA exposure in 
HFHS compared to Lean mice.  Exposure to DMBA altered (P < 0.05) 49 proteins in 
Lean mice, with only 4 proteins affected (P < 0.05) in HFHS mice.  These findings 
support the posit that the ovary of an obese female responds differently than a lean 
female to a genotoxicant exposure. Supported by 1R01ES030341-01 from NIEHS. 
 



P50 - Environmental modulation of sperm energetics by non-canonical PPARʏ 
signaling  

Joao de Agostini Losano, University of Florida                                                                              
Bradford Daigneault, University of Florida  

Postejaculatory mammalian sperm are susceptible to environmental conditions that 
influence sperm function during transit through the female reproductive tract. Unique 
motile characteristics facilitate the use of sperm as a biosensor of environmental 
volatilities that alter sperm function and impact fertility. Modulation of environmental 
conditions may disrupt membrane receptors, influence cytosolic signaling, mitochondrial 
function and chromosome instability. Peroxisome proliferator-activated receptor gamma 
(PPARʏ) is a somatic nuclear receptor that regulates energy metabolism, is sensitive to 
metabolic flux and plays keys roles in many reproductive functions. Herein we report 
novel detection, localization and characterization of PPARʏ in bovine sperm to 
determine roles in sperm function through pharmacological inhibition (GW9662) and 
activation (Rosiglitazone) that alters sperm kinematics and mitochondrial function. 
Frozen thawed bovine sperm were isolated by Percoll gradient and subjected to 
immunocytochemistry (n = 5 pools, 3 different bulls). PPARʏ detection by 
immunofluorescence was restricted to the head of sperm and further authenticated by 
gel electrophoresis. Three patterns of labeling were observed: 1) acrosomal, 2) 
equatorial relocalization in acrosome-compromised sperm and 3) non-labeled cells. To 
determine roles in sperm function, samples were maintained for 24 h under non-
capacitating conditions in a modified medium at ~23°C and co-incubated with the 
PPARʏ agonist (Rosiglitazone) or agonist (GW9662). Sperm kinematics were 
determined by CASA (IVOSII) and mitochondrial membrane potential (MMP) with JC-1 
fluorophore at time 0 (10 min post-incubation) and again at 24 h by warming aliquots to 
37°C prior to evaluation. Statistical analysis (PROC MIXED, SAS 9.3) evaluated the 
time*treatment interaction and included repeated measures over time. ANOVA was 
used to determine significance (P<0.05) between groups (LSD). Dose response 
experiments revealed that addition of Ros 50µM for 24 h maintained superior total and 
progressive motility (75%,53%) compared to vehicle control (66%,44% - DMSO 0.01%). 
The PPARʏ antagonist GW 1µM was detrimental (P<0.05) to both total and progressive 
motility (53%,28%), respectively. A challenge experiment (Ros + GW) partially rescued 
(P<0.05) total (66% vs 53%) and progressive motility (42% vs 28%) phenotypes 
observed with GW incubation. To explore roles of PPARʏ disparate of nuclear function, 
JC-1 staining after 24 h of incubation was used to categorize sperm based on high, low 
and intermediate MMP. Similar to motility observations, fewer sperm (P<0.05) with high 
MMP were observed in GW treatment for 24 h (52%) compared to Ros or VC 
(65%,62%), respectively. The negative GW MMP phenotype was reversed with the 
addition of Ros + GW (61% vs 52%; P<0.05). Likewise, a higher percentage of sperm 
(P<0.05) with low MMP (GW=30%) were observed compared to VC and Ros (18%, 
19%), respectively. Again, GW low MMP was partially restored with the addition of 
Ros+GW (25% vs 30%, respectively). Results from these experiments authenticate 



PPARʏ expression in bovine sperm and demonstrate roles devoid of traditional 
transcription factor activity in response to environmental stimuli via specific 
pharmacological activation and inhibition. These findings implicate PPARʏ as a novel 
environmental biosensor in mammalian sperm that modulates postejaculatory sperm 
energetics by non-canonical mechanisms that are important for motility and energy 
maintenance during sperm transport.    
 

P51 - Insights into Gene by PCOS interactions by means of assessing four 
genetically distinct mouse strains  

Leandro Velez, University of California, Irvine                                                                                                 
Casey Johnson, University of California, Irvine                                                                                                     
Isoo Yoon, University of California, Irvine                                                                                       
Farheen Dustagheer, University of California, Irvine                                                                                
Marcus Seldin, University of California, Irvine  

Polycystic ovary syndrome (PCOS) is one of the most frequent endocrinopathies, 
affecting 8–12% of women of reproductive age, and is characterized by the presence of 
ovarian cysts, oligo, or anovulation, and clinical or biochemical hyperandrogenism. 
Several key metabolic abnormalities such as insulin resistance, cardiovascular disease, 
and obesity are strongly linked to PCOS. The etiology of PCOS is largely unknown, 
where genetic and environmental factors such as obesity, endocrine disruption, and 
prenatal and peripubertal life events appear to be major driving forces. Here, our aim 
was to quantify genetic interactions with PCOS using four genetically distinct mouse 
strains (C57BL6/6NJ, A/J, DBA/2J, and Cast/EiJ) to interrogate ovarian and uterine 
genetic variation and concordant metabolic and reproductive traits in the context of 
PCOS, to gain mechanistic insights into this highly prevalent disease. Our PCOS model 
mimicked the human condition by means of a subcutaneous (sc) implantation of an 
aromatase inhibitor (letrozole)-containing pellet in the 4 strains, thus promoting 
increased levels of circulating androgen levels and consequent disruption in the 
androgen/estrogen balance and followed the treatment over a 6 week period. 
Conversely, control mice were sc implanted with a placebo pellet. In total we used 5 
mice per treatment per strain (total n = 40 mice) and assessed relevant metabolic and 
reproductive traits in vivo, followed by molecular and histological examination. Overall, 
when comparing PCOS to control mice, the strains displayed unique responses to 
PCOS. For example, in the ovary we found higher aromatase and follicle-stimulating 
hormone receptor gene expression in the mouse strains C57BL6/6NJ and Cast/EiJ 
whereas A/J and DBA/2J remained unchanged; estrogen receptor alpha gene 
expression was higher in all strains except in Cast/EiJ. In the uterine tissue, androgen 
receptor gene expression was higher only in A/J and remained unchanged in the other 
strains, whereas estrogen receptor alpha decreased in A/J and remained unchanged in 
the other strains. Through in vivo body composition analysis, we found that fat mass 
content was higher in C57BL6/6NJ and lower in A/J and no changes were observed in 



DBA/2J and Cast/EiJ. Total body weight by the end of the treatment increased in all the 
strains except in A/J. The glucose tolerance test showed a higher area under the curve 
(AUC) levels in C57BL6/6NJ and lower AUC in A/J, whereas no changes were observed 
in DBA/2J and Cast/EiJ. Finally, while Cast/EiJ, C57BL6/6NJ, and A/J presented 
moderated ovarian abnormalities by means of the histological observation, DBA/2J 
showed severe ovarian damage throughout the tissue. In summary, we present a 
framework to study genetic differences in the context of PCOS, and here we showed 
that the effect of a PCOS model on key reproductive and metabolic traits is heavily 
modulated by the differential genetic background, thus highlighting potential future 
directions for the assessment of gene by PCOS interactions. 
 

P52 - Epigenetic Silencing of SOX17 Expression by DNA Methylation Involves 
Pathogenesis of Adenomyosis and Endometriosis  
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Medical College, Changzhi, Shanxi, China                                                                                                              
Xia Wang, Heping Hospital of Changzhi Medical College  Changzhi, Shanxi, China                                                   
Fanrong Meng, Heping Hospital of Changzhi Medical College, Changzhi, Shanxi, China                                     
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Congxiu Miao, Heping Hospital of Changzhi Medical College, Changzhi, Shanxi, China  

Endometriosis and adenomyosis are common estrogen-dependent endometrial 
disorders in women of reproductive age, that causes heavy menstrual bleeding, 
pelvic pain, and infertility. Despite much progress in etiopathogenesis of these 
diseases has been made over recent years, it remains elusive why endometriosis 
or adenomyosis affects only some women, not the others. Previous studies have 
shown that SOX17 gene is a downstream target of the progesterone receptor-
GATA2-dependent transcription network in endometrial epithelial cells and plays a 
critical role in embryo attachment at the time of implantation. Ablation of uterine 
SOX17 expression leads to an unopposed estrogen action and persistent epithelial 
proliferation. Ample evidence also suggests that SOX17 functions as a tumor 
suppressor in many tumors including endometrial cancer. The role of SOX17 in 
pathogenesis of endometriosis and adenomyosis remains largely unknown. In this 
study, SOX17 expression in the eutopic and ectopic endometrium obtained from 
patients with ovarian endometriosis or adenomyosis was assessed by 
immunohistochemistry and quantitative real time PCR.  The methylation status of 
SOX17 promoter in these tissues was monitored by enzymatic digestion of 
genomic DNA, followed by quantitative real time PCR. Our results showed that 
SOX17 expression is mainly localized in epithelial cell compartment in normal 
endometrium with a slightly higher level of expression in the luminal epithelial cells 
at the mid-secretory phase of menstrual cycle. When compared to the endometrial 
tissues obtained from healthy women, SOX17 expression was markedly dampened 



in the eutopic and ectopic endometrium of patients with endometriosis or 
adenomyosis. In addition, SOX17 promoter methylation was significantly 
enhanced  in these  tissues. In conclusion, our studies revealed that epigenetic 
silencing of SOX17 expression by DNA methylation in endometrium is involved in 
establishment and progression of endometriosis and adenomyosis. Further 
investigation of the regulatory mechanism of SOX17 expression and SOX17-
governed molecular pathways in the eutopic and ectopic endometrium will provide 
novel insights into diagnosis and treatment of these diseases and disease-related 
infertility. 
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Endometriosis and adenomyosis are common chronic disorders frequently encountered 
in women of reproductive age, causing heavy menstrual bleeding, pelvic pain, and 
infertility. Ample evidence suggests that progesterone resistance is common 
phenomenon in both the eutopic endometrium and ectopic lesions in endometriosis and 
adenomyosis, the underlying molecular mechanisms remain unclear. Our early studies 
showed that HAND2 is a critical mediator of progesterone action in endometrium. 
Silencing of uterine HAND2 expression leads to an unopposed estrogen action and a 
persistent endometrial proliferation. We recently observed that HAND2-AS1, an lncRNA 
that locates near HAND2 in head to head manner in genomic DNA, is co-expressed with 
HAND2 in human endometrial stromal cells. To investigate whether HAND2-AS1 and 
HAND2 are both involved in pathogenesis of endometriosis and adenomyosis, 
immunohistochemistry and quantitative realtime PCR were employed to assess their 
expression in normal endometrium, as well as in the eutopic endometrium and ectopic 
lesions obtained from patients with ovarian endometriosis or adenomyosis. The 
methylation status in the bidirectional promoter that links HAND2 and HAND2-
AS1 genomic loci was also monitored in these samples. Our results revealed that 
both HAND2 and HAND2-AS1 expression levels were reduced significantly in the 
eutopic and ectopic endometrium when compared to the normal controls. The level of 
DNA methylation in the bidirectional promoter was also clearly enhanced in the eutopic 
and ectopic endometrioim of these patients. To further investigate regulation of HAND2 



expression by HAND2-AS1 in human endometrial stromal cells, HAND2-AS1 expression 
was either knockdown by siRNA-mediated silecing or overexpressed by transfection of 
expression vector harboring HAND2-AS1 in these cells. Our studies showed that 
expression levels of HAND2 and its target IL-15 were attenuated markedly in HAND2-
AS1-silenced endometrial stromal cells but enhanced dramatically in the overexpressed 
endometrial stromal cells. Interestingly, the level of DNA methylation in the bidirectional 
promoter of HAND2 and HAND2-AS1 was also enhanced in response to HAND2-AS1 
silencing. In conclusion, our study reveals that down regulation of HAND2-AS1 and 
HAND2 expression in the eutopic endometrium and the ectopic lesions is a leading 
cause of progesterone resistance in patients with endometriosis and adenomyosisis. 
LncRNA HAND2-AS1 governs target gene HAND2 transcription, at least in part, via 
modification of DNA methylation. (This research was funded by National Natural Science 
Foundation of China, 319771073 to Dr. Li, and Natural Science Foundation of Shanxi 
Province NSF201901D111328 to Dr. Miao) 

P54 - The chromatin structural protein CCCTC-binding factor (CTCF) is essential 
for optimal endometrial development and function  

Sylvia Hewitt, NIEHS                                                                                                                                      
Cynthia Willson, Integrated Laboratory Systems, LLC                                                                                      
John Lydon, Baylor College of Medicine                                                                                                             
Niels Galjart, Erasmus MC,                                                                                                                                             
Francesco DeMayo, NIEHS  

Transcription factors, including estrogen and progesterone receptors, frequently 
interact with enhancers that are distal from regulated genes. Complexes of architectural 
proteins, including Cohesin and CCCTC-binding factor (CTCF), drive interactions 
between distal enhancers and responsive genes. Deletion of Ctcf in mice is embryonic 
lethal, whereas Ctcf heterozygous mice have increased susceptibility to cancers in 
multiple organs. CTCF is frequently (20%+) decreased or mutated in human endometrial 
tumors, indicating its importance in uterine homeostasis. To better understand how 
CTCF-mediated enhancer-gene interactions impact endometrial development and 
function, the Ctcf gene was selectively deleted in progesterone receptor (Pgr) 
expressing cells of female reproductive tissues of mice using PgrCre. The fertility of 
Ctcfd/d females was evaluated and compared to control littermates (Ctcff/f). Ctcfd/d 
females were sterile, while retaining the ability to ovulate and produce estrogen and 
progesterone. Histological analysis of the uterus showed that at postnatal day 21 
(pnd21), Ctcfd/d uterine tissue exhibited overall normal morphology, but with a significant 
reduction in the number of uterine glands. At 6 weeks of age, Ctcfd/d uteri were 
hypoplastic with significant reduction in the size of the endometrial stroma and 
continued reduction in number of glands. CTCF is deleted in most epithelial and stroma 
cells of Ctcfd/d mice at pnd21. By 6 weeks, CTCF remains deleted in Ctcfd/d epithelial 
cells, but most of the stromal cells in the hypoplastic Ctcfd/d uteri retained CTCF 
expression, suggesting deleting Ctcf prevents proliferation and/or survival of CTCF-null 



stroma cells.  Transcriptomic profiles from pnd21 Ctcff/f and Ctcfd/d uterine samples did 
not indicate an impact on cell survival or apoptosis, but reflected increased inflammatory 
response after Ctcf deletion, including activation and movement of leukocytes, and 
increased acute phase response and cytokine signaling. Accordingly, increased F4/80+ 
monocytes were detected within the stroma of Ctcfd/d uterine sections, corroborating 
significant uterine remodeling observed as the mice mature. Six-week-old Ctcff/f and 
Ctcfd/d mice responded comparably to estrogen and/or progesterone treatment, with 
increased Ihh (epithelial cells), Igf1 (stroma cells) and Lif (glandular epithelial cells), 
indicating hormone regulation of these genes is not altered. Further work is needed to 
elucidate mechanisms by which CTCF maintains stromal cell viability and reveal how 
Ctcf deletion impacts to stromal cell loss and reorganization of the uterine structure. 
 

P55 - Characteristics of miRNAs present in bovine sperm and associations with 
differences in fertility.  

Nicholas Werry, The University of Guelph                                                                                                                      
Daniel Gillis, The University of Guelph                                                                                                           
Katie Hickey, The Semex Alliance                                                                                                        
Sarah Miller, The Semex Alliance                                                                                                              
Steven Larmer, The Semex Alliance                                                                                                   
Michael Lohuis, The Semex Alliance                                                                                                              
Clifford Librach, CReATe Fertility  

Small non-coding RNAs have been linked to different phenotypes in bovine sperm, 
however attempts to identify sperm-borne molecular biomarkers of male fertility have 
thus far failed to identify a robust profile of expressed miRNAs related to fertility. To 
explore differences in fertility that are not apparent using visible metrics of sperm 
quality, we employed Next Generation Sequencing to compare the miRNA populations 
in Bos taurus sperm from bulls with comparable motility and morphology but varying 
Sire Conception Rates.  We identified the most abundant miRNAs in both populations 
and evaluated differences in the overall levels and specific patterns of isomiR 
expression. We also explored correlations between specific pairs of miRNAs in each 
population and identified 10 distinct pairs of miRNAs that were positively correlated in 
bulls with higher fertility and negatively correlated in comparatively less fertile 
individuals.  Furthermore, 8 additional miRNA pairs demonstrated the opposite trend; 
negatively correlated in high fertility animals and positively correlated in less fertile bulls. 
Finally, we performed pathway analysis to identify potential roles of miRNAs present in 
bull sperm in the regulation of specific genes that impact spermatogenesis and embryo 
development. Together, these results present a comprehensive picture of the bovine 
sperm miRNAome that suggests multiple potential roles in fertility. 
 



P5 - Decidualization-associated changes in epigenetic age are dysregulated in 
endometriosis and correlate with differences in DNA repair gene expression  

Katie Leap, UCLA                                                                                                                                      
Julian Martinez-Agosto, UCLA  

Epigenetic age is a biomarker that predicts the age of a sample given its DNA 
methylation profile. Epigenetic age acceleration or deceleration is the difference 
between the chronological age of the donor giving the sample and the predicted 
epigenetic age. Acceleration is most commonly seen in disease states and deceleration 
is seen in induced pluripotent stem cells or teratomas. We have previously explored the 
correlation between decelerated epigenetic age and the potential origins of ectopic 
endometriosis tissue. We next hypothesized that hormonal remodeling of the 
endometrium would correlate with epigenetic age changes and that gene expression in 
the eutopic endometrium would be dysregulated in endometriosis. 

We used a previously published dataset (Houshdaran et al, 2020, GSE145702) of DNA 
methylation and gene expression data to compare primary uterine endometrial stromal 
cells derived from endometriosis patients or controls under the following hormonal 
treatments: vehicle, estrogen only (E2), progesterone only (P4), or combined estrogen 
and progesterone (E2+P4). In that study, all of the endometriosis patient primary cell 
lines (stage-I, n = 4; stage-IV, n = 4) were selected for their lack of decidualization and 
all of the control primary cell lines (n = 4) were selected for decidualization. We then 
used weighted gene co-expression network analysis (WGCNA) to identify modules of 
genes that were associated with DNA methylation age (Horvath’s epigenetic clock) and 
gene ontology to define the modules. We then fit linear models predicting DNA 
methylation age using the identified pathway genes, age, and disease status. We used 
both the LASSO and stepAIC to select the best coefficients to predict DNA 
methylation age. Finally, we validated our results in the Turku Endometriosis Database, 
an additional unrelated cohort of whole tissue samples (control n = 33; case n = 80). 

We found a marked epigenetic age deceleration in the E2+P4 treated control cells in 
contrast to the treated endometriosis cells, which had no change in epigenetic age. 
Expression of markers of decidualization (PRL and IGFBP1) were significantly higher in 
the control E2+P4 group, but the expression of these genes did not correlate with DNA 
methylation age. WGCNA and gene ontology identified the Fanconi anemia pathway as 
correlated with DNA methylation age in these cells. Out of the identified FA pathway 
genes, our final linear model included cortistatin (CORT), centromere protein X 
(CENPX), and FA complementation group M (FANCM), as well as age and disease 
status as predictors of DNA methylation age. Variation in DNA methylation age in this 
dataset was correlated with changes in gene expression of CORT (B = -4 years) and 
CENPX (B = +3 years), R2 = 0.68. We observed differential expression of CORT and 
CENPX in eutopic endometrium from cases and controls in the Turku Endometriosis 



Database, an additional unrelated cohort of whole tissue samples, validating our 
findings. 

Taken together, these findings suggest that dysregulation of eutopic endometrium gene 
expression in endometriosis may be under epigenetic control and that underexpression 
of CORT and overexpression of CENPX may provide mechanistic insights into the 
observed subfertility of patients with endometriosis. 
 

P58 - Developmental exposure to DES disrupts adult estrous cycle-dependent 
coordinated dynamic binding of ERα and PgR at accessible chromatin  

Wendy Jefferson, National Institute of Environmental Health Sciences                                              
Tianyuan Wang, National Institute of Environmental Health Sciences                                                
Elizabeth Padilla-Banks, National Institute of Environmental Health Sciences                                        
Carmen Williams, National Institute of Environmental Health Sciences  

Hormone-dependent gene expression changes in the uterus across the estrous cycle 
suggest that hormone receptor binding to chromatin is also dynamic. Neonatal DES 
exposure causes persistent estrus and alters uterine gene expression, but the 
chromatin-based mechanisms underlying these changes are not known. We employed a 
multi-faceted approach to examine in vivo dynamics of hormone receptor occupancy 
and chromatin accessibility in normally cycling (diestrus and estrus) and DES-exposed 
(persistent estrus) mice. This was done by combining genome-wide analyses of gene 
expression (RNA-seq), chromatin accessibility (ATAC-seq) and sites of estrogen 
receptor alpha (ERα) and progesterone receptor (PgR) chromatin association (ChIP-
seq). In addition, rapid immunoprecipitation mass spectrometry of endogenous proteins 
(RIME) was performed to identify ERα binding partners and determine how they differed 
across the three groups. Our key findings when comparing control diestrus (CoD) to 
estrus (CoE) groups were that overall differences in gene expression across the estrous 
cycle could not be explained by either alterations in chromatin accessibility or the 
simple model of sequential binding of ERα and PgR in the presence of their respective 
ligands (estrogen during CoD and progesterone during CoE). Further, differential 
binding of these two transcription factors (TFs) at promoter regions explained few 
changes in gene expression. However, ERα and PgR occupancy at constitutively open 
enhancers was dynamic, with both receptors bound during diestrus followed by 
dissociation of ERα and PgR together or dissociation of PgR alone during estrus. RIME 
analysis revealed vastly different ERα binding partners across the estrous cycle, 
including diestrus-specific PgR association, which is in agreement with ChIP-seq data. In 
addition, motif enrichment at CoD-specific ERα binding locations suggested a very 
different TF landscape compared to CoE-specific ERα binding. These data suggest that 
other TFs play a role in estrous cycle specific ERα and/or PgR binding. Neonatal DES 
exposure disrupted this carefully orchestrated stage specific ERα and PgR co-
occupancy. Unlike CoD or CoE, ERα excessively accumulated at the transcription start 



site in DES-exposed uteri, while PgR was at similar levels to controls. Enhancers also 
exhibited excessive and often aberrant ERα binding, with PgR binding similar to control 
levels. This finding was supported by RIME analysis, which identified PgR as a direct 
binding partner of ERα in DES-exposed uteri, similar to CoD. Motif enrichment of DES-
specific ERα binding locations indicated the TF landscape was atypical compared to 
either control group, with less enrichment of the ERα binding motif and enrichment of 
alternative motifs not observed in controls, such as HIF2α. HIF2α ChIP-seq showed high 
overlap with DES-specific ERα binding. Furthermore, conditional uterine deletion of 
HIF2α prevented some DES-specific ERα binding and gene expression changes. We 
conclude that neonatal DES exposure alters ERα binding partners as well as DNA 
binding locations; HIF2α-dependent ERα binding is an example. In addition, neonatal 
DES exposure results in persistent, excessive accumulation of ERα at the transcription 
start site and enhancers with no removal of PgR; this chromatin association pattern 
results in constant abnormal pressure on nearby gene expression. 
 

P59 - The DNA Methylation in the Regulation of Plasma Gelsolin Expression in 
Ovarian Cancer Chemoresistance  

Hafiza Bushra Manzoor, Ottawa Hospital Research Institute and University of Ottawa            
Meshach Asare-Werehene, Ottawa Hospital Research Institute and University of Ottawa                 
Hamed Yasavoli-Sharahi, University of Ottawa                                                                                    
Chantal Matar, University of Ottawa                                                                                                      
Benjamin Tsang, Ottawa Hospital Research Institute and University of Ottawa  

Ovarian cancer (OVCA) is the most lethal gynecologic cancer. Chemoresistance 
remains a major hurdle to successful therapy and patient survival. The secreted isoform 
of the actin-associated protein, gelsolin (pGSN), is highly expressed in chemoresistant 
than chemosensitive OVCA cells, although the mechanism underlying the differential 
expression is not known. Also, its overexpression significantly correlates with shortened 
survival of OVCA patients. Ten eleven translocation enzyme isoform 1 (TET1) plays a 
key role in the regulation of gene expression by DNA demethylation and contributing to 
cancer development and chemoresistance. Whether pGSN expression in OVCA cells is 
regulated by DNA methylation and TET1 regulates the differential pGSN expression 
between chemosensitive and resistant OVCA cells is not known. We hypothesize that 
pGSN overexpression in chemoresistant OVCA cells is due to the hypomethylation at its 
promoter region by TET1. Our objective is to investigate whether TET1 differentially 
regulates pGSN expression by hypomethylation. TCGA public datasets were analyzed to 
establish a correlation between pGSN and TET1 as well as their impact on patient 
survival. Chemosensitive and chemoresistant OVCA cell lines of different histological 
subtypes were used in this study. pGSN and TET1 protein contents were determined by 
western blotting and cisplatin-induced chemoresponsiveness assessed by Hoechst 
staining and CCK-8 assay. To analyze the role of TET1 in pGSN-mediated 
chemoresistance in OVCA cells, TET1 expression was silenced with siRNA. High TET1 



and pGSN expression significantly correlate with increased recurrence and shortened 
survival of OVCA patients. Additionally, pGSN expression positively correlated with 
TET1 in human OVCA tissues suggesting the potential interaction of these proteins. 
pGSN and TET1 are highly expressed in endometrioid chemoresistant cells (A2780cp) 
compared with their chemosensitive (A2780s) counterparts. These observations were 
associated with decreased chemo-responsiveness. Cisplatin treatment reduced pGSN 
and TET1 contents in chemosensitive cells but not in chemoresistant cells. In our 
preliminary findings, TET1 silencing in chemoresistant cells appears to decrease pGSN 
content, suggesting a potential role of TET1 in pGSN expression. Our findings will 
demonstrate the potential role of TET1 in pGSN-mediated chemoresistance and its 
application in the development of novel therapeutic strategies to overcome OVCA 
chemoresistance and to improve patient survival rate. (This research is supported by 
grants from the Canadian Institutes of Health Research.) 
 

P60 - Identification Of A New Sperm Factor Essential For Fertilization In Zebrafish 
And Mice.  

Victoria Deneke, Yonggang Lu Osaka University                                                                                  
Alexander Schleiffer, Research Institute of Molecular Pathology                                                      
Masahito Ikawa, Osaka University                                                                                                          
Andrea Pauli, Research Institute of Molecular Pathology  

Fertilization, the union of sperm and egg, is a key step in the reproduction of all sexually 
reproducing species. Despite its fundamental importance, the molecular mechanisms 
that regulate this process remain elusive. To date, seven sperm factors and two egg 
factors have been shown to be essential for binding and fusion of sperm and egg in 
mammals. We have recently shown that three of them, Spaca6 and Dcst1/2, are 
conserved sperm factors that are also essential for fertilization in the non-mammalian 
vertebrate model Danio rerio and are involved in sperm-egg binding. Furthermore, 
spaca6 knockout sperm show decreased levels of Dcst2 protein, suggesting that 
Spaca6 regulates the expression or protein stability of this sperm fertility factor. Through 
a bioinformatic approach, we have uncovered a new sperm factor required for 
fertilization in both zebrafish and mice. The gene encodes a transmembrane protein and 
is primarily expressed in testis. Consistent with expression data, male fish and mice 
lacking this protein are infertile while mutant females are fertile. In addition, mutant 
sperm is motile and can approach the egg, but fails to bind to the oolemma in zebrafish, 
phenocopying spaca6 and dcst1/2 mutant sperm. Together, our results point to the 
requirement of a new conserved factor on the sperm that is involved in sperm-egg 
adhesion, expanding on the complex regulation that underlies vertebrate sperm-egg 
interaction. 
 



P61 - How does fertilization lead to a depolarization in eggs from the African 
clawed frog, Xenopus laevis?  

Kayla Komondor, University of Pittsburgh                                                                                               
Rachel Bainbridge, University of Pittsburgh                                                                                                 
Katherine Sharp, University of Pittsburgh                                                                                                            
Joel Rosenbaum, University of Pittsburgh                                                                                                   
Anne Carlson, University of Pittsburgh  

Fertilization of an egg by more than one sperm, a condition known as polyspermy, is one 
of the earliest barriers to successful reproduction. To prevent polyspermy, eggs utilize 
different mechanisms to keep sperm out of an already fertilized egg. In external 
fertilizers, there is a process known as the fast block to polyspermy that evokes an egg 
plasma membrane depolarization within seconds of fertilization; sperm can bind but not 
enter depolarized eggs. Using the African clawed frog, Xenopus laevis, we have 
determined that the fast block requires a phospholipase C (PLC) mediated increase in 
IP3 to signal Ca2+ release from the ER and open TMEM16A channels. We sought to 
uncover how fertilization activates PLC to signal the fast block, and where the PLC is 
natively – from egg or sperm. We utilized U73122, a general PLC inhibitor, and 
pretreated eggs and sperm both separately and together. We found that eggs 
pretreated with U73122 did not induce the fast block to polyspermy while eggs fertilized 
with sperm pretreated with U73122 maintained the ability to perform the fast block, 
indicating that the PLC necessary for the fast block comes from the egg, not the sperm. 
We used bioinformatics to examine two datasets and determined that there are three 
PLC isoforms present in X. laevis eggs: one PLC-γ and two PLC-β. To test whether 
fertilization activates one or more of these egg-derived PLCs to signal a depolarization, 
we determined whether inhibiting their canonical activation disrupted the fast block to 
polyspermy. PLC-γ is typically activated by tyrosine phosphorylation. Using tyrosine 
phosphorylation inhibitors, genistein or dasatinib, we found that fertilization evoked 
normal depolarizations. In control experiments, we expressed the platelet derived 
growth factor (PDGF) receptor tyrosine kinases in X. laevis oocytes. Using western 
blots, we demonstrate both 100 mM genistein and 100 nM dasatinib stopped PDGF 
induced tyrosine phosphorylation of PLCγ1. We also demonstrate that PLCγ1 is not 
tyrosine phosphorylated during fertilization. We next turned to PLC-β, which are typically 
activated by G-aq/11 mediating signaling pathways. We found that inhibiting G-aq/11 using 
BIM-46187 or YM-254890 did not alter fast block. Together these results indicate that 
fertilization activation of the fast block to polyspermy requires an egg-derived PLC that 
is activated by a novel mechanism.  
 

P62 - Stallion Sperm Zinc Signature  

Molly Gustafson, Iowa State University                                                                                                   
Adrian Ramirez Klare, Iowa State University                                                                                                    



Alexandra Keller, Iowa State University                                                                                                     
Kristen Reno, Iowa State University                                                                                                               
Nikki Ferwerda, Iowa State University                                                                                                              
Karl Kerns, Iowa State University  

Building on the recent discovery of the sperm zinc signature phenomenon in the boar, 
bull, and man, we have characterized the localization of zinc ions in stallion 
spermatozoa. Stallions were collected at Iowa State University’s horse facilities and 
cooled to +4° C until the time of analysis. Sperm motility and concentration was 
recorded, and 5 million spermatozoa were labeled with zinc indicator FluoZin-3 AM 
(FZ3), acrosome health indicator lectin PNA-Cy5 (PNA), live/dead cell, plasma 
membrane-integrity reflecting DNA stain propidium iodide (PI), and DNA marker 
Hoechst 33342. Sperm cells were then assessed for zinc localization patterns and 
imaged using a Leica DM6 THUNDER epifluorescent microscope system. Four zinc 
localization patterns were uncovered (further zinc signatures) present in boar and man. 
Briefly those were as follows: Signature 1 spermatozoa have zinc localized throughout 
the entire sperm head and tail. Signatures 2 has zinc ions mapped to the whole sperm 
head but only the sperm tail midpiece (excluding the principal piece). Signature 3 has 
midpiece localization only (no zinc in the sperm head). Signature 4 spermatozoa lack 
zinc ions all together. Bull has all four of these, with the addition of Signature 5 zinc ion 
localization to the acrosome. Here we discovered two new signatures in stallion along 
with the five previously identified zinc signatures. In the first new signature observed, 
herein referred to as zinc signature 6, we observed zinc localization (as indicated with 
zinc tracer FZ3) in only the sperm head and no zinc ions in the midpiece or tail. In the 
second new signature (zinc signature 7), we observed zinc ions on the sperm head, 
through the midpiece, but absent in the section of the principal piece directly following 
the midpiece, and zinc localizing towards the end of the principal piece going into the 
end piece, likely related to outer dense fibers localized to this region. We confirmed 
these results by imagining 10,000 sperm cells/sample on an ImageStreamX Mark II 
image-based flow cytometer (IBFC), with percent of sperm ranging as follows: signature 
1 (5-10%), signature 2 (60-65) %, signature 3 (15-20%), signature 4 (5-10)%, signature 5 
(<5%), signature 6 (<5%) and signature 7 (<5%). While sperm capacitation was not 
studied here due to the current knowledge gap of in vitro capacitation inducers in 
stallion sperm, our previous data in boar and man shows that the sperm zinc signature is 
associated with key sperm capacitation events (hyperactivated motility, capacitation-
induced acrosomal changes & changes in plasma membrane fluidity, acrosomal 
exocytosis, and finally late-stage capacitation cell death). Discovery of the stallion sperm 
zinc signature here could be used to help further stallion sperm capacitation basic 
research given its correlations with key sperm capacitation events in other higher order 
mammals. Knowledge gained here could help assess stallion fertility status given the 
zinc signature is indicative of boar and bull fertility, paving the way for more accurate 
stallion semen quality analysis. Work performed here was supported by the National 
Institute of Food and Agriculture, U.S Department of Agriculture under grant number 
2022-67015-36298 (KK).  



P63 - Canine Sperm Zinc Signature  
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Based on previous sperm zinc ion localization findings in bull, boar, and man [1], we 
characterized the localization of zinc ions (further zinc signature) in canine spermatozoa. 
Semen samples from proven males were collected and extended with IMV Technologies 
INRA96 and cooled to +4°C until the time of analysis. Sperm motility and concentration 
were recorded, and five million spermatozoa were labeled with zinc indicator FluoZin3 
(FZ3); acrosome health indicator lectin PNA-Cy5 (PNA); live/dead cell, plasma 
membrane-integrity reflecting DNA stain propidium iodide (PI); and DNA marker 
Hoechst 33342. Sperm cells were examined and imaged using a Leica DM6 THUNDER 
epifluorescent microscope system. Four zinc signatures previously uncovered in boar 
and man were evaluated [1]. Briefly those patterns were as follows: Signature 1 
spermatozoa have zinc localized throughout the entire sperm head and tail. Signatures 2 
has zinc ions mapped to the whole sperm head and midpiece, excluding the principal 
piece. Signature 3 has midpiece localization only (no zinc in the sperm head). Signature 
4 spermatozoa lack zinc ions all together. A fifth zinc localization, Signature 5, was 
previously found in bull sperm. This zinc ion localization occurs within the acrosome. 
Our research confirmed the presence of all five zinc signatures in canine sperm with the 
addition of three new zinc signatures, Signature 6, 7, and 8. The first new signature 
observed consisted of zinc ions localized (as reported by zinc tracer FZ3) to the entire 
sperm head with no zinc localizing in the tail (Signature 6). The second new signature 
consisted of zinc localized throughout the head, midpiece, and distal portion of the 
principal piece and end piece but absent in the portion of the principal piece directly 
following the midpiece (Signature 7). The third signature included zinc localized to the 
postacrosomal sheath and midpiece (Signature 8). Findings were confirmed by imaging 
10,000 sperm cells/sample with high-throughput, single cell phenotyping using an 
ImageStreamX Mark II image-based flow cytometer. Previous sperm zinc signature 
research in boar and man discovered zinc localization patterns are associated with key 
sperm capacitation events such as hyperactivation, changes in plasma membrane 
integrity, acrosomal modification & exocytosis, and capacitation-associated cell death. 
Given confirmation of the sperm zinc signature in canine sperm, future canine sperm 
capacitation studies can compare these capacitation associations. Knowledge gained 
here could help assess canine fertility given the zinc signature is indicative of boar and 
bull fertility. This could help pave the way for more accurate dog semen quality analysis. 



Research was supported by the National Institute of Food and Agriculture, U.S 
Department of Agriculture under grant number 2022-67015-36298 (KK). 

  

P64 - Capacitation Alters the Fatty Acid Composition in Murine Sperm and Media  
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In the United States, an estimated 11% of the population of reproductive age have 
reported experiencing issues with fertility. Unfortunately, not much is currently known 
about male factors of fertility. It has long been known that sperm must first undergo a 
process known as capacitation before they can fertilize an ovum. Capacitation, which 
occurs in the uterine tube of the female reproductive tract, includes structural and motile 
changes that allow sperm to proceed to the acrosomal reaction, which is the final 
physiological event that sperm undergo before fertilization. The process of capacitation 
involves a series of biochemical changes such as increased metabolism, changes in 
energy expenditure, efflux of cholesterol, and increased plasma membrane fluidity, 
among other things. In addition to the loss of cholesterol, previous literature has 
demonstrated an overall depletion and reorganization of lipids in spermatozoa, including 
changes in polyunsaturated fatty acids (PUFAs) such as arachidonic acid (AA), linoleic 
acid (LA), and docosahexaenoic acid (DHA), as well as saturated fatty acids such as 
myristic acid and palmitic acid. However, the characterization of total lipid efflux due to 
capacitation has yet to be elucidated. In this preliminary study, mouse sperm cells 
isolated from the cauda epididymis and media from both capacitated and non-
capacitated cauda sperm were utilized for fatty acid analysis. Thin-layer 
chromatography (TLC) was performed on lipids isolated from capacitated and non-
capacitated media samples to separate phospholipids (PL), free fatty acids (FFA), and 
triacylglycerols (TAG). These groups of lipids were then recovered and transformed into 
fatty acid methyl esters (FAMEs) prior to analysis using gas chromatography-mass 
spectrometry (GC-MS). In the analysis of GC-MS data, it was found that there are 
notable differences in the lipid composition of control sperm cells compared to that of 
capacitated sperm cells, as well as marked differences in the media in each of these 
respective groups. Specifically, there was a 3.2-fold increase in AA, a 6.2-fold increase 
in DHA, and a 6.1-fold increase in docosapentaenoic acid found in the media of 
capacitated sperm compared to media of non-capacitated sperm. These preliminary 
findings indicate that these particular PUFAs are directly impacted during capacitation 
and aids in confirming the hypothesis that fatty acids are key players in capacitation. 
Future studies will investigate the functional role of these identified important fatty acids, 
including how they interact with uterine tube cell receptors in vivo. 



P65 - Synchronizing ovulation and mating timing achieved triple yield of two-cell 
embryos in superovulated female mice  
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In mammals, sperm ejected into the vagina travels from the uterus to the oviduct and 
reaches the ovulated oocyte and has success in fertilization. In mature female mice, 8-
10 oocytes are ovulated following the estrus cycle and almost all oocytes are fertilized 
by mating with male mice. On the other hand, there is the limitation of fertilized oocytes 
ovulated by superovulation treatment. Previously, we developed an ultrasuperovulation 
technique using inhibin antiserum and equine chorionic gonadotropin (IASe) that allows 
producing 100 oocytes from a single female mouse at 4-weeks old. After mating with the 
superovulated female mouse using IASe and matured male mice, about 20 oocytes 
were fertilized. We hypothesized that the low efficiency of fertilization in superovulated 
female mice may be lacking enough number of sperm in the ampulla. In this study, we 
examined the effects of ovulation and mate timing on fertilization rate. First, we checked 
the ovulation timing and classified the three periods, pre- (conventional mating time), 
during-, and post-ovulation. Mated female mice at during- and post-ovulation showed 
higher fertilization rates than female mice at pre-ovulation (pre: 20.0±20.5% vs during: 
71.2±23.5% vs post: 75.6±17.2%). The number of embryos obtained at post-ovulation 
was three times higher than at pre-ovulation. After embryo transfer, the fertilized 
oocytes were normally developed into live pups. These results suggested that 
synchronizing the timing of ovulation and mating increased the fertilization rate. The 
technique will be applicable to efficiently produce in vivo fertilized oocytes used for 
making genetically modified mice and achieve the reduction of animal numbers 
following the 3Rs principle. 
 

P66 - Assessment of Specific Metabolites and pH in Spent Culture Media to 
Identify Healthy Embryos  

Seok Hee Lee, University of California San Francisco                                                                               
Paolo Rinaudo, University of California San Francisco  

Despite advances made in IVF technology, more than 85% of embryos are inviable, 
necessitating multiple transfers to conceive, and multiple embryos per transfer. This 
increases the number of multiple births, which can significantly compromise maternal 
and newborn health, such that the costs of care of these pregnancies now greatly 
exceeds the treatment itself. In addition, embryos generated external to the body are 



exposed to non-physiologic conditions that can profoundly affect their development and 
impair adult health. Thus, there is a great need to develop technologies that can identify 
healthy embryos for transfer, to maximize implantation, minimize need for multiple 
embryo transfers, and produce healthier offspring.  Our past work has revealed that IVF 
generated mouse blastocysts show increase in mitochondrial alterations, increased 
oxidative stress and alterations of several metabolites, including intracellular decrease in 
pyruvate and increase in lactate. It is however unknown if metabolic changes identified 
intracellularly could be identified in spent culture media. To answer this question, mouse 
blastocysts were generated: 1) in vivo after mating (control = Flushed blastocyst group; 
FB), or by IVF and culture under 2) physiologic (5%O2 = optimal condition) or 3) 
atmospheric (20%O2 = suboptimal condition) oxygen. Next, levels of pyruvate, lactate, 
ROS and pH were measured intra and extracellularly. Pyruvate and lactate levels were 
measured by spectrophotometry using the Pyruvate and lactate assay kits (Cayman 
Chemical, MI, USA) in 300 blastocysts and culture media. ROS levels were measured 
intracellularly using H2DCFDA, (D6883, Sigma-Aldrich), and extracellularly using 
Oxiselect™ ROS Assay kit (Cell Biolabs, San Diego, CA, USA). Intracellular pH was 
measured in single blastocysts using SNARF-1 (Molecular Porbes, Eugene, OR). 
Extracellular pH was measured with a pH electrode (3 mm in diameter, Orion Ross 
Electrode, Thermo Scientific, USA) in group of 20 embryos. One-way analysis of 
variance with Tukey’s multiple comparison test or unpaired t-test using GraphPad Prism 
9.0. Differences were considered statistically significant if p < 0.05. 

We found that Intracellular pyruvate levels were decreased, while intracellular lactate 
levels were increased in IVF-generated embryos compared to in vivo 
embryos.  Extracellular lactate and pyruvate levels were decreased in culture media of 
IVF embryos. Also, IVF-generated blastocysts had significantly increase in intracellular 
ROS and extracellular ROS levels. Regarding pH levels, IVF-generated blastocysts had 
significantly higher intracellular pH, while extracellular pH level was lower and showed 
an inverse correlation to intracellular pH. 

 In conclusion, embryos generated by IVF showed several metabolic alterations 
compared to in vivo generated embryos. Further, embryos cultured in more stressful 
conditions (20%O2) showed increased in these alterations. The current findings will be 
useful to identify healthier embryos to transfer. 
 

P67 - Alert or Absent: How Attentive is the Oviduct?  

Ryan Finnerty, Washington State University                                                                                        
Daniel Carulli, Washington State University                                                                                
Gerrardo Birrueta, University of Kansas Medical Center                                                                     
Wipawee Winuthayanon, Washington State University  



The oviduct (Fallopian tube in humans) provides an optimal and adaptive 
microenvironment for the establishment of pregnancy. The oviduct comprises 4 mains 
regions: infundibulum (oocyte pick-up), ampulla (fertilization), isthmus (sperm 
capacitation and reservoir, pre-implantation embryonic development), and uterotubal 
junction (sperm and embryo transport). The rise in assisted reproductive technologies 
(ARTs) has spurred increased interest in the oviducts influence on gametes since 
embryos can be produced utilizing ARTs in vitro. There is mounting evidence in 
livestock and rodents that sperm and embryos alter gene expression in secretory and 
ciliated cells of the oviduct during fertilization. However, little is known about the 
suggested crosstalk mechanistically and what role the oviduct plays in enhancing or 
diminishing early embryonic development. To elucidate whether adaptive interactions 
between the oviductal cell populations and the pre-implantation embryo occur in natural 
fertilization, we performed bulk RNA-sequencing on murine oviductal tissues during 
natural fertilization and pseudopregnancy at 0.5, 1.5, 2.5-, and 3.5-days post coitus. To 
determine the spatiotemporal regulation within the oviduct, tissues were dissected into 
infundibulum-ampulla (IA) and isthmus-uterotubal junction (IU) regions. Our findings 
from estrus samples recapitulated published work by Roberson et. al. 2021 in that 
transcriptomic dynamics vary significantly between the IA and IU regions. We found 
strong region-specific expression of large clusters of genes. Specifically, the expression 
of Foxa2 is IA-specific and Pax2 is IU-specific. Analysis of bulk RNA-seq libraries for 
both pregnancy and pseudopregnancy reveal an oviductal priming event occurring at 
the 0.5 to 1.5 dpc transition that subsequently induces large sets of differentially 
expressed genes occurring in both IA and IU regions thereafter. Specifically, genes 
involved in both pro- and anti-inflammatory responses were detected in both IU and IA 
regions. The presence of sperm at 0.5 dpc induces a strong pro-inflammatory response 
in the IU region with upregulation of inflammatory cytokines, macrophage, and B-and T-
cell recruitment. We hypothesize that TLR2 and TNF mediated phosphorylation of 
Iĸĸβ/Iĸĸα initiates nuclear localization of transcription factor NfĸB to induce a pro-
inflammatory positive feedback loop. However, at 1.5 dpc we see a strong shift to an 
anti-inflammatory condition in the IU region. This reaction is absent in pseudopregnant 
0.5 and 1.5 dpc samples. We currently hypothesize that the observed response is p38 
(MAPK14) mediated activation of MSK1/2, resulting in an increase in anti-inflammatory 
factors including, but not limited to, Dusp1, Il10, and Traf1. This hypothesis is further 
reinforced by the presence of multiple Dusp genes being upregulated, likely 
suppressing additional pro-inflammatory MAPK activities. Analysis of pregnant and 
pseudopregnant IA samples shows similar differential expression indicating ovulation as 
the major proximal influencer. In conclusion, we have sequenced and are exploring the 
transcriptomic landscape of the oviduct at 4 different pre-implantation timepoints for 
both natural fertilization and pseudopregnancy. Our findings reveal unique 
transcriptomic profiles of different oviductal regions that may be specialized to influence 
sperm migration, fertilization, and embryo transport and development. 
 

 



P68 - The PRAMEY Protein in Sperm Function During In Vitro Fertilization (IVF)  

Chandlar Kern, Penn State                                                                                                                  
Weiwei Wu, Penn State                                                                                                                                     
Chen Lu, Penn State                                                                                                                                       
Jianbin Zhang, Penn State                                                                                                                          
Yaqi Zhao, Penn State                                                                                                                                    
Olga Ocon-Grove, Penn State                                                                                                                
Peter Sutovsky, University of Missouri                                                                                                     
Francisco Diaz, Penn State                                                                                                                             
Wan-Sheng Liu, Penn State  

Preferentially expressed antigen in melanoma (PRAME) is a cancer/testis antigen (CTA) 
that is predominantly expressed in normal gametogenic tissues and a variety of tumors. 
PRAME proteins are enriched in the acrosome and sperm tail, but their role in sperm 
function is unknown. Our previous work revealed a decrease in the bovine PRAME, Y-
linked (PRAMEY) protein in capacitated spermatozoa, and the release of the PRAMEY 
protein from the acrosome during the acrosome reaction, and therefore prompted the 
current study with the objective to examine the function of PRAMEY during fertilization. 
IVF was performed in multiple rounds using bovine matured oocytes and caudal 
epididymal sperm. Prior to IVF, spermatozoa were treated with PRAMEY antibody to 
determine the consequence of PRAMEY protein inhibition during fertilization. Normal 
rabbit IgG or Dulbecco's Phosphate-Buffered Saline (DPBS) were used as controls. For 
sperm-ZP binding analysis, oocytes were examined at 6 h post-IVF. A total of 59, 57, 
and 42 oocytes were evaluated for the PRAMEY antibody, rabbit IgG and DPBS 
treatments, respectively. The PRAMEY treatment group (34.44 sperm/oocyte) had 
nearly a 2-fold increase in the number of sperm bound to the zona when compared to 
both the rabbit IgG (17.57) and DPBS (18.07) controls (P<0.01). For the polyspermy 
evaluation, 148 and 134 fertilized eggs were examined at 45 h post-IVF for the PRAMEY 
antibody and rabbit IgG treatments, respectively. The polyspermy rate was 18.91% in 
the PRAMEY antibody-treated group, which was significantly greater than 5.97% 
observed in the rabbit IgG control (P<0.01). To confirm the polyspermy status in the 
fertilized eggs, we performed a MitoTracker™ green staining to label the mitochondria of 
spermatozoa prior to IVF. The results confirmed the presence of sperm tail with the 
mitochondrial sheath within the fertilized egg after 16 h of fertilization. In addition to 
sperm binding and polyspermy analysis, we also studied early embryo development by 
counting the number of embryos with 1-, 2-, ≥4-cells at 45 h post-IVF. We found that the 
percentage of 1-cell embryos in the PRAMEY antibody treatment (55.38%) tended to be 
lower than that in the rabbit IgG control (64.57%) (P>0.05), while percentage of 2-cell 
embryos was very similar between the PRAMEY antibody (25.10%) and rabbit IgG 
treatments (26.46%) (P>0.05). However, the percentage of ≥4-cell embryos in the 
PRAMEY antibody-treated group (19.52%) was two-fold greater than that in the rabbit 
IgG control (8.97%) (P=0.0026). Additionally, 82 and 89 embryos, fertilized by 
spermatozoa treated with PRAMEY antibody or rabbit IgG during capacitation were 



evaluated at 45 h post IVF. The percentages of 1-cell, 2-cell, and 4-cell embryos were 
similar no matter if spermatozoa were treated with PRAMEY antibody or rabbit IgG 
during capacitation, suggesting that inhibition of PRAMEY during capacitation had no 
impact on IVF. In summary, our results indicated PRAMEY’s potential involvement in 
anti-polyspermy defense and early embryo cleavage. This research provides the initial 
evidence for the involvement of the PRAME protein family in sperm function, fertilization, 
and early embryo development. 
 

P69 - Evidence that sperm IZUMO1 and TMEM95 are required for adhesion and 
fusion of human spermatozoa to egg  

Shaogeng Tang, Stanford University                                                                                                            
Yonggang Lu, Osaka University                                                                                                                    
William Skinner, University of California, Berkeley                                                                                    
Polina Lishko, University of California, Berkeley                                                                                                 
Masahito Ikawa, Osaka University                                                                                                                    
Peter Kim, Stanford University  

Fertilization is a fundamental biological process in sexual reproduction, creating a new 
generation of life through the fusion of male and female gametes. Remarkably little is 
known about mammalian sperm-egg plasma membrane interactions and 
fusion. Izumo1 and Tmem95 knockout murine spermatozoa cannot fuse with oolemma, 
leading to male-specific sterility in mice. To understand their functions in human, we 
generate monoclonal antibodies against the ectodomains of human IZUMO1 and 
TMEM95. These antibodies inhibit adhesion and fusion of human sperm to zona-free 
hamster eggs. X-ray crystallographic studies suggest that TMEM95 ectodomain adopts 
a conserved architecture as IZUMO1 but lacks an immunoglobulin-like domain. Purified 
TMEM95 ectodomain binds zona-free hamster eggs, indicating that TMEM95 has 
receptor on oolemma. A conserved N-linked glycan in TMEM95 ablates protein-protein 
interaction modes as in IZUMO1 and JUNO, suggesting that TMEM95 may use a distinct 
surface to bind its unidentified egg receptor. Our studies support for a working model 
that binding of IZUMO1 and TMEM95 with their respective ligands on egg is required for 
the recognition, adhesion, and fusion of human sperm to egg.  
 

P70 - The butterfly effect: abnormal calcium signaling at fertilization has a long-
term impact on offspring weight  

Virginia Savy, NIH                                                                                                                                                  
Paula Stein, NIH                                                                                                                                                  
Min Shi, NIH                                                                                                                                                   
Carmen Williams, NIH  



Egg activation in mammals is triggered by sperm-induced oscillations in the egg’s 
intracellular calcium (Ca2+) level. Ca2+ oscillation patterns can be modified in vitro by 
changing the ionic composition of culture media, such as in assisted reproduction, or in 
vivo by conditions affecting mitochondrial function, such as obesity and inflammation. In 
mice, disruption of Ca2+ oscillations in vitro impacts embryo development and even 
offspring growth and health. However, it remains unclear whether the findings reported 
from in vitro studies recapitulate the complex regulation of in vivo fertilization. Here we 
tested the hypothesis that, even without in vitro manipulation, abnormal Ca2+ signaling 
following fertilization impacts offspring growth. In somatic cells, plasma membrane Ca2+ 
ATPases (PMCA) extrude Ca2+ from the cytosol following Ca2+ release events, to restore 
Ca2+ homeostasis. We found that in mouse eggs, PMCA1 was one of the most highly 
expressed PMCA isoforms. To disrupt Ca2+ signaling in vivo, PMCA1 was conditionally 
deleted (cKO) in oocytes using the Zp3-cre transgene. As anticipated, in vitro fertilized 
cKO eggs had increased Ca2+ exposure relative to controls (~65% more, p<0.0001). To 
assess the impact on offspring growth, cKO females were mated to WT males to 
generate pups that had high Ca2+ exposure at fertilization. Because these offspring were 
heterozygous, control heterozygous pups (normal Ca2+ at fertilization) were generated 
by mating WT females to heterozygous males. Pups were weighed weekly to trace their 
growth trajectory. Offspring had comparable weight at birth. However, experimental 
females were 6% larger than controls at 12 weeks (p<0.05, mean weight±SEM: 22.6 ± 
0.3 g, n=31 vs 21.3 ± 0.4 g, n=21, females from 19 litters). Moreover, experimental 
males were 9% larger than controls (p<0.05, mean weight±SEM: 30.7 ± 0.8 g, n=21 vs 
28.2 ± 0.6 g, n=20, males from 19 litters) and had altered glucose metabolism and 
decreased lean mass. To determine how altered Ca2+ signals at fertilization affected 
growth, preimplantation embryos were tested for changes in gene expression. RNAseq 
analysis was performed on embryos derived from cKO or WT eggs, at the 2-cell, 8-cell 
and blastocyst stages. Although less than 60 genes were differentially regulated at the 
2-cell and blastocyst stages, 608 differentially expressed genes (DEG) were found at the 
8-cell stage (|fold-change|>1.5, FDR<0.1). Notably, the vast majority of DEG (>78%) 
were downregulated. Downregulated genes included numerous chromatin remodeling 
genes, such as DNMT3B, EP300, and KDM5B. Moreover, Ingenuity Pathway Analysis 
identified “HOTAIR Regulatory Pathway” and “Role of OCT4” as the most relevant 
altered pathways. These results suggest that the epigenetic architecture of cKO derived 
embryos is altered and provide a clue to explain the aberrant offspring growth. Overall, 
our results demonstrate that abnormal Ca2+ signaling at fertilization impacts offspring 
weight through mechanisms including altered embryo gene expression. These findings 
are relevant for environmental conditions affecting the egg’s ability to handle Ca2+ such 
as obesity, inflammation, and mutations, and also for the design of culture conditions for 
domestic animal and human assisted reproduction. 
 

 



P71 - Structure prediction of SPE-36 a secreted EGF-motif containing protein 
required for sperm function at fertilization in C. elegans  

Derrick Peña, Pace University                                                                                                                  
Matthew Marcello, Pace University  

Mutations in the Caenorhabditis elegans spe-36 gene result in a sperm-specific fertility 
defect. Sperm from spe-36 mutants have normal morphology and movement; however, 
spe-36 sperm cannot fertilize oocytes (doi.org/10.1101/2021.07.07.451551). spe-36 
encodes a secreted EGF-motif containing protein. Based on bioinformatic analysis and a 
machine-learning structure predication method, AlphaFold, we have determined that 
SPE-36 is unlikely to contain a calcium-binding domain present in many EGF-like 
domains, and that the predicted structure of SPE-36 is similar to other EGF-like 
domains. Our analysis also indicates that the mutation that affects spe-36 function in 
sperm is predicted to cause significant changes in structure despite being outside of the 
EGF-motif. These predictions will allow us to generate better models for spe-36 function 
and how an EGF-domain containing protein could be mediating sperm-egg fusion during 
fertilization. 

 

P72 - Oocyte-specific kinase WEE2 is dispensable for fertilization and fertility in 
mice  

Kaori Nozawa, Baylor College of Medicine                                                                                                   
Diana Monsivais, Baylor College of Medicine                                                                                         
Yuhkoh Satouh, Gunma University                                                                                                       
Masahito Ikawa, Osaka University                                                                                                      
Martin Matzuk, Baylor College of Medicine  

For successful fertilization and development in mammals, oocytes undergo two 
quiescent steps during meiosis. WEE2, an oocyte-specific protein tyrosine kinase, was 
published as a critical factor in these quiescence periods and considered to be essential 
for female fertility in mammals. In the first quiescence phase (prophase I stage), oocytes 
are arrested as germinal vesicle (GV) oocytes. WEE2 suppresses the M-phase 
promoting factor (MPF) by phosphorylating cyclin-dependent kinase 1 (CDK1), keeping 
the oocytes in prophase I. Following the LH surge, MPF activity increases as WEE2 
activity decreases, leading to germinal vesicle breakdown (GVBD) and the resumption 
of the cell cycle. The second quiescence phase occurs after ovulation, as the oocytes 
arrest at metaphase II and await fertilization. Entry of spermatozoa triggers activation of 
WEE2, leading to inhibition of MPF activity and exit of the oocyte from metaphase 
arrest. Based on these studies, WEE2 has been proposed as a key target for non-
hormonal female contraception and inhibition of meiosis. However, to date, the creation 
of Wee2 null mice to define its essential function in vivo has not been reported, and 



therefore the appropriateness of WEE2 as a non-hormonal female contraceptive target 
is uncertain. To determine the functional contribution of WEE2 to fertility in vivo, we 
created two different lines of Wee2 KO mice (-17 bp deletion and -21878 bp deletion) 
using the CRISPR/Cas9 system. Heterozygous or homozygous knockout (KO) female 
mice were mated with males, and litter size was measured. Three Wee2+/-17 females had 
6.9 ± 1.2 pups on average, while 8 Wee2-17/-17 females exhibited a trend toward 
reduction (4.4 ± 0.91, p>0.05). The Wee2-21878/-21878 also displayed significantly 
reduced litter size compared to Wee2+/-21878(HET, 6.5 ± 0.7 vs KO, 3.9 ± 0.6, p=0.048), 
but the fertility of KO females remained. In further analyses, we superovulated 3-month-
old female mice with PMSG followed by hCG and quantified the number of ovulated 
oocytes. We did not observe any differences in the number of ovulated oocytes among 
Wee2+/-21878 and Wee2-21878/-21878 mice. The ovarian weights of 6-month-old, Wee2+/-21878 
and Wee2-21878/-21878 were also unchanged among the groups. These results suggest that 
the loss of WEE2 does not affect the size of the oocyte pool in mice at 3 or 6 months of 
age. To determine if the loss of WEE2 affected the resumption of the cell cycle at the GV 
stage, GV oocytes were incubated with dibutyryl cyclic-AMP (dbcAMP) followed by 
assessment of cell cycle stage and GVBD. However, no significant differences in the 
status of cell cycle stage or GVBD were identified among the Wee2+/-21878 and Wee2-21878/-

21878 mice. We herein conclude phosphorylation of CDK1 by WEE2 is not essential for 
female fertility and WEE2 is dispensable for fertilization. Our Wee2 KO female mice 
represent a suitable approach to deciphering the remaining questions such as 
identifying alternative signaling pathways leading to cell cycle resumption. This study is 
supported by Eunice Kennedy Shriver National Institute of Child Health and Human 
Development grants R01HD088412 and P01HD087157. 
 

P73 - Generation of Gene Editing Dogs using the Prime Editor and SCNT  

DongErn Kim, Chungnam National University, Korea                                                                                                 
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KukBin Ji, Chungnam National University, Korea                                                                                         
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MinKyu Kim, Chungnam National University, Korea  

CRISPR/Cas9 is being used as a very important tool in gene-editing technology. Editing 
of gene knock-out, knock-in, and point mutation became possible depending on the 
method of application of CRISPR/Cas9. Although point mutation is a form that accounts 
for the majority of genetic diseases, it could not be utilized due to its efficiency or 
difficulty in editing methods. Recently, a technology called Prime editor that synthesizes 
CRISPR/Cas9 and RNA polymerase was invented, and gene point mutation using this 
technology became possible. Compared to CRISPR/Cas9, point mutation is doable with 



higher efficiency, and it has the advantage of being more easily accessible than the 
method using additional single-strand oligo DNA. 

We attempted a point mutation of an SNP that induces hip dysplasia in retrievers using 
the Prime editor and SCNT technology. SNPs that induce hip dysplasia were selected 
and targeted with pegRNA, and a lentivirus was produced then inserted into the genome 
from a retriever with hip dysplasia. In the infected cells, SCNT was performed using 
cells expressing GFP, and the fusion embryos were transplanted into dogs to confirm 
two transgenic puppies. Based on the genetic analysis of the transgenic puppies, it was 
confirmed that the target SNP was point mutated, and no findings of hip dysplasia have 
been observed at the age of 12 months. We will continue to observe the occurrence of 
hip dysplasia in the dog's growth process and will determine whether the disease occurs 
through x-ray examination. 

 In conclusion, we made two clone dogs using the prime editor for the first time and 
proved the efficiency of the prime editor. The prime editor can be very usefully applied 
to treat the genetic diseases of dogs and can be free from the pain of diseases. 
 

 

P74 - Generation of Tagged Mouse Lines to Study Mechanism of Action and 
Redundancy of SMAD Proteins in the Uterus.  
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Suni Tang, Baylor College of Medicine                                                                                                     
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Diana Monsivais, Baylor College of Medicine                                                                                     
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The transforming growth factor β (TGFβ) family plays essential roles in normal 
physiology and several diseases of the reproductive system, including infertility, 
preeclampsia, and endometriosis. It is well recognized that TGFβ family ligands signal 
through SMAD1/5/4 or SMAD 2/3/4 proteins to regulate transcription programs in 
normal development and in disease. Our previous studies showed that conditional 
ablation of SMAD1/5 in the mouse endometrium resulted in infertility due to defective 
embryo implantation, whereas conditional deletion of SMAD2/3 in the mouse 
endometrium resulted in aggressive endometrial cancer. To determine differences and 
commonalities in the transcriptional programs controlled by the SMAD1/5 and SMAD2/3 
proteins during early pregnancy and in disease, we generated mouse lines with SMAD 
alleles containing knock-in tags. SMAD3-PA knock-in mice, as well as SMAD1-FLAG, 



SMAD1-HA knock-in and SMAD5-PA knock-in mice were generated using the CRISPR-
Cas9 system. In short, Cas9 mRNA, single guide RNA (sgRNA) targeting the N-termini of 
the SMAD proteins, and Homology Directed Repair (HDR) templates containing FLAG, 
PA sequences were introduced into mouse embryonic stem cells (ES cells). After 
selection of correctly targeted clones, ES cells positive for SMAD3-PA, SMAD5-PA and 
SMAD1-FLAG mutations were microinjected into embryos and transferred to 
pseudopregnant mice. To generate SMAD1-HA mice, Cas9 protein, sgRNA, and a donor 
repair construct containing HA sequences were electroporated into fertilized eggs and 
subsequently transferred to the uteri of pseudopregnant mice. Pups were further 
screened for successful heterozygous or homozygous knock-in alleles by PCR using 
primers spanning the expected mutation. All homozygous knock-in mouse lines were 
physically healthy and fertile, indicating that the tags did not disrupt normal protein 
function. We examined the tagged protein accessibility and expression level in mouse 
uteri using immunoprecipitation (IP) followed by western blot. Our results showed that 
these SMAD-tagged proteins could be detected by FLAG / PA / HA antibodies in the 
uteri of the heterozygous mice, respectively. We further performed IP-Mass 
Spectrometry (IP-MS) on the uterus of SMAD1-FLAG mouse to identify novel interacting 
protein partners of SMAD1. From IP-MS results, we identified several putative protein 
partners of SMAD1, and we are validating these interactions by co-immunoprecipitation 
experiments. Our results demonstrated that we successfully established genetically 
engineered mouse lines with FLAG-tagged SMAD1, HA-tagged SMAD1, and PA-tagged 
SMAD5 and SMAD3. We also demonstrated that the presence of these tags did not 
disrupt normal protein functions in vivo. We are confirming novel interaction 
relationships between putative SMAD-interactants at the protein level. Further studies in 
showing SMAD protein functions at the transcription level will benefit greatly from our 
mouse models. 

These studies were supported by NICHD grants R00-HD096057 (to DM) and R01-
HD032067 (to MMM), and grants NGP10125 and 1016187 from the Burroughs 
Wellcome Fund (to DM). 
 

P75 - Two Recently Acquired Mouse Y Chromosome Encoded Genes, Prssly and 
Teyorf1, Are Dispensable for Male Fertility.  
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Yasuhiro Yamauchi, John A Burns School of Medicine, Honolulu, Hawaii                                               
Gerald Durango, John A Burns School of Medicine, Honolulu, Hawaii                                                        
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Monika Ward, John A Burns School of Medicine, Honolulu, Hawaii  

INTRODUCTION: Prssly (Protease, serine-like, Chr Y) and Teyorf1 (Testis expressed, 
chromosome Y open reading frame 1) are two recently acquired single-copy genes 
located on the distal tip of the non-pairing short arm of the mouse Y chromosome 



(NPYp) adjacent to telomeric sequence. Both genes lack X chromosome encoded 
homologues and are expressed in testicular germ cells. Based on their predicted protein 
sequences, Prssly is a serine protease with trypsin-like activity, and the Teyorf1 has a 
claudin-like structure. Because other testis-specific serine proteases such 
as Prss21 and Prss55 are essential for normal male reproduction, and because claudin 
proteins (Claudin 3, Claudin 5, and Claudin 11) play an integral role in the blood-testis 
barrier, we hypothesize that Prssly and Teyorf1 are important for normal 
spermatogenesis in mice.  

METHODS: We first analyzed Prssly and Teyorf1 genomic and mRNA transcript 
sequences in silico and using RT-PCR direct sequencing and 3’ RACE amplicon 
sequencing. Next, using CRISPR/Cas9 genome targeting we 
generated Prssly and Teyorf1knockout (KO) mice. To create Prssly KO mice we 
targeted the conserved exon 5 encoding a trypsin domain typical for serine proteases. 
To create Teyorf1 KO mice we designed a strategy to remove the entire open reading 
frame (ORF) of the gene. Finally, we characterized the KO mice focusing on their fertility 
and spermiogenic phenotype. 

RESULTS:  Genomic analyses revealed that the reported Prssly sequence 
(XM_006544527) is erroneous and the true Prsslysequence is longer and encodes a 
larger protein than previously estimated. Both Prssly and Teyorf1 were found to be 
exclusively expressed in the testes starting at postnatal day 21. We also confirmed that 
both genes have pseudogenes encoded on the Y chromosome that are not expressed 
in testes. The Prssly targeting resulted in a frame-shift mutation that introduced a 
premature stop codon, with the Prssly KO males retaining only residual transcript 
expression in testes. The Teyorf1 targeting removed the entire ORF of the gene, which 
resulted in no transcript expression in testes from Teyorf1 KO males. Both Prssly KO 
and Teyorf1 KO males were fertile and had normal testis size and normal sperm 
number, motility, and morphology, documenting that Prssly and Teyorf1 do not play 
critical roles in male reproduction.   

CONCLUSION: Our findings support that Prssly and Teyorf1 are dispensable for male 
fertility putting in question the currently prevailing idea that gene acquisition to mouse Y 
chromosome is beneficial for male reproduction.   

FUNDING SOURCES: This work is supported by NIH HD072380 and Hawaii Community 
Foundation 17CON-86294 grants to M.A.W. and UTokyo Global Activity Support 
Program for Young Researchers to W.F. 
 

 

 



P76 - Interleukin-6 signal transducer is involved in blastocyst development in 
cattle.  
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The objective was to determine the role of interleukin-6 signal transducer (IL6ST) 
receptor on early bovine embryo development. Abattoir-derived bovine cumulus-oocyte-
complexes (COCs) were matured (day -1) and fertilized (day 0) in vitro. On day 1 (15-16 
hours post fertilization), resulting presumptive zygotes (PZs) were either 1) 
electroporated with IL6ST-targeting single guide RNA (sgRNA) and Cas9 nuclease, 2) 
electroporated with a non-targeting sgRNA and Cas9 nuclease, or 3) were not exposed 
to any sgRNA-Cas9 and were not electroporated. For this, cumulus cells were removed, 
and PZs were washed in Opti-MEM before being electroporated using a BTX ECM 830 
Square Wave electroporator with BTX cuvettes (1 mm gap). Conditions for 
electroporation were 2 pulses of 13V/3 ms pulse length in a 20 µL final volume 
containing 200 ng/µL sgRNA (Alt-R® CRISPR-Cas9 non-targeting or IL6ST-targeting) 
and Alt-R® S.p. Cas9 Nuclease V3. Electroporated PZs were immediately washed from 
cuvettes using SOF-Hepes, and then washed twice in a SOF-based culturing medium 
(SOF-BE1). Washed PZs were placed in groups in 50 µL drops of SOF-BE1 (20-30 
PZs/drop) and cultured to the blastocyst stage (day 8) in a humidified incubator with 5% 
O2 and CO2 at 38.5°C. The non-electroporated PZs underwent the same manipulations 
but were not electroporated and were not exposed to sgRNA-Cas9. Mutation 
assessment was achieved by collecting day 8 blastocysts and genotyping by PCR 
amplification of the gene-targeted region followed by Sanger sequencing. Four 
individual replicates, comprising 21 blastocysts in total, had a predicted genotype 
frequency of 42.8% biallelic editing (single mutation on both alleles), 47.6% mosaic 
editing with wildtype (2-3 mutations and a wildtype allele), 9.5% monoallelic editing (1 
edited and 1 wildtype allele), and 0% unedited. Embryonic development was assessed 
in 8 replicate studies (n = 40-130 embryos/treatment group/replicate). To determine any 
differences in development across groups, analysis of variance was conducted, and 
least squares means were separated using Tukey’s significant difference test. On day 2, 
no differences in cleavage rates were detected between the non-targeting and IL6ST-
targeted electroporation groups (64.0 ± 3.5% and 68.0 ± 2.6%, respectively), but 
cleavage rates were greater in the non-electroporated group (80.7 ± 3.0%; P = 0.012 
and P = 0.003 for non-electroporated vs. IL6ST-targeted and non-electroporated vs. 
non-targeting, respectively). At day 8, there was a trend (P = 0.155) in the percentage of 
total cultured PZs that formed blastocysts between the non-electroporated and non-
targeting sgRNA groups (15.6 ± 1.4% vs. 11.2 ± 1.7%, respectively). The IL6ST-targeted 
group produced fewer blastocysts (6.3 ± 1.3%) than both the non-targeting (P = 0.023) 



and non-electroporated (P ˂ 0.001) groups. In summary, electroporation compromises 
cleavage rates and may have an effect on blastocyst development. The IL6ST-targeted 
knockout did not affect cleavage but did reduce blastocyst rates. This suggests that 
IL6ST signaling is necessary to maximize blastocyst development in vitro. However, it 
remains unknown if IL6ST is essential or facilitative in its role. Funded by USDA-NIFA 
grants: 1) #2017-67015-2646, 2) #2021-67015-34485, and 3) #2021-67034-35149 
(predoctoral fellowship for S.L.S). 
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We have introduced a Y-linked EGFP transgene to allow genotyping of preimplantation 
mouse embryos. Using zygote co-injection of Cas9 mRNA, sgRNA, and a donor plasmid 
(contains EGFP and an 800 base pair homology sequence upstream and downstream of 
the insertion cassette) we introduced the EGFP in the intergenic region of the contiguous 
genes Uty and Ddx3y of the short arm of the Y-chromosome. We used the constitutive 
and strong promoter CAG to enhance the expression level of the transgene. Y-GFP mice 
were produced, and insertion were confirmed by PCR and sequencing. After mating Y-
GFP with WT females we found stable germline transmission of the EGFP only to male 
animals without affect the sex ratio of the line (51.5% of males, n=200 pups from different 
females). To analyze the preimplantation expression of EGFP we mated Y-GFP (n=9) to 
superovulated females to allow natural fertilization, collected the embryos to blastocysts 
stage for EGFP scoring, and we observed a 49.7% of green male embryos (n=237). 
Surprisingly, when we performed IVF (n=5 males, >200 embryos), 94% of the embryos 
were female. The same effect was observed in X-GFP transgenic mice (Tg-CAG-EGFP, 
RBRC00980) but in reverse direction, that is, in IVF but not in vivo, 95% of embryos 
produced were male (n=6 males, >300 embryos), confirming that sperm carriers Y- or X-
GFP are less able to fertilize in vitro but not in vivo. We have found that in Y-GFP and X-
GFP males with offspring sex ratio skewing by IVF, the skew is abolished by natural 
mating/fertilization (51.4% of males for Y-GFP, and 51.2% for X-GFP lines, n=200 pups for 
line). We have also done experiments to show that the skew produced by IVF cannot be 
related to the presence of cumulus cells, to maternal genetic background, or differences 
in embryonic development. Using CASA analysis of motility kinetics and clustering 
analysis of sub-populations, we have found different proportions of sperm subpopulations 
between Y- or X-GFP and WT (n=5 per group), suggesting that differential motility or 



capacitation kinetics could be the reason of the sex ratio skew produced by IVF, and that 
in vivo, because the sperm swim in dynamic clusters, sperm with or without GFP can form 
part of this clusters, masking the differences evidenced in IVF. 

 

P79 - Transcriptional Co-activator Lim Domain-Binding Protein 1 (LDB1) is 
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Depending upon the mammalian species, 25-60% of successful conceptions result in 
failure before the establishment of a functional placenta. Prior to fetal expansion during 
placentation, the uterine deciduum serves as the essential nutrient/gas exchange 
apparatus for the implanted embryo. We previously demonstrated that the helix-loop-
helix transcription factors TCF3 and TCF12 were required for human and mouse non-
erythroid uterine hemoglobin biosynthesis, as well as pituitary gonadotrope LH 
secretion. Lim domain-binding protein 1 (LDB1), a transcriptional co-activator of TCF3, 
is fundamentally required for hemoglobin biosynthesis in erythroid tissue and serves as 
a regulator of differentiation in other tissues. The objective of this study was to evaluate 
the function of Ldb1 in murine female fertility and in the production of uterine-derived 
hemoglobin. LDB1 showed a classical steroid hormone response in the endometrium 
during early gestation with high epithelial expression on day of pregnancy (DOP) 1 
during elevated estradiol, and then a transition to subluminal stroma by DOP 4 in 
response to elevated luteal progesterone production. Conditional ablation of Ldb1 from 
the female reproductive tract using Pgr-Cre mice resulted in subfertility that progressed 
to complete infertility by the third or fourth parity (n=6) despite no histological 
differences in development of the female reproductive tracts of Ldb1fl/fl and Tcf3/12d/d 
female mice. While Ldb1fl/fl females yielded 5.67±0.49 litters during a 6-month breeding 
trial, Ldb1d/d females produced only 2.43±0.37 litters during the same period (p=0.0002). 
A complete absence of luteal tissue was noted in 8-month-old Ldb1fl/fl females at the end 
of the breeding trial. This phenotype was consistent with a lack of LH support observed 
in Tcf3/12d/d female mice, indicating that TCF3/12 proteins may function in concert with 
LDB1 to regulate LH secretion. Early postnatal survival of offspring born to Ldb1d/d 
females was reduced by approximately 50% compared with offspring born to Ldb1fl/fl 
females, suggesting that LDB1 may also be important for lactation. While there was no 
difference in the number of implantation sites on DOP 7, a significant delay in embryonic 
development was noted in primiparous Ldb1d/d uteri. This was accompanied by smaller 



cross sectional embryonic area and overall implantation site weight despite no 
differences in serum progesterone, luteal number, or luteal cross-sectional area 
between Ldb1fl/fl and Tcf3/12d/d female mice. Artificial decidualization was dramatically 
reduced in Tcf3/12d/d female mice compared with Ldb1fl/fl female mice, a phenotype also 
observed in Tcf3/12d/d female mice. By DOP 14, placentae embedded into Ldb1d/d uteri 
were visibly smaller and had a 25% reduction in labyrinth thickness. Synchronized non-
gravid uteri from Ldb1d/d female mice had decreased expression of hemoglobin-beta 
(Hbb-bs_bt) and the heme biosynthetic enzyme delta-aminolevulinate synthase 2 (Alas2) 
at both the mRNA and protein level despite no changes in uterine vascular content. In 
summary, LDB1 is required for normal reproductive functions in the female and for non-
erythroid uterine hemoglobin production. Supported by NIH HD097641 and the Curtis 
and Marian Rochelle Endowment. 
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Porcine conceptus interferon gamma (IFNG) expression between day 13 to 20 of 
pregnancy is essential to modulating endometrial immune cell migration, proliferation 
and tissue inflammation during the period of placental attachment to the endometrial 
surface. Cysteine-X-cysteine motif chemokine ligand 12 (CXCL12) is involved in 
maternal immune cell response and trophoblast migration.  Porcine conceptuses 
secrete CXCL12 during the period of placental attachment suggesting an involvement in 
modulating the maternal immune cell response during the establishment of pregnancy. 
Our hypothesis was that the lack of maternal immune cell migration and proliferation in 
the endometrium of recipients containing IFNG-/- conceptuses results from loss of 
CXCL12 stimulation.  The present study investigated the possibility that conceptus IFNG 
production is necessary for stimulating CXCL12 expression and secretion from the 
conceptus and/or endometrium. CRISPR/Cas9 gene editing and somatic cell nuclear 
transfer were used to create biallelic genome edited IFNG-/- conceptuses for a loss-of-
function model in pigs. Wild-type (IFNG+/+) and IFNG-/- fibroblast cells were used to 
generate embryos through somatic cell nuclear transfer. IFNG+/+ and IFNG-/- embryos 
were transferred to recipient gilts on day 4 of the estrous cycle. Conceptuses, 
endometrial tissue, and uterine luminal flushings (ULF) were collected from the recipient 
gilts on day 15 and 17 of pregnancy. IFNG mRNA and protein expression was not 
detected in IFNG-/- conceptuses on day 15 and 17 of pregnancy. Ablation of conceptus 
IFNG production resulted in the reduction of stromal CD3+ and mast cells which 



localized to the site of conceptus attachment on day 15. CXCL12 mRNA expression was 
measured in conceptuses and corresponding endometrial tissue using RT-PCR. 
Secretion of CXCL12 in ULF was measured using a commercial enzyme-linked 
immunoassay kit. Conceptus mRNA expression and concentration of CXCL12 in ULF 
increased from day 15 to 17 (P<0.05) of pregnancy, but there was no effect of 
conceptus genotype. Endometrial CXCL12 mRNA expression was not influenced by 
either day or genotype. These results demonstrate that while conceptus IFNG 
production is essential in modulating the endometrial proinflammatory response for 
attachment and embryo survival in pigs, IFNG is not responsible for regulating the 
expression of CXCL12 during the period of uterine attachment. Despite conceptus 
CXCL12 secretion into the uterine lumen, the migration of immune cells near the 
conceptus implantation site were not stimulated in pregnancies containing IFNG-/- 
conceptuses. Conceptus CXCL12 secretion may function more locally to regulate 
trophoblast migration, embryo development, and angiogenesis. 

This project was supported by Agriculture and Food Research Initiative Competitive 
Grant no 2017-67015-26451 from the USDA National Institute of Food and Agriculture. 
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In mice and many other mammalian species, components of seminal plasma and sperm 
interact with the female reproductive tract after mating to elicit an immune response that 
promotes reproductive success. The beta-defensins are a diverse group of antimicrobial 
and immune-modulatory peptides carried by sperm. Sperm-associated beta-defensins 
are strong candidates for mediating molecular interactions with female reproductive 
tract cells after mating, through their capacity to ligate Toll-like receptor-4 (TLR4). In the 
human sperm glycocalyx, the major beta-defensin moiety is DEFB126, and reduced 
expression of DEFB126 is associated with impaired fertility in men. To investigate the 
physiological significance of DEFB126, we utilised CRISPR technology to generate 
C57Bl/6 mice with null mutation in Defb22, the murine ortholog of human DEFB126 
(Defb22-/- mice). Defb22-/- male and female progeny were produced at the expected 
Mendelian ratios from matings of breeding pairs heterozygous for the Defb22 null 
mutation, and there was no detectable impact of DEFB22 deficiency on postnatal 
survival or growth. In adulthood, Defb22-/- males exhibited moderately reduced number, 



motility and morphology in epididymal sperm compared to wild-type Defb22+/+ 
littermates (n=20/group, P<0.05 by t-test). Defb22-/- males sired pregnancies with poorer 
outcomes than Defb22+/+ males when mated to wild-type Balb/c females, with reduced 
implantation rates, increased post-implantation fetal loss, and fetal growth restriction in 
late gestation (n=24-30 matings from n=11-14 males/group, P<0.05). However, this was 
not attributable to reduced fertilisation, as there was no detectable difference in 
blastocyst numbers or development in females mated to Defb22+/+ or Defb22-/- males 
and assessed on day 3.5 pc (n=10-12, P<0.05), implicating an embryo implantation 
defect. qPCR analysis of the uterine endometrium collected 8 h after mating showed 
that unlike Defb22+/+ males, mating with Defb22-/- males failed to induce expression of 
endometrial cytokine genes Il6 and Tnf, and microRNAs miR155 and miR223 (n=10-12, 
P<0.05). RNAseq analysis of the uterine endometrium on day 3.5pc (n=4 biological 
replicates/group) showed altered expression of several genes associated with immune-
regulatory and tissue remodelling pathways involved in implantation, with 
downregulation of Mmp7, Wnt7b, Il11, Fosl1, Lifr, Ptgs2, Cebpb, Cd55, Csf1, and 
Atp6v0d2, when females were mated with Defb22-/- males. Upstream regulator analysis 
implicated impaired signaling through TLR4, IL6, and TNF when DEFB22 was absent. 
These data demonstrate that DEFB22 is required for optimal fertility in males, through a 
role in enabling seminal fluid to interact with the uterine endometrium to stimulate a 
permissive female immune response promoting endometrial receptivity. This study 
expands understanding of how sperm-associated beta-defensins play a role in 
modulating the female immune response after mating to support healthy embryo 
implantation and facilitate successful reproductive outcomes. 
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Women with impaired insulin signaling from diabetes or metabolic syndrome disorders 
have prevalent reproductive dysfunction throughout their lifespan, with the underlying 
causes largely unknown. We became interested in insulin receptor (IR) signaling as a 
pathway regulated by RHOX factors in the gonads. To determine the essential role of IR 
in female reproduction, we generated mice with conditional ablation of Insr and Igf1r 
using Pgr-Cre. These escaped the severe growth defects and complete failure of 
ovulation reported in previous studies by our group and others, as well as removing the 
ligand identity, cellular source, and receptor cross-reactivity as confounding variables. 
Mice with single receptor ablation were subfertile and double mutants (dIRPgr) were 
infertile. In the uterus, the expression of known receptivity markers was 



normal.  However, we saw no evidence of implantation, and we could not induce cellular 
differentiation via artificial decidualization. Single receptor mutants exhibited partial 
responses. Histological architecture and ESR1/PGR localization and expression were 
normal in dIRPgr uteri, but endometrial thickness was significantly reduced. E2 and P4-
dependent proliferation of both epithelial and stromal cells during the preimplantation 
period was reduced and disorganized, suggesting that insulin signaling acts downstream 
of these hormones. Uterine receptivity, embryo implantation, and stromal cell 
decidualization depend on proper transmission of these E2 and P4 signals and are 
essential for successful pregnancy. Impaired IR-signaling in diabetic women is an 
established risk factor for recurrent implantation failure and pregnancy loss. However, 
the insulin-dependent factors driving attachment, implantation, decidualization, and 
pregnancy are unknown. To begin to resolve these issues, we first focused on the 
implantation window and performed RNA-seq analysis to identify IR-regulated factors at 
gestational day 4 (n=3/genotype). We identified 2705 putative IR-regulated (±2-fold) 
sequences. Downregulated gene ontology (GO) pathways were not reproduction-
specific, but adhesion, development, proliferation, and angiogenesis were prominent. 
Surprisingly, the 50 genes we identified with the highest fold decrease in dIRPgr were 
novel to the uterus except for Ptx3, Dpt, and Cd160. An association with immune cell 
action previously characterized in other tissues was common. Interestingly, manual 
parsing of known essential uterine genes revealed reduction of only Hand2 (2-fold) and 
Nr2f2 (1.5-fold) while Lif, Fgf, Bmp2, Wnt4, Hoxa10, Ptgs2, Egf, and Ppar were 
unchanged. Thus, most of the key regulators of implantation and uterine decidualization 
were unaltered, indicating our RNA-seq has identified novel regulatory networks. 
Correlation engine revealed significant similarity in genes altered in published Foxa2 
and Sox17 ablation studies.  However, Foxa2 and Sox17 were expressed at the same 
level as controls indicating IR-signaling is downstream or regulates overlapping genes in 
parallel fashion.  The misregulation of most upregulated and downregulated genes in IR 
mutant mice from RNA-seq was confirmed by quantitative RT-PCR analyses in 
independent samples. The results thus far suggests that IR has important roles in early 
pregnancy and implantation, and the results of our RNA-seq give us prime targets to 
research further in an attempt to discover them. 
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The extracellular vesicles (EVs) in human follicular fluid (hFF) contains proteins, mRNAs, 
and microRNAs (miRs) that can mediate intercellular communication. Some miRs were 
found to be enriched in EVs of hFF. It has been demonstrated that EVs play different and 
important roles in the reproductive process such as oocyte maturation, embryo 
development and implantation. Successful implantation occurs under physiological 
interactions between microenvironment of endometrium of uterus and trophoblasts. This 
study aimed to investigate the effects of EVs derived from hFF on the expression of 
integrin in human trophoblastic cells. We isolated EVs using the conventional 
ultracentrifugation method, and the presence of EVs in hFF was assessed by miR 
analysis and Western blot. We found and analyzed the enriched miRs in EVs of hFF and 
investigated the effects of EVs on the implantation competence using trophoblastic cell 
lines (JAr and JEG-3 cells) and endometrial cell lines (Ishikawa cells). Protein 
concentrations of prepared EVs were determined, and treatment concentrations and 
volumes of EVs were adjusted. After 72 hrs of treatment EVs (0.1, 0.5, 2.5, 12.5, and 25 
μg/mL) on JAr, JEG-3, and Ishikawa cells, the viability was confirmed by CCK-8 assay. 
And the mRNA and protein expressions of adhesion and migration molecules (integrin 
beta3 and beta5) were analyzed by qRT-PCR and Western blot. Characterization of EVs 
from hFF was evaluated by transmission electron microscopy and the expression of 
exosomal markers CD63, CD81, and TSG101 was assessed by western blot. In this 
study, we confirmed enrichment of miRNAs including miR10b, miR503, and miR654. 
EVs did not show any toxicity on endometrial and trophoblastic cell lines. In 
trophoblastic cell lines, the mRNA and protein expression of adhesion molecules 
(integrin beta3 and beta5) were increased in EVs treatment groups compared to control 
group. Taken together, EVs from hFF could support the implantation of embryos by 
enhancing the expression of integrin in human trophoblastic cell lines. These findings 
suggest that the EVs isolated from hFF could apply to increase the implantation and the 
pregnancy rate in human IVF-ET program. 
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A considerable number of patients undergoing in-vitro fertilisation will have repeatedly 
unsuccessful treatment cycles.  Endometrial dysfunction is believed to have a key role in 
implantation failure, with potential disruptions at each stage of implantation, from 
embryo-endometrial interaction to trophoblast invasion of the decidua, vascular 
remodeling, and regulation of maternal innate immunity.  Micro-RNAs (miRNAs) have a 



fundamental role in gene expression and regulation of downstream pathways.  Recent 
data from our group identified a cohort of 13 miRNA families that arose at the stem 
lineage of placental mammals and respond in a species-specific manner to molecular 
cues important for successful implantation in species with divergent implantation 
strategies.  miR-185-5p was downregulated in-vitro in endometrial epithelial cells in 
human and bovine species in response to recombinant bovine conceptus-derived 
proteins with highly conserved protein homology across different species.  We sought to 
determine the mechanism by which miR-185-5p alters pathways in the endometrial 
epithelium that may contribute to successful implantation in humans.  To test this 
hypothesis, immortalized endometrial epithelial cells (Ishikawa cells; n=3) were cultured 
for 48-hours with one of the following: 1) control (antibiotic-free and serum-free media), 
2) vehicle control (Lipofectamine-2000; 4µL in 200µL OptiMEM), 3) non-targeting mimic, 
4) non-targeting inhibitor, 5) miR-185-5p mimic or 6) miR-185-5p inhibitor 
(approximately 30µM well concentration for treatments).  Protein was extracted from cell 
lysates and proteomic analysis performed using tandem-mass-tag spectrometry, with 
output data systematically filtered to remove proteins identified in response to vehicle 
controls and non-targeting controls.  Proteins that were significantly altered following 
treatment were confirmed using the paired Τ-test (p value <0.05).   Abundant proteins 
for miR-185-5p mimic (n=1304), inhibitor (n=363), or both (n=146) were interrogated 
using target prediction (miRDB and TargetScan) and functional enrichment analyses 
performed through WebGestalt and g:Profiler online toolsets.  From miR-185-5p 
database predicted targets, we identified 177 corresponding proteins in-vitro in 
response to miR-185-5p mimic or inhibitor.  A retrospective literature review from 2002-
2019 identified 1557 differentially expressed genes (DEGs) related to functional or 
dysfunctional endometrium across multiple species.  Of these, 538 corresponding 
proteins were altered in response to miR-185-5p (mimic/inhibitor) in our study in-
vitro.  When combining published and predicted targets with functional enrichment 
analyses (specifically, GO terms and KEGG pathways), 145 protein targets were 
extensively represented (114 upregulated genes; 26 downregulated genes), including 
acyl-CoA dehydrogenase short/branched chain (ACADSB), branched chain amino acid 
transaminase 1 (BCAT1), methionine adenosyltransferase 2A (MAT2A), 
phosphatidylinositol-5-phosphate 4-kinase type 2 gamma (PIP4K2C) and squalene 
epoxidase (SQLE).  Cadherin binding was also highly represented across miR-185-5p 
mimic and inhibitor targets.  Numerous miRNAs have already been published in relation 
to implantation and placentation, however, our study reveals that miR-185-5p regulates 
a substantial number of genes/proteins shown to play a role in receptivity to implantation 
in mammalian species.  Moreover, we demonstrate that it alters pathways in-vitro that 
are important for receptivity to implantation in humans.  We propose that miR-185-5p is 
a key regulator of endometrial function whereby dysregulation of miR-185-5p and the 
pathways it regulates may contribute to repeated implantation failure in humans. 
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Embryonic mortality has the greatest effect on decreased fertility and decreased 
reproductive efficiency within a cow herd.  The objective of this study was to determine 
the differentially abundant genes between sires of known fertility, both in the conceptus 
and the uterus. The hypothesis is that paternal genome will have a significant effect on 
transcript abundance between these tissues. The sires used have previously been 
reported to have drastically different levels of field fertility; however, they had passed all 
normal standards for frozen thawed semen. Bos indicus beef heifers (n=45) were 
subjected to estrous synchronization and embryo transfer on day 7 with IVP embryos 
from one of two sires (High Fertility and Low Fertility Sire) and pregnancies were later 
confirmed at slaughter. Samples were collected from the trophectoderm and uterus on 
day 25 and 36 of gestation to attain samples for RNA sequencing. Total RNA was 
isolated from tissue samples using the RNeasy kit (QIAGEN; Hilden, Germany) per 
manufacturer’s instructions. The RNA sequencing was conducted using an Illumina 
platform. Sequences were aligned to the reference genome ARS-UCD 1.2. Differentially 
expressed genes (DEGs) between sires and by tissue were determined using edge-R 
package from R. The false discovery rate used was 0.05. On day 25 15,755 genes were 
identified in the trophectoderm between the two sires. Of those, 11 genes were 
downregulated in the Low Fertility Sire compared to the High Fertility Sire and an 
additional 6 genes were upregulated in the high fertility sire. Additionally, 16,044 genes 
were identified within the caruncle where the Low Fertility Sire resulted in 2 
downregulated genes and the High Fertility Sire resulted in no upregulated genes. On 
day 36 17,080 genes were observed in the trophectoderm sample where the Low 
fertility Sire resulted in 23 downregulated genes in comparison with the High Fertility 
Sire that resulted in 4 upregulated genes, furthermore 17,843 genes were observed in 
the caruncle sample resulting in 8 downregulated genes for the Low Fertility Sire 
whereas 21 genes were upregulated for the High Fertility Sire. Gene ontology analysis 
reported differentially expressed genes in the High Fertility Sire compared to Low 
Fertility Sire were associated with hematology, immunology and reproduction. Of 
particular interest was the transferrin gene (TF) that is known to be responsible for the 
transport of iron from sites of absorption and heme degradation to those of storage and 



utilization, but it is also known for its role in stimulating cell proliferation. Additionally, the 
spermatogenesis associated 22 (SPATA 22) gene responsible for gamete generation, 
homologous chromosome pairing at meiosis, meiotic DNA repair synthesis was also 
found downregulated in between sires. These data suggests that other underlying 
factors are at work regarding conception rate and current methods are insufficient for 
sire selection and fertility testing. In conclusion, different paternal genome results in 
differences at both trophectoderm and uterus level in bos indicus beef cows. This 
project was supported by Agriculture and Food Research Initiative Competitive 
Grant no. 2019-67015-28998 from USDA NIFA.  
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Recent studies have helped to substantiate the essential roles of extracellular vesicles 
(EVs) in embryo-to-maternal crosstalk. EVs are nanosized vesicles and act as snapshots 
of the cellular components that mediate cellular communications, but they may contain 
cargo contents of undesired effects. We developed a model for studying the effects of 
endometrium-derived EVs (Endo-EVs) on the porcine embryo attachment in feeder-free 
culture conditions. Porcine embryos were generated by parthenogenetic chemical 
activation and were cultured on Matrigel matrix-coated cell culture dishes. Primary 
endometrium culture was established from the diestrus uteri of sows after slaughtering 
and a serum-free conditioned culture medium was used to isolate the EVs. EVs were 
isolated through PureExo targeted nanofiltration method and were characterized 
through ZetaView nanoparticles tracking analysis and nano-flow cytometry for 
estimating the size and concentration of Endo-EVs.  Endo-EVs cargo contents were 
analyzed through conventional and real-time PCR for certain micro-RNAs and 
messenger RNAs. The cellular uptake of Endo-EVs was confirmed after their staining 
with lipophilic dye PKH26 and through microscopic fluorescence imaging. Results 
showed that Endo-EVs contained miR-100, miR-132, and miR-155 together with the 
mRNAs of porcine endogenous retrovirus (PERV), and β-catenin. Supplementing 
embryos with Endo-EVs enhanced embryo attachment and outgrowths when compared 
to the control group (61.6 ± 4.5% vs. 38.2 ± 5.2%, respectively). Because of the Endo-
EVs miR-155 and PERV contents, we designed sorts of experiments to examine their 
roles in embryo attachment. Targeting PERV with CRISPR/Cas9 reduced expression of 
PERV mRNA transcripts in the primary endometrium culture and the 
resultant engineered Endo-EVs (0.18- and 0.2-Fold, respectively) however 
supplementing these engineered Endo-EVs did not significantly affect the embryo 



attachment (50.2 ± 3.6 % vs. 61.6 ± 4.5%). On the other hand, supplementing the 
medium containing Endo-EVs with miR-155 inhibitor significantly improved the embryo 
attachment (100 ± 0.0 % vs. 61.6 ± 4.5 %) with a few outgrowths while supplementing 
the medium containing Endo-EVs with Rho-kinase inhibitor (RI, Y-27632) dramatically 
improved both embryo attachment and outgrowths (100 ± 0.0 %). Moreover, the 
expression of miR-100 and miR-132, as well as the mRNA transcripts of BCL2, Zinc 
finger E-box-binding homeobox 1 (Zeb1), β-catenin, interferon-γ (IFNG), protein tyrosine 
phosphatase non-receptor type 1 (PTPN1), PERV, and cyclin-dependent kinase 2 
(CDK2) were all increased in embryos supplemented with Endo-EVs + RI when 
compared with the control group. Furthermore, immunofluorescence staining showed 
that the treatment of Endo-EVs + RI increased the expression of OCT4 and CDX2 in the 
resulted attached embryos, increased the cell number of embryonic outgrowths, and 
reduced the apoptosis rate as examined by the TUNEL assay. We examined the 
individual and combined effects of RI compared to the miR-155 mimic and showed that 
RI can alleviate the negative effects of the miR-155 mimic on embryo attachment and 
outgrowths. The provided results showed that although EVs can improve embryo 
attachment, the unwanted effects of the de trop cargo contents (such as miR-155) could 
be alleviated through the anti-apoptotic molecules such as ROCK inhibitor. This work 
was supported by NRF grants #2021H1D3A2A02040098 & #2021R1A2C2009294. 
 

 

P87 - The zinc-finger domains of Wilms’ Tumor 1 protein are critical for uterine 
receptivity during pregnancy  
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Wilms’ Tumor 1 (WT1) is a zinc-finger transcription factor required for cell survival, 
growth, and differentiation. As a tumor suppressor gene and oncogene, Wt1 expression 
is in relation to steroid hormones estrogen (E2) and progesterone (P4) and their 
cognate nuclear receptors ESR and PGR in regulation of organ development, 
homeostasis, and disease development. We and others have shown that WT1 is 
abundantly expressed in the stromal cells of the secretory endometrium and the 
decidua in the first and second trimesters in humans. In vitro models also showed that 
WT1 was upregulated by P4 and can also be self-regulated. However, the functional role 
of WT1 in the uterus during pregnancy is still unknown. Mice that carry the Wt1f/f allele 
flanking exons 8 and 9 of the Wt1 homolog gene were bred to Pgrcre/+ mice to 
generate Pgrcre/+Wt1f/f (Wt1D/D) mice. The Wt1D/D mice produced a shortened WT1 
protein lacking the second and third of the four DNA-binding zinc-finger domains, 
validated via genotyping and western blot analyses. After 6-month breeding trial, 
Wt1D/D female mice were infertile (P<0.001) as compared to the Wt1f/f control mice 



(6.0±0.4 pups per litter). Also, haploinsufficiency was spotted in which significant 
reductions (P<0.01) in the total number of pups born per female (8.2±1.5 versus 
23.3±2.7), the total number of live pups born per female (2.4±1.3 versus 21.8±2.5), 
number of pups born per litter (3.4±0.5 versus 6.0±0.4), as well as survival pups per 
litter at weaning (1.0±0.5 versus 5.6±0.4) were observed in Wt1 heterozygous mutant 
female (Wt1+/D) as compared to the Wt1f/f controls. The rates of stillbirth and second-
day neonatal death were also high (P<0.05) in Wt1+/D females due to the 
haploinsufficiency. Among the stillborn pups from Wt1+/D females were the 
underdeveloped fetuses with congenital limb defects. Ovarian functions were not 
affected by Wt1 mutation in which no differences in the number of blastocysts at 
gestational day (GD) 3.5 and serum P4 levels at GD 4.5 were observed between Wt1D/D 
females and the Wt1f/f controls. Blue dye injection analyses of implantation sites showed 
that uteri of Wt1D/D females exhibited no implantation responses at GD 4.5. Histological 
analyses further revealed that some blastocysts, if not all, can only attach to the luminal 
epithelium but failed to initiate the decidualization of and invasion into endometrial 
stromal cells at GD 4.5. However, at GD 6.5, smaller decidual bulb was observed in 
Wt1D/D uteri as compared to the control, suggesting a delayed if not defective 
implantation event. Immunohistochemical analyses further showed that ESR1 decreased 
in glandular epithelium (GE) but increased in the stroma of Wt1D/D uteri at GD 3.5 as 
compared to the Wt1f/f control. On the other hand, PGR expression was downregulated 
in the stroma of Wt1D/D uteri. In addition, PTGS2 the implantation marker was failed to 
express in stromal cells of implantation sites at GD 4.5 Wt1D/D uteri as compared to the 
Wt1f/f control. These results suggest that Wt1, via its second and third DNA-binding 
zinc-finger domains, plays critical roles in implantation and decidualization, thereby 
governing placentation and fetal development during pregnancy. 
 

P88 - Mammalian Spermatocytes Have the Capacity to Segregate Chromosomes 
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Centrosomes are the canonical microtubule organizing centers (MTOCs) of most 
mammalian cells, including spermatocytes. Centrosomes are comprised of a centriole 
pair within a structurally ordered and dynamic pericentriolar matrix. To segregate 
homologs during meiosis I and sister chromatids during meiosis II, centrioles undergo 



two rounds of duplication and centrosomes mature and separate twice. The first 
centriole duplication event occurs during leptonema at the same time meiotic double-
strand breaks are formed. Centrosomes mature during latter stages of meiotic 
prophase, then separate at diakinesis to opposite sides of the nucleus. When the 
nuclear envelope breaks down, separated centrosomes serve as bipolar nucleation sites 
for the microtubules responsible for segregation of homologous chromosomes during 
meiosis I. At interkinesis, centrioles are duplicated, and centrosomes are separated 
again to facilitate segregation of sister chromatids during meiosis II. Using mouse 
mutant models and chemical inhibition, we have blocked centriole duplication and 
centrosome separation during spermatogenesis and discovered that spermatocytes 
adopt a backup mechanism for chromosome segregation. Strikingly, this mechanism is 
unique from the acentriolar MTOCs that form bipolar spindles in oocytes, which require 
canonical centrosome components, including gamma-tubulin, pericentrin, and CEP192. 
From our in-depth analysis, we have discovered microtubule-associated proteins 
involved in the acentrosomal microtubule organization that are capable of mediating 
chromosome segregation during spermatogenesis.  
 

P89 - Decipher Meiotic Chromosome Structure by Micromanipulation  
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Chromosomes contain the majority of the genetic information of an organism. 
Centimeter-long DNA molecules are reversibly packed into rod-like structures to 
facilitate their separation during cell division. Structural defects of meiotic chromosomes 
are linked to infertility, miscarriage, and birth defects. Although chromosomes have 
been studied for more than one hundred years, its fine structure has not been 
completely revealed. In order to investigate its conformation, we adopted a 
micromanipulation technique to measure the stiffness of meiotic chromosomes and 
study its mechanical properties. Similar to mitotic chromosomes, we found prophase I 
chromosomes were completely dissolved by non-specific nuclease MNase, while 
meiotic chromosomes are only weakened but not dissolved by 6-base nuclease PvuII. It 
indicates the meiotic chromosomes form gel-like network structure, and the structural 
integrity of meiotic chromosomes is not based on the continuity of protein cores. We 
also found that 4-base cutter AluI disassembles meiotic chromosomes slower than the 
mitotic ones. Moreover, prophase I chromosomes and metaphase I (MI) chromosomes 
are ten times stiffer than mitotic metaphase and metaphase II (MII) chromosomes. Both 
results indicate that prophase I and even MI chromosomes have structures different 
from mitotic metaphase and MII chromosomes due to different condensation 
mechanisms. The importance of MI chromosome stiffness has been overlooked that MI 
chromosomes have to be stiff enough to hold the crossovers, ensure tension, and satisfy 



the spindle assembly checkpoint. To find the resources of this additional strength of the 
prophase I and MI chromosomes, we measured the stiffness of meiotic chromosomes 
from Sycp1-/- and Rec8-/- mutant mice. Surprisingly, we did not observe any differences 
of chromosome stiffness between wild-type and Sycp1-/- mutants, which suggests that 
the central element of the synaptonemal complex, as a dynamic liquid crystal structure, 
does not change the stiffness of meiotic chromosomes. However, a reduction of 
stiffness was observed in Rec8-/- meiotic chromosomes. This suggests that cohesin 
complexes and axial elements of the synaptonemal complexes contribute to meiotic 
chromosome stiffness. Our studies provided us a novel biophysical angle to understand 
the functions and structures of meiotic chromosomes in terms of homologous 
chromosome alignment, crossover interference, and chromosome segregation. 
 

P90 - Reduced autophagy plays a role in weakened DNA damage response in 
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DNA damage is a major problem that leads to mutagenesis and premature aging in 
somatic cells. In somatic cells, mild DNA damage exposure is sufficient to induce a cell 
cycle arrest, necessary to provide enough time for DNA damage repair (DDR). For 
reasons not fully understood, DNA damage response is not robust and mammalian 
oocytes can progress through meiosis with unrepaired DNA damage. Using time-lapse 
super-resolution microscopy, immunocytochemistry (ICC) and western blot (WB) 
analyses, we investigated DNA damage consequences during meiosis-I. One-Way 
ANOVA was used to analyze the data (p<0.05 was considered significant) and >15 
oocytes/replicate/group (3 replicates) were analyzed. DNA damage induction in full-
grown germinal vesicle (GV) oocytes by etoposide (3h treatment) or UV-radiation (30s, 
302 nm) significantly increased g-H2AX (a marker of DNA damage) by ICC and WB, 
compared to controls. Moreover, we found that Metaphase-I chromosome morphology 
was significantly altered in DNA-damaged oocytes. In contrast to the normal bivalent 
structure of control chromosomes, etoposide-treated oocytes had abnormally compact 
chromosomes with increased fragmentation incidence. Such fragmentation was induced 
by microtubule-induced tension on chromosomes and reduced chromosome stiffness. 
Indeed, depolymerizing microtubules prevented chromosome fragmentation in DNA-
damaged oocytes. Accordingly, inducing DNA damage in GV oocytes significantly 
increased the incidence of chromosome misalignment at Metaphase-I and aneuploidy at 
Metaphase-II (using in-situ chromosome counting), compared to controls. We then 
investigated whether providing a longer recovery time following DNA damage could 
promote DDR. Interestingly, culturing DNA-damaged oocytes overnight in etoposide-



free medium did not significantly reduce g-H2AX levels, indicating that DDR in mouse 
oocytes is inefficient. In mitotic cells, autophagy (a fundamental cell survival mechanism) 
is stimulated in response to DNA damage and plays a critical role in modulating 
chromosome architecture necessary for DDR. Unexpectedly, we found that mouse 
oocytes behave differently than somatic cells where autophagy was significantly 
reduced upon DNA damage in oocytes. Therefore, we hypothesized that inefficient 
autophagy activation is the reason, at least partially, of weakened DNA damage 
response in oocytes. Further analysis revealed that PARP1 (another player for 
modulating chromatin architecture and DDR in somatic cells) is decreased in DNA-
damaged oocytes. Autophagy induction (by rapamycin) rescued PARP1 decrease in 
DNA-damaged oocytes, suggesting that PARP1 activation is a downstream pathway of 
autophagy in mouse oocytes. We went further to understand the influence of autophagy 
on DNA damage response. Using different strategies to induce autophagy before, 
during, or after DNA damage, we found that autophagy has both DNA damage 
protective and repair roles in oocytes. Combined DNA damage induction and autophagy 
inhibition (by Spautin-1 and E-64) increased g-H2AX levels and exaggerated 
chromosome compactness and fragmentation phenotypes when compared to control or 
etoposide-treated groups. Importantly, autophagy induction in DNA-damaged oocytes 
significantly reduced g-H2AX level and Rad51 mislocalization, rescued chromosome 
compactness and fragmentation phenotypes and decreased aneuploidy incidence, 
compared to DNA-damaged oocytes. These results provide the first evidence that 
reduced autophagy is the cause, at least in part, of weakened DNA damage response in 
mouse oocytes and implicate autophagy induction as a promising approach to 
ameliorate DNA damage-induced alterations in mammalian oocytes. 
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Slx is a recently evolved X-linked gene family expressed exclusively in mouse post-
meiotic testicular germ cells. We posit that the recent acquisition of Slx in the Mus 
lineage enhances sperm fertilization success. Here we examined in vitro fertilization 
(IVF) efficiency, sperm head morphology and spermatid-specific gene expression 
changes in SlxD/Y mice. We find that fresh and cryo-preserved sperm from SlxD/Y mice 
have extremely reduced IVF efficiency, as compared to controls. Using a software-
based analysis, we demonstrate that sperm from SlxD/Y mice are larger, more elongated 
and have longer hooks than sperm from control males. To identify potential genes 
responsible for the sperm head and IVF defects, we assessed gene expression changes 



in spermatids of SlxD/Y mice via mRNA-seq. Deletion of the Slx gene family results in 
spermatid-specific downregulation of the Werner syndrome DNA helicase gene (Wrn), 
which is important in preventing DNA double strand breaks. We tested if sperm from 
Wrn-/- mice phenocopy SlxD/Y sperm. Sperm from Wrn-/- mice are smaller than sperm 
from control mice. While the sperm morphology defects differ between SlxD/Y and Wrn-/- 
mice, our findings suggest these two genes are important for proper sperm chromatin 
compaction and thus can influence sperm head morphology and IVF efficiency. Our 
future studies will characterize the IVF efficiency of sperm from Wrn-/- mice, and test 
whether sperm from SlxD/Y and Wrn-/- mice have defects in chromatin packaging and 
increased DNA damage. Overall, our work could shed light on how recently evolved 
genes influence sperm fitness via changes in chromatin packaging. 
 

P92 - Microtubule motor proteins regulate timely spindle migration in mouse 
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Chromosome mis-segregation frequently occurs in female meiosis leading to 
aneuploidy, the major cause of miscarriage and congenital abnormalities. In mouse 
oocytes, spindle positioning is a dynamic process. The spindle is assembled and 
positioned at the oocyte center until metaphase-I. Such initial central positioning is 
essential to establish proper kinetochore-microtubule (MT) attachments and to protect 
against aneuploidy. Later, the centrally located spindle undergoes a dramatic migration 
towards the cortex, in a time-sensitive manner, a critical process for the highly 
asymmetric division. In mitotic cells, spindle positioning is governed by the interaction 
between centrosome-mediated astral MTs and the cell cortex. In contrast, meiotic 
mammalian oocytes lack classic centrosomes and contain relatively short astral-like 
MTs. This observation led to the assumption that only F-actin, but not MTs, plays a role 
in spindle positioning and migration. Recently, we have discovered a new subset of 
cytoplasmic MT organizing centers (termed mcMTOCs). Using time-lapse confocal 
microscopy, STED super-resolution microscopy, laser ablation (to ablate mcMTOCs) 
and chemical approaches (to manipulate mcMTOC numbers), we have demonstrated a 
new model of spindle positioning whereby mcMTOC-nucleated MTs anchor the spindle 
to the cortex exerting an opposing pulling force on the spindle against that of F-actin-
mediated force that builds to move the spindle to the cortex for PB extrusion. The 
balance between these opposing forces (i.e. mcMTOC-nucleated MTs vs. F-actin) is 
critical for initial central spindle positioning and timely spindle migration. These results 
raise the question being how MTs regulate spindle positioning at the molecular level. MT 
motors are ATPase-associated proteins that move along the length of MTs and play 
important roles in regulating MT dynamics necessary for mitotic spindle positioning. 
However, in mammalian oocytes, the role(s) of MT motor proteins in spindle positioning 
is unknown. We screened several MT motor proteins in relation to mcMTOC function 



and spindle positioning. Using time-lapse super-resolution microscopy, we found that 
dynein localizes to mcMTOCs and the oocyte cortex only opposite to the PBE side. 
Perturbation of dynein function, by chemical inhibition or expressing p150-CC1 
dominant negativemutant, (1) prevented mcMTOC clustering leading to increased 
mcMTOC numbers, and (2) decreased mcMTOC-mediated MT nucleation rate and 
growth (by tracking EB3-GFP dashes). Accordingly, dynein perturbation resulted in 
abnormal spindle positioning (as evidenced by the increase of the average change of 
spindle orientation angle and frequent spindle flipping), accelerated spindle migration 
towards the cortex and increased aneuploidy incidence. Interestingly, perturbation of 
Eg5 kinesin resulted in an opposite phenotype. Eg5 perturbation decreased mcMTOC 
numbers (by increasing their central movement towards the spindle) and increased their 
MT nucleation rate and growth leading to the development of long astral-like MTs 
connecting the spindle directly to the cortex which in turn led to spindle migration 
failure. Importantly, depolymerizing astral-like MTs by a low concentration of nocodazole 
fully rescued spindle migration failure in Eg5-perturbed oocytes. Together, these 
findings suggest that dynein and Eg5 motors drive two antagonistic forces to fine-tune 
mcMTOC-mediated MT pulling force and provide the first mechanistic insight into 
mcMTOC-nucleated MT role in directly influencing spindle positioning and timely 
migration. 
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Nuclear Envelope Membrane Protein 1 (NEMP1) is a poorly studied multi-
transmembrane protein that GWAS studies have linked to early menopause. We 
previously showed that Nemp family proteins are required in Drosophila, C. elegans, 
zebrafish and mice to support fertility (Tsatskis et al, 2020: Scientific Advances). We also 
showed that Nemp1KO female mice have a drastically reduced ovarian reserve and 
decreased developmental competence of ovulated oocytes. Our more recent work 
indicates that Nemp1-/- primordial oocytes undergo apoptosis during perinatal life. We 
hypothesized that loss of Nemp1 leads to a softer nuclear envelope, that is unable to 
survive in the highly cross-linked and stiff ovarian cortex. Consistent with that 
hypothesis, recent studies in the lab reveal that by softening the environment, Nemp1-
/- cells can survive.  Our emerging epigenetic analyses revealed that loss 
of Nemp1 leads to altered chromatin structure and transcription in GV oocytes.  Super-
resolution imaging reveals that Nemp1 becomes relocalized at the oocyte nuclear 



envelope during oocyte growth, into extremely large foci at the nuclear envelope. The 
large (~ .5 um) and abundant ( >100 foci/ oocyte) structures appear as chromatin 
becomes reorganized during oocyte development. The discovery of a novel oocyte 
nuclear envelope structure will reveal new and important functions of the oocyte nuclear 
envelope in chromatin organization and developmental competence. The discovery that 
the Nemp protein family is important for fertility in flies, worms, fish and mice shows it 
deep conservation. We expect that variants in NEMP1 could be diagnostic of patients 
with low ovarian reserve or poor oocyte developmental competence. 
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An essential requirement for the success of in vitro maturation (IVM) of oocytes is to 
provide an optimal microenvironment similar to in vivo conditions. Recently, 
supplementation of a conditioned medium during IVM has been performed to obtain a 
better quality of oocytes, because they mimic the in vivo reproductive tract by secreting 
paracrine factors. In this study, different passages (p7, p18, p27) of equine amniotic fluid 
mesenchymal stem cell-conditioned medium (eAFMSC-CM) were applied to IVM of 
porcine oocytes to evaluate the effectiveness of oocyte development and subsequent 
embryo development. 

As a result, eAFMSC-CMp7 positively influenced oocyte cytoplasmic maturation by 
regulating the relative expression of apoptosis, antioxidant enzyme, cumulus expansion, 
and cumulus gap junction-related genes in porcine cumulus cells. In particular, 
eAFMSC-CMp7 is significantly higher than control and other treatment groups in 
antioxidant enzyme-related genes (SOD2 and Nrf-2), cumulus expansion-related genes 
(HAS2 and TNFAIP6), and cumulus gap junction-related genes (Cx43). In addition, all 
eAFMSC-CMp7 treatment group showed higher glutathione (GSH) levels, distribution 
rate of mitochondria, and CG than control and other treatment groups. Furthermore, the 
medium after 44 hours of IVM supplemented with eAFMSC-CMp7 showed the highest 



activity in SOD and catalase compared to other groups. The IVF of eAFMSC-CMp7-
derived mature oocytes showed a significant increase in the blastocyst formation and 
total cell number compared to the control. The eAFMSC-CMp7 controlled the 
expression of anti-apoptotic (BCL2) and pluripotent (SOX2 and NANOG) genes and the 
fluorescence intensity of LC3 in blastocysts. Consequently, for the first time, this study 
demonstrated the effect of early passage derived from equine AFMSC-CM on porcine 
oocyte development and the alteration of mRNA transcript levels in cumulus-oocyte 
complexes. 
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In most animal models, early embryogenesis proceeds in the absence of transcription, 
relying mostly on stored molecular factors, including silenced messenger RNAs 
(mRNAs), accumulated during oogenesis. These silenced maternal transcripts differ 
from other mRNAs, which are transcribed and translated during oogenesis to meet the 
oocyte’s needs as it grows and prepares for fertilization. The developing oocyte must 
therefore manage different populations of RNA: transcripts used immediately, and 
transcripts used during maturation, fertilization, and early embryogenesis. Moreover, in 
the early embryo, maternal transcripts are degraded before the onset of zygotic genome 
activation. RNA regulation is therefore a key component of successful oogenesis and 
early embryogenesis. 

RNA tailing, or the addition of untemplated nucleotides to the 3' end of RNA molecules, 
is a post-transcriptional process that has long been associated with RNA regulation. 
While polyadenylation of mRNAs is the most studied form of tailing, many non-coding 
RNAs, including microRNAs (miRNAs) and their precursors are also tailed. For both 
protein-coding and non-coding RNAs, nucleotide composition and length of tails are 
determinants of tail function. For instance, tailing of precursor miRNAs modulate 
precursor processing and therefore regulate biogenesis of mature miRNAs. Mature 
miRNAs are also susceptible to tailing, which is typically associated with the turnover of 
miRNAs. The enzymes responsible for RNA tailing are known as terminal nucleotidyl 
transferases (TNTs). 



Using a targeted RNAi screen, we set out to identify new TNTs in C. elegans and explore 
their functions in gametogenesis and early embryonic development. Our data previously 
showed that miRNA tailing in C. elegans consists mostly of mono-uridylation of mature 
miRNA species, with rarer mono-adenylation – likely added to miRNA precursors. We 
also observed no significant shift in the tailing patterns of miRNA across different 
developmental stages. We identified CID-1, a TUT4/TUT7 orthologue, as a major 
contributor to miRNA uridylation. Despite an increased proportion of U-tailed species in 
older miRNAs, we detected no changes to microRNA abundance or decay dynamics 
upon disrupting tailing. We also identified the GLD-2 paralogue F31C3.2, which 
contributes to miRNA adenylation but is not involved in miRNA turnover. Thus, we find 
that tailing is not a global regulator of miRNA decay in C. elegans.   

We now want to use these tools to assess the roles of these TNTs in regulating mRNAs. 
mRNA tails are especially dynamic in the germline and the early embryo where post-
transcriptional RNA modifications are critical to the regulation of translation and RNA 
stability. Consequently, tail length and nucleotide composition of germline-specific and 
maternal transcripts will be assessed by TAILseq in all 27 TNT knockdown conditions of 
our RNAi screen. We will then use CRISPR generated null mutants to explore the 
physiological functions of F31C3.2 and other candidate TNTs in fertility and embryonic 
lethality. Tagged versions of the TNTs will also be used to determine spatiotemporal 
expression patterns and identify germline-specific and maternal targets. By identifying 
the tailing enzymes in the C. elegans germ line, this work seeks to explore post-
transcriptional mechanisms regulating gene expression during the oocyte-to-embryo 
transition and the regulatory function of TNTs. 
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In mammals, proper development during early embryogenesis relies heavily on the 
regulation of maternal transcripts. These transcripts must undergo gradual degradation 
accompanied by a concomitant activation of the embryonic genome. Technological 
advances have brought a new regulatory RNA to the forefront of molecular biology. 
Recently, long non-coding RNAs (lncRNAs) have been functionally characterized as key 
regulators of embryonic genome activation in humans and mice. It is well known that the 
integrity of the early embryo during activation is dependent upon the composition of the 



oocyte. Despite advances, defining oocyte quality remains elusive. The literature 
presents a nontoxic stain, brilliant cresyl blue (BCB), that has been used in a variety of 
species to label oocytes of different developmental competencies. By utilizing the 
glucose-6-phosphate dehydrogenase enzyme, the BCB stain can differentially label 
growing oocytes (BCB-; colorless) and fully-grown oocytes (BCB+; blue). Previously our 
laboratory identified three lncRNAs; OOSNCR1, OOSNCR2, OOSNCR3 specific to 
bovine oocytes. The objective of this study was to investigate the relationship between 
three novel oocyte-specific lncRNAs, OOSNCR1, OOSNCR2, and OOSNCR3, and 
oocyte quality. Ovaries were collected from a commercial abattoir and cumulus-oocyte 
complexes (COCs) were aspirated then, incubated in 26 uM droplets of BCB diluted in 
modified DPBS (mDPBS) with 0.4% BSA for 90 minutes at 38.8 and 5% C. Following 
incubation, germinal vesicle (GV) oocytes were classified into two groups: BCB-; 
colorless and BCB+; blue. Pooled oocytes (n=5) underwent RNA isolation and cDNA 
synthesis using the high-capacity cDNA reverse transcriptase kit. RT-qPCR, using 
RPL19 as a housekeeping gene, was performed to quantify relative expression using the 
standard curve method. A student’s t-test revealed OOSNCR1 and OOSNCR3 were 
expressed higher in BCB+ compared to BCB- oocytes (P < 0.05) These data 
suggest OOSNCR1 and OOSNCR3 are associated with oocyte quality based on BCB 
staining. Future studies aim to elucidate the functional role of lncRNAs in oocyte 
maturation and early embryonic development.  
 

P99 - High Agouti-Signaling Protein Expression is Associated with Poor-Quality 
Bovine Oocytes.  

Brady Nicewarner, West Virginia University                                                                                  
Heather Chaney, West Virginia University                                                                                                                 
Emily Dugan, West Virginia University                                                                                                      
Jaelyn Current, West Virginia University                                                                                                 
Mingxiang Zhang, West Virginia University                                                                                               
Jianbo Yao, West Virginia University  

Oocytes with high developmental competence have the ability to resume meiosis upon 
stimulation, cleave when fertilized, and result in a healthy pregnancy. Oocyte 
competence is regulated by the mRNA and proteins present within the oocyte. Previous 
data have identified agouti signaling protein (ASIP) to be highly expressed in the bovine 
germinal vesicle (GV) and metaphase II oocyte. In adipose cells, ASIP has established 
roles in lipid metabolism and insulin resistance, however, its function in the bovine ovary 
is unknown. Brilliant Cresyl Blue (BCB) staining has been documented as a noninvasive 
method to identify competent oocytes in cattle by staining for intracellular glucose-6-
phosphate dehydrogenase (G6PDH) activity. Oocytes that have completed their growing 
phase, and thus are competent, do not have active G6PHD and display a blue cytoplasm 
following BCB staining. This study examined the expression of ASIP in BCB positive 
(BCB +) and BCB negative (BCB -) oocytes. Ovaries were collected from a local 



abattoir, and cumulus-oocyte complexes (COCs) were collected via aspiration. Using a 
stereomicroscope, isolated COCs were placed in 26 uM BCB diluted in modified DPBS 
(mDPBS) with 0.4% BSA for 90 mins at 38.8˚C and 5% CO2. Oocytes were then washed 
twice in mDPBS, separated into drops according to staining status (BCB + or BCB –), 
and then were denuded via hyaluronidase. Oocytes were stored individually at -80˚C 
until lysis. Oocytes were lysed by the addition of 0.3% NP-40 combined with freeze-
thawing in liquid nitrogen. The Power SYBR Green RNA-to-Ct 1-Step Kit was utilized 
and oocyte lysate was added directly to the 1-step RT-qPCR reaction. Expression of 
GAPDH was also analyzed for normalization. The relative quantity of ASIP in each 
sample was determined via the standard curve method. Data were log-transformed and 
differences were determined by Student’s t-test using JMP statistical software. Overall, 
BCB – oocytes expressed ASIP significantly higher than BCB + oocytes (P = 0.0026). As 
both BCB – and BCB + oocytes were found to express ASIP, appropriate ASIP 
expression levels may be indicative of oocyte competency. Future studies will aim to 
determine the function of ASIP in the bovine oocyte and early embryo. 
 

P100 - Lactate Supplementation of Mouse Novel Biphasic In vitro Maturation Media 
Amends Cumulus Cell Glucose Metabolism  

Nazli Akin, Vrije Universiteit Brussel (VUB)                                                                                            
Anamaria-Cristina Herta, Vrije Universiteit Brussel (VUB)                                                                          
Lucia von Mengden, ICBS, Federal University of Rio Grande do Sul (UFRGS), Brazil                              
Cecilia Meriggioli, Vrije Universiteit Brussel (VUB), Brussels, Belgium                                                                           
Katy Billooye, Vrije Universiteit Brussel (VUB), Brussels, Belgium                                                                       
Johan Smitz, Vrije Universiteit Brussel (VUB), Brussels, Belgium                                                                   
Ellen Anckaert, Vrije Universiteit Brussel (VUB), Brussels, Belgium  

Capacitation (CAPA)-IVM is a novel biphasic in vitro maturation (IVM) system including a 
pre-IVM step followed by an IVM step. It has improved embryology outcomes compared 
to standard IVM due to synchronized nuclear and cytoplasmic oocyte maturation. 
However, the efficiency gap between CAPA-IVM and conventional IVF still requires 
further fine-tuning. We have recently showed that cumulus cells (CC) of mouse CAPA-
IVM exhibit a different metabolic pattern compared to their in vivo counterparts due to 
precociously increased glycolysis during pre-IVM. Here, to regulate cumulus-oocyte 
complex (COC) glycolysis, we supplemented mouse CAPA-IVM media with lactate and 
examined its effects on oocyte competence and COC glucose metabolism. 

Immature COCs were retrieved from small antral follicles of unprimed juvenile (19-21 
days-old) mice and cultured with CAPA-IVM (48h pre-IVM, 18h IVM). Lactate was added 
either only pre-IVM (2 mM) or both pre-IVM and IVM media (2 mM and 1 mM, 
respectively). Mature (MII) oocyte rate was checked after IVM. Oocyte competence was 
assessed through 2-cell embryo and day-5 blastocyst rates following IVF. Oocytes and 
CCs were collected after pre-IVM (immature; GV) and IVM (MII) steps. Glucose 



metabolism was studied in these cells through enzymatic assays targeting 
phosphofructokinase (PFK), lactate dehydrogenase (LDH), pyruvate and lactate. A 
baseline immature COCs group, collected without exposing to any media, was included 
for enzymatic assays to track the changes taking place during pre-IVM. The experiments 
were repeated 3-4 times for each endpoint, with 18-30 COCs per experiment. 

No differences were observed in MII oocyte (88.3%, 81% and 89.3%), 2-cell embryo 
(62.5%, 50.8% and 68.8%) and day-5 blastocyst (91.8%, 81.6% and 84%) rates between 
control vs lactate pre-IVM only and/or lactate both steps, respectively. While significant 
increase in CC PFK activity was observed in control group during pre-IVM (p<0.01), 
lactate addition ceased this increase. Due to decreased glycolysis during pre-IVM, 
pyruvate concentrations were lower in the lactate group at the end of pre-IVM. Yet, 
relatively lower LDH activity with stable lactate concentrations in the lactate 
supplemented group indicated stable lactic acid fermentation (LAF). When added in the 
IVM step, lactate increased the CC PFK activity compared to lactate pre-IVM only 
(p<0.05). LDH activity increased in the MII-CCs as they were cultured with lactate during 
IVM (p<0.05 pre-IVM only, p<0.01 both steps). Adding lactate to both steps of CAPA-
IVM also increased the lactate concentrations in the MII-CCs (p<0.01) without changing 
the pyruvate concentration, indicative of its deviation to citric acid cycle (CAC). 

These results suggest that, while not affecting the oocyte competence, lactate addition 
to CAPA-IVM regulates the CC glucose metabolism through decreasing PFK activity in 
pre-IVM and regulating LAF for pyruvate production that will be used for CAC in the 
cells. Therefore, the precocious increase in the glycolytic activity of CAPA-IVM CCs can 
be avoided through supplementing the culture media with lactate. The lack of 
improvement in the oocyte competence can be attributed to the limitation of mouse 
model. Given the importance of CC metabolic support in IVM systems, this study 
supports the essential role of lactate in the culture media. 
 

P101 - Expression Profiles for Three Novel Oocyte-Specific Long Non-Coding 
RNAs in Cattle  

Jaelyn Current, West Virginia University                                                                                       
Mingxiang Zhang, West Virginia University                                                                                         
Heather Chaney, West Virginia University                                                                                                   
Jianbo Yao, West Virginia University  

In mammals, proper development during early embryogenesis relies heavily on the 
regulation of maternal transcripts. Transcripts must undergo a gradual degradation 
accompanied by a concomitant activation of the embryonic genome. Long noncoding 
RNAs (lncRNAs) have been documented to regulate various cellular processes including 
modulation of gene expression and epigenetic status. Recently, long non-coding RNAs 
(lncRNAs) have been functionally characterized as key regulators of embryonic genome 



activation in humans and mice. Using RNA-sequencing, our laboratory identified 1,535 
lncRNAs in bovine oocytes. The objective of this study was to characterize three novel 
oocyte-specific lncRNAs, OOSNCR1, OOSNCR2, and OOSNCR3 using expression 
profiles generated from tissues, cells, and embryos collected across the different stages 
of early embryonic development. Tissue samples were harvested from cattle (n=4) and 
included: liver, kidney, skeletal muscle, cardiac muscle, thymus, spleen, adrenal gland, 
brain, rumen, reticulum, omasum, abomasum, jejunum, lung, uterus (caruncle and 
intercaruncle), vagina, adult ovary, epididymis, glans penis, adult testis, fetal ovary 
(early; at or before d160 and late; after d160), and fetal testis. Granulosa (GC) and theca 
(TC) cells were isolated from individual follicles (n=8) and cumulus cells (CC) were 
denuded from twenty-five pooled cumulus-oocyte complexes (COCs) (n=6). Oocytes 
and embryos were collected in pools of 20 at germinal vesicle (GV), metaphase II (MII), 
zygote, 2-cell, 4-cell, 8-cell, morula, and blastocyst (n=4). All samples were snap-froze in 
liquid nitrogen and stored at -800C until isolated. RNA isolation was performed followed 
by cDNA synthesis. RT-qPCR analysis was performed, and data were analyzed via the 
standard curve method using RPL19 or GFP as an endogenous or exogenous 
housekeeping gene. All relative expression data are expressed as fold change. Cell 
expression fold change data were log-transformed, and a student’s t-test was performed 
to compare similar cell types at different maturation stages. Tissue expression data 
revealed detectable expression in the fetal ovary for all three lncRNAs signifying oocyte-
specificity. Follicular cell expression data revealed the highest expression in oocytes 
with no significant difference seen between GV and MII oocytes (P > 0.05). LncRNA 
expression was detectable but at lower levels in CC and even lower in TC and GC. 
Expression data from the embryo panel suggests all three lncRNAs are maternally 
derived. Together, these data indicate a potential relationship among OOSNCR1, 
OOSNCR2, and OOSNCR3 and early reproductive events. Future studies aim to 
elucidate the functional roles of these lncRNAs during oocyte maturation and early 
embryonic development. 
 

P102 - Characterization of Cathepsin L Role in Bovine Oocyte and Preimplantation 
Embryo Development  

Mohamed Ezz, University of Missouri                                                                                                  
Ahmed Balboula, University of Missouri                                                                                                           
Rocio Rivera, University of Missouri  

Cathepsin L (CTSL), a cysteine lysosomal protease, has a vital role in both intracellular 
and extracellular physiological processes. Little is known about the role of CTSL in the 
mammalian oocyte maturation and preimplantation embryo development.  We have 
previously demonstrated in bovine that CTSB is activated in both cumulus-oocytes 
complexes (COCs) and embryos under stress conditions (i.e., heat shock, HS). 
Therefore, we aimed to characterize the role of CTSL in bovine COCs and 
preimplantation embryos using HS as a stressor and hypothesized that CTSL would be 



increased in response to HS. COCs were collected from slaughterhouse ovaries, 
matured for 20-22h, and inseminated with frozen-thawed sperm for 12h. The 
presumptive zygotes were denuded of cumulus cells and cultured in KSOM medium for 
7 days at 38.5ºC in a humidified atmosphere containing 5% CO2, 5% O2, and 90% N2. 
For HS induction, COCs were exposed to 41ºC for 20-22h during in vitro maturation 
(IVM) and ~12h-old presumptive zygotes were exposed to 41ºC for 24h during in vitro 
culture (IVC). The counterpart control groups were cultured at 38.5ºC.  Cleavage and 
blastocyst rates were assessed on day 2 and day 7 post-insemination, respectively. For 
the COCs experiment, cleavage rates were 82.36±1.36% for control and 57.57±3.18% 
for HS (P=0.003) and blastocyst rates were 31.26±2.49% for control and 07.68±1.77% 
for HS (P=0.009). For the early embryos experiment, cleavage rates were 82.77±1.36% 
for control and 69.13±2.21% for HS (P=0.043) and blastocyst rates were 34.26±4.19% 
for control and 11.16±2.31% for HS (P=0.01). Further, CTSL activity was assayed in 
COCs and early embryos using Magic Red Detection Kit at the end of HS treatment. 
Contrary to our hypothesis, results showed a marked decrease in CTSL levels in both 
HS-COCs (P=0.0005) and HS-embryos (P=0.047) when compared to controls. To clarify 
whether the poor development of HS-COCs and HS-embryos was related to reduced 
levels of CTSL, we investigated the effect of CTSL inhibition on the developmental 
competence of COCs and embryos. For this, lactoferrin (LF), a cell-permeable selective 
CTSL inhibitor, was added (at 1000 µg/mL) during IVM, in vitro fertilization (IVF), or IVC 
for 20-22h, 12h, or 7 days, respectively. For the IVM group (i.e. treatment of COCs), 
cleavage rates were 78.24±0.59% for control and 55.19±1.32% for LF (P=0.002) and 
blastocyst rates were 28.14±1.12% for control and 06.52±0.49% for LF (P=0.005). For 
the IVF group, cleavage rates were 79.85±3.53% for control and 39.01±6.02% for LF 
(P=0.004) and blastocyst rates were 31.49±3.46% for control and 02.11±2.00% for LF 
(P=0.0002).  For the IVC group, cleavage rates were 79.52±5.90% for control and 
68.22±6.14% for LF (P=0.08) and blastocyst rates were 32.16±3.51% for control and 
17.37±7.04% for LF (P=0.024). In addition, close examination of embryonic development 
suggests an adverse effect of CTSL inhibition on cell cycle progression. Altogether, 
these preliminary results indicate that CTSL is required for normal development of 
bovine COCs and preimplantation stage embryos. 
 

P103 - Molecular mechanisms of the nuclear envelope and NEMP1 in female 
fertility  

Bilal Hakim, Washington University School of Medicine, St. Louis, MO                                                  
Didier Hodzic, Washington University School of Medicine, St. Louis, MO                                          
Abira Ganguly,  Washington University School of Medicine, St. Louis, MO                                        
Won Ha, Lunenfeld Tanenbaum Research Institute, Mount Sinai Hospital, Toronto, ON                         
Andrea Jurisicova, Lunenfeld Tanenbaum Research Institute, Mount Sinai Hospital, 
Toronto, ON Helen McNeill, Washington University School of Medicine, St. Louis, MO  



NEMP1, a conserved nuclear envelope protein, is essential for oogenesis in flies, worms, 
fish, and mice. A fertilization competent female gamete is formed during oogenesis by 
going through a series of morphological and functional stages of primordial to the 
ovulatory follicle. During this period, an oocyte changes its chromatin organization from 
NSN (non-surrounded nucleolus) oocytes to SN (surrounded nucleolus) oocytes. In the 
primordial follicle, NEMP1 is uniformly distributed on the nuclear envelope of the oocyte 
and forms large nuclear envelope foci in the later stages of follicular development. 
Nemp1KO mice are viable, but females are severely subfertile with reduced ovarian 
reserve and defects in chromatin organization. Human GWAS showed a genetic link of 
Nemp1 variants to the early onset of menopause. Immunostaining of human oocytes 
showed NEMP1+ nuclear envelope foci are conserved to humans. Co-
immunoprecipitation in mouse oocytes revealed NEMP1 interacts with several nuclear 
envelope and transport proteins, which are also involved in chromatin regulation. 
Importantly, a significant decrease in the histone marks of H3K27me3 and H3K9me3 
was observed in Nemp1KO mice follicles compared to the wildtype follicles. Expression 
of a conditional allele of a NEMP1-GFP fusion protein in the ROSA26 locus rescued 
partial fertility in Nemp1KO mice as confirmed by molecular studies and mating trails. 
Hi-C and ChIP-seq experiments are ongoing to determine changes in 3D chromatin 
architecture and histone modifications that occur in oocytes from Nemp1-/- mutants. 
 

P104 - Transcripts with inosine RNA modifications are degraded by EXOSC10 
during meiotic maturation.  

Pavla Brachova, Eastern Virginia Medical School                                                                             
Nehemiah Alvarez, Eastern Virginia Medical School  

Successful fertilization and early embryonic development depends on the production of 
oocytes that can mature into eggs. Oocyte maturation occurs in the absence of 
transcription, and proper clearance of maternal mRNA is essential for successful 
embryonic development. A major pathway for maternal mRNA clearance is translational 
mRNA decay where mRNA is recruited for translation, followed by deadenylation via the 
CCR4-NOT complex, and then mRNA degradation. Degradation of mRNA is mediated 
by the multiprotein exosome complex. Recently, EXOSC10, an exoribonuclease 
component of the exosome, has been demonstrated to be essential for maternal mRNA 
clearance and oocyte maturation. In our previous work, we identified the presence of a 
novel pathway of inosine modified mRNA decay in oocytes that is parallel, but 
independent of the CCR4-NOT deadenylation pathway. We observed clearance of 
transcripts with inosine RNA modifications in the oocytes and eggs lacking a functional 
CCR4-NOT complex, while transcripts without inosine RNA modifications were retained 
during oocyte maturation. Here, to delineate the pathway involved in decay of mRNA 
containing inosine RNA modifications, we examined oocytes deficient in EXOSC10. We 
used a computational approach to identify inosine RNA modifications in multiple single 
oocyte RNA-seq datasets during meiotic maturation from wild-type (GV; n=8, MII; n=3) 



and Exosc10cKO (GV; n=7, MII=4) mice. In absence of EXOSC10, mRNA accumulates 
during oocyte maturation, and unlike in CCR4-NOT deficient oocytes, inosine containing 
mRNA accumulates. As we have shown previously, in wild-type oocytes, the number of 
mRNA with inosine RNA modifications decreases during oocyte maturation (GV=3204 
±189; MII=1636 ±40, p<0.05 one-way ANOVA). However, in Exosc10cKO oocytes, there 
was no significant decrease in inosine modified mRNA (GV=3677±177; MII=2965 ±336). 
Additionally, we observed a strong decrease in codon wobble position inosine RNA 
modifications (GV=297±23; MII=139±12, p<0.05 one-way ANOVA), which is in line with 
our previously reported observations. However, in Exosc10cKO oocytes, codon wobble 
position inosine RNA modifications are not significantly different (GV=355±23; 
MII=289±32). These results, taken with our previous published work, suggest that 
inosine containing mRNA are cleared by a mechanism that involves the exosome 
complex and may be independent of deadenylation.  
 

P105 - Characterization of Agouti-Signaling Protein and its Receptors in the Bovine 
Oocyte and Early Embryo  

Heather Chaney, West Virginia University                                                                                             
Jaelyn Current, West Virginia University                                                                                                      
Mingxiang Zhang, West Virginia University                                                                                                
Jianbo Yao, West Virginia University  

Oocyte competence, determined by the mRNA and protein present, regulates the ability 
of the oocyte to resume meiosis, cleave when fertilized, promote embryonic 
development, and result in a healthy, full-term pregnancy. Oocyte-secreted factors, 
including proteins, can regulate the differentiation of granulosa cells into cumulus cells, 
and drive cumulus expansion. Previous data revealed bovine oocytes highly express 
agouti-signaling protein (ASIP), a secreted protein associated with lipid metabolism and 
insulin resistance in adipose tissue. However, the role of ASIP in the bovine oocyte and 
early embryo is currently unknown. This study examined the expression of known ASIP 
receptors, melanocortin receptor 3 (MC3R), melanocortin receptor 4 (MC4R), and 
attractin (ATRN) in the bovine oocyte and follicular cells. Further, as it was previously 
unknown, the ASIP expression pattern throughout early embryonic development was 
characterized. Ovaries were obtained from a local abattoir and follicles were dissected 
for granulosa and theca cell isolation. Cumulus-oocyte complexes (COCs) were 
aspirated and GV oocytes (pools of 10) were denuded and collected for RNA isolation. 
Additional COCs underwent in vitro maturation (IVM) to obtain MII oocytes (pools of 10) 
and expanded cumulus cells. Gene expression during early embryonic development 
was examined using in vitro produced embryos. Embryo and oocyte (20/stage) pools 
included GV, MII, 2-cell, 4-cell, 8-cell, 16-cell, morula, and blastocyst stage embryos and 
were spiked with GFP RNA prior to RNA isolation. Isolated RNA was reverse transcribed 
into cDNA and gene expression was analyzed via RT-qPCR. Gene abundance was 
normalized to the expression of RPL19 (follicular cell data) or GFP expression (embryo 



panel data). Relative mRNA abundance was calculated using the standard curve 
method. Differences in gene expression were determined using either a Student’s t-test 
or One-way ANOVA using JMP statistical software. Individual mean comparisons were 
performed using Tukey’s HSD. ATRN, MC3R, and MC4R were found to be expressed in 
both cumulus cells and oocytes. ATRN was also expressed in granulosa and theca cells 
and there was a significant effect of cell type (P = 0.001) as cumulus cells collected from 
MII COCs expressed ATRN at higher levels than granulosa and theca cells. Oocyte 
maturity level did not affect ATRN, MC3R, and MC4R expression levels (P > 
0.05).  There was a significant effect of embryo stage on ASIP expression (P < 0.05). 
While ASIP was detected in each stage analyzed, ASIP levels were slightly reduced 
following oocyte maturation and remained at constant low levels until following 
completion of the embryonic genome activation at the 16-cell stage where it was 
observed ASIP levels increased in morula and blastocyst stage embryos.  In conclusion, 
ASIP is highly expressed in the bovine GV oocyte where ASIP signaling with MC3R, 
MC4R, and ATRN may be involved in attaining oocyte competence. Additional studies 
will focus on characterizing the function of ASIP in the oocyte. Further, ASIP may have a 
vital role in early embryonic development following activation of the embryonic genome 
which future research will aim to investigate. 
 

P106 - Understanding the dynamics of equine oocyte maturation using a 
transcriptomic approach.  

Alejandro de la Fuente, University of California, Davis                                                                        
Stuart Meyers, University of California, Davis                                                                                               
Pouya Dini, University of California, Davis  

In vitro embryo production (IVP) has become an important method in the equine 
breeding industry. Needed oocytes for IVP can be obtained from a pre-ovulatory follicle 
after they have matured in vivo (IVV) or can be matured in vitro (IVM) after immature 
oocytes (GV) are retrieved from antral follicles. IVV oocytes present a superior 
developmental competence compared to their IVM counterparts, which demonstrate the 
suboptimal conditions of IVM culture. During maturation, cumulus cells (CC) play an 
important role regulating the development of the oocytes, thus their gene expression 
profile could reveal key information about biological processes taking place during in 
vivo conditions that the in vitro culture is failing to stimulate. The aim of this study was to 
characterize the transcriptome dynamics of equine cumulus cells during IVM and to 
compare the gene expression patterns of cumulus cells between IVM and IVV oocytes. 
Cumulus cells were obtained from cumulus-oocyte complexes (COCs) of immature 
oocytes (GV-CC; n = 6), in vitro matured oocytes (IVM-CC; n = 12) and in vivo matured 
oocytes (IVV-CC; n = 12) by aspirating pre-ovulatory follicles after gonadotropin-induced 
ovulation in mares. Extracted total RNA from CC was sequenced, generating an average 
of 24 million reads/sample. The raw reads were trimmed (Trimmgalore) and mapped 
(STAR) to the existing equine reference genome. Mapped reads were quantified 



(Featurecount) and compared between groups, using the DESeq2 package in R 
software. We found on average 14.5 K expressed genes in CC between the three 
groups. In the first comparison, all GV-CC samples clustered together, indicating a 
uniform gene expression profile among them, while the IVM-CC group was scattered. 
We found 198 differentially expressed genes (DEG) (40 downregulated and 158 
upregulated in IVM-CC samples). The enrichment pathway analysis revealed that 
downregulated genes were involved in endoplasmic reticulum (ER), protein processing 
in ER, lysosome, and antigen processing and presentation, while upregulated genes 
were associated with cell communication and signaling. When comparing the IVV-CC to 
IVM-CC, the former clustered uniformly, suggesting a similar gene expression among all 
the IVV-CC, in contrast to the scattered pattern observed in IVM-CC samples. We found 
6,677 DEGs (2,187 upregulated and 4,490 downregulated IVM-CC samples) with main 
pathways associated to upregulated genes being chromosome segregation, DNA repair, 
sister chromatid segregation, DNA replication, mitotic cell cycle process, and nuclear 
division, while downregulated genes were associated to transmembrane signaling 
receptors and chemical stimulus detection. Additionally, we found an abnormal 
expression of genes involved in cumulus expansion and gonadotropin receptors in the 
IVM-CC group. These results serve as a foundation for understanding the underlying 
mechanisms responsible for the relatively low developmental competence of IVM 
oocytes. Moreover, this information serves as a guide to determine necessary 
modifications in the IVM culture to replicate the “in vivo” conditions more closely. 
 

P107 - Pre-Ovulatory Follicle Maturity at the Time of an Induced Luteinizing 
Hormone Surge Impacts Oocyte ATP Level.  

Hannah Clark, University of Tennessee                                                                                              
Casey Read, University of Tennessee                                                                                                      
Rebecca Payton, University of Tennessee                                                                                            
Lannett Edwards, University of Tennessee                                                                                                    
Neal Schrick, University of Tennessee                                                                                                          
Jessica Klabnik, University of Tennessee                                                                                                      
Sarah Moorey, University of Tennessee  

Improved success of advanced reproductive technologies in food animal production 
systems relies on enhanced understanding of the relationship between the pre-ovulatory 
follicle and oocyte competency. Studies have demonstrated that oocyte maturation 
within the peri-ovulatory follicle is essential for optimal oocyte competence. Further, the 
pre-ovulatory follicle’s physiological status at the time of the pre-ovulatory luteinizing 
hormone surge also appears to influence oocyte developmental competence. 
Decreased pre-ovulatory follicle diameter and serum estradiol concentration at the time 
of fixed time artificial insemination resulted in decreased embryo cleavage and day 7 
embryo quality. An RNA-sequencing study that was performed on oocytes and the 
corresponding cumulus cells collected approximately 23 hours after an induced 



gonadotropin surge indicated potentially decreased metabolic capacity in the cumulus 
cells and oocytes from follicles ≤ 11.7 mm compared to ≥ 12.7 mm. Therefore, we 
hypothesized that induced ovulation of a small, physiologically immature pre-ovulatory 
follicle results in an impaired follicular microenvironment that reduces metabolic 
capacity of the cumulus-oocyte complex. The objective of this study was to determine 
the impact of pre-ovulatory follicle diameter and serum estradiol concentration at the 
time of gonadotropin releasing hormone (GnRH) administration on oocyte ATP level and 
mitochondrial DNA (mtDNA) copy number. The development of a pre-ovulatory follicle 
was synchronized in lactating beef cows (n=157) and transvaginal aspiration was used 
to collect the cumulus-oocyte complex approximately 19 hours after GnRH 
administration. Level of ATP and mtDNA copy number were determined in 45 oocytes. 
We utilized analysis of variance to compare intraoocyte ATP level and mtDNA copy 
number between animals of high (upper quartile, 12.055-18.060 pg/mL) and low (lower 
quartile, 2.470-6.005 pg/mL) serum estradiol concentration or large (upper quartile, 
13.68-14.55 mm) and small (lower quartile, 9.30-11.50 mm) pre-ovulatory follicle 
diameter at GnRH. Serum estradiol classification influenced intraoocyte ATP, such that 
oocytes from animals classified as high estradiol had 134.04 pg greater ATP than 
oocytes collected from animals with low serum estradiol (P = 0.045). Serum estradiol 
classification was not associated with mtDNA copy number (P = 0.202). There was also 
not a difference in ATP or mtDNA copy number between small and large pre-ovulatory 
follicle diameter classifications (P ˃ 0.25). To support metabolic requirements of 
fertilization and development, the oocyte relies on nutrients, metabolic compounds and 
signaling molecules contributed from the follicular microenvironment and surrounding 
cumulus cells. Decreased physiological maturity of the pre-ovulatory follicle (as 
indicated by low serum estradiol concentration) was associated with decreased 
intraoocyte ATP. Reduced metabolic capacity of oocytes enclosed in such follicles could 
explain the reduced embryo cleavage and quality in animals with low serum estradiol 
concentration at fixed time artificial insemination. This research was supported by the 
USDA NIFA Hatch project 1022068, The University of Tennessee AgResearch, and The 
University of Tennessee Department of Animal Science. 
 

P108 - Maturation of bovine oocytes under inflammatory conditions reduces 
developmental competence  

Arslan Tariq, University of Florida                                                                                                              
John Bromfield, University of Florida  

Uterine infections are prevalent in dairy cows after parturition and result in ovarian 
dysfunction and infertility. The bacterial endotoxin, lipopolysaccharide, accumulates in 
the follicular fluid of dominant follicles in cows with uterine infections. Granulosa cells 
respond to lipopolysaccharide by inducing a classical innate inflammatory response that 
alters the follicular microenvironment of the growing oocyte. In addition, 
lipopolysaccharide reduces competence of oocytes by increasing meiotic failure rates 



and decreasing embryo development following in vitro maturation. The mechanisms by 
which lipopolysaccharide decreases oocyte quality are not fully understood. Here we 
aimed to investigate the effect of maturing oocytes in an inflammatory environment on 
subsequent developmental competence. We hypothesized that inflammatory mediators 
secreted by mural granulosa cells in response to lipopolysaccharide would reduce the 
competence of oocytes to develop to blastocyst stage embryos. Ovaries of healthy cows 
were collected from a slaughterhouse and mural granulosa cells of small/medium size (< 
8 mm diameter) follicles were purified and cultured overnight. Mural granulosa cells 
were challenged with either 1 µg/mL of lipopolysaccharide or medium alone for 24 h to 
produce conditioned medium (n = 7). Conditioned medium was pooled within a 
treatment and used to supplement in vitro maturation medium of oocytes. Inflammatory 
responses of mural granulosa cells were confirmed by an increased expression of 
CXCL8, IL1B, IL6 and TNF. A total of 1,490 bovine cumulus-oocyte complexes were 
matured in five replicates for 20 ± 1 h in the presence of either 1 µg/mL of 
lipopolysaccharide alone, 10% v/v conditioned medium from control treated mural 
granulosa cells, 10% v/v conditioned medium from lipopolysaccharide treated mural 
granulosa cells, or no supplementation. Subsequently, oocytes were fertilized and 
cultured in vitro to evaluate cleavage rate and blastocyst formation on d 3.5 and d 7.5, 
respectively. The blastocyst development rate of oocytes was 39.3 ± 3.9% under control 
conditions. The addition of 1 ug/ml of LPS during in vitro maturation reduced blastocysts 
development to 18.7 ± 3.1%. The addition of 10% v/v conditioned medium from control 
treated mural granulosa cells had no effect on blastocyst development (36.6 ± 3.9%) 
compared to control; however, the addition of 10% v/v conditioned medium from 
lipopolysaccharide treated mural granulosa cells reduced blastocyst development (19.9 
± 3.2%) in a similar manner to the addition of LPS alone. Using polymyxin B to 
sequester LPS from conditioned medium of mural granulosa cells treated with 
lipopolysaccharide rescued blastocyst development (28.6 ± 3.6%) to control levels. This 
suggests that the decreased blastocyst development caused by conditioned medium 
from lipopolysaccharide treated mural granulosa cells was due to direct effects of LPS 
on the cumulus-oocyte complex and not due to the presence of mural granulosa cell 
inflammatory mediators. Further studies are required to determine if maturation of 
oocytes in an inflammatory environment causes molecular perturbations to embryo 
quality. 
 

P109 - A Novel Combined Fluorescence In Situ Hybridization and 
Immunofluorescence Technique Identifies Interactions Between mRNA and RNA 
Metabolism Factors in Oocytes and Embryos  

Alison Ermisch, University of Nebraska-Lincoln                                                                                    
Jennifer Wood, University of Nebraska-Lincoln  

A key milestone in embryonic development is the maternal to zygotic transition (MZT), 
which initiates upon oocyte maturation and is completed after zygotic genome activation 



(ZGA). During MZT, resumption of meiosis triggers transcriptional quiescence yet 
heightened post-transcriptional regulation of maternal mRNA metabolism until ZGA. 
However, there is a knowledge gap regarding regulatory networks that control maternal 
mRNA localization, selective degradation, and clearance. Our previous studies 
demonstrated increased abundance of maternal mRNAs in mature mouse oocytes 
exposed to ovarian inflammation. These oocytes had decreased blastocyst development 
after in vitro fertilization. Additionally, oocytes exposed to oxidative stress during in vitro 
maturation displayed altered localization of maternal effect gene Developmental 
Pluripotency Associated 3 (Dppa3) toward the cortical region. Determining mRNA and 
protein interactions in oocytes and embryos often proves challenging, given that large 
numbers are needed to generate a single sample. Our lab developed a novel protocol 
for assessing co-localization of mRNAs and the proteins that may regulate their 
metabolism. This technique combines quantitative single molecule fluorescence in situ 
hybridization (FISH) and immunofluorescence (IF), which allows us to simultaneously 
label and localize all copies of a specific mRNA transcript and selected proteins within a 
single oocyte or embryo. By utilizing FISH-IF, we were able to visualize changes in 
mRNA localization and identify potential protein interactions throughout MZT. In 
preliminary studies, we collected in vivo produced oocytes (GV, MII) and 1-cell zygotes, 
which were hybridized with the RNA-FISH probe for Dppa3. Oocytes and zygotes were 
then subjected to IF staining. We used antibodies against one of two proteins known to 
play a regulatory role in mRNA metabolism. ELAV-Like Protein 1 (ELAVL1) is an RNA 
binding protein that confers transcript stability. Methyltransferase 3 (METTL3) is the N6-
methyladenosine (m6A) methyltransferase complex catalytic subunit, which methylates 
mature mRNAs and marks them for degradation by cooperative proteins. In GV-stage 
oocytes, Dppa3 was absent from the GV and evenly dispersed throughout the 
cytoplasm, while ELAVL1 was similarly evenly distributed throughout the entire oocyte. 
Limited co-localization was observed. METTL3 was highly abundant within the GV and 
co-localization was observed with Dppa3 mRNAs surrounding the GV, 
suggesting METTL3 is produced in the nucleus and transported to the cytoplasm to 
methylate maternal mRNA during this stage. Interestingly, METTL3 abundance 
appeared to be decreased and aggregated sub-cortically at the MII stage. However, 
ELAVL1 and Dppa3 had increased co-localization and central dispersion within the 
oocyte, suggesting that ELAVL1 may be stabilizing Dppa3 transcripts during this 
timepoint. Lastly, Dppa3 was absent from within pronuclei (PN) at the 1-cell stage and 
appeared to have increased cortical distribution. ELAVL1 remained centrally dispersed, 
resulting in limited co-localization and potentially indicating instability of Dppa3. METTL3 
retained high abundance in PN and had limited co-localization with Dppa3, suggesting 
METTL3 may be necessary for methylating newly synthesized zygotic mRNA and does 
not regulate maternal mRNAs at this timepoint. Taken together, this work lays the 
foundation for future studies utilizing this novel technique, thus allowing us to elucidate 
post-transcriptional mechanisms that govern mRNA metabolism throughout the MZT. 
 



P110 - Procumulin in maturation media may improve the developmental 
competence of human oocytes matured in a biphasic in vitro maturation system.  

Berta Cava-Cami, Vrije Universiteit Brussel                                                                                          
Heidi Van Ranst, Vrije Universiteit Brussel                                                                                               
William Stocker, Monash University                                                                                                             
Craig Harrison, Monash University                                                                                                                    
David Mottershead, Keele University                                                                                                              
Robert Gilchrist, University of New South Wales Sydney                                                                            
Johan Smitz, Vrije Universiteit Brussel                                                                                                            
Ellen Anckaert, Vrije Universiteit Brussel  
 
In vitro oocyte maturation (IVM) of cumulus-oocyte complexes (COCs) derived from 
small antral follicles in unstimulated or minimally stimulated cycles can be offered as 
a patient-friendly treatment alternative for conventional ovarian stimulation in 
polycystic ovary syndrome (PCOS) patients. However, live birth rates after IVM are 
lower than in conventional IVF. The development of a biphasic IVM system termed 
capacitation (CAPA)-IVM has reduced this gap. In CAPA-IVM C- type natriuretic 
peptide (CNP) is added in the capacitation step which maintains meiotic arrest, to 
allow synchronisation of nuclear and cytoplasmic maturation, resulting in an increased 
number of matured oocytes and subsequent good quality blastocyst rate compared 
with standard IVM. However, a large RCT revealed that cumulative live birth rates 
were still 19% lower for CAPA-IVM, which illustrates the remaining efficiency gap with 
conventional IVF and the need for further improvement of the biphasic IVM system. 
Oocyte secreted factors (OSF) play a crucial role in oocyte growth and maturation in 
vivo. The addition of OSFs to IVM culture medium improves the developmental 
competence of oocytes in different animal models leading to restoration of cytoplasmic 
organelle distribution and activity and to higher blastocyst formation rates. However, 
whether the addition of OSFs improves IVM in human COCs retrieved from small 
antral follicles remains unknown. This study examined whether the supplementation 
of CAPA-IVM with Procumulin, a structural modelled GDF9 BMP15 heterodimer, 
improves the cytoplasmic and nuclear maturation of human oocytes as assessed by 
immunofluorescence confocal imaging. COCs from PCOS patients were collected 
from 2- 9-mm antral follicles. COCs from the same patient were randomly distributed 
in three experimental CAPA-IVM conditions (+/- Procumulin) to correct for patientrelated 
effects on oocyte quality. The addition of Procumulin in capacitation media 
decreased the number of apoptotic cumulus cells in COCs (n=11 COCs per condition). 
Preliminary chromatin configuration results showed that Procumulin treatment 
promotes nuclear condensation, which is related to nuclear maturity and silencing of 
nuclear transcription. Procumulin did not affect the maturation rates when added in the 
capacitation or in both culture steps (75-80% in the three conditions). In mature CAPA-
IVM oocytes, Procumulin supplementation increased mitochondrial activity (JC-1 
staining) but did not affect reactive oxygen species levels (CellROX staining) 
compared to control CAPA-IVM (n=23 oocytes per condition from 7 patients). 



Procumulin added either in capacitation step or in both steps, increased the ratio of 
active mitochondria compared to CAPA-IVM control. In conclusion, this study 
demonstrates that supplementation of Procumulin during biphasic IVM may improve 
oocyte developmental competence. OSF addition could thus be used in IVM media to 
restore cytoplasmic organelle and cytoskeleton deviations from in vivo. 
 

P111 - Investigating the role of Nemp1 required for fertility and forms large cluster 
at the nuclear envelope (NE)  

Abira Ganguly, Washington University School of Medicine in St. Louis                                            
Yonit Tsatskis, Lunenfeld-Tanenbaum Research Institute                                                                         
Chloe Potter, Washington University School of Medicine in St louis                                                    
Bilal Hakim, Washington Univeersity School of Medicine in St Louis                                                       
Won Ha, University of Toronto                                                                                                             
Emily Spurlin, Washington University School of Medicine, St. Louis                                                                  
Caitlin Martin, Washington University School of Medicine in St. Louis                                                    
Ahmady Ali, Washington University School of Medicine, St. Louis                                                           
Valerie Ratts, Washington University School of Medicine, St. Louis                                               
Didier Hodzic, Washington University School of Medicine in St. Louis                                                
Andrea Jurisicova, University of Toronto                                                                                                     
Helen McNeill, Washington University School of Medicine, St. Louis 

Nuclear Envelope Membrane Protein 1 (Nemp1) is a highly conserved transmembrane 
nuclear envelope protein required for fertility in Drosophila, C. elegans, zebrafish, and 
mice (Tsatskis et. al,2020). Human genome-wide association studies show an 
association between NEMP1 and early menopause. Nemp1KO mice are viable but 
females are severely subfertile (Tsatskis et. al,2020). Analysis of ovary sections revealed 
a dramatic loss of primordial follicles in the Nemp1KO mice indicating a role of nemp1 in 
maintaining the mammalian ovarian reserve. The purpose of this study is to investigate 
Nemp1 localization as the oocyte matures in the mouse ovary and identify possible 
functions of Nemp1. Analysis of ovary cryosections revealed that Nemp1 localizes 
homogeneously at the nuclear envelope of primordial follicles, but strikingly as the 
oocytes mature into primary and secondary oocytes, Nemp1 relocalizes into large 
Nuclear Envelope Clusters (NEC). Remarkably, NEC size increases dramatically with 
oocyte maturation reaching ~700nm in oocytes within secondary follicles. The NEC 
number peaks, at ~ 120 clusters/nucleus in tertiary follicles. NEC abundance decreases 
thereafter but are still present in isolated GV oocyte. Upon overexpression of Nemp1 in 
mice, NEC forms prematurely in primordial follicles. This implies that NEC cluster 
formation is increased with increasing Nemp1 protein levels. Analysis of stained ovary 
sections as well as GVs revealed that Nemp1 KO mouse oocytes have significantly 
increased nuclear size with decondensed chromatin compared to the nucleus of 
wildtype. H3K9Me2 and HP1 beta staining are significantly reduced in the Nemp1 KO, 
most notably at the tertiary follicle mouse oocytes. This implies that the Nemp1 function 



is to organize chromatin, especially at the stage of NSN to SN transition as we see the 
major differences in chromatin staining or decondensed chromatin at this stage. 
Recently we retrieved GV oocytes from female patients undergoing in vitro fertilization 
and identified NEMP1 localizes at NEC in abundance in human GVs. This shows that 
Nemp1 NEC localization is conserved in human oocytes. These findings suggest that 
understanding the precise function of Nemp1 could provide a means to understand 
fundamental nuclear envelope protein function and its role in fertility. 

P112 - Transcriptional response profiling of juvenile mouse ovaries after radiation 
treatment uncovers a heterogenous and cell-type specific damage response  

Monique Mills, The University of Maine                                                                                                  
Chihiro Emori, Osaka University                                                                                                               
Parveen Kumar, The Jackson Laboratory                                                                                                  
Joshy George, The Jackson Laboratory                                                                                                                         
Ilya Levantis, LifeBit                                                                                                                                         
Ewelina Bolcun-Filas, The Jackson Laboratory  

Genotoxic cancer treatments, such as radiation, induce DNA damage that preferentially 
kills cancerous cells but can also damage and eliminate healthy cells. Primordial follicles 
(PFs), a finite population of ovarian follicles containing immature oocytes, are highly 
susceptible to DNA damage. Depletion of PFs through cancer treatment-induced DNA 
damage can cause premature ovarian failure and infertility. Existing fertility preservation 
methods are invasive, delay cancer treatment, and are insufficient for prepubescent 
females. The goal of this project is to elucidate the DNA damage response in PFs to 
identify targets for a non-invasive pharmacological inhibition strategy to preserve 
ovarian function. Our lab previously showed that CHEK2 kinase is the key mediator of 
the DNA damage response in oocytes. Inhibition of CHEK2 activity improved PF survival 
and female fertility after radiation exposure. Beyond this key factor, the oocyte’s 
response to DNA damage is insufficiently understood which hinders the development of 
ovario-protective strategies. To identify factors and processes involved in DNA damage-
induced oocyte elimination, we conducted bulk and single-cell RNA-sequencing of 
irradiated and non-irradiated ovaries from wild type and Chek2-/- mice, six hours after 
treatment, when oocytes are still present and actively mounting a cellular response. Bulk 
RNA-sequencing of wild type ovaries identified 83 Differentially Expressed Genes 
(DEGs) with ≥2-fold change in expression (FDR<0.05); 77 genes were upregulated and 
6 downregulated. In contrast, global gene expression was not significantly changed after 
radiation in Chek2-/- ovaries (3 DEGs ≥2-fold change and FDR<0.05) indicating that 
CHEK2 is the major regulator of the ovarian response to low dose ionizing radiation 
(0.5Gy). Among 83 DEGs, there are 70 protein coding genes, 7 lncRNAs, and 6 
unclassified or pseudogenes. According to functional characterization, many DEGs are 
known to be involved in the p53 signaling pathway (Bbc3, Ccng1, Cdkn1a, Trp73, 
Mdm2, Pmaip1), cell cycle (Wnt10b, Trp73, Tjp3, Ccng1, Ak1, Cdkn1a, Mdm2), and 
apoptosis (Bbc3, Plhda3, Tp53inp1, Trp73, Pmaip1, Ccng1, Cdkn1a, Mdm2, Nox1). 



Gene Set Enrichment Analysis (GSEA) revealed activation of the p53 pathway, 
interferon alpha and gamma response, apoptosis, and TNF alpha signaling via NFkB in 
irradiated ovaries. Using transcriptome analysis at the single-cell level, we observed a 
strong CHEK2-dependent response in oocytes (125 DEGs) compared to granulosa cells 
(12 DEGs) or other cell type clusters (<25 DEGs) in the ovary. We identified signaling 
pathways, known and novel factors that may be mediators or targets of this response. 
The functions of these novel factors remain unknown or have previously been reported 
in other tissue types to be involved in the p53 response pathway, oxidative damage 
(reactive oxygen species and reactive carbonyl species), and cellular communication 
(extracellular vesicles, cell adhesion, and intercellular junctions). Validation of novel 
oocyte-specific factors with RNA ISH revealed factors are highly localized to PFs. 
Utilizing knock-out mouse models, we are investigating the function of novel damage 
response factors and propose a potential role for reactive carbonyl species in the oocyte 
response to radiation-induced damage. We will present our results and discuss their 
implications for development of novel ovario-protective therapeutic strategies. 
 

P114 - Inhibition of Ataxia Mutated Telangiectasia during DMBA exposure alters 
ovarian and uterine weight  

Emma Johanns, Iowa State University                                                                                               
Kelsey Timme, Iowa State University                                                                                                         
Isabelle Fox, Iowa State University                                                                                                                     
Aileen Keating, Iowa State University  

Ovotoxicant exposures can impair female fertility through altered germline quality, 
endocrine disruption and accelerated atresia. The polycyclic aromatic hydrocarbon 
7,12-dimethylbenz[a]anthracene (DMBA) is liberated through combustion of organic 
material and is a germline genotoxicant. Ataxia Mutated Telangiectasia (ATM) is a 
germline protector and females deficient in ATM have an altered ability to response to 
DNA damage. This study investigated the hypothesis that pharmacological inhibition of 
ATM would be additive to DMBA-induced ovotoxicity.  Twenty adult C57BI6 female mice 
were divided into four groups and by intraperitoneal injection received either corn oil as 
vehicle control, DMBA (1mg/kg), ATM inhibitor (ATMi; 25mg/kg), or DMBA (1mg/kg) + 
ATMi (25mg/kg) for 7 d. Body and organ weights were recorded and analyzed. 
Exposure to DMBA reduced (P < 0.05) body weight relative to CT and ATMi mice. 
Inclusion of the ATMi with DMBA exposure did not rescue the reduction in body weight 
caused by DMBA exposure. There was no effect of DMBA exposure on ovary weight 
relative to CT mice, however, both groups that received the ATMi tended to have 
greater (P = 0.1) ovary weight than the CT or DMBA treated mice.  Uterus weight was 
reduced (P < 0.05) by DMBA exposure relative to CT treated mice, but inclusion of the 
ATMi prevented this DMBA effect on uterine weight. Thus, these findings support that 
inhibition of ATM during DMBA exposure has additional effects that could be attributed 
to altered DNA repair.  



  

P115 - Hormonal, Metabolic, and Vitamin D Status Variabilities among Saudi 
Women with Polycystic Ovarian Syndrome versus Non-PCOS Controls: A 
retrospective Study.  

Ramya Sindi, Umm Al-Qura University  

OBJECTIVE:  This retrospective study aimed to identify the possible deteriorations in 
the hormonal and metabolic parameters, and in 25-hydroxyvitamin D (25(OH)D) level as 
a universal indicator of vitamin D status, among Saudi women with the polycystic 
ovarian syndrome (PCOS) compared with non-PCOS control women. 

MATERIALS AND METHODS: The medical records of 49 women with PCOS and 50 
age-body mass index-matched non-PCOS fertile control women were analyzed in this 
retrospective study. The analyzed hormonal parameters of both groups included the 
levels of luteinizing hormone (LH), follicle-stimulating hormone (FSH), androgen, total 
testosterone (TT), sex-hormone-binding globulin (SHBG), estradiol, progesterone, 
prolactin, thyroid-stimulating hormone (TSH) and free thyroxin hormone (FT4), while the 
metabolic parameters included the fasting levels of plasma glucose (FPG) and lipid 
profile parameters (total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), and total triglycerides (TTG)), alongside 
the recorded 25(OH)D value for each woman who met study inclusion criteria. The 
present study is under our trial internationally registered on the clinicaltrials.gov, with a 
registration code “NCT05106712” (www.clinicaltrials.gov/ct2/show/NCT05106712). 

RESULTS: Data showed a significant prevalence of vitamin D deficiency and 
insufficiency (serum 25(OH)D of ≤20 ng/mL and 21–29 ng/mL, respectively) among the 
PCOS women compared to the control ones. The hormonal analyses indicated that FSH 
and SHBG concentrations were significantly lower, while LH, androgen, TT, and 
estradiol levels were significantly higher among PCOS women than in controls. In 
addition, the PCOS group had significantly higher levels of FPG, TC, and LDL-C as 
compared with the control group. There were non-significant differences between the 
two groups in the levels of the other analyzed parameters. 

CONCLUSIONS: Sex hormones and metabolic disturbances, and impaired vitamin D 
status, seem to be a common clinical problem in PCOS. Large-scales retrospective and 
prospective studies are therefore required to confirm the present findings. 
 

 

 



P116 - Diet Induced Obesity Differently Affects the Methylome of Cumulus Cells 
from Mice with Variable Susceptibility to Obesity.  

Karolina Wołodko, Polish Academy of Sciences                                                                                 
Gavin Kelsey, University of Cambridge                                                                                           
Antonio Galvao, Polish Academy of Sciences and University of Cambridge  

Obesity is a prevalent disease, with complex aetiology and variable levels of 
susceptibility within the population. The detrimental effects of obesity on ovarian 
function are well established, with direct consequences to the gamete and surrounding 
somatic cells. We have recently observed a striking correlation between global gene 
expression in cumulus cells (CCs) and maternal body weight (BW) in mice treated with 
diet induced obesity (DIO). Presently, we hypothesise that changes in gene expression 
in CCs of obese mice are associated with changes in DNA methylation and directly 
linked to maternal susceptibility to obesity. 

Obesity prone C56BL/6J (B6) and obesity resistant 129X1/SvJ (129) mice were fed 
chow diet (CD) or high fat diet (HFD) for 16 weeks (wks), followed by CCs collection 
after superovulation. Phenotype characterisation revealed a gain in 36±4.3g in BW and 
14±2.9g in fat mass (FM) in B6 HFD and 25g±2.0g in BW and 6±1.0g in FM in 129 HFD, 
comparing to respective CD groups. Subsequently we performed bisulfite sequencing in 
a total of 50 CCs and analysed the data together with RNA sequencing previously 
performed for the same samples. Despite comparable global levels of methylation 
between diets (approximately 74%), unbiased methylation analysis over 100 CpG 
windows revealed 833 differentially methylated regions (DMRs) in B6 and 1814 DMRs in 
129, after logistic regression (p<0.05; with at least 10% difference in methylation 
between diets). In both strains, 47% and 45% of the DMRs overlapped gene bodies, 
23% overlapped promoters and 30% and 32% were located in intergenic regions, in B6 
and 129 respectively. A total of 18 DMRs were common between strains and were 
linked to genes controlling actin assembly. Furthermore, in B6, specific DMRs 
overlapped genes associated with branching, morphogenesis and anatomical 
rearrangements after gene ontology analysis (GO). Indeed similar terms were previously 
reported for the GO of differentially expressed genes (DEGs) in CCs transcriptome of 
HFD treated mice. Conversely, GO for 129 DMRs revealed links to metabolism, 
macromolecule modifications, and transmembrane transport. Next, we instigated 
putative links between methylation in gene promoters and transcription in CCs. A total of 
14 DMRs were localised in promoters of genes differentially expressed in B6, with 10 
DMRs presenting gain in methylation and decreased expression of the respective gene. 
Importantly, retrieved genes included Igsf8 associated with oocyte fertilization or 
Slc15a1 linked to glucose transport. In 129, 11 DMRs on promoters were also DEGs, 
and 7 genes presented increased methylation and decreased gene expression level, 
such as Pkm, Eno1, Aldoc linked to glycolysis with Pkm gene coding a rate- limiting 
enzyme in glucose metabolism. 



We have evidenced for the first time the impact of maternal obesity on CC methylome in 
DIO mice, which was dependent on the susceptibility to obesity and linked to changes in 
gene expression. In B6 changes in methylation of CCs corroborated previous 
observations in the transcriptome, suggesting changes in genes involved in structural 
rearrangement and morphology. Conversely, in 129, observed changes in methylation 
of CCs were linked to changes in the expression of genes involved in metabolic 
performance. 
 

P117 - Transcriptional landscape of granulosa cells of aged women with poor 
ovarian response  

Jitu George, UNMC                                                                                                                                    
John Davis, UNMC                                                                                                                                          
James Dias, University at Albany  

Since the turn of the century, changes in socio-economic dynamics have fundamentally 
altered reproductive behavior, leading to more women delaying childbirth. This 
postponement has led to women attempting and failing to conceive, resulting in 
increased utilization of assisted reproductive technology (ART) to achieve pregnancy. In 
women of advanced age, poor ovarian response remains a significant problem in 
assisted reproduction. Within the follicle, granulosa cells support the growth and 
maturation of the oocyte through bidirectional communication. The goal of this study is 
to define the molecular footprint of granulosa cells in advanced-age women and 
determine if the transcriptome profile is different in good and poor responders. 
Granulosa cells were isolated from follicular fluid of IVF patient samples either >39 years 
old (n=6) or <30 years old (n=6) with oocyte yields of <7 and >16, and these were 
characterized as good responders (GR) and poor responders (PR), respectively. Total 
RNA was isolated, and differentially expressed genes were filtered for significance 
(P<0.05) and fold-change (FC) (Log2>1.5 fold). Gene Set Enrichment Analysis and 
Ingenuity Pathway Analysis (IPA) were employed to identify specific regulatory pathways 
and upstream regulators. To further confirm our findings, mRNA quantification was 
performed using Nanostring Metabolic Pathways (768 genes), Fibrosis V2 (770 genes), 
and PanCancer Progression Kit (770 genes). In the good responders, there was a highly 
significant enrichment of genes regulating "Focal adhesion," "ECM-receptor interaction," 
and "Vascular endothelial growth factor-activated receptor activity". GSEA analysis 
identified enrichment of "Angiogenesis", "VEGFA targets", and "cell cycle genes", 
indicating that angiogenic factors, might influence granulosa cell proliferation in good 
responders. We also observed enrichment of Hippo genes and upregulation of signature 
genes CCN1, CCN2, and ANKRD1 in good responders. Upstream regulator analysis 
identified activation of YAP1, TAZ, and TEAD1-4 in good responders, implicating that 
activation of core Hippo genes might influence ovarian response. In the non-responder 
population, we identified increased activation of pathways involved in "cholesterol 
biosynthesis", "mevalonate pathway", and "sterol regulatory element-binding proteins" 



signaling, suggesting that granulosa cells from poor responders might be undergoing 
aging-related premature luteinization. Nanostring analysis on a separate cohort of good 
and poor responders mirrored our RNA-seq findings. We saw similar activation of YAP1 
and TAZ downstream genes in good responders, while genes regulating cholesterol 
metabolism were enriched in poor responders.  We had previously shown that YAP/TAZ 
regulates granulosa cell steroidogenesis. To determine if a relationship exists between 
YAP/TAZ targets and those in the cholesterol biosynthesis pathway, we performed a 
correlation analysis using our RNA-seq data. We observed a significant negative 
correlation in the poor responders, implying there could exist a causal link between 
YAP/TAZ and steroid production. In summary, our analysis identified multiple pathways 
in granulosa cells that play critical roles in both proliferation and metabolism and can 
profoundly affect follicle development.  
 

P118 - Uncovering the mechanisms of ovarian damage induced by checkpoint 
inhibitor immunotherapy  
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Conventional cytotoxic cancer therapies exert permanent damage to the ovary; hence, 
loss of fertility is a major concern for female reproductive-age cancer survivors. 
However, the landscape of cancer therapies is rapidly changing, with attention shifting to 
more personalised, targeted treatments. Immunotherapies — like checkpoint inhibitors 
anti-PD-L1 and anti-CTLA-4 — harness the immune system to kill tumour cells. They are 
increasingly becoming a standard of care for many tumour types, including in the 
curative setting. But their impacts on ovarian function and fertility in women are 
unknown. 

At the SSR 54th Annual Meeting in December, we presented our novel data in which we 
characterised the impact of anti-PD-L1 and anti-CTLA-4 antibodies on the ovary using a 
mouse model. We uncovered profound and permanent impacts to ovarian function 
following checkpoint blockade, as evidenced by significant depletion of primordial 
follicles. Notably, in women, primordial follicle depletion is associated with early loss of 
fertility and premature menopause. Growing follicle populations, mature ovulated 
oocytes and corpora lutea numbers were also significantly altered. Ovarian TNF-α 
mRNA and protein levels were also significantly elevated. 

In the present study, we sought to uncover the mechansims of checkpoint inhibitor-
mediated ovarian damage in mice. Firstly, to investigate the contribution of immune cells 



to checkpoint inhibitor-mediated ovarian damage, we replicated our studies using Rag2-

/-γc-/- mice (C57BL6/J background), which lack mature T, B and NK cells. These mice 
were administered anti-PD-L1 or control IgG antibodies, with ovaries harvested 21 days 
later for follicle enumeration. The follicle loss observed in immune-competent C57BL6/J 
mice at 21 days was abrogated in these immune-deficient mice following checkpoint 
blockade, with no significant differences observed across all follicle classes. These data 
demonstrate that checkpoint inhibitor-induced ovarian dysfunction and follicle loss is 
immune cell-mediated. 

We next determined whether immune checkpoint inhibitors mediate primordial follicle 
depletion through increases in intra-ovarian levels of TNF-α and BID-mediated 
amplification of the extrinsic apoptosis pathway. First, we assessed follicle numbers in 
ovaries harvested from postnatal day 1 wild-type (WT) or Bid-/- mice cultured with or 
without exogenous TNF-α for 4 days. TNF-α led to a significant depletion of primordial 
follicles in ovaries from WT mice, indicating elevated TNF-α alone is sufficient to deplete 
primordial follicles (WT Control: 1875±72.6; WT TNF-α: 1026±77.6, p=0.04). In striking 
contrast, no primordial follicle loss was observed in TNF-α-treated Bid-/- ovaries. This 
suggests that elevated TNF-α can directly induce primordial follicle loss; and that 
genetic deletion of BID is protective. 

Next, adult female Bid-/- mice were administered with anti-PD-L1 or control and ovaries 
harvested 21 days later. In contrast to the WT mice, anti-PD-L1 treatment exerted no 
significant impact on any of the follicle populations, ovulation, or estrous cycling in the 
Bid-/- mice. 

Collectively, these data demonstrate that checkpoint inhibitor-induced ovarian damage 
is immune cell-mediated. Moreover, BID-mediated apoptosis triggered by elevated TNF-
α levels is the likely mechanism of follicle loss induced by these agents. These data 
highlight blockade of TNF-α as a promising therapeutic target to prevent checkpoint 
inhibitor-mediated ovarian damage. 
 

P119 - Integrated analysis of genome-wide gene expression and histone 
modification in granulosa cells undergoing luteinization during ovulation in mice  
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Taishi Fujimura, Yamaguchi University Graduate School of Medicine                                                
Norihiro Sugino, Yamaguchi University Graduate School of Medicine  

Luteinization is the process that granulosa cells differentiate into luteal cells by LH 
surge. It is known that several major events such as steroidogenesis, COC expansion 
and ovulation occur in granulosa cells by LH surge. However, it is still unclear what kind 
of other events occur in granulosa cells undergoing luteinization after LH surge. To 



investigate this issue, we first performed time-course genome-wide gene expression 
analysis in mouse granulosa cells undergoing luteinization. 3-week-old immature mice 
were injected with eCG (4 IU) followed by hCG (5 IU). Granulosa cells were obtained 
before (0 h) and 4 h, 12 h after hCG injection. Genome-wide mRNA expressions were 
examined by RNA sequence. The genes whose expression values increased or 
decreased more than 1.5-fold by hCG injection were defined as differentially expressed 
genes. A number of genes were up- or down-regulated at each time-point during 
ovulation. These genes could be classified into 8 patterns according to the time-course 
changes of gene expression. Many genes were transiently up- or down-regulated at 4 h 
after hCG stimulation. Gene ontology terms associated with these genes included 
steroidogenesis, ovulation, COC expansion, angiogenesis, immune system, ROS 
metabolism, lipid and glucose metabolism, inflammatory response and autophagy. The 
cellular functions of cell growth and DNA repair were newly identified as being activated 
during ovulation. Cell growth was activated at 4h and remained unchanged until 12h. 
DNA repair against oxidative stress was activated at 4h. Thus, the genome-wide gene 
expression analysis revealed that dramatic changes of gene expressions occur in 
granulosa cells undergoing luteinization during ovulation, which regulate various cellular 
functions and contribute to luteinization. 

We previously reported that histone modifications regulate rapid changes in mRNA 
expressions of steroidogenesis-related genes (StAR, Cyp11a1 and Cyp19a1) in 
granulosa cells undergoing luteinization after LH surge. We, therefore, hypothesized that 
H3K4me3, which is an active transcription marker, is involved in the genome-wide 
changes of gene expression in granulosa cells undergoing luteinization. We examined 
genome-wide changes of H3K4me3 by using ChIP sequence in the same time-course 
as RNA sequence. H3K4me3 levels changed in a number of regions at each time-point 
during luteinization. We combined RNA sequence and ChIP sequence data to 
investigate the involvement of H3K4me3 in the regulation of gene expressions. 
H3K4me3-associated genes were defined as the genes whose mRNA level change in a 
manner similar to the change in H3K4me3. They were classified into 6 patterns 
according to the time-course changes of gene expression and H3K4me3. Gene 
ontology analysis revealed that the genes which are associated with H3K4me3 are 
involved in the regulation of a number of cellular functions such as steroidogenesis, 
COC expansion, ovulation, cell growth, ROS metabolism, regulation of autophagy and 
lipid and glucose metabolism. In conclusion, integrated analysis of RNA sequence and 
ChIP sequence revealed that mRNA expressions and histone modifications genome-
widely change in granulosa cells undergoing luteinization during ovulation, which is 
involved in a number of physiological functions for luteinization. 
 

 

 



P120 - Variation in antral follicle number but not primordial follicle number is 
positively related to luteal function in beef heifers  
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Clayton Bedke, University of Wyoming                                                                                                      
Madison Shults, University of Wyoming                                                                                                     
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The relationship between antral follicle number and ovarian steroid production in cattle 
remains controversial. Most studies report increased circulating luteal phase 
progesterone concentrations in bovine females with greater numbers of antral follicles, 
but some studies report that greater numbers of antral follicles are associated with 
decreased circulating progesterone concentrations. There is an antagonistic genomic 
relationship between antral follicle count and age at puberty, indicating that females with 
very high numbers of follicles have delayed puberty. Together, these data imply that 
antral follicle number influences endocrine function before and after puberty and may 
impact ovarian steroid production during the bovine estrous cycle. Issues with these 
methods that could lead to discrepancies in results include the possibility of technician 
error when ultrasonography is used to determine antral follicle number and the use of 
classes for a continuous trait like antral follicle count, because different investigators 
place the thresholds at different levels, which can dramatically change the results. To 
further investigate the relationship between follicle numbers and luteal function we 
collected ovaries at day 16 of an induced estrous cycle in pubertal Angus heifers and 
used surface counts as a gold standard to understand luteal function. Based on past 
results from our laboratory, we hypothesized that antral follicle number would be 
positively associated with progesterone concentrations and luteal weight at day 16 of 
the estrous cycle. Angus heifers (n = 72) were synchronized using the CO-Synch 
protocol and ovaries were recovered on day 16 after the second GnRH injection, either 
at slaughter or by flank laparotomy. A blood sample was collected on day 16 
immediately prior to recovery of the ovaries for determination of circulating 
progesterone concentrations by radioimmunoassay. Upon recovery of the ovaries, all 
surface follicles were counted, the corpus luteum was dissected from the ovary and 
weighed, and a representative piece of ovary was fixed for histological evaluation of 
primordial follicle number. Regression analysis was applied using the REG procedure of 
SAS to determine the direction and magnitude of the relationship between antral follicle 
number, primordial follicle number, weight of the corpus luteum, and progesterone 



concentration. Antral follicle number was positively related to weight of the corpus 
luteum (r-square = 0.05; P = 0.03) and progesterone concentration (r-square = 0.05; P = 
0.05). Primordial follicle number was positively related to antral follicle number (r-square 
= 0.32; P < 0.0001), but not to weight of the corpus luteum or progesterone 
concentration (P > 0.39). We conclude that there is a positive relationship between 
antral follicle number and luteal function in pubertal beef heifers. The fact that this 
relationship does not exist with primordial follicles implies that gonadotropic support and 
steroidogenic feedback from the pool of small antral follicles drive this difference in 
luteal function and should be further investigated in heifers with increased numbers of 
antral follicles to understand how it influences attainment of puberty and control of 
regular estrous cycles. USDA is an equal opportunity provider and employer. 
 

P121 - Role of prostaglandin F2α in corpus luteum regression after conceptus 
demise in cattle  
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Induction of conceptus demise on day 35 of gestation in cattle results in luteolysis by 
gestation day ~45.  During the second month of gestation basal prostaglandin 
F2α (PGF2α) is greater whereas pulse frequency and amplitude are similar to that at the 
expected time of luteolysis during the estrous cycle. It, however, is unclear whether 
PGF2α is responsible for luteolysis after induced conceptus demise. The aim, therefore, 
was to test the hypothesis that inhibition of PGF2α secretion will delay luteolysis after 
induced conceptus demise while replacement of intrauterine PGF2α will result in 
luteolysis. Pregnant non-lactating beef cows had conceptus demise induced at day 35 of 
gestation (d0) and were randomly assigned to: Control (n=9), flunixin meglumine 
(FM;n=12), FM+Early PGF2α (FME;n=8), or FM+Late PGF2α (FML;n=8) treatments. 
Conceptus demise was induced by intrauterine administration of hypertonic saline. 
Flunixin meglumine was administered intravenously every 8-hours at a dose of 1.65 
mg/kg from day 4 to 14. Four intrauterine PGF2α pulses (0.5 mg/pulse) were 
administered every 6-hours on day 5 or 12 in cows of FME and FML groups, 
respectively. Blood samples were collected twice daily for P4 quantification. Onset of 
luteolysis was defined as the day before serum P4 decreased to less than 50% of the 
average for the previous three samples. Ultrasonography was performed daily to 
determine corpora lutea (CL) size and conceptus viability. Data were analyzed using 



ANOVA and logistic regression using SAS. On day 0, amniotic vesicle size, serum P4, 
and CL volume did not differ among groups (P>0.4). Timing of conceptus expulsion after 
conceptus demise was not different (P>0.6) among treatment groups. Luteolysis was 
identified in all animals and average interval from conceptus demise to luteolysis was 
different (P=0.05) among treatment groups. Luteolysis tended (P=0.06) to occur later 
(10.2±1.1d) in cows of FM than the Control group (7.4±0.8d). Conversely, luteolysis in 
cows of the FML (11.2±0.8d) group occurred later (P<0.05) than in those of Control and 
FME groups, while there was no difference between cows of FML and FM groups 
(P=0.45). Interval from conceptus demise to luteolysis for cows of the FME group 
(8.0±1.2d) was not different (P>0.10) than those of Control and FM groups. Percentage 
of cows with luteolysis between day 4 and 14 was not different (P=0.52) among cows of 
Control (100%;9/9); FM (75%;9/12); FME (87.5%;7/8); and FML (100%;8/8) groups. 
Similarly, percentage of cows initiating luteolysis as a result of intrauterine PGF2α, 
defined as onset of luteolysis within 24-h of administering the first PGF2α pulse, was not 
different (P=0.17) between cows of FME (50%) and FML (100%) groups. Furthermore, 
interval between administration of the first PGF2α pulse and luteolysis was not different 
(P=0.9) between cows of the FME (0.6±0.2d) and FML (0.6±0.1d) groups. In conclusion, 
inhibition of PGF2α secretion did not prevent but rather delayed luteolysis after induced 
conceptus demise, thus, providing partial support for the hypothesis that PGF2α is 
responsible for initiation of luteolysis after conceptus demise. 

P122 - Neuregulin-1 signaling regulates cytokine expression in luteal cell  

Saswati Banerjee, Morehouse School of Medicine, Atlanta, Georgia                                               
Winston Thompson, Morehouse School of Medicine, Atlanta, Georgia                                                                
Indrajit Chowdhury, Morehouse School of Medicine, Atlanta, Georgia  

The growth and differentiation of corpus luteum (CL) are principally mediated by an 
extensive array of factors including epidermal growth factor (EGF)-like 
peptides, endocrine (LH), and locally produced cytokines and chemokines. Cytokines 
are small, soluble, and diverse pleiotropic immunoregulatory signaling proteins with a 
short half-life, whereas chemokines are a group of secreted proteins within the cytokine 
family. Despite this evidence, our understanding of physiological regulations and 
interactions of these cytokines during CL growth and differentiation remains incomplete. 
We have demonstrated previously that neuregulin-1 (NRG1), a member of the EGF-like 
factor family, is gonadotropin-dependent differentially expressed in CL and supports 
luteal cell (LC) survival. Therefore, to gain a better understanding of the role of NRG1 in 
luteal function, we have examined the functional effects of loss-of-function of NRG1 
using siRNA (siNRG1) transfection on cytokine expression in rat luteal cells (LCs). 
Twenty-four hours after siNRG1 transfection, LCs expressed significantly higher levels of 
interleukins and VEGF at mRNA and protein levels compared to the scramble group. 
Moreover, loss-of-function of NRG1 in LCs resulted in the suppression of the key pro-
survival factors. Furthermore, these experimental studies provided direct evidence 
that the phosphorylation of ErbB2, ErbB3, PI3K, Akt, and Erk is significantly inhibited in 



response to loss-of-function of NRG1. In addition, a direct inhibition of ErbB3 using 
inhibitor specific for ErbB3 tyrosine kinase in LCs abolished NRG1-induced PI3K and Akt 
phosphorylation. Taken together, these studies provide new evidence supporting NRG1-
dependent phosphorylation of ErbB3-ErbB2-PI3K-Akt signaling pathways in LCs is 
required to regulate the cytokine expression and may maintain the function of CL.  

Acknowledgments: This study was supported in part by National Institutes of Health 
Grants 1 SC1 GM130544-01A1 and G12RR03034. This research was conducted in a 
facility constructed with support from the Research Facilities Improvement Grant 
C06RR018386 from the National Institutes of Health National Center for Research 
Resources.   
 

P123 - Neuregulin-1 signaling regulates cytokine expression in luteal cell  
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The growth and differentiation of corpus luteum (CL) are principally mediated by an 
extensive array of factors including epidermal growth factor (EGF)-like 
peptides, endocrine (LH), and locally produced cytokines and chemokines. Cytokines 
are small, soluble, and diverse pleiotropic immunoregulatory signaling proteins with a 
short half-life, whereas chemokines are a group of secreted proteins within the cytokine 
family. Despite this evidence, our understanding of physiological regulations and 
interactions of these cytokines during CL growth and differentiation remains incomplete. 
We have demonstrated previously that neuregulin-1 (NRG1), a member of the EGF-like 
factor family, is gonadotropin-dependent differentially expressed in CL and supports 
luteal cell (LC) survival. Therefore, to gain a better understanding of the role of NRG1 in 
luteal function, we have examined the functional effects of loss-of-function of NRG1 
using siRNA (siNRG1) transfection on cytokine expression in rat luteal cells (LCs). 
Twenty-four hours after siNRG1 transfection, LCs expressed significantly higher levels of 
interleukins and VEGF at mRNA and protein levels compared to the scramble group. 
Moreover, loss-of-function of NRG1 in LCs resulted in the suppression of the key pro-
survival factors. Furthermore, these experimental studies provided direct evidence 
that the phosphorylation of ErbB2, ErbB3, PI3K, Akt, and Erk is significantly inhibited in 
response to loss-of-function of NRG1. In addition, a direct inhibition of ErbB3 using 
inhibitor specific for ErbB3 tyrosine kinase in LCs abolished NRG1-induced PI3K and Akt 
phosphorylation. Taken together, these studies provide new evidence supporting NRG1-
dependent phosphorylation of ErbB3-ErbB2-PI3K-Akt signaling pathways in LCs is 
required to regulate the cytokine expression and may maintain the function of CL.  

Acknowledgments: This study was supported in part by National Institutes of Health 
Grants 1 SC1 GM130544-01A1 and G12RR03034. This research was conducted in a 



facility constructed with support from the Research Facilities Improvement Grant 
C06RR018386 from the National Institutes of Health National Center for Research 
Resources.   
 

P124 - Neurotensin Regulates Novel Ovulatory Factors in Mouse Granulosa Cells  
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Neurotensin (NTS) is a small neuropeptide whose expression rapidly increases during 
the ovulatory period in response to human chorionic gonadotropin (hCG) in the ovaries 
of mouse, rat, monkey, and human. Moreover, our recent studies have demonstrated 
that blocking NTS results in luteinized unruptured follicles, highlighting that NTS could 
be one of the paracrine mediators in the ovulatory follicle. However, the potential 
mechanisms of NTS action in the ovulatory process are still unknown. Thus, to explore 
the role of NTS in the ovulatory process, we used a Nts-silencing approach using small-
interfering-RNA (siRNA) followed by RNA sequencing. Granulosa cells (GCs) were 
isolated from ovaries of 23-day old PMSG-primed mice. Cells were transfected either 
with negative control siRNA (si-NC) or mouse specific Nts siRNA (si-NTS) for 3h and 
then incubated ± hCG for 4h and 12h. We observed a 10 fold induction of NTS after 
hCG and a striking 75 to 90% reduction of Nts expression at 4h and 12h after hCG, 
respectively. Total RNA from 3 groups (si-NC-Ctrl, si-NC-hCG, and si-NTS-hCG) 
collected at 4h and 12h post hCG were subjected to RNA-seq. RNAseq data revealed 
that hCG alone at 4h and 12h massively regulated thousands of genes. Silencing Nts 
expression identified hundreds of differentially regulated genes (DEGs); 60 and 331 
genes at 4h and 12h, respectively. At 4h among the 60 DEGs, 43 genes were 
decreased, and 17 genes were increased in Nts silenced GCs. Due to the abundance of 
genes regulated by NTS at 12h after hCG, we focused on this time point. At 12h among 
the 331 DEGs, 209 and 122 genes were decreased and increased, respectively, in 
siNTS-hCG compared with siNC-hCG. Among the 209 DEGs, 39 genes that were 
downregulated in Nts silenced granulosa cells were found to be upregulated by hCG, 
implying that these genes could be regulated by NTS in GCs. Additionally, among the 
122 DEGs that were upregulated in GCs treated with si-NTS-hCG, 33 genes were 
suppressed by hCG. This demonstrates that genes suppressed by LH/hCG during 
ovulation are also regulated by NTS as knocking down Nts expression increased 
expression of these genes. We next examined genes that were induced by hCG 
treatment and strongly decreased by knocking down Nts expression. Quantitative PCR 
confirmed NTS regulation of elongation factor for RNA polymerase II 2 (Ell2), radical S-



adenosyl methionine domain containing 2 (Rsad2), and vacuolar protein sorting 37A 
(Vps37a). ELL2 is a member of elongation factor component required to increase the 
catalytic rate of RNA polymerase II. RSAD2 is an interferon-inducible antiviral protein 
known to play a major role in the cell antiviral state. VPS37A is a member of the 
endosomal sorting complex required for transport system involved in endocytosis 
possibly involved in cell growth and differentiation. In summary, using a siRNA approach 
in combination with RNAseq, novel genes were identified as downstream genes of NTS, 
providing new insight into the potential role of NTS in the ovulatory process. 
 

P125 - Subcutaneous delivery of IFNT protects the ovine corpus luteum from 
exogenously delivered prostaglandin F2-alpha  
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It was hypothesized that systemic and subcutaneous delivery of recombinant ovine IFNτ 
(roIFNτ) would protect the CL from exogenous challenge with prostaglandin F2-alpha 
(PGF2α). On Day 10 of the estrous cycle, miniosmotic pumps loaded with BSA or roIFNτ 
to deliver 20 μg/day were inserted subcutaneously into the neck near the jugular vein 
(0h, n=4-5 ewes/group) for 72 hours. After 24 hours of exposure to either BSA or 
roIFNτ, a single dose of PGF2α (4mg/58 kg bw) was injected (24h). Blood serum was 
collected for determination of progesterone (P4) concentrations twice daily during the 
experimental period of 72 hours. Ewes were euthanized at 24h, 48h, and 72h after the 
pump insertion and CL tissues were collected to analyze IFNτ and PGF2α signaling. In 
BSA-infused controls, a significant (P<0.05) decline in serum P4 concentrations by 48 h 
after PGF2α injection; whereas infusion with roIFNτ protected the CL from PGF2α injection 
as serum P4 did not differ from infusion with BSA alone. ISGs mRNA and both free and 
conjugated ISG15 protein were detected in CL by 48 h after roIFNτ infusion began and 
continued to be high through 72 h following pump installation. mRNA expression of 
steroidogenic enzymes StAR, HSD3β1, CYP11A1, transcription factors JUN and 
FOS,  prostaglandin-endoperoxide synthase 2 (PTGS2) and X-linked inhibitor of 
apoptosis (XIAP) were not regulated in the CL at 48h after PGF2α challenge; however, 
steady state levels of luteal LHCGR, TNFαIP6, TGFβ2 mRNAs were found to be higher in 
the roIFNτ -infused ewes, indicating maintenance of some luteotropic mechanisms.   It 
can be concluded that systemic delivery of 20 µg/day of roIFNτ subcutaneously protects 
the CL from exogenous PGF2α challenge. USDA-NIFA 2021-67015-34901. 
 

 



P126 - Luteal Lipid Droplets: A Novel Platform for Steroid Synthesis  
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Steroids are a group of hormones derived from cholesterol that act as chemical 
messengers in the body. Steroids play an essential role in governing a wide range of 
physiological functions, including homeostasis, metabolism, growth/development, 
initiation/maintenance of sexual differentiation, and reproduction. Progesterone is a sex 
steroid that belongs to a class of hormones called progestogens and is indispensable for 
the establishment and maintenance of pregnancy. Progesterone also serves as a critical 
metabolic intermediate in the production of other endogenously produced steroids, 
including sex hormones and corticosteroids. Steroidogenic luteal cells have the 
tremendous capacity to synthesize progesterone and are highly enriched with intracellular 
organelles called lipid droplets. Lipid droplets are unique organelles that act as lipid 
reservoirs storing intracellular triglyceride and cholesteryl esters and are abundantly 
dispersed throughout the cytoplasm of steroidogenic luteal cells. We recently reported 
that acute progesterone synthesis requires protein kinase A (PKA)-dependent 
mobilization of cholesterol substrate from lipid droplets to mitochondria in bovine luteal 
cells. In the current study, we examined the hypothesis that lipid droplets, a major feature 
of steroidogenic luteal cells, facilitate with the synthesis of steroids to promote optimal 
progesterone production. We purified luteal lipid droplets and analysis of the lipid droplet 
proteome revealed that key steroidogenic enzymes, CYP11A1 and HSD3B, are highly 
enriched in isolated lipid droplets of the bovine corpus luteum. Furthermore, following 
acute stimulation with PKA activator, 8-Br-cAMP (1 mM; 30 mins), we observed an 
increased association of steroidogenic enzymes associated with luteal lipid droplets 
(STAR, 6.5-fold, P=0.0001; CYP11A1, 1.5-fold, P=0.017; HSD3B, 1.2-fold, P=0.035). 
Western blotting further validated the increased association of steroidogenic enzymes 
with luteal lipid droplets following acute stimulation with 8-Br-cAMP. High-resolution 
confocal microscopy confirmed the presence of HSD3B on the surface of luteal lipid 
droplets, an association that appears to be independent of the endoplasmic reticulum or 
mitochondria localization. This suggests lipid droplets may play a key role in steroid 
metabolism in progesterone synthesizing luteal cells. To test the notion that luteal lipid 
droplets can synthesize sex steroids, isolated lipid droplets obtained from bovine luteal 
tissue were incubated with pregnenolone (1 µM), the proximal precursor of progesterone, 
at 37°C for 120 mins. Following incubation, lipids were extracted from lipid droplet 
suspension and progesterone was measured using a commercially available 
progesterone ELISA. Lipid droplets incubated with pregnenolone resulted in a 3.1-fold 
increase in progesterone synthesis when compared to control lipid droplets (P < 0.05). 
Moreover, coincubation of lipid droplets with pregnenolone and the HSD3B inhibitor, 
Trilostane (2 µM), efficiently blocked the synthesis of progesterone from isolated lipid 



droplets (P>0.05). Together, these results provide evidence that progesterone synthesis 
from pregnenolone can occur on the surface of lipid droplets of the ovarian corpus luteum. 
We propose that lipid droplets play a critical role in progesterone synthesis by storing 
cholesteryl esters, interacting with steroidogenic enzymes, and metabolizing steroid 
intermediates for optimal steroid production. Further research examining the impact of 
obesity, undernutrition, and polycystic ovary syndrome on luteal lipid droplets may 
provide insights into mechanisms of infertility and disorders of steroidogenesis. 

P127 - Effect of Dietary Fish Meal Supplementation on Bovine Corpus Luteum 
Blood Flow and Serum Progesterone  
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The bovine corpus luteum (CL) is a highly vascularized, ovarian gland formed from the 
remanence of the ovulatory follicle. The CL secretes the steroid hormone progesterone, 
which is essential for early embryonic development. A reduction in luteal progesterone 
output has been attributed to decreased pregnancy rates. Cholesterol, the precursor to 
progesterone, is primarily supplied to the CL via high- and low-density lipoproteins. 
Luteal blood flow is positively correlated with progesterone production, indicating 
adequate blood flow is vital for optimal CL function. Furthermore, studies have shown 
that the omega-3 fatty acids, eicosapentaenoate and docosahexaenoate, can influence 
blood flow and profusion in numerous tissues. Here we hypothesize that dietary 
supplementation of fish meal, a rich source of omega-3 fatty acids, will increase luteal 
blood flow and progesterone production. To test this hypothesis, cows were fed a basal 
hay diet that was supplemented with 5% fish meal (n=10) or corn gluten meal (n=9; 
control) for approximately 60 days. Blood samples were collected weekly to monitor 
changes in plasma omega-3 fatty acid levels. Transrectal color Doppler ultrasonography 
(power Doppler mode) was conducted on mid-luteal phase CL (d 10 –12 of the estrous 
cycle) at approximately d 60 of supplementation to estimate luteal blood flow. A blood 
sample was collected at the time of ultrasonography to determine serum progesterone. 
Plasma alpha-linolenic acid was greater in cows supplemented with corn gluten meal 
(P<0.05), while plasma eicosapentaenoic and docosahexaenoic acids were greater 
(P<0.05) in cows receiving fish meal. Luteal blood flow and serum progesterone did not 
differ between dietary supplement groups (P>0.10). Inclusion of fish meal in the diet 
increased plasma eicosapentaenoic and docosahexaenoic acids but did not affect 
serum progesterone or luteal blood flow on mid-luteal phase CL. This project was 
supported by National Research Initiative Competitive Grant no. 2021-67016-33839 
from the USDA National Institute of Food and Agriculture to PDB.     
 



P128 - Does the Phytoestrogen Daidzein stimulate Angiogenic Factors in Bovine 
Steroidogenic Luteal Cells?  
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Phytoestrogens are plant-derived phenolic compounds that are structurally similar to the 
estrogens, e.g., estradiol-17β, found in animals. They comprise a group of compounds 
categorized as isoflavones, flavones, coumestans and lignans. Phytoestrogens have 
been touted to have a variety of health benefits, ranging from lowering the incidence of 
osteoporosis to alleviating some of the symptoms of menopause. As estrogen mimics, 
phytoestrogens are considered endocrine disruptors that act by binding to endogenous 
estrogen receptors (ERs), leading to dysregulated ovarian function. Optimal production 
of progesterone by the corpus luteum requires the building of a rich blood vessel 
network or angiogenesis following ovulation when the collapsed follicle transforms to 
become the corpus luteum. The process of angiogenesis is regulated by an assortment 
of locally produced factors, including cellular communication network factor 1 (CCN1) 
and vascular endothelial growth factor A (VEGFA). To our knowledge, it is not known 
whether phytoestrogens regulate the expression of angiogenic factors such as CCN1 
and VEGFA. Therefore, the objectives of the present study are to confirm the expression 
of estrogen receptors, and to determine the regulation of CCN1 and VEGFA expression 
by the isoflavone, daidzein, in steroidogenic luteal cells obtained from the early stage, 4-
day-old bovine CL. Steroidogenic luteal cells were obtained from early stage, 4-day-old 
corpora lutea via dissociation with collagenase. Cells were suspended in Ham’s F12 
medium containing insulin/transferrin/selenium, and then seeded into 6-well plates at 
1x106 cells per well. After 24 hours, the spent medium was aspirated and replaced with 
fresh medium. Next day, the cells were treated with daidzein (0.1, 1, or 10 µM) for 24 
hours in the absence (n=3) or presence (n=5) of luteinizing hormone (LH; 10 ng/mL). 
Afterwards, total RNA was extracted followed by cDNA generation before quantitative 
polymerase chain reaction was performed to determine CCN1 and VEGFA expression. 
In the absence of LH, daidzein (1µM) increased CCN1 expression (p=0.01) and trended 
towards an increase (p=0.06) at 0.1µM. However, in the presence of LH, daidzein had 
no effect on CCN1 expression. In contrast, daidzein alone appeared to increase VEGFA 
expression (p=0.06) at 0.1 and 1 µM, while the combination of daidzein (0.1 µM) and LH 
increased VEGFA expression (p=0.02). Presence of transcripts for ERs in the 
steroidogenic luteal cells was also confirmed via reverse transcription polymerase chain 
reaction and gel electrophoresis. Taken together, these data suggest that daidzein alone 
may increase CCN1 and VEGFA expression in bovine steroidogenic luteal cells from 4-
day-old CL. However, in the presence of LH, daidzein increased VEGFA expression but 
not CCN1. We have also shown that the ER transcripts are present in the cells, 
suggesting daidzein could be acting via these receptors. Future experiments will 
examine the effects of other isoflavones such as equol and genistein and determine the 



length of treatment period with all three isoflavones, on CCN1 and VEGFA expression in 
bovine steroidogenic luteal cells. 
 

P129 - Basic Fibroblast Growth Factor Induces Matrix Production and Proliferation 
of Bovine Luteal Fibroblasts  

Corrine Monaco, University of Nebraska Medical Center                                                                   
Michele Plewes, University of Nebraska Medical Center                                                                   
Emilia Przygrodzka, University of Nebraska Medical Center                                                                
Jennifer Wood, University of Nebraska-Lincoln                                                                                          
Andrea Cupp, University of Nebraska-Lincoln                                                                                              
John Davis, University of Nebraska Medical Center  

The ovarian corpus luteum is a transient endocrine gland derived from the remnants of 
the ovulated follicle. The main function of the corpus luteum is to produce progesterone, 
a steroid hormone that is crucial for the implantation stage of pregnancy and therefore 
essential for fertility. The functional corpus luteum has a heterogenous cell population, 
consisting of steroidogenic cells, endothelial cells, resident immune cells, and 
fibroblasts. When there is no conceptus, the corpus luteum undergoes rapid structural 
remodeling, regressing into a fibrotic mass. The dynamics of fibrosis in the regressing 
corpus luteum remain unknown. Our laboratory, as well as others, have demonstrated 
that when luteal regression is induced with prostaglandin F2α (PGF, the main luteolytic 
signal) transcription of basic fibroblast growth factor (FGF2) is increased 7-fold (n = 4/ 
group, p < 0.01) in bovine luteal tissue within 4 hours. Fibroblast activating protein also 
increases 4-fold 12 h post-PGF (p < 0.05, n = 4/ group). Previous reports indicate that 
FGF2/bFGF is pro-angiogenic and required for proper vascularization and function of 
the corpus luteum. bFGF is also mitogenic and increases type 1 collagen production in 
fibroblasts from other tissues, but this effect has yet to be studied in the corpus luteum. 
We hypothesized that bFGF is pro-mitogenic and increases pro-fibrotic function of luteal 
fibroblasts. To test our hypothesis, luteal fibroblasts were treated with bFGF at various 
concentrations (0-10 ng/ml) for 24- and 48 h to determine its effect on proliferation and 
collagen production. Luteal fibroblasts were also treated with bFGF (1 ng/mL) for 10-120 
min to determine downstream signaling pathways. Western blot analysis was utilized to 
determine ERK and AKT phosphorylation, PCNA content, and type 1 collagen content. 
Each experiment was repeated with luteal fibroblasts from 3 different cows, and 
differences between means were determined using an unpaired Student’s t-test 
compared to control values.  Phosphorylation of ERK increased 3.2-fold after 10 minutes 
of bFGF treatment (p < 0.05). At 48 hours of bFGF treatment, type 1 collagen increased 
1.6-fold at 3 ng/mL and 2.1-fold at 10 ng/mL in serum-free medium (p < 0.05). Trypan 
blue exclusion revealed that fibroblast proliferation increased 2-fold in response to 1 
ng/mL bFGF (p < 0.05) after 48 h, and similar results were obtained with an EdU 
incorporation assay (1.6-fold increase, p < 0.05, n = 3). The cell proliferation marker 
PCNA increased 1.6-fold at 0.3 ng/mL (p < 0.01) and at 1.5-fold at 1 ng/mL. bFGF (p < 



0.05). From these results, we conclude that bFGF increases luteal fibroblast proliferation 
and production of type 1 collagen content, potentially through mitogenic signaling such 
as ERK MAPK. The results suggest that bFGF impacts luteal fibroblasts, which 
may contribute to the fibrotic nature of the regressing corpus luteum. 
 

P130 - Deciphering the role of the orphan nuclear receptor LRH-1 in the control of 
lipid metabolism during the formation of the corpus luteum.  

Florence Gagnon, Université de Sherbrooke                                                                                              
Stéphanie Bianco, Université de Sherbrooke                                                                                           
Fanny Morin, Université de Sherbrooke                                                                                                
Mylène Brunelle, Université de Sherbrooke                                                                                         
Bruce Murphy, Université de Montréal                                                                                                                
Nicolas Gévry, Université de Sherbrooke  

Lipid accumulation in the differentiating granulosa and theca cells during the formation 
of the corpus luteum is necessary for the synthesis and secretion of progesterone. The 
production of this hormone is essential for estrous or menstrual cyclicity, implantation of 
the embryo, and maintenance of early pregnancy. Thus, understanding the molecular 
mechanisms underlying this rapid lipid accumulation and release of progesterone is 
essential to a complete understanding of female fertility. In nonreproductive tissues, 
such as the liver, the orphan nuclear receptor liver receptor homolog 1 (LRH-1) plays a 
key role in lipid metabolism by regulating many genes involved in bile salt synthesis, 
cholesterol homeostasis and triglyceride synthesis. We have previously demonstrated 
that mice with conditional depletion of LRH-1 in granulosa cells have impaired 
luteinization and secretion of progesterone. We hypothesize that LRH-1 regulates 
essential genes involved in lipid and cholesterol mobilization for progesterone synthesis 
in luteinizing granulosa cells. First, the network of genes regulated by LRH-1 during 
luteinization was determined by chromatin immunoprecipitation followed by sequencing 
(ChIP-seq) and transcriptome sequencing (mRNA-seq) of isolated granulosa cells from 
wild type immature superstimulated 25 days mice. We performed mRNA-seq analysis 
before (0h), 4h and 12h after hCG treatment (n=3 per timepoint) to identify changing 
gene networks in granulosa cells during ovulation and luteinization. Transcriptome 
analysis with EdgeR reveals 6177 differentially expressed genes (DEGs) at 4h and 3223 
DEGs at 12h after hCG treatment (log2 fold change > |0.5|; p value adj < 0.01). 33% of 
DEGs (2318) are common in both timepoints for a total of 7079 DEGs. Of those, 8% 
(579) DEGs are upregulated specifically at 12h, which is near time of the rupture of the 
ovarian follicle and the formation of the corpus luteum. We determined by ChIP-seq 
analysis with MACS2 that the majority (74%) of these upregulated genes has LRH-1 
peaks associated nearby (±300kb). Gene ontology analysis identified several cellular 
pathways in the lipid metabolism (e.g., steroid metabolic process, regulation of lipid 
metabolic process, lipid biosynthetic process, etc). Quantitative PCR analysis was 
performed to confirm differential expression of genes implicated in the lipid metabolism 



(e.g. Ldlr, Nr1h4, Scd1, Lipg, Fdps, etc). This study reveals initial insights into the 
mechanism of LRH-1 in the formation of the corpus luteum, demonstrating that LRH-1 
regulates networks of genes associated with lipid metabolism in the luteinizing follicle. 
 

P131 - Trilostane effectively reduces Luteal Progesterone Synthesis prior to 
Acquisition of Luteolytic Capacity in Cyclic Gilts.  

Molly Alexander, North Carolina State University                                                                                    
Xiaoqiu Wang, North Carolina State University                                                                                          
John Gadsby, North Carolina State University                                                                                          
Daniel Poole, North Carolina State University  

Developing a better understanding of the mechanisms that regulate the acquisition of 
luteolytic sensitivity (LS) is a critical aspect in controlling the reproductive cycle of 
livestock species. Swine provide a unique model to study this phenomenon, as porcine 
corpora lutea (CL) remain unresponsive to luteolytic effects of prostaglandin F2a (PGF) 
until days 12-13 of the estrous cycle. Previous data from our laboratory has 
demonstrated that luteal macrophages (CL MAC) play an active role in this process 
through production of proinflammatory cytokines, such as tumor necrosis factor (TNF). 
Due to the immunomodulatory effects of progesterone (P4), it was hypothesized that 
suppressing P4 synthesis (via Trilostane, TRIL) or P4 action (via RU486), prior to LS 
would permit activation of CL MAC to play a key role in regulating luteolytic sensitivity 
during the estrous cycle in pigs. The objective of this study was to determine the effects 
of TRIL or RU486 on luteal P4 production prior to luteolytic sensitivity, in vivo. Cyclic 
gilts (n=25) were synchronized and then observed for estrus (day 0). Gilts were 
randomly assigned to the following treatments: Control, PGF (25 mg i.m.), TRIL (10 
mg/kg per pig/day), RU486 (400 mg i.m./pig/day), TRIL+PGF, or RU486+PGF. In order 
to determine serum P4 concentrations, daily jugular blood samples were taken on days 
6 through 9 of the estrous cycle. On day 9 of the estrous cycle, all gilts were euthanized, 
and the ovaries removed, CL were dissected and ~50 mg tissue was immediately frozen 
in liquid nitrogen for subsequent P4 analysis, via RIA. Additional CL tissue was collected 
on day 9, subjected to enzyme dissociation and a 2 hr cell culture at 37 degrees Celsius 
and 5% carbon dioxide; P4 secretion in vitro was analyzed via RIA. There was a day by 
treatment interaction (P=0.0008) for serum P4 concentrations with TRIL and TRIL+PGF 
suppressing P4 concentrations on days 8 and 9 of the estrous cycle compared to the 
other treatment groups (Control, PGF, RU486 and RU486+PGF). Luteal P4 
concentrations were significantly reduced in TRIL and TRIL+PGF treated groups, 1.9 
and 7.6 ng/mL, respectively, compared to controls (20.7 ng/mL; P<0.0001). No 
difference in P4 concentrations were observed in the control, PGF, RU486 and 
RU486+PGF treatment groups (P>0.05). Progesterone concentrations from luteal cell 
cultures were reduced in TRIL and TRIL+PGF (2.8 ng/mL and 2.9 ng/mL respectively) 
treated gilts, compared to control gilts (5.3 ng/mL; P=0.0556). Collectively, 
administration of TRIL, but not RU486, effectively reduced both serum and luteal 



progesterone concentrations, and also P4 synthesis by luteal cell cultures. Based on 
these data, further analysis of TNF production by porcine CL MAC will be examined 
following (A) inhibition of P4 synthesis, or (B) blockade of PGR receptors, in vivo to 
better understand the role of CL MAC in acquisition of luteolytic sensitivity.   
 

P132 - Early Proteomic and Phospho-proteomic Changes in the Corpus Luteum 
During Luteolysis  

Emilia Przygrodzka, University of Nebraska Medical Center                                                                     
Michele Plewes, University of Nebraska Medical Center                                                                   
Corrine Monaco, University of Nebraska Medical Center                                                                             
Renee McFee, University of Nebraska-Lincoln                                                                                         
Andrea Cupp, University of Nebraska-Lincoln                                                                                                
John Davis, University of Nebraska Medical Center  

Prostaglandin F2α (PGF) triggers regression of the corpus luteum, an endocrine gland 
crucial for establishment and maintenance of pregnancy due to progesterone production. 
To better understand the signaling landscape in response to PGF, we determined the 
acute proteomic and phospho-proteomic changes occurring in the corpus luteum during 
the early stages of luteolysis. Omics analyses were performed using luteal tissue collected 
from midluteal phase cows injected with saline (control group) or 1, 2 and 4h after PGF 
(PGF group) (n=6/treatment). Proteomic and phospho-proteomic analysis were 
performed using LC/MS/MS. Blood samples were collected to determine serum 
progesterone concentrations. Data were analyzed using Welch’s two-sample t-test or t-
student test. Ingenuity Pathway Analysis (IPA) determined molecular and biological 
functions affected by treatment. Serum progesterone concentration was unchanged at 1h 
post PGF injection. Progesterone concentrations were lower (P<0.001) by 52% and 56% 
at 2- and 4h post PGF injection confirming initiation of luteolysis. Proteomic analysis 
identified 1862 proteins in the luteal tissue, where 47 (2.5%), 128 (6.9%) and 185 (9.9%) 
were significantly (P<0.05) changed at 1-, 2- and 4h post PGF injection. Among top 
significantly downregulated proteins [p-value and fold change (FC) -1.5≤FC≤1.5] at 1h 
post PGF were apolipoproteins (APOA1, APOA2), oxytocin, inhibitors of 
metalloproteinases (TIMP1 and TIMP2), and regulator of nitric oxide production 
(NMRAL1). At 2h post PGF injection, we observed a decrease in proteins regulating redox 
(GPX3) and mitochondria homeostasis (MGARP). After 4h, there was drop in the content 
of enzymes catalyzing de novo cholesterol synthesis (SQS; TM7SF2). Treatment with PGF 
increased the pro-inflammatory proteins (S100; PGLYRP1) and proteins associated with 
homeostasis of nucleosides (NADP1), and proline (PYCR2) synthesis. Further, we 
observed elevated content of thrombospondin 1 and 2 (TSP-1 and -2), plasminogen 
activator inhibitor (PAI-1) or collagen 2 (COL2). IPA indicated the top significant biological 
functions in PGF group (based on z-score) as migration of endothelial cells, decreased 
secretion of lipids, efflux of cholesterol, and cell viability. Phospho-proteomic analysis 
identified 246 proteins in the luteal tissue, where 54 (21.95%), 48 (19.5%) and 30 (12.2%) 



were significantly (P<0.05) changed at 1-, 2- and 4h post PGF injection. Identified post-
translational modifications were located at serine, tyrosine and Y residues. Among the top 
significantly changed phosphoproteins [p-value and -1.5≤FC≤1.5] in the PGF group were 
proteins related to conversion of estradiol to estrone (HSD17B4), endocytosis (CAVIN3; 
SNX17), cytoskeleton reorganization (MARCKSL1; CFDP2; DLC1; SPP1; MYLK), protein 
sumoylation (RANBP2), NAD+ and NADH homeostasis or citric acid cycle 
(QPRT;MDH1;IDH1), calcium homeostasis (RMDN3; STRN3), cholesterol synthesis 
(CYP51A1;DHCR7), gas-binding proteins (HBB;HBA), inflammatory response (STK10; 
LYSMD1), non-genomic signaling of progesterone (PGRMC1), protein ubiquitination 
(RAD23A1;UBA1) or molecular chaperons (HSP7B). IPA indicated kinases such as 
(MAPKAP3 and -5, MYLK2, AXL) or cytokines (IL24; IL36A) as main upstream regulators 
of changes in the PGF group. Synthesis of steroid, synthesis of cholesterol or metabolism 
of purine nucleotides were indicated as biological functions affected in PGF group. 
Induction of luteolysis is associated with acute changes within pathways supplying cells 
with sources of cholesterol, production of cofactors regulating metabolic events, 
production of collagen and inflammatory response. 
 

P133 - Cortisol/Glucocorticoid Receptor as a Critical Mediator in Human Ovulatory 
Follicles  

Hayce Jeon, University of Kentucky College of Medicine                                                                          
Yohan Choi, University of Kentucky College of Medicine                                                                        
Mats Brännström, University of Gothenburg, Gothenburg, Sweden                                                      
James Akin, Bluegrass Fertility Center, Lexington, Kentucky                                                                 
Thomas Curry, University of Kentucky College of Medicine                                                                     
Misung Jo, University of Kentucky College of Medicine  

Cortisol is an active glucocorticoid hormone that modulates various physiological 
functions by binding to its nuclear receptor (NR3C1). Previous studies documented 
elevated cortisol levels in the human follicular fluid after ovulatory LH surge/hCG 
administration, indicating that cortisol plays a pivotal role in periovulatory follicles. 
However, little is known about its production and functions in the human ovary. Here, we 
first investigated the expression of several genes involved in glucocorticoid receptor 
signaling including cortisol synthase (HSD11B1), receptor (NR3C1), receptor sensitivity 
modulator (FKBP5), and nuclear translocator (FKBP4) using timed pre- and post-
ovulatory follicles from normally cycling women. The expression of HSD11B1, NR3C1, 
FKBP5, and FKBP4 was markedly increased in granulosa cells of periovulatory follicles 
after hCG administration, although the expression pattern varied among them. 
Consistent with in vivo data, hCG increased the levels of mRNA and protein for 
HSD11B1, NR3C1, and FKBP5 in cultured primary human granulosa/lutein cells 
(hGLCs) obtained from IVF patients in a time-dependent manner. To further elucidate 
the regulatory mechanisms underlying these gene expressions, hGLCs were cultured 
with or without hCG ± RU486 (dual antagonist for PGR and NR3C1) or CORT125281 



(NR3C1-specific antagonist). RU486 treatment completely blocked the hCG-induced 
increase in expression levels of HSD11B1, NR3C1, and FKBP5. Meanwhile, 
CORT125281 partially reduced the hCG-induced increase in HSD11B1 and FKBP5 
expression but had no effects on NR3C1. In addition, both antagonists downregulated 
the hCG-induced PGR expression. Next, to determine whether human granulosa cells 
produce glucocorticoids, cortisol and cortisone were measured in spent media of 
hGLCs cultured with or without hCG for 36 h. hCG increased cortisol levels, not 
cortisone. Importantly, both RU486 and CORT125281 inhibited hCG-induced increases 
in the production of progesterone and cortisol, the expression of genes involved in 
steroidogenesis including STAR, CYP11A1, and HSD3B2, and the expression of key 
ovulatory genes such as RGS2, AREG, and EREG. In summary, our in vivo studies 
documented for the first time the up-regulation of expression of glucocorticoid signaling 
components (e.g., HSD11B1, NR3C1, FKBP5, and FKBP4) after hCG administration in 
ovulatory follicles from normally cycling women. Utilizing primary hGLC that can mimic 
in vivo up-regulation of P4/PGR and glucocorticoid/NR3C1, the present data indicated 
transcriptional cross-talk between PGR and NR3C1 on themselves and their 
downstream genes (e.g., STAR, CYP11A1, HSD3B2, RGS2, AREG, and EREG). 
Together, the present study provided the first experimental evidence showing that 
cortisol/glucocorticoid receptor is functional and plays a critical role in mediating the 
ovulatory cascade in human periovulatory follicles. Supported by P01HD71875, 
R03HD095098, and R01HD096077. 
 

P134 - Ovulatory Response to Pharmacologic Challenges of the HPG Axis in Three-
Month-Old Holstein Heifer Calves.  

Adam Beard, University of Wisconsin-Madison                                                                                              
Milo Wiltbank, University of Wisconsin-Madison  

The female prepubertal phenotype is characterized by low luteinizing hormone (LH) pulse 
frequency, minimal estradiol (E2) production, and absence of ovulation. At onset of 
puberty (~8 months of age in Holstein heifers), LH pulse frequency and circulating E2 
increase, eventually inducing hypothalamic E2 positive feedback, the GnRH/LH surge, 
and ovulation. Our objective was to explore possible lesions of the hypothalamic-pituitary-
gonadal (HPG) axis that prevent positive feedback and ovulation in young heifer calves. 
Prepubertal (3-month-old; recently weaned) Holstein heifers (n = 16) were randomized to 
four treatment groups (n = 4/group): saline (SAL), 0.5 mg estradiol-17B (E2), 50 µg 
gonadotropin releasing hormone (GnRH), and 1,000 IU of human chorionic gonadotropin, 
a specific LH agonist (hCG). Heifers’ ovarian follicular dynamics were observed once per 
day via transrectal ultrasonography (TRUS), accompanied by jugular blood samples 
(plasma stored at -20°C for LH and progesterone (P4) radioimmunoassay). Heifers were 
blood sampled and treated with their assigned challenge at noon of the day their largest 
follicle reached 10mm of diameter, after three days of progressive follicle growth. 
Following the challenge, serial blood samples were taken at 1, 2, 4, 8, 12, 18, and 24 



hours, and then once daily (with TRUS) afterwards. As expected in a mature cow, an 
increase in LH was observed in all prepubertal heifers treated with E2 (9.15 ng/mL peak 
at 12 hours) and GnRH (7.09 ng/mL peak at 1 hour), but not in the SAL or hCG groups. 
Based on P4 concentrations (P4 > 1 ng/mL), we observed five ovulations, with 
the E2, GnRH, and hCG groups all represented. From our results, we conclude that 
young heifer calves have intact hypothalamic E2 positive feedback and all downstream 
ovulatory mechanisms. Thus, low LH pulse frequency and E2 production remain the most 
likely rate-limiting and proximal barriers to ovulation in prepubertal heifers. 
 

P135 - Dynamics of extracellular vesicle-coupled microRNAs in equine follicular 
fluid associated with follicle selection  

Ahmed Gad, Colorado State University                                                                                                        
Samuel Gebremedhn, Colorado State University                                                                                          
Ghassan Ishak, Southern Illinois University                                                                                                 
Nico Menjivar, Colorado State University                                                                                          
Melba Gastal, Southern Illinois University                                                                                                
Jean Feugang, Mississippi State University                                                                                                      
Radek Prochazka, Czech Academy of Sciences, Liběchov, Czech Republic                                                                     
Dawit Tesfaye, Colorado State University                                                                                               
Eduardo Gastal, Southern Illinois University  

The mammalian follicular development is a well-orchestrated and complex molecular 
process characterized by sequences of follicular waves that yield the ovulatory follicle. It 
has been reported that bi-directional communication between the growing oocyte and 
the surrounding somatic cells is a hallmark of mammalian follicular development, 
partially mediated by extracellular vesicles (EVs) present in the follicular fluid (FF). 
Bioactive molecules such as the miRNAs encapsulated in the EVs mediate this 
communication within the follicular environment. Here, we aimed to decipher the 
dynamics of the miRNAs in the EVs of equine FF aspirated in vivo during different stages 
of follicular development. Hence, all follicles ≥6 mm were ablated on Days 10–11 of the 
estrous cycle (ovulation = Day 0) and the new induced wave was ultrasound-monitored 
daily until the largest growing follicle for at least three consecutive days was randomly 
allocated to one of the five groups (n = 8 follicles/group) namely: predeviation (preDEV; 
18–20 mm), deviation (DEV; 22–25 mm), postdeviation (postDEV; 26–29 mm), 
preovulatory (preOV; 30–35 mm), and impending ovulation (IMP; ~40 mm). The FF was 
collected from each target group by ultrasound-guided transvaginal follicle aspiration. 
After removal of cells, cellular debris, and larger particles, EVs were isolated from FF 
groups (4 biological replicates/group; 0.5 mL FF/replicate) using high-speed 
ultracentrifugation (120,000xg for 70 min). Isolated EVs were characterized using 
western blot for EV marker proteins, NanoSight Tracking Analysis, and electron 
microscopy. MiRNA enriched total RNA was isolated from EVs using an Exosomal RNA 
Isolation kit and small-RNA library preparation and RNAseq (NextSeq500; Illumina) was 



performed by Novogene Co, Ltd. Approximately 180 known miRNAs were detected in 
each group with 148 mutually found in all groups. Among the expressed miRNAs, miR-
148a, miR-21, miR-192, and miR-99a were the top highly abundant miRNAs in all 
groups. Cluster analysis exhibited 15 different expression patterns during follicular 
development. Among these patterns, a group of 23 miRNAs (including miR-106b, miR-
199a-5p, and miR-125a-5p) exhibited a stable expression at the preDev until the 
postDev stage, a significant increase at the preOV stage, and then a significant 
decrease at the IMP stage. This miRNA cluster has been found to target genes involved 
in TGF-signaling and endocytosis pathways. Another interesting pattern with 22 miRNAs 
(including miR-146b-5p, miR-140, and miR-143) exhibited a sharp reduction in their 
expression from the preDEV until the preOV stage and was predicted to target genes 
associated with fatty acid biosynthesis, cell cycle, and oocyte meiosis pathways. In 
contrast, a group of 16 miRNAs (including miR-483, miR-128, and miR-192) gradually 
increased in expression from preDEV to the postDEV and then downregulated at the 
preOV stage. This miRNA cluster targets several signaling pathways, including ErbB, 
thyroid, and estrogen signaling. In conclusion, this study provides greater insights into 
the stage-specific expression dynamics of the FF EV-miRNAs during equine follicular 
development, which may play a role in folliculogenesis in mares. 
 

P136 - Specific transcript of Nrf2 influenced bovine oocyte quality in breed-
dependent manner  

Mohammed Saeed-Zidane, Christian-Albrechts-University Kiel                                                               
Kathrin Tybussek, Christian-Albrechts-University Kiel                                                                             
Georg Thaller, Christian-Albrechts-University Kiel  
 

High production of milk requires orchestrate of vast range of biological functions, and 
molecular pathways in most of if not all female organs and systems. This continuous 
scenario during the lactation period increases the physiological stress which consequently 
triggers low fertility in dairy cattle. Therefore, it is highly needed to clarify the regulation of 
mechanisms and pathways involved in stress response. Nuclear factor erythrothide2like2 
(Nrf2), a transcription factor gene, is well-known to be one of master regulators involved 
in stress response in mammalian cells. Although, there are numerous studies investigated 
its biological role in stress response however, it remains elusive the regulation of its 
different transcripts that could influence fertility under increased physiological stress. In 
this regard, the current study aimed to investigate the potential role of Nrf2 transcripts in 
follicle development and oocyte quality in two dairy cattle breeds including black (BH) and 
red (RH) Holstein. For that, oocytes, granulosa cells, and follicular fluid were aspirated 
from small and big follicles of four independent biological replicates (10 cows per 
replicate) from each breed. The follicular fluid was then subjected to exosomes isolation, 
total protein quantification, and glutathione activity analyses. Moreover, exosomes were 
characterized using electron microscope, and Zetasizer Nano ZS. Thereafter, total RNA 
was isolated from denuded oocytes, granulosa cells, and purified exosomes then 



subjected to mRNA expression analysis of candidate genes (Nrf2.201, Nrf2-202, Nrf2-203, 
GPX, CAT, SOD, EGFR, BAX, PCNA, FSHR, GAPDH, and YWHAZ) using qPCR. The 
results revealed that, SH cows showed higher quality oocytes reflected by significantly 
higher mRNA expression level of EGFR gene as an oocyte quality marker. Both breeds did 
not show significant difference in mRNA expression of granulosa cells proliferation 
(PCNA), neither apoptotic (BAX), nor cell function (FSHR) genes. The mRNA expression 
level of Nrf2-201 transcript but not the other transcripts neither the Nrf2 downstream 
antioxidants (GPX, CAT, and SOD) was significantly higher in oocytes, granulosa cells and 
follicular fluid-released exosomes of SH group compared with RH ones. Although, total 
protein was higher in follicular fluids of big follicles compared with small follicles however, 
the glutathione activity was significantly higher in small follicles than big ones, and in small 
follicles but not big follicles of SH group compared with RH group. In conclusion, a 
particular transcript of nrf2 may has potential role in oocyte quality and maturation. 
 

P137 - TAp63 determines the fate of oocytes in primordial follicles against DNA 
damage  

Yi Luan, University of Nebraska Medical Center                                                                                   
Seok-Yeong Yu, University of Nebraska Medical Center                                                                        
Ibrahim Elesh, University of Nebraska Medical Center                                                                        
Rosemary Dong, University of Nebraska Medical Center                                                                   
Amirhossein Abazarikia, University of Nebraska Medical Center                                                                             
So-Youn Kim, University of Nebraska Medical Center  

Background: Cancer therapies cause serious side effects, affecting the quality of life for 
young cancer survivors. The ovary is affected by cancer therapies, causing premature 
ovarian insufficiency (POI), leading to endocrine dysfunction, infertility, and ovarian 
aging. Thus, maintaining ovarian function against cancer treatment is an unmet need for 
female cancer patients. Cyclophosphamide (CPA), an alkylating chemotherapeutic 
agent, forms DNA crosslinks to induce apoptosis in rapidly proliferating tumor cells. 
However, the underlying mechanism of the CPA-induced oocyte death in ovarian 
reserve remains unclear.  

Experimental design: This study utilized oocyte-specific Abl1 and Trp63 knockout, and 
Pik3ca* knockin mouse models using Gdf9-iCre to delineate the mechanism of 
primordial follicle loss induced by CPA. CHK2 inhibitor was tested in PD7 mice for 
fertility preservation against chemotherapy.  

Results: Oocytes of primordial follicles in Pi3kca* female mice survived against CPA, 
showing that primordial follicles with constitutive PI3K activity by the overexpression of 
Pik3ca* were less sensitive to CPA. Although GNF2 was proposed as an ABL inhibitor to 
prevent follicle depletion from CPA, it did not impede the loss of primordial follicles 
induced by CPA, and the number of primordial follicles from oocyte-specific Abl1 



knockout mice declined after the treatment of CPA. Instead, the expression of CHK2 
was time-dependently induced in the oocytes exposed to CPA metabolite, and p63 was 
hyperphosphorylated by CPA administration. Oocytic Trp63 deletion prevented 
primordial follicle depletion caused by CPA. Oocyte-specific Trp63 knockout mice 
treated with CPA delivered a comparable number of litters and pups to solvent-treated 
control females. Consistently, oocytes from CPA-treated Trp63 knockout mice had weak 
γH2AX foci, undetectable levels of BAX and cleaved PARP, as well as increased OPA1 
expression. Furthermore, ovarian primordial follicles were maintained in oocyte-specific 
Trp63 knockout mice treated with doxorubicin (DOXO), a topoisomerase inhibitor used 
for chemotherapy. CHK2 inhibitor was confirmed to preserve the ovarian reserve from 
both CPA and doxorubicin. 

Conclusion: This study clarified the underlying mechanism of CPA and DOXO in oocyte 
death and provided a path to preserve ovarian follicles in cancer patients. Primordial 
follicles are directly impacted by CPA treatment without being activated, suggesting that 
dormant follicles are more sensitive to CPA compared to growing follicles. In addition, 
TAp63 is the master regulator to induce follicle depletion caused by alkylating agents 
CPA and topoisomerase inhibitor DOXO. Our data specified that the CHK2-TAp63 
pathway rather than ABL is the main pathway in oocyte death of primordial follicles 
against chemotherapeutic agents. Therefore, TAp63 in the oocyte nucleus is the critical 
molecule to determine oocytic apoptosis induced by gonadotoxic chemotherapies and 
is an effective target to prevent cancer treatment-induced primordial follicles loss 
without compromising the efficacy of chemotherapy. 
 

P138 - Length of Proestrus and Concentrations of Estradiol and Progesterone in 
Serum and Follicular Fluid of Cows Undergoing Synchronization of Estrus.  

Allyson Stokes, University of Tennessee                                                                                             
Emma Hessock, University of Tennessee                                                                                               
Abigayle Pollock, University of Tennessee                                                                                            
Jessica Klabnik, University of Tennessee                                                                                                  
Rebecca Payton, University of Tennessee                                                                                                             
J. Lannett Edwards, University of Tennessee                                                                                                                           
F. Neal Schrick, University of Tennessee                                                                                                              
Sarah Moorey, University of Tennessee  

Reproductive management and experimental procedures that study the pre-ovulatory 
follicle require precise synchronization of estrus and/or ovulation in cattle. The length of 
proestrus is often modified in such scenarios and altered progression through proestrus 
may impact oocyte competence and pregnancy success. Though hormone profiles 
during proestrus have been reported in limited studies, further efforts to better 
understand changes during proestrus are necessary. Our objective was to characterize 
the length of proestrus after a modified synchronization protocol and determine estradiol 



and progesterone concentrations in serum and follicular fluid from the time of 
prostaglandin F2-α (PGF) administration to ~18 hours post-estrus. We then aimed to 
determine factors that influenced the length of proestrus. We synchronized estrus in 40 
non-lactating Jersey cows using a synchronization protocol beginning with gonadotropin 
releasing hormone (GnRH) administration and insertion of an intravaginal progesterone 
releasing device (CIDR). Nine days later, the CIDR was removed and PGF was 
administered. Two days later, GnRH was administered and a CIDR was re-inserted. 
Seven days later, the CIDR was removed and PGF was administered. Estrus was 
detected by visual observation for 79.7 hours after the second PGF administration. 
Blood was collected at PGF, the onset of estrus, and ~4, 8, 11, and 18 hours post-estrus. 
Follicular fluid was collected either at estrus, ~11, or ~18 hours post-estrus. Estradiol 
and progesterone concentrations were determined in serum and follicular fluid. Length 
of proestrus was calculated as time elapsed from PGF to the first observed instance of 
standing heat. A total of 87.5% of cows displayed estrus within 73.3 hours post-PGF, 
while 12.5% of animals failed to display estrus by 79.7 hours post-PGF. Average length 
of proestrus was 41.97±24.18 hours. Serum estradiol and progesterone concentrations 
at PGF were 3.62±2.50 pg/mL and 2.15±1.35 ng/mL, respectively. By the timepoint of 
estrous onset, serum estradiol concentrations had risen to 11.38±4.08 pg/mL. At 
approximately 4, 8, 11, and 18 hours post-estrous onset, serum estradiol concentration 
was 10.83±2.85 pg/mL, 9.60±3.67 pg/mL, 6.46±2.51 pg/mL, and 4.24±2.94 pg/mL, 
respectively. Serum progesterone concentration remained <0.15 ng/mL from estrus to 
~18 hours post-estrus. Follicular fluid estradiol and progesterone concentrations at 
estrus were 1102.5±463.36 pg/mL and 67.39±63.54 ng/mL, respectively. At ~11 and 18 
hours post-estrous onset, follicular fluid estradiol concentration was 522.50±319.94 
pg/mL and 396.60±366.29 pg/mL, respectively. Follicular fluid progesterone 
concentration was 69.47±39.74 ng/mL and 51.47±19.73 ng/mL, respectively at hours 
~11 and ~18 post-estrus. Follicular fluid estradiol to progesterone ratio was 28.15, 8.22, 
and 7.59 at the onset of estrus, ~11 hours post-estrus, and ~18 hours post-onset of 
estrus, respectively. After completion of a step-down linear model, both progesterone 
concentration at estrus and change in estradiol concentration from PGF to estrus 
positively influenced length of proestrus (p<0.02). Our results demonstrated changes in 
steroid hormone concentrations in serum and follicular fluid throughout the follicular 
phase of the estrous cycle in a group of cattle that underwent a modified estrous 
synchronization protocol. This research was supported by the USDA NIFA Hatch project 
1022068 and The University of Tennessee AgResearch and the Department of Animal 
Science. 
 

P139 - Bovine Peri-Ovulatory Follicular Fluid Metabolome Profiles are Affected by 
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Critical changes to promote optimal fertility occur in both the cumulus-oocyte complex 
and intrafollicular environment during proestrus and the peri-ovulatory period (time 
period after the onset of estrus but prior to ovulation). The follicular fluid metabolome 
contains both starting and byproducts of follicular cell metabolism, and alterations in 
follicular fluid metabolome have been associated with oocyte developmental 
competence. Optimal oocyte competence is acquired only after the oocyte is exposed 
to the proestrus and peri-ovulatory follicular environment. Additionally, follicle status 
during proestrus appears to influence both the peri-ovulatory follicular fluid metabolome 
and oocyte competence. Supplementation of in vitro maturation media with peri-
ovulatory follicular fluid collected 20h after estrus yielded better blastocyst rates than 
supplementation with follicular fluid that was collected 0h after estrous onset. Drastic 
changes in intrafollicular steroid hormone profiles from 0-20 hours post estrus are likely 
a highly influential confounding factor, however changes in the follicular fluid 
metabolome during this time period could also contribute to these differences and such 
changes have yet to be studied. We hypothesized that modifications to the follicular fluid 
metabolome occur during both proestrus and the peri-ovulatory period and are essential 
in promoting oocyte competence. As an initial step in testing this hypothesis, this study 
was conducted with the objective to determine if there are physiologically relevant 
changes in the follicular fluid metabolome throughout the peri-ovulatory period. Non-
lactating Jersey cattle (n=40) were synchronized with gonadotropin releasing hormone 
administration and insertion of a progesterone containing controlled internal drug 
release (CIDR) device followed by an administration of prostaglandin F2α and CIDR 
removal 7 days later. Cattle were monitored for estrus and underwent dominant follicle 
content removal either 0h, 10 to 12h, or 18h after onset of estrus. A total of 29 peri-
ovulatory follicular fluid samples (n=10 collected at 0h, 9 at 10 to 12h, and 10 at 18h) 
were subjected to ultra-high performance liquid chromatography-high resolution mass 
spectroscopy (UHPLC-HRMS) for metabolomic analysis. Ninety metabolites were 
identified in the follicular fluid; however none were significantly different in follicular fluid 
samples from the three time points post estrous onset (FDR > 0.05). Interestingly, 42 
metabolites had a significant, positive relationship with length of proestrus (FDR < 0.05). 
Only one metabolite had a significant, negative relationship with length of proestrus 
(FDR <0.05) KEGG pathway analysis determined enrichment of metabolites significantly 
associated with length of proestrus in the pathways ‘aminoacyl-tRNA biosynthesis’ and 
‘arginine biosynthesis’ (FDR<0.01). Aminoacyl-tRNA synthesis produces amino acids 
that can be readily used for protein synthesis in the follicular fluid and arginine has been 
shown to improve fertility and oocyte quality through nitric oxide production. Length of 
proestrus appears to play an important role in the accumulation of metabolites with 
positive impacts on oocyte quality, with shorter proestrus potentially resulting in reduced 
fertility due in part to inadequate accumulation of critical follicular fluid metabolites. This 



research was supported by the USDA NIFA Hatch project 1022068 and The University 
of Tennessee AgResearch/Department of Animal Science. 
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Folliculogenesis, or the process of follicle development, is crucial to fertility, endocrine 
function, and overall systemic health in females. Ovarian follicles are the functional units 
of the ovary and consist of a single oocyte surrounded by supporting somatic cells. At 
birth, all follicles exist at the primordial stage where they remain sequestered and 
quiescent in the ovary until activated.   The timing of follicle activation (primordial to 
primary stage) is unknown, and the signals that govern an individual follicle transition 
has not yet been discovered. Here, we used RNA-sequencing to profile the 
transcriptome of single follicles at the beginning stages of folliculogenesis to stage and 
characterize the transition process and its drivers. We generated high quality data 
across 171 whole follicles. Overall follicle- and oocyte- size increased as a function of 
stage, consistent with prior findings. Principal component analysis also showed that 
primordial follicles – the only stage of follicles that have not entered folliculogenesis – 
cluster closer together and are distinct from follicles of other stages. Further analysis 
comparing primordial to secondary follicles yielded 4,131 differentially expressed genes. 
In primordial follicles, we saw an upregulation of genes such as oocyte-specific genes 
Obox2 and Obox5, and downregulation of genes like RETREG1, the latter of which has 
been implicated in membrane remodeling. Using isolated single follicle analysis, these 
data replicate prior findings in the field while identifying previous unappreciated 
candidate genes for follicle activation pathways.  
 

P141 - High dose of FSH is associated with enhanced development of preantral 
follicles in cultured bovine ovarian biopsy fragments.  
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Assisted reproduction techniques rely on hormonal ovarian stimulation to recover 
mature oocytes for embryo production. There is mounting evidence that, although not 
FSH-dependent, preantral follicles express FSH receptors and the cellular machinery 
necessary to respond to FSH. We hypothesized that a high dose of FSH enhances 
growth of preantral follicles within the ovarian cortex. Abattoir-derived bovine ovaries (n 
= 6; 2 animals/replicate in 3 replicates) were used to obtain 4 biopsies of 20 x 1.6 x 1 
mm from the outer cortex per ovary using a 14G biopsy device (Temno, Merit Medical). 
One biopsy from each ovary was immediately fixed in 10% formalin (noncultured control 
group; day 0); additional ovarian biopsies were cultured for 6 days in α-MEM medium 
supplemented with 0, 10, or 100 ng/mL of recombinant human FSH (rhFSH); medium 
was replaced daily. Samples were paraffin-embedded, sectioned at 7 µm, and subjected 
to histological evaluation via H&E staining. Thirty sections were evaluated per biopsy 
fragment. Follicles with normal morphology and intact oocytes were counted and 
developmental stage was determined [primordial: one layer of flat granulosa cells (GC); 
primary: one layer of cuboidal GC; early secondary: 1+ but less than 3 complete layers 
of GC]. Data were analyzed by ANOVA followed by Tukey post-hoc test. Despite 
sample-to-sample variation, noncultured biopsies contained an abundant proportion of 
primordial (range per fragment, 50–77%) and primary (16–38%) follicles. The proportion 
of primordial follicles was greater in noncultured biopsies (62.7 ± 6.8%) compared to all 
treatments after 6 days of culture [29.7, 25.6 and 15.3 ± 6.8% (pooled SEM) for 0, 10, 
and 100 ng/mL rhFSH; P = 0.01]). Compared to noncultured biopsies, the proportion of 
primary follicles was greater in tissue exposed to 100 ng/mL rhFSH after 6 days of 
culture (26.7% vs. 63.0%; P = 0.03) and tended to be greater in fragments exposed to 0 
and 10 ng/mL rhFSH (P < 0.1). The proportion of early secondary follicles tended to be 
greater in biopsies exposed to 100 ng/mL rhFSH compared to noncultured biopsies (18 
vs. 9 ± 2.5%, respectively; P < 0.1). We next evaluated whether a supraphysiological 
concentration of FSH used for ovarian stimulation would change the dynamics of 
preantral follicle development in vivo. Six Angus cows 5–6 years of age were blocked by 
antral follicle count and randomly assigned to receive 50 mg of porcine pituitary FSH 
(Folltropin V, Vetoquinol) or vehicle every 12 h for 2 days (total dose 200 mg); ovarian 
biopsies were obtained in vivo 12 h after the final treatment using a 18G biopsy needle. 
The in vitro experiment indicated that biopsies obtained from bovine ovarian cortex can 
be a reliable source of primordial follicles which can be activated to grow in vitro; 
moreover, supplementation with 100 ng/mL rhFSH enhanced follicle development in 
vitro. We are currently evaluating histological sections for preantral follicle end points in 
the ovarian biopsies obtained from cows stimulated with FSH. Support: UC Davis Jastro 
Shields Award to SPM. 
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Selection of the dominant follicle in cattle involves diameter deviation when the largest 
follicle (F1) of a wave reaches ~8.5 mm and the second largest follicle (F2) is ≥7.0 mm 
(conventional deviation) or <7.0 mm (undersized deviation). A transitional period with 
biochemical changes begins when F1 is ~7.2 mm. We assessed pulses of FSH/LH 
during high vs low progesterone (P4) in relation to the subtle increase in estradiol (E2) 
associated with transition to diameter deviation. Hypotheses 1 was that diameter of F2 
and pulses of LH/FSH decrease during elevated P4 concentrations. Hypotheses 2 was 
that LH/FSH pulses increase during the transitional period in association with increased 
circulating E2. On D5 (D0 = ovulation), heifers were grouped into high P4 (untreated 
[P4=7.1±0.3 ng/mL], n=11) and low P4 (CL induced to regress [P4=0.05±0.004 ng/mL], 
n=10). On D6, a new follicular wave was induced by ablation. Blood samples were 
collected every 15 min for 10 h on D9 when F1 was ~7.2 mm (~12 h before deviation). 
Diameter of F1 and F2 were determined every 12 h by ultrasound. Pulses of LH were 
defined based on ≥30% increase from baseline for each heifer with LH ≥6X interassay 
CV and the CV of two consecutive samples being ≥2X the interassay CV. Dynamics of 
FSH were based on the greatest FSH peak that occurred within ±15 min of the peak of 
each LH pulse using a baseline from the 15% lowest samples for each 
heifer. Hypotheses 1 was supported by lower values in the high vs low P4 group for: (1) 
F2 diameter near deviation (7.8±0.2 vs 6.4±0.2 mm; P<0.01) (2) E2 concentrations 
(0.4±0.2 vs 0.7±0.2 pg/mL; P=0.06), (3) LH/FSH pulse frequency (4.1±0.3 vs 9.6±0.3 
pulses/10 h; P<0.01), (4) LH baseline (90±9 vs 303±39 pg/mL; P<0.01), and (5) LH peak 
concentration (368±54 vs 609±73 pg/mL; P<0.01). There were no significant differences 
or tendencies between high vs low P4 groups in F1 diameter, LH amplitude, FSH 
baseline, or FSH peak. At the beginning of blood sampling, there was a tendency 
(P<0.1) of ~75% greater E2 concentrations in heifers with F1≥7.2 mm (0.63±0.19 pg/mL) 
than with F1<7.2 mm (0.36±0.14 pg/mL). Hypothesis 2 was supported only in the low-P4 
group. Heifers with F1≥7.2 mm vs F1<7.2 mm had ~75% greater LH pulse amplitude 
(351±36 vs 201±95 pg/mL; P=0.05) and FSH pulse amplitude (30±5 vs 17±5 pg/mL; 
P=0.08). In contrast, the high-P4 group with F1≥7.2 mm had ~30% lower LH pulse 
frequency compared to heifers with F1<7.2 mm but did not have a change in LH/FSH 
pulse amplitude. Our interpretation is that greater F2 diameter at deviation in heifers 
with low P4 is related to greater LH baseline, greater LH pulse peak, and greater 
frequency of LH/FSH pulses. Moreover, the E2 increase during transition after F1 
reaches ~7.2 mm further increases the amplitude of LH/FSH pulses in low P4. In 
contrast, elevated P4 not only diminished frequency of LH/FSH pulses but also 



converted the E2 increase into a negative feedback effect on LH/FSH frequency leading 
to smaller F2. 
 

P143 - Elimination of Vascular Endothethelial Growth Factor A (VEGFA) in Pre-
Granulosa cells results in Reduced AMH and Subfertility in Mice  
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Andrea Cupp, University of Nebraska-Lincoln  

Elimination of Vascular Endothelial Growth Factor (VEGFA) in granulosa cells after 
gonadal development and follicle formation causes female subfertility, presumably, by 
reduced follicle progression and ovulation rate. Other studies had demonstrated that 
addition of VEGFA angiogenic isoforms enhance follicle progression to later stages of 
development. To determine the effects of elimination of all isoforms of VEGFA in pre-
granulosa on female fertility we developed conditional knockout (KO) mice using Sry-cre 
(ectopic expression in pre-granulosa cells) mated to VEGFA-LoxP mice to generate Sry-
cre;Vegfa-/- females. We hypothesized that elimination of VEGFA in pre-granulosa cells 
would negatively affect ovarian reserve, follicle development and fertility.  Wildtype (WT) 
and Sry-cre;Vegfa-/- (KO) mice were collected at 15 (WT n= 17, KO n= 12), 30 (WT n= 
27, KO n= 20), and 60 (WT n= 8, KO n= 5) days of age to measure body, ovarian, 
uterine, and oviductal weight and obtain blood plasma. While there were no differences 
in body, uterine, and oviductal weight at any days collected (P > 0.05); ovarian weight 
was reduced in KO mice at day 30 (P>0.0006) and 60 (P=0.04) compared to WT. Anti-
Mullerian hormone (AMH), an indicator of ovarian reserve, was measured at each day of 
collection in blood plasma. Concentrations of AMH were similar at 15 and 30 days, 
however; KO mice had reduced AMH concentrations in blood plasma at day 60 (P=0.03) 
compared to WT. Follicle staging conducted at 30 days of age did not indicate 
differences in follicle stages between WT and KO mice. Fertility trials were conducted by 
mating KO females with WT males. The KO females had an increased time between 
mating and first parturition ( P=0.0003) and increased days between parturition intervals 
(P<0.0001) with fewer pups per litter (P<0.03) suggesting that they were subfertile. In 
summary, Sry-cre;Vegfa-/-  conditional KO mice have reduced ovarian weight at 30 days; 
however, there was no difference in number of follicles at each stage or AMH 
concentrations in WT and KO female mice.  In contrast at 60 days of age, after puberty 
has been attained, AMH concentrations were reduced along with ovarian weight. 
Fertility data also indicated that KO females have reduced pups per litter and increased 
days between parturition intervals which may be the result of abnormal follicle 
progression and reduced ovulation rate. Thus, elimination of VEGFA in pre-granulosa 



cells did result in reduced markers of ovarian reserve (AMH) and subfertility in female 
Sry-cre;Vegfa-/-  conditional KO mice. 
 

P144 - Optimizing follicular growth in cryopreserved and fresh human cortical 
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Lucette van der Westerlaken, Leiden University Medical Center, Leiden, The 
Netherlands                           Jeroen Metzemaekers, Leiden University Medical Center, 
Leiden, The Netherlands                     Leoni Louwe, Leiden University Medical Center, 
Leiden, The Netherlands                                       Gonneke Pilgram, Leiden University 
Medical Center, Leiden, The Netherlands  

Medically assisted reproductive technologies are helping an increasingly large group of 
patients to achieve fertility preservation. Currently, technologies for the cryopreservation 
of ovarian cortical tissue for autologous transplantation are available. However, the use 
of cryopreserved-thawed cortical tissue to obtain a matured functional egg in vitro 
remains challenging. 

The goal of this work was to compare the efficiency of the formation of secondary 
follicles using fresh or cryopreserved-thawed ovarian cortical tissue. For this, fresh and 
cryopreserved ovarian cortex tissue donated from transmasculine donors were cultured 
for 8 days, with or without the addition of the PI3K/Akt pathway promotor Sphingosine-1-
Phosphate (S1P). The ovarian cortex fragments were analyzed at day 0 and day 8 for 
morphology and distribution of the follicular population. Furthermore, data from a 
comparison between oncological cisgender donors and transmasculine donors was also 
included. 

The main results showed that fresh ovarian cortex tissue isolated from transmasculine 
donors displayed morphologically normal primary follicles (PFs) and secondary follicles 
(SFs) after 8 days of culture, with no antral follicle formation. Moreover, the addition of 
S1P significantly increased the number of growing follicles (PFs, P<0.05; SFs, P<0.01), 
as well as stimulated the emergence of SFs that showed expression of anti-mullerian 
hormone (AMH), contained proliferative (PCNA+) granulosa cells and showed low levels 
of apoptotic cells (TUNEL assay). Structurally, these in vitro grown SFs showed an intact 
basement membrane assessed by the expression of collagen IV. By contrast, using the 
same culture protocol but starting from cryopreserved-thawed cortex tissue from the 
same donors resulted in a very low number of viable growing follicles (PFs and SFs) 
even in the presence of S1P. Lastly, when using cryopreserved-thawed samples from 
oncological cisgender donors, we observed a low efficiency of follicular growth, 



comparable to that observed in cryopreserved ovarian tissue from (age-matched) 
transmasculine donors. 

We concluded that optimization of culture systems to grow and mature follicles in the 
ovarian cortex of cryopreserved samples (both from cis and trans donors) is urgently 
needed. Current culture protocols can be applied to fresh samples, but further 
characterization is needed to consider this as an alternative in fertility preservation 
treatment. 
 

P145 - Characterization of RNA m6A methylation profile in bovine granulosa cells 
of dominant and subordinate follicles during early luteal phase  
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The methylation of the N6 position of adenosine (m6A) is the most prevalent internal 
modification of mammalian mRNA. RNA m6A methylation regulates mRNA processing, 
cell biology, and reproductive functions, including spermatogenesis and oocyte 
maturation. Furthermore, RNA m6A methylation patterns in somatic cells differ between 
small and large ovarian follicles of chicken and pigs. Therefore, we hypothesize that 
RNA m6A methylation of bovine granulosa cells (GC) changes during ovarian 
folliculogenesis. One in vivo experiment was designed to determine whether GC global 
m6A RNA methylation abundance and gene expression of m6A regulators differ 
between subordinate and dominant follicles during early follicular dominance and in 
vitro experiments were designed to investigate hormonal regulation of GC RNA m6A 
methylation. The estrous cycle of Holstein cows (n = 16) was synchronized, follicular 
development was monitored daily via ultrasonography, and ovariectomy was performed 
during 3 to 6 days post-ovulation. Antral ovarian follicles were aspirated and processed 
for GC total RNA isolation and follicular fluid and were classified as small (1-5 mm), 
medium (5.1-8 mm), and large (8.1-18 mm) subordinate and dominant follicles based on 
follicle surface diameter and steroidogenic status (E2:P4 ratio) identified via 
radioimmunoassay. Global RNA m6A methylation abundance was determined in GC via 
a colorimetric assay and relative mRNA abundance of RNA m6A regulators (m6A 
writers: METTL3, METTL14, RBM15, VIRMA, WTAP; m6A erasers: ALKBH5 and FTO) 
was determined via two-step qPCR using 18S as housekeeping gene. In the in vitro 
experiments, bovine GC were isolated from small antral follicles from ovaries obtained at 
a slaughterhouse, in vitro cultured until reaching an average 70% confluence, and 
treated for 24 hours with hormones that regulate ovarian folliculogenesis (FSH, LH, and 



IGF1 in experiment 1; FSH plus IGF1 in combination with BMP2, BMP6, or GDF9 in 
experiment 2) for RNA extraction and assessment of global RNA m6A methylation via a 
colorimetric assay. Data were analyzed via ANOVA with the general models procedure 
of SAS. The absolute abundance of RNA m6A methylation was greater in GC of 
dominant follicles than in GC of subordinate follicles of all sizes. METTL3 relative mRNA 
abundance was greater in GC of dominant and small follicles than in medium and large 
subordinate follicles, WTAP and ALKBH5 relative mRNA abundances were greater in 
GC of small follicles than in GC of all other follicles, and FTO relative mRNA abundance 
was greater in GC of small follicles than in GC of medium and dominant follicles. LH 
combined with FSH or with FSH plus IGF1 increased RNA m6A abundance in 
comparison to negative control while the combination of FSH, IGF1, and BMP6 
increased m6A in comparison to the combination of FSH, IGF1, and FGF9. In summary, 
bovine GC of dominant follicles have a greater RNA m6A methylation abundance than 
subordinate follicles, lower mRNA relative abundance of m6A erasers than small 
follicles, and greater mRNA relative abundance of m6A writers than medium and large 
subordinate follicles while hormones that stimulate GC differentiation increase RNA m6A 
methylation. 
 

P146 - Nonclassical progesterone receptors PGRMC1 and PGRMC2 are expressed 
in the murine ovary prior to and during primordial follicle formation  

Melissa Pepling, Syracuse University                                                                                                        
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Primary ovarian insufficiency and other female reproductive diseases are not well 
understood but are often associated with premature depletion or dysfunction of the 
ovarian reserve consisting of primordial follicles. In most mammals, the primordial follicle 
pool is determined by the time of birth. Upon arrival at the gonad, germ cells divide 
rapidly as oogonia, and form cell clusters known as germ cell cysts. Oogonia then enter 
meiosis, become oocytes and progress through prophase I to the diplotene stage. As 
the oocytes develop, they separate from the cysts, allowing each oocyte to be 
surrounded by a layer of granulosa cells, forming primordial follicles each containing a 
diplotene arrested oocyte. Work from our lab has shown that progesterone can inhibit 
primordial follicle formation. Our model is that steroid hormones from the maternal 
circulation signal to the ovary to maintain oocytes in cysts and prevent premature 
primordial follicle formation. However, we do not understand how progesterone signals 
to the fetal ovary to maintain oocytes in cysts or how exogenous progesterone blocks 
follicle formation. Progesterone can signal through the nuclear progesterone receptor or 
through two different families of membrane receptors, a seven-transmembrane 
spanning family called progestin and AdipoQ receptors (PAQR) and a single membrane 
spanning family consisting of progesterone receptor membrane component 1 
(PGRMC1) and PGRMC2. Work from others showed that follicle formation is reduced in 
ovaries treated with a form of progesterone that can only signal at the membrane 



suggesting that progesterone membrane signaling is active during cyst breakdown. In 
addition, PGRMC1 and 2 mRNAs are found at high levels in perinatal ovaries and 
PGRMC1 is detected by immunofluorescence in oocytes before birth and pregranulosa 
cells after birth. Here, we used whole mount immunocytochemistry with antibodies 
against PGRMC1 followed by confocal microscopy to revisit PGRMC1 expression in 
mouse ovaries at E15.5, E17.5, P1, P3 and P5. In contrast to the previous study, we 
found that PGRMC1 was detected in both oocytes and pregranulosa cells before birth 
and gradually became stronger in oocytes over time. PGRMC1 was localized in both the 
cytoplasm and the nucleus. PGRMC2 exhibited a similar expression pattern. PGRMC1 
and 2 have been reported at the membrane, in the cytoplasm or in the nucleus at other 
times and in other tissues depending on a variety of factors. Intriguingly, in 
spontaneously immortalized granulosa cells, PGRMC1 is detected in the cytoplasm as a 
monomer and in the nucleus as a dimer and progesterone promotes dimerization. 

 

P147 - Involvement of Fragile-X-related proteins in the formation of the network of 
cumulus cell-oocyte transzonal projections and ovarian reserve  
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Communication between the oocyte and somatic cells is essential for successful ovarian 
folliculogenesis. Our research interest is focused on the quality of the intercellular 
network of transzonal projections in relation to fertility. We hypothesize that proteins 
from the Fragile X Related (FXRP) family are involved in establishing the TZP network 
and its associated mRNAs transport. The FXRP protein family is composed of FMRP, 
FXR1P and FXR2P. Whereas a reduced expression of FMRP is associated with a high 
prevalence of premature ovarian failure in women, FMRP null mice do not show a 
reproductive phenotype. Our data in mice shows a compensatory mechanism by FXR2P 
in absence of FMRP. In addition, Fmr1-/-/Fxr2-/- males and females mice exhibit facial 
abnormalities alike the one reported for Fragile-X Syndrome. Within the ovarian follicle, 
absence of FMRP leads to higher expression of FXR2P. The loss of these proteins 
showed a marked impact on the TZP network where Fmr1-/-/Fxr2-/- females exhibit 
shorter and more abundant transzonal projections than those from Fmr1+/+/Fxr2-/- and 
Fmr1-/-/Fxr2+/+, compared to wild-type counterparts. In accordance with their reduced 
reproductive lifespan, Fmr1-/-/Fxr2+/+ and Fmr1+/+/Fxr2-/- show a significant premature 
decline in their ovarian reserve at 10 months unlike Fmr1+/+/Fxr2+/+ and Fmr1+/-/Fxr2+/- 
animals. In contrast, no distinctive morphology was observed in the testes across 



genotypes.   Although large antral follicles were present in natural cycles for all 
genotypes, confirming that the HPG axis is functional, hormonal profiles at timed estrus 
stages are currently being characterized. Given that TZPs are produced by cumulus 
cells, the impact of the loss of these proteins is being done by RNAseq. To date, our 
results show the involvement of FXRP proteins in the formation of the TZP network and 
age-related ovarian reserves, which are essential to produce a good quality egg. 
Ultimately, the functionality of these RNA-binding proteins could be part of the long 
sought-after determinant of oocyte quality. 

This project is supported by a grant from the Natural Sciences and Engineering 
Research Council of Canada to Claude Robert. 
 

P148 - Myometrial Progesterone Receptor Determines a Transcription Program for 
Uterine Remodeling During Pregnancy  
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Irina Larina, Baylor College of Medicine                                                                                                 
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The uterus remodels to support fetal growth during pregnancy. The myometrium, the 
uterine smooth muscle compartment, expands its mass and maintains contractile 
quiescence before parturition. The steroid hormone progesterone is essential to 
suppress premature labor. However, the role of progesterone signaling in myometrial 
expansion remains unclear. Targeted ablation of the cognate receptor, progesterone 
receptor, in mouse smooth muscles leads to subfertility, oviductal embryo retention, and 
impaired myometrial adaptation to pregnancy. While gross morphology between mutant 
and control uteri are comparable at the nonpregnant stage, mutant uteri manifest a 
decrease of 76.6% oxytocin-stimulated contractility in a pseudopregnant context. This 
observation indicates a major role of the progesterone receptor in regulation of the 
contractile machinery in response to stimulation in vivo.  At mid-pregnancy, mutants 
exhibit a stretched myometrium with discontinuous myofibers and disarrayed 
extracellular matrix at the conceptus site. Moreover, transcriptome of the mid-pregnant 
uterine wall of mutant mice resembles to the late pregnancy gene expression pattern 
with altered muscle and extracellular matrix profiles. These findings demonstrate the 
impact of myometrial PGR loss on the expansion of the myometrial compartment for 
pregnancy support. A survey of the genomic and epigenomic landscape by 
progesterone receptor occupancy, H3K27ac histone mark patterns, and chromatin 
conformation capture annotates cis-acting elements that may direct gene expression 
patterns of mid-pregnancy uteri underlying the process of uterine remodeling. Further 
integrative analyses suggest that major muscle and matrix regulators Myocd and Ccn2, 
along with building block genes for smooth muscle, are progesterone receptor direct 



downstream targets. Cataloging enhancers that are topologically associated with 
progesterone downstream genes reveals distinctive patterns of transcription factor 
binding motifs in groups of enhancers and identifies potential regulatory partners of 
progesterone receptor outside its occupying sites. Finally, conserved correlations are 
found between estimated progesterone receptor activities and RNA abundance of 
downstream muscle and matrix genes for in human myometrial tissues. In summary, our 
data demonstrate a pivotal role of progesterone receptor within a molecular network 
that directs the smooth muscle gene expression program for the uterine remodeling 
process to support pregnancy. 
 

P149 - Molecular basis of the impact of endogenous and synthetic steroids on the 
physiology of the uterus during gestation.  

Citlalli Vergara, University of California, Berkeley                                                                                    
Monika Haoui, University of California, Berkeley                                                                                  
Polina Lishko, University of California, Berkeley  

Preterm birth poses a significant impact on maternal and newborn well-being and is on 
the rise worldwide. Premature labor is a multifactorial syndrome that can be caused by 
placental insufficiency or triggered by excessive contractions of the myometrium that is 
normally kept quiescent during gestation by steroid progesterone. The latter was 
assumed to act mainly via alteration of gene expression followed by profound changes 
to the uterine morphology. However, the nongenomic influence of progesterone toward 
pregnant uterus was always suspected. Here we reveal the molecular basis of the 
former by showing that progesterone regulates uterine physiology via activation of 
inwardly rectifying potassium channel Kir7.1, an essential protein that is expressed in 
the myometrium during late gestation. Recombinant Kir7.1 expressed in either HEK293 
or HUtSMC cell lines was activated by progesterone with EC50=11.5 ± 1.2 micromolar 
(n=14) and EC50 =10.2 ± 1.1 micromolar (n=10), respectively. Additionally, we provide 
pharmacological profile of Kir7.1 regulation by other endogenous and synthetic steroids. 
These results provide strong evidence of the molecular mechanism of steroid-driven 
control of uterine excitability and reveal Kir7.1 as a promising therapeutical target 
controlling female reproduction and supporting healthy pregnancy. 
 

P150 - Transcriptome Analysis Reveals the Key Regulators and Pathways 
Underlying Myometrial Activation during Chronic Equine Placentitis  

Hossam El-Sheikh, Ali Mansoura University, Egypt  

The key event in placentitis-induced preterm labor is the loss of myometrial quiescence 
with subsequent initiation of labor; however, the molecular mechanisms underlying 
myometrial activation have not been studied in the horse. Therefore, we characterized 



the transcriptome of the equine myometrium during placentitis, an inflammation of the 
placenta typically caused by an infectious agent, in comparison to gestationally-matched 
normal pregnancy. Myometrial samples were collected after euthanasia from mares with 
induced placentitis at approximately 290 days of gestation (placentitis group; n=6) and 
un-inoculated mares (control group; n=6). RNA-Seq was performed using Illumina 
NovaSeq6000 and reads were trimmed for quality and adapters with TrimGalore 0.4.3, 
and then mapped to EquCab3.0 using STAR 2.4.3a. Mapped reads were quantified 
using Cufflinks 2.2.1 with the NCBI annotation. Differentially expressed genes (DEGs) 
were evaluated using Cuffdiff 2.2.1 based upon a FDR<0.05. Our study identified 255 
DEGs in the myometrium during placentitis as compared to control including the 
discovery of eight genes (APOBEC3Z1B, CXCL17, LOC106782650, MMP8, MMP13, 
PLA2G2D, S100A8, and S100A9) that are uniquely upregulated (exclusively expressed) 
in the myometrium during placentitis. Gene groups of connexin (GJC2), collagenases 
(MMP8, MMP13, and MMP25), prostaglandin synthesis (PTGS2), hormonal activation 
(RLN), and prostaglandin E receptors (PTGER3) suggest a clear pathway for myometrial 
activation during equine placentitis. Pathway analysis revealed that myometrial 
activation during placentitis is largely dominated by inflammatory signals, Toll-like 
receptor signaling and apoptosis pathways. In addition, we identified CCL2, CXCL1, 
CXCL3 and CXCL17 as potential chemoattractant factors in the myometrium during 
placentitis. Upstream regulator analysis revealed 18 upstream regulators among the 
DEGs in the placentitis myometrium such as PTGS2, S100A9, ICAM1, HIF1A, TLR2, 
STAT1, NFKBIZ, JUNB, and CD44. These findings improve our understanding of key 
regulators and mechanisms underlying myometrial activation during equine placentitis, 
which may lead to development of therapies for prevention of preterm labor and/or 
treatment of placentitis. 
 

P151 - HSJ633: Novel allosteric IL-6 receptor antagonist inhibits inflammation in 
human fetal membranes.  
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Shezel Muneer, University of Alberta, Edmonton, AB, Canada                                                              
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Preterm birth (PTB) remains the leading cause of childhood morbidity and mortality as 
current therapeutic options remain limited in efficacy. One major cause of PTB is silent 
intrauterine inflammation induced by damage-associated molecular patterns (DAMPs). It 
stimulates an increase in interleukin (IL)-6, another key inflammatory mediator of PTB. 
Our novel allosteric antagonist to the IL-6 receptor (IL6R), HSJ633, effectively inhibits 
inflammation in human cell lines and delays PTB in mice. In this study, we investigated 
the efficacy of HSJ633 in attenuating inflammatory responses in human fetal 



membranes (hFM) stimulated by the DAMP, high mobility group box 1 (HMGB1). 
Placentas were collected from non-labouring women undergoing elective caesarean 
sections at term. 12mm tissue explants were excised from the fetal membranes and 
treated with 0, 10, 50, 100, or 200ng/mL HMGB1 with or without 10uM HSJ633 for 24h. 
Cytokine mRNA expression in the hFM was measured via RT-qPCR (n=8) and cytokine 
output into the culture medium was measured using multiplex assays (n=8). Statistical 
analysis was performed using two-way ANOVA. Significant results (p<0.05) were further 
explored through Tukey’s post-hoc test. HMGB1 stimulation significantly upregulated 
the release of IL-1B (p<0.0001), IL-6 (p<0.001), tumor necrosis factor (TNF)-α 
(p<0.0001), and CCL15 (p<0.001) from hFM in a dose-dependent manner. Upregulation 
of CXCL1, CCL24, and CCL27 outputs did not reach significance. Co-treatment with 
HSJ633 significantly attenuated the release of IL-1B (p<0.05), IL-6 (p<0.01), TNFα 
(p<0.05), CCL15 (p<0.05), and CXCL1 (p<0.01). mRNA expression of IL6 (p<0.05) and 
CXCL10 (p<0.0001) was significantly upregulated by HMGB1 stimulation in a dose-
dependent manner, but changes in IL6R, CCL2, CXCL8, and MMP9 expression did not 
reach significance. HSJ633 co-treatment significantly attenuated the mRNA expression 
of IL6 only (p<0.05). Our findings indicate that HSJ633 effectively inhibits IL-6-
associated inflammatory responses stimulated by HMGB1 in hFM. HSJ633 attenuation 
of IL-6 output and mRNA expression also suggests that IL-6 stimulates IL-6 synthesis. 
HSJ633 is efficacious in human tissues and may be an effective PTB therapeutic 
targeting the inflammatory cascade that triggers uterine activation and labor. Funding: 
Canadian Institutes of Health Research. 
 

P152 - Rytvela Suppresses Inflammation in Different Ways in Human Fetal 
Membrane (hFM) Explants and Maternal Peripheral Leukocytes  
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Magdalena Princ, University of Alberta                                                                                                     
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Sylvain Chemtob, CHU Sainte-Justine, University de Montreal                                                                         
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We have demonstrated efficacy for rytvela, an allosteric peptide antagonist of the IL-1 
receptor 1, in mouse and sheep in vivo studies in relation to blocking preterm birth or 
fetal inflammation stimulated by lipopolysaccharide, a Toll-like receptor 4 (TLR4) gram (-
) bacterial mimic. TLR4 agonists stimulate increases in IL-1β, which has a central role in 
the inflammatory cascade involved in labour initiation. As part of this process, the fetal 
membranes release a chemoattractant signal that attracts circulating peripheral 
maternal leukocytes to migrate into the uterus. Although effective in animal models, 
rytvela has not been tested for efficacy in term pregnant human cells or tissues. Our 
objective was to test rytvela on antagonizing IL-1β in two human tissues critically 
important for activation of the uterus for parturition. We hypothesized that rytvela would 
block IL-1β-stimulated cytokine output and receptors in hFM explants and maternal 



peripheral leukocytes. We obtained hFM explants using a 6mm tissue punch from whole 
placentas and peripheral blood samples collected from term non-labouring women 
undergoing elective caesareans at the Royal Alexandra Hospital in Edmonton, AB. 
Explants were acclimated in DMEM F12 containing 15% FBS and 1x 
antibiotic/antimycotic for 48h before treatment. Leukocytes were isolated, washed, re-
suspended in RPMI medium, counted, and diluted to a concentration of 106 cells/mL. 
Explants and leukocyte suspensions were then treated for 6h with 0, 0.1, 1, or 10 ng/mL 
IL-1β, with or without 1uM rytvela. RNA was extracted and RT-qPCR was used to 
measure chemokine receptors in leukocytes (n=10). The concentration of up to 40 
different cytokines and chemokines was measured in the culture medium of maternal 
leukocytes and hFM explants (both n=5). Statistical analysis: two-way ANOVA on log-
transformed data, significance achieved at p<0.05. Twenty-eight cytokines were 
significantly upregulated by IL-1β stimulation of hFM (p<0.05), and 13 were significantly 
decreased with rytvela co-administration - often to control levels (p<0.05). In maternal 
leukocytes, 4 out of 40 cytokines were below range of measurement. Of the remaining 
36, 32 were significantly upregulated by IL-1β stimulation (p<0.05). Of these 32, rytvela 
had a significant effect in 15 (p<0.05). Only five cytokines and chemokines were 
upregulated by IL-1β and downregulated by rytvela in both models: CXCL1, CXCL12, 
CCL13, IL-10 and IL-4. The other significant effects were unique to each model system. 
IL-1β also increased and rytvela blocked mRNA abundance levels of leukocyte 
chemokine receptors known to be associated with PTB: CXCR1, CXCR2, CXCR5, and 
CX3CR1, as well as intracellular mediators involved in F-actin polarization for leukocyte 
migration: ARP3 and PI3KCB. As delivery approaches, the fetal membranes release 
chemoattractant that attracts circulating peripheral leukocytes to migrate into the uterus. 
Rytvela is efficacious at suppressing cytokine and chemokine release from fetal 
membranes and maternal leukocytes, and reduces mRNA abundance of chemokine 
receptors involved in leukocyte migration. Most inflammatory mediators modulated by 
rytvela in each model system were unique to that experimental system, demonstrating 
that IL-1β and rytvela have unique effects specific to the cell or tissue.  Funding: WCHRI, 
CIHR. 
 

P153 - Effects of Matrix Metallopeptidase 9 Inhibition During Pregnancy in Mice  
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Heather Burkin, University of Nevada, Reno  

Matrix metallopeptidase 9 (MMP9) is elevated in multiple tissues from women 
undergoing preterm labor, including the uterine myometrium. We have previously 
shown that systemic inhibition of both MMP2 and MMP9 resulted in delayed parturition 
in mice. Defects in vascularization, placentation, implantation, and embryo development 
were observed in MMP9 null mice, however, the role of MMP9 during labor and 
parturition has not been examined. We hypothesized specific pharmacological inhibition 



of MMP9 during pregnancy would be sufficient to delay parturition in mice. JNJ0966 is 
an orally bioavailable molecule that blocks conversion of MMP9 from the proenzyme to 
the active form. C57BL/6 female mice were mated and pregnancies confirmed by the 
presence of a vaginal plug. Mice were randomly assigned to treatment or vehicle groups 
(n=15 per group). Mice received 30 mg/kg JNJ0966 or vehicle (20% hydroxypropyl-β-
cyclodextrin, 20% DMSO) every 12 h by oral gavage beginning on day 15 of pregnancy. 
Animals were monitored every 4-12 h and time to parturition, maternal weight, pup 
weight, and litter size were recorded. Significant differences between groups were not 
observed in time to delivery, maternal weight, or number of pups per litter. Pups from 
JNJ0966-treated mice were significantly smaller than pups from control mice (p < 0.01), 
consistent with the intrauterine growth restricted phenotype reported in MMP9 null 
mice. Two of the JNJ0966-treated mice experienced dystocia. Horizontal 1 mm uterine 
strips from gestational day 18 JNJ0966- or vehicle-treated mice were dissected and 
placed in a tissue bath to measure changes in isometric tension. Two of three JNJ0966-
treated mice exhibited an abnormal uterine contraction pattern, with “bursts” of 
contractions alternating with quiescence. The absence of delayed parturition in 
JNJ0966-treated animals suggests physiological compensation by MMP2 and/or the 
proenzyme form of MMP9; however, the unusual contraction pattern observed in 
JNJ0966-treated uterine tissue suggests the possibility of a unique role for MMP9 in the 
regulation of contraction timing. 

Supported by the National Institutes of Health award R01HD100624 (HB). 
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Modern sows have been selected for prolificacy which has increased the metabolic 
demands of lactation. Additionally, contemporary sows have higher carcass leanness 
which has altered the amount of energy reserves available for mobilization to support 
the growing demands of lactation. These factors may contribute to the increased 
prevalence of agalactia in sows, a disorder characterized by a reduction or cessation in 



milk production after farrowing. Agalactia results in major economic losses to the swine 
industry due to increased piglet mortality and sow removal. Although a variety of 
management factors have been associated with the etiology of agalactia, a specific 
causative mechanism has not been identified thus far. Since clinical signs of agalactia 
develop in the days following farrowing, the objective of the current study was to 
determine if circulating leukocyte profiles and other metabolic and physiological 
biomarkers at farrowing are predictive of future agalactia. Blood samples and litter 
weights were collected from sows (n = 374) within 24-36 hours after farrowing 
(timepoint 1) and sows were subsequently monitored for indications of agalactia such as 
piglets failing to thrive. When a sow was designated as agalactic (n = 36), blood samples 
and litter weights were collected again (timepoint 2) and also from parity matched 
healthy control sows (n = 36) of the same day of lactation. On average, agalactia 
diagnosis occurred 9.25 ± 2.67 days after farrowing. Rectal temperatures were 
increased in AGAL sows compared to CON at 4 and 5 days post farrowing (P = 0.01). 
As expected, piglets from agalactic sows had lower average daily gain (ADG) and higher 
mortality than piglets from control sows (P < 0.01). At timepoint 1, no differences in 
immune cell profiles were detected between sows that subsequently did or did not 
experience agalactia. At timepoint 2, a 4.1% increase in hemoglobin (P = 0.04) and a 
14.3% decrease in platelets (P = 0.06) was observed in AGAL sows compared to CON. 
Clinical chemistry revealed differences in circulating analytes at both timepoints. 
Aspartate aminotransferase was over 20% increased in AGAL sows compared to CON 
at both timepoints (P ≤ 0.06). Additionally, blood urea nitrogen was 12.7% increased at 
timepoint 1 (P = 0.08) and 16.4% increased at timepoint 2 (P = 0.01) in AGAL sows 
compared to CON. At timepoint 2, total protein, globulin, magnesium, and cholesterol 
were increased (P ≤ 0.03) while gamma glutamyl transferase and albumin were 
decreased (P ≤ 0.02) in AGAL sows compared to CON. Inflammatory marker 
lipopolysaccharide binding protein (LBP) was 48.3% higher in AGAL sows compared to 
CON (P = 0.07) at timepoint 2, but no differences were detected at timepoint 1. 
Collectively, these data indicate agalactic sows have altered metabolism and immune 
activation compared to healthy herd mates, and further investigation is needed to 
determine if agalactia can be predicted based on circulating analytes at farrowing. This 
project was supported by Zoetis; TI-07023. 
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The placenta is an organ that plays an important immunological role in pregnancy to 
protect the fetus against maternal pathogens as well as providing mechanisms of 
immunological tolerance.  The immune environment within the placenta is dynamic–it 
changes from a pro-inflammatory state during trophoblast invasion and parturition to 
anti-inflammatory during the second and third trimesters. Although some information is 
known about how the immune system is regulated during pregnancy, there is little 
known about how and what factors within the placenta can serve as innate immune 
modulators–both in prevention of infection and enhancement of immune cell 
function.   We investigated the effects of placental factors on biofilm growth and innate 
immune cell functions.  It has been demonstrated that whole-placenta extracts inhibit 
bacterial biofilm formation, but there is little information about the mechanism by which 
the placenta inhibits biofilm growth, or whether the factors involved are derived from 
maternal or fetal placenta tissues. To study the antimicrobial properties of placenta, 
Staphylococcus aureus and Escherichia coli biofilms were cultured with and without 
homogenized maternal and fetal mammalian placenta extracts. We found that treatment 
of cultures with placenta extracts reduced biofilm formation by 70 and 80% with S. 
aureus and E. coli respectively.  However, planktonic growth of only E. coli was inhibited. 
We also found that pretreatment of surfaces with placenta prevents adherence of S. 
aureus by approximately 60%. Next, we determined if placenta extracts could affect 
neutrophil function. Neutrophils make up 95% of peripheral blood leukocytes during 
pregnancy, as opposed to 50-70% in the non-pregnant state.  In addition, these 
neutrophils have a phenotypic hyperactivated state in pregnancy, making them more 
responsive to inflammatory cytokines. To determine if factors in placenta might play a 
role in activating neutrophils, we investigated the effects of placental factors on the 
phagocytic ability of neutrophils from non-pregnant women.  GFP-expressing bacteria 
were incubated with neutrophils from non-pregnant women in the presence or absence 
of human placenta extracts (separated into extracts from chorion and amnion) in order 
to measure phagocytosis of the bacteria using flow cytometry. The results showed that 
neutrophils incubated with amnion had a 37.5% increase in phagocytosis above 
controls.  Neutrophils incubated with chorion had a 75% increase above controls 
(p=0.0188).  Time course studies for neutrophils incubated with chorion indicated that 
phagocytosis increased by 33% from 15 minutes to 40 minutes.  Imaging by confocal 
microscopy confirmed that the neutrophils had phagocytosed the bacteria and the GFP-
E.coli were not merely adhering to the cell surface. These studies indicate that placental 
factors may be able to directly inhibit bacterial growth as well as modify neutrophil 
phenotype in order to protect the fetus from pathogens.  Future work will identify the 
factors and the mechanism by which the placenta inhibits biofilm formation and 
enhances neutrophil phagocytic activity and determine the receptors on the surface of 
the neutrophil that are differentially expressed when exposed to placental extracts. 
 



P156 - Trophoblast syncytialization during early placentation in the cow  
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During trophoblast syncytialization in cattle, binucleate trophoblast giant cells (TGCs) 
differentiate from the mononucleate trophoblast cells, and individual TGCs fuse with 
individual uterine luminal epithelial (LE) cells to form trinucleate cells that reside within 
the LE layer, eventually becoming prominent in the caruncular epithelium of 
placentomes. A similar process occurs in sheep in which it was proposed that TGCs 
continue to develop, migrate to the uterine LE and fuse with these growing trophoblast-
LE syncytial cells to form extensive syncytial plaques. However, our research with sheep 
suggests that uterine LE cells are not incorporated into syncytial plaques but are 
eliminated by TGCs. TGCs then continue to migrate into the uterine LE layer to fuse with 
other TGCs to form syncytial plaques that are entirely of trophoblast origin. Although the 
histology of the bovine placentome is known, little is known about the process of 
syncytialization during early stages of placentation, a period of significant pregnancy 
loss in cattle. In this study, uterine-placental tissues were collected from cows on Days 
21, 31, 38, 40 and 67 of gestation subjected to immunofluorescence analyses for 
pregnancy-associated glycoproteins (PAGs) and other relevant proteins. Results of this 
study revealed that: 1) fusion of trophectoderm cells is not limited to the formation of 
binucleate cells and that a minority of trophoblast cells fuse into multinucleated TGCs 
prior to invading into the uterine LE; 2) a large numbers of these TGCs migrate to the 
uterine LE to form syncytial plaques suggesting that syncytialization is not limited to the 
formation of trinucleate syncytial cells; 3) there are fewer cell nuclei within regions of the 
uterine LE undergoing syncytialization suggesting a loss of LE cells during 
syncytialization; 4) PAG-stained syncytial cells localized along the entire epithelial 
surface of endometrium at sites of implantation suggesting elimination of uterine LE cells 
during syncytialization; 5) PAG-stained TGCs are present within the endometrial stroma 
and blood vessels suggesting migration of PAG-positive TGCs into maternal blood; and 
6) after syncytialization, mononucleate trophoblast cells that express serine 
hydroxymethyltransferase 2 (SHMT2), but not PAG, migrate to the leading edge of 
invasion into the caruncular endometrium and eventually localize along the entire 
surface of the caruncular epithelium within placentomes. We hypothesize that: 1) TGCs 
migrate to the uterine LE to eliminate LE cells and fuse with one another to form 
syncytial plaques; 2) some TGCs migrate across the uterine LE and into the uterine 
stroma to enter blood vessels, which might explain identification of PAGs systemically; 
and 3) when the LE cells are replaced by syncytial cells, this syncytial layer begins to 
invade into the caruncular endometrium, but it is mononucleate trophoblast cells that 
compose the leading edge of invasion. These cells at the leading edge subsequently 



expand to cover the entire caruncular epithelial surface. We propose that caruncular 
epithelial cells, currently defined to be of uterine origin, may be mononucleate 
trophoblast cells, and that the mononucleate trophoblast is the outermost placental layer 
of the placentome. Supported by a Texas A&M Triads for Transformation Grant. 
 

P157 - Investigating Transthyretin and Thyroid Hormones in CSH Knockdown 
IUGR Pregnancies.  
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In vivo lentiviral mediated RNA interference of chorionic somatomammotropin (CSH) 
results in an intrauterine growth restricted (IUGR) phenotype in sheep. The thyroid 
hormones (THs) 3,5,3'-triiodothyronine (T3) and 3,5,3',5'-tetraiodothyronine (T4, 
thyroxine) are necessary for development of both the placenta and the fetus and 
abnormal TH levels have been implicated in intrauterine growth restriction. It has 
previously been reported that maternal nutrient restriction models of IUGR pregnancies 
result in a decrease of thyroxine levels in maternal and fetal circulation. In humans TH 
are provided to the fetus by transport of maternal THs through the placenta. 
Transthyretin (TTR) is a TH binding molecule produced by trophoblast cells that 
preferentially binds T4 and may function to move T4 through the placenta. Our current 
objective was to assess TTR expression as well as T3 and T4 levels in both CSH RNAi 
IUGR and control pregnancies. We hypothesize that in ovine IUGR pregnancies, a 
reduction of placental CSH affects day 135 TH levels in maternal/fetal circulation by 
impacting serum TTR levels. To test this hypothesis, the trophectoderm of hatched 
blastocysts (9 days gestation age; dGA) were infected with lentivirus expressing either a 
scramble control shRNA or a CSH shRNA to generate a CSH knockdown model of 
IUGR. Uterine vein, uterine artery, umbilical vein, umbilical artery, and maternal and fetal 
tissue was harvested near term (~135 dGA) from growth restricted CSH RNAi 
pregnancies (n=8) and control pregnancies (n=8). TTR protein abundance was 
determined through western blot analysis, and T4 and T3 levels were assessed using 
competitive ELISA assays. TTR protein abundance was 71% (p=.03) less abundant in 
CSH RNAi IUGR uterine artery serum compared to control serum and 64% (p=.005) less 
abundant in CSH RNAi IUGR umbilical vein serum compared to control serum. There 
were no other significant changes in TTR protein abundance in umbilical artery serum or 
uterine vein serum. This result suggests that the decrease in TTR detected in uterine 
artery may be due to reduced CSH in the mother, however, TTR levels were not 
impacted by CSH RNAi in maternal liver tissues. T4 levels were not reduced in either 
umbilical vein or artery serum in CSH RNAi pregnancies. There was no change in 
T3 levels in CSH RNAi pregnancies. These results suggest that maternal TTR is 
significantly reduced by CSH RNAi in uterine artery and umbilical vein but does not lead 
to a reduced delivery of T4 to the fetus at D135. 
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Guoyao Wu, Texas A&M University                                                                                                                    
Fuller Bazer, Texas A&M University  

Creatine (Cr) is synthesized de novo from arginine, glycine, and methionine through 
interorgan cooperation. The first step of creatine synthesis occurs in the kidney where 
arginine and glycine are converted into guanidinoacetate (GA) by arginine-glycine 
amidinotransferase (AGAT). GA is methylated to Cr by S-adenosylmethionine-
dependent guanidinoacetate N-methyltransferase (GAMT), mainly in the liver. The Cr is 
then transported into target tissues through the solute carrier family 6A8 (SLC6A8) 
transporter. Cells with high rates of adenosine triphosphate (ATP) turnover, such as 
skeletal muscle and brain, maintain ATP homeostasis by utilizing an intracellular pool of 
phosphocreatine (PCr) generated from free cellular Cr and ATP via a reversible reaction 
catalyzed by creatine kinase (CK). Components of the Cr-CK-PCr system have been 
identified in uterine-placental tissues in humans and rodents. Creatine is abundant in 
ovine cotyledons and fetal organs such as skeletal muscle, kidney, and brain during late 
gestation. However, the temporal and cell-specific regulation of metabolism of Cr and its 
precursor has not been investigated during pregnancy in sheep. In this study, pregnant 
ewes (n=3-5 per day) were euthanized on Days 30, 50, 70, 90, 110, and 125 of gestation 
for analyses of the placentomal and uterine expression of genes and proteins involved in 
creatine metabolism using qPCR and immunofluorescence staining, respectively. The 
expression of AGAT mRNA in placentomes was higher on Day 125 than on Days 30 and 
90 of gestation (P<0.05). However, the expression of GAMT, CKB (brain-type cytosolic 
CK), and CKMT1 (ubiquitous mitochondrial CK) mRNAs was lower in placentomes on 
Day 125 than on Day 30 of gestation (P<0.05). The expression of CKM mRNA was 
greater on Day 50 compared to Days 30 and 125 of gestation in placentomes (P<0.05). 
There was no effect of day of gestation on the expression of SLC6A8 mRNA in 
placentomes. Immunoreactive AGAT protein was not detectable in placentomes on any 
day of gestation examined; however, GAMT, CKB, CKM, and CKMT1 proteins localized 
predominantly to the syncytia lining the cotyledonary villi, and their immunoreactivity 
was similar across gestational days. In contrast, SLC6A8 protein localized only to 
mononucleate cells within the caruncular epithelial surface in placentomes on all days of 
gestation examined. Interestingly, AGAT protein localized exclusively to the uterine 



luminal (LE) and glandular (GE) epithelia from Day 30 of gestation and appeared to be 
more abundant on Days 90 and 125 than on Days 30 and 50 of gestation. On Day 125 of 
gestation, immunoreactivity for AGAT, SLC6A13, GAMT, and CKB was greater in uterine 
LE than GE, while SLC6A8 immunoreactivity was weak in uterine LE than in GE. 
Collectively, results of this study indicate temporal and cell-specific regulation of 
metabolism of creatine and its precursor in ovine uterine-placental tissues. The 
presence of a local synthesis and transport system for creatine in the ovine 
endometrium and placentomes suggests a role for the Cr-CK-PCr system in energy 
homeostasis for placental and fetal development. This project was supported by 
Agriculture and Food Research Initiative Competitive Grant no. 2022-67015-36376 from 
the USDA National Institute of Food and Agriculture. 
 

P159 - The role of genomic maintenance during placental development  

Rui Huang, Cornell University  

During gestation, the placenta provides nutrients, oxygen, removes waste, produces 
hormones, and is a barrier against microbial invasion. Abnormal placenta function can 
cause developmental defects and adverse pregnancy outcomes. We are investigating 
the impacts of genomic instability (GIN) on placental development. GIN from chronic 
DNA replication stress (RS) can produce cytosolic DNA that activates the innate 
immune system, causing inflammation. Using a unique mouse model, our lab found that 
high levels of RS-induced GIN causes placental inflammation and female-biased 
embryonic lethality.  We are now trying to understand why various cell types of the 
trophoblast lineage, which form the placenta, are impacted by GIN to cause placental 
defects. To address this, I plan to use a human and mouse Trophoblast stem cell (TSC) 
culture systems containing the GIN-causing mutations that cause placental RS. 

 I have established both wt and GIN mouse TSCs (mTSCs) from this mouse model. 
Interestingly, the high-GIN mTSCs can only be derived under defined culture conditions 
that inhibit differentiation, whereas the wt mTSC can self-renew and proliferate under 
conventional culture conditions. I aim to use this platform to 1) understand how GIN and 
innate inflammation impacts specific cell lineages during placental development, and 2) 
characterize the underlying genome maintenance mechanisms that render trophoblast 
derivatives to be sensitive to GIN. 

 P160 - Evolutionary adaptations that limit hypoxia-dependent fetal growth 
restriction are linked to remodeling of placental structure and function  

Kathryn Wilsterman, Colorado State University                                                                                       
Emily Moore, University of Montana                                                                                                                  
Rena Schweizer, University of Montana                                                                                                               



Jeffrey Good, University of Montana                                                                                                             
Zachary Cheviron, University of Montana  

For humans and other mammals, high altitude gestation is consistently associated with 
adverse effects on gestational outcomes, including restricted fetal growth and reduced 
survival rates. Adaptation to altitude in human populations has ameliorated these effects, 
however the physiological and molecular mechanisms remain poorly understood. 
Alterations in placental development are thought to contribute to fetal growth outcomes 
under hypoxic conditions at altitude, and thus we hypothesized that the etiology of and 
protection from fetal growth restriction at altitude likely involve plasticity in placental 
gene networks. We are using the deer mouse (Peromyscus maniculatus), a model 
system in evolutionary physiology, to understand how adaptation to altitude has shaped 
placental gene networks and how those networks contribute to fetal growth phenotypes. 
Using a two-by-two experimental design in which highland and lowland deer mice 
gestate at either normobaric normoxia or hypobaric hypoxia, we tested for hypoxia-
dependent changes in structure and function of the mid-gestation placenta (N = 18 to 20 
placentas collected from 8 to 10 dams per group). Using immunohistochemistry, we 
found that highland-adapted deer mice display labyrinth zone-specific overgrowth under 
hypoxia, potentially facilitating greater nutrient and gas exchange. Using differential 
expression analysis of layer-enriched RNAseq data, we show that hypoxia primarily 
alters expression of genes associated with ribosomal proteins and translation-related 
processes. Moreover, highland ancestry has led to remodeling of the expression pattern 
in many of these same processes and genes. Finally, using formal selection scans, we 
identified several differentially expressed genes that are also under positive selection in 
highland deer mice, providing further evidence that differential expression of these 
genes is connected to fetal growth outcomes and fitness. Importantly, several of these 
genes under selection, including Hba-x (hemoglobin subunit zeta), are likely to be or 
known to be involved in hypoxia-related fetal growth restriction in humans. By 
combining experimental physiology, gene expression, and selection scan data in an 
evolutionary framework, we have thus identified promising candidate genes that are 
associated with altitude-dependent fetal growth restriction in lowlanders as well as 
genes that are involved in protecting fetal growth in altitude-adapted populations. These 
candidate loci provide targets for advancing our understanding of placental physiology 
in the face of hypoxia generally and for developing intervention strategies. 
 

P162 - A transcriptomic atlas of the bovine placenta at day 195 of gestation.  

Kimberly Davenport, University of Missouri                                                                                               
Hongyu Liu, University of Missouri                                                                                                                  
Eleanore O'Neil, Duke University                                                                                                                       
M. Sofia Ortega, University of Missouri                                                                                                         
Andrew Kelleher, University of Missouri                                                                                                     



Wesley Warren, University of Missouri                                                                                                       
Thomas Spencer, University of Missouri  

Ruminants have a semi-invasive placenta, with maternal caruncles and fetal cotyledons 
forming highly vascularized placentome structures to facilitate nutrient exchange and 
fetal development.  The synepitheliochorial placenta contains heterogeneous 
trophectoderm populations including mononuclear cells, binucleate cells derived from 
the fetal trophectoderm, and feto-maternal syncytium formed by binucleate cell fusion 
with the maternal uterine epithelial cells. However, the cell types and associated 
molecular complexity underlying trophectoderm differentiation and function remains not 
well defined. Therefore, the objective was to create a gene expression atlas of the 
developing bovine placenta at mid-gestation (day 195). The transcriptomic differences 
between cotyledon, caruncle, placentome, and intercaruncular endometrium from bulk 
RNA-seq was estimated (n=2). Differentially expressed genes (DEGs) between tissues 
(FDR < 0.05 and fold change > 1.5) were identified with edgeR robust. A total of 1,416 
DEGs were identified between caruncle and cotyledon, and pathway analysis found 
enrichment of those genes in pathways involved in the regulation of cell migration, 
motility, and adhesion. Likewise, GO analysis indicated that the 6,755 DEGs between 
cotyledon and endometrium were also involved in cell adhesion and migration, as well 
as regulation of multicellular organismal development pathways. The 1,702 DEGs 
identified between the caruncle and the endometrium were enriched in pathways 
involving regulation of cell cycle process and phase transition. The 4,410 DEGs that 
were identified between placentome and endometrium were enriched in pathways 
related to chromosome segregation, mitotic cell cycle, and cell cycle process GO 
pathways. No DEGs were identified between placentome and both caruncle and 
cotyledon. Next, single nuclei RNA-seq determined the cell-type specific transcriptomes 
in the cotyledon and intercotyledonary placenta. A total of 14 and 13 transcriptionally 
distinct clusters were identified in cotyledon and intercotyledonary placenta, 
respectively. These cell types included immune, epithelial, mesenchymal, and 
trophoblasts. Trophoblast populations were then collated and re-clustered to investigate 
subpopulations in both cotyledon and intercotyledonary tissue. Among trophectoderm 
subtypes were those enriched for GATA2, TFAP2C, and CITED2 expression compared 
to trophoblasts expressing CSH2, PAG17, LGALS1, and BCL2A1. indicating the 
presence of nuclei derived from both mononucleated and binucleated trophectoderm, 
respectively. Cell type trajectory analyses modeled and predicted transitions from 
mononucleated to binucleated trophectoderm. Upstream transcription factor binding 
analysis identified enrichment of ETS1 and CTCF binding sites near differentially 
upregulated genes in trophectoderm compared with mesenchymal and epithelial cell 
types. This study lays the foundation for the creation of a gene expression atlas of cell 
types in the synepitheliochorial bovine placenta. Continued analysis will fill a significant 
gap in our knowledge regarding the underlying transcriptional differences between cell 
populations as to what genes govern cell fate and placental development in the 
ruminant. Supported by USDA NIFA AFRI Competitive Grant (2019-67015-28998). 
 



P163 - Effect of Myostatin on the uterine environment  

Laura Schulz, University of Missouri- Columbia                                                                                  
Ruth Opoku, University of Missouri- Columbia                                                                                                      
Charlotte Philips, University of Missouri- Columbia                                                                                   
Jenna DeCata, University of Missouri  

Background: Myostatin is a member of the transforming growth factor-beta (TGF-B) 
super-family, and it functions as a negative regulator of muscle development and a 
modulator of metabolism. We have previously shown that wildtype (WT) pups born to 
myostatin deficient moms (Mstn+/-) weighed 25% more than WT pups from WT dams 
and that they have greater muscle mass. We have also shown that maternal myostatin 
does not cross the placenta, indicating that the mother’s myostatin must act on maternal 
or placental tissues, not directly on fetal tissues. The placenta could play a role in 
causing the higher fetal body masses in myostatin-deficient dams by transporting more 
nutrients to the fetus. The goal of the present study is to determine the metabolomic 
changes that are present in the fetal and maternal serum and placenta to see how 
maternal myostatin deficiency affects the transfer of nutrients across the placenta. 

Experimental Design: We performed reciprocal crosses of WT and Mstn+/- parents 
With WT dams serving as controls for the Mstn+/-dams. We examined maternal serum 
and pooled fetal serum from each pregnant dam (n=8 WT and 8 Mstn+/-), and one male 
placenta per litter (n=14) on day 17.5 of gestation. Global metabolomic profile was 
determined from our experimental groups by HILPIC chromatography mass 
spectrometry and compared to Metabolon's patented reference library. Welch’s two 
sample t-test was used to determine whether metabolites in the two populations were 
different in the placental analyses. Two-way ANOVArepeat measures and random forest 
analysis was used to determine the difference in population of metabolites in the fetal 
and maternal blood serum. 

Results and Conclusion:  There were 704 metabolites that differed in concentration in 
the serum between WT dams and their fetuses (393 upregulated and 311 
downregulated). In Mstn+/- dams,682 metabolites were different between fetal and 
maternal serum (412 upregulated and, 270 downregulated). In maternal serum, 33 
metabolites were different between Mstn+/-  and WT dams (17 upregulated and 16 
downregulated). Between fetal sera from Mstn+/-  and WT dams,50 metabolites were 
different (40 upregulated and 10 downregulated). When it came to WT placentas from 
Mstn+/- and WT moms, 27 biochemicals were different (four upregulated and 23 
downregulated). The branched-chain amino acids (BCAAs), valine,leucine, and 
isoleucine are essential amino acids important in physiological response to stress, 
energy production, and for the normal metabolism and health of muscle. Biochemicals 
in this classwere significantly decreased in the placental tissue collected 
from Mstn+/- dams compared to WT dams but were significantly increased in the fetal 
serum from Mstn+/- dams. Lysophospholipids are components of the cell membrane and 



local mediators that regulate development, tissue regeneration and homoeostasis, and 
are precursors for lipid synthesis. Some lysophospholipids were significantly increased 
in fetal serum from Mstn+/- dams but were significantly decreased in their placentas. 
These findings suggest that metabolites from fetuses of Mstn+/- dams were significanly 
increased compared to fetuses from WT dams. 

 P165 - Characterization of the Biochemical Contents of Extracellular Vesicles 
Derived from Mouse Trophoblast Cells  

Cheryl S. Rosenfeld, University of Missouri                                                                                                         
R. Michael Roberts, University of Missouri                                                                                             
Jessica A. Kinkade, University of Missouri  

The placenta serves as the primary communication organ between the mother and 
fetus. It is essential for gas, nutrient, waste, and hormonal exchange. By producing 
factors that affect survival of the corpus luteum of the ovary and thereby maintaining 
maternal progesterone, it is well established that the placenta influences maternal 
physiology. The precise mechanisms how the placenta shapes fetal organ development, 
however, remain uncertain. The fetal brain is especially dependent upon the placenta for 
nutrients, hormones, and neurotransmitters to guide its early development. The tight 
linkage between the two organs has given rise to the term, the placenta-brain axis. 
Serotonin (5-HT) and dopamine are two neurotransmitters that may shuttle from the 
placenta to sculpt early brain formation. Both can be influenced by endocrine disruptors, 
such as bisphenol A (BPA) and bisphenol S (BPS). The placenta also produces a unique 
signature pattern of miRNAs. Recent work shows BPA exposure alters placental miRNAs 
whose targets are mRNAs associated with early fetal brain development, including those 
regulating neurogenesis. One key question arising from these studies is how all of these 
factors evade fetal metabolism to reach the developing brain in appreciable 
concentrations? Extracellular vesicles (EVs) might act as the carriers for such 
molecules. EVs are categorized into varying groups of microvesicles, exosomes, and 
apoptotic bodies. Exosomes are considered intraluminal vesicles comprised of 
multivesicular bodies that range in diameter from 30-160 nm. Transmission electron 
microscopy and various omics approaches can be used to reveal the internal 
components of such structures that exhibit unique signature profiles based on the cell 
type that gave rise to them. Such structures act like a shell to encase and protect their 
contents and transport these structures to remote target organs. EVs contain proteins 
(receptors, transcription factors, extracellular matrix proteins, and enzymes), lipids, 
DNA, mRNA, miRNA, and other metabolites. Much of the placental work to date has 
examined how placental-derived EVs influence the mother. The hypothesis tested is that 
placenta-derived EVs transport the molecular cargo load from the placenta to the brain, 
whereupon the contents can induce pleiotropic effects. In the current set of studies, we 
have characterized the biochemical contents released into the culture media from 
undifferentiated mouse trophoblast stem cells and those differentiated to giant cells by 
the addition of retinoic acid and removal of fibroblast growth factor 4 (FGF4) and 



heparin. Proteomics analyses identified over 300 proteins in EVs from undifferentiated 
and differentiated mouse trophoblast cells. Further, several heat shock proteins, 
including HSP90AA1, HSPAB1, HSPA11, and HSPA8, and keratin proteins, including 
KRT10, KRT13, KRT14, KRT16, and KRT17, showed differential expression between 
differentiated and undifferentiated trophoblast cells. Liquid chromatography–mass 
spectrometry (LC–MS) analyses identified serotonin (5-HT), dopamine, and 
norepinephrine in EVs from undifferentiated and differentiated mouse trophoblast cells. 
The data shows that in vitro derived mouse trophoblast cells release EVs whose 
contents, especially the catecholamines, might influence fetal brain development. A 
better understanding of placental-derived EVs may hold the key in understanding the 
pathogenesis of neurobehavioral disorders and pave the way for novel treatment 
strategies. 
 

P166 - MiRNA-155 inhibition enhances porcine embryo preimplantation 
developmental competence  

Bereket Tanga, Chungnam National University                                                                                      
Xun Fang, Chungnam National University                                                                                          
Seonggyu Bang, Chungnam National University                                                                                       
Mahanama De Zoysa, Chungnam National University                                                                          
Islam Saadeldin, Chungnam National University                                                                                     
Sanghoon Lee, Chungnam National University                                                                                
Jongki Cho, Chungnam National University  

The competence of in vitro produced embryos is lower than in vivo counterparts and 
miRNAs were found to affect developmental competence, affecting pluripotency, stress 
level, and apoptosis in embryos. We aimed to investigate the effect of miRNA-155 on 
parthenogenically activated early development porcine embryos at the preimplantation 
blastocyst stage.  MiRNA-155 mimic and inhibitor were specifically designed, and they 
were microinjected into post-activated oocytes. Embryo development, as an effect of the 
modulated miRNA-155, was monitored by the number of divisions and the development 
to blastocyst level, performed on days 2 d (48 h) and 7 d (168 h) post culture, 
respectively. The embryonic cell number and apoptosis were evaluated by TUNEL 
fluorescent staining and examined through confocal microscopy. Furthermore, we 
selected target genes, analyzed their expression through real-time polymerase chain 
reaction (RT-qPCR), studied gene-to-gene interaction and prediction networks, and 
compared the gene expression level in treatments and controls. Data were analyzed 
through univariate analysis of variance (ANOVA) followed by Tukey’s test and 
differences were considered statistically significant at P < 0.05. Real-time PCR results 
showed expression of miRNA-155 and small nuclear RNA U6 in oocytes, 2-cell embryos, 
and blastocysts with average Ct values of 32.1 ± 0.7 °C. Results showed that miRNA-155 
inhibition improved in vitro developmental competence by increasing cell numbers and 
reducing apoptosis levels when compared with the control and mimic groups. The 



cleavage rate in the miRNA-155 inhibitor group was significantly higher than that in the 
miRNA-155 mimic and control groups (77.6± 2.71, 66.7 ± 1.54, and 72.9 ± 1.19, 
respectively, P < 0.05). Whereas the blastocyst rate of the miRNA-155 inhibitor group 
was statistically significantly higher (P < 0.05) than in both control and miRNA-155 mimic 
groups (23.3± 2.51, 14.1 ± 0.87, and 23.1 ± 2.56, respectively, P < 0.05). The relative 
gene expression level analysis showed downregulation of mRNAs related to apoptosis 
(BAX), the stress-induced autophagy gene (ATF4), and TNF-ɑ in the miRNA-155 
inhibitor group. Moreover, miRNA-155 inhibition showed upregulation of the relative 
expression of BCL2, OCT4, ZEB2, and IL-1 mRNAs compared to control and mimic 
groups. In conclusion, miRNA-155 inhibition in porcine in vitro embryos improved their 
preimplantation developmental competence and in vitro embryo production. [Supported 
by the NRF (# 2021R1A2C2009294) and the Brain Pool program (# 
2021H1D3A2A02040098)] 
 

P167 - Conceptus length on day 17 of gestation is associated with endometrium 
and conceptus transcriptome in dairy cows  

Phillip Peixoto, University of Florida                                                                                                       
John Bromfield, University of Florida                                                                                                 
Eduardo Ribeiro, University of Guelph                                                                                                                
José Eduardo Santos, University of Florida                                                                                       
William Thatcher, University of Florida                                                                                                      
Rafael Bisinotto, University of Florida  

The objective was to characterize transcriptome changes associated with elongation in 
bovine conceptuses and endometrium during preimplantation stages. Non-lactating 
Holstein cows (n = 48) enrolled in an experiment aimed at evaluating the effects of 
follicular wave and progesterone concentration during ovulatory follicle growth were 
euthanized d 17 after AI and the uterus flushed with saline solution. Samples of 
intercaruncular endometrium were dissected from the caudal, intermediate, and cranial 
portions of the uterine horn ipsilateral to the pregnancy. Recovered conceptuses were 
classified as small (1.2 to 6.9 cm; n = 9), medium (10.5 to 16.0 cm; n = 9), or large (18.0 
to 26.4 cm; n = 10). The endometrium samples were also grouped following the same 
classification, based on the respective conceptus that it was bearing. Total mRNA was 
extracted and subjected to transcriptome analyses using the Affymetrix gene chip 
bovine array. Data were normalized using the GCRMA method and analyzed by robust 
regression using the linear models for microarray library within Bioconductor in R. 
Transcripts with P ≤ 0.05 after adjustment for false discovery rate and fold change ≥ 1.5 
were considered differentially expressed. Functional analyses were conducted using the 
Ingenuity Pathway Analysis (IPA) platform. Comparisons between large vs. small (LvsS), 
large vs. medium (LvsM), and medium vs. small (MvsS) conceptuses yielded a total of 
634, 240, and 63 differentially expressed transcripts, respectively. Top canonical 
pathways of known involvement with embryo growth that were upregulated in large 



conceptuses included actin cytoskeleton (LvsS), integrin signaling (LvsS and LvsM), 
ephrin receptor (LvsS), mesenchymal transition by growth factor (LvsM), and regulation 
of calpain protease (LvsS). Transcripts involved with lipid metabolism pathways 
(LXR/RXR, FXR/RXR, Hepatic Fibrosis) were associated with the LvsS and LvsM, and 
some transcripts such as APOC2, APOH, APOM, RARA, RBP4, and PPARGC1A, were 
involved in these pathways. An overall network summary associated biological 
downstream effects of invasion of cells, proliferation of embryonic cells, and inhibition of 
organismal death in the LvsS. Transcriptome comparisons between endometrium 
groups of cows carrying large vs small (LvsS_endo), large vs medium (LvsM_endo), and 
medium vs. small (MvsS_endo) conceptuses yielded a total of 235, 21, and 94 
differentially expressed transcripts, respectively. Top canonical pathways included the 
antigen presentation pathway, Th1 and Th2 activation pathway, both for LvsS_endo and 
MvsS_endo. IFNγ and IFNα were identified as activated upstream regulators primarily 
based on differently expressed transcripts such as IDO1, ISG20, WARS, LGALS9, IFI44, 
(LvsS_endo and MvsS_endo). The regulator’s effects revealed a predicted activation of 
FOXO1, IFN, NFACTC2, IL12, IL-6, and inhibition of IL10RA, ZBTB16. Upregulation of 
transcripts FCER1G, BOLA-DQB, IDO1, CD40, combined with predicted regulator 
molecules, was associated with an overall downstream effect of activation of leukocytes, 
quantity of T lymphocytes, and expansion of T lymphocytes was reported in the 
LvsS_endo. In conclusion, different length 17-day conceptuses presented differently 
expressed transcripts mainly involved with cell structure, proliferation and lipid 
metabolism. Canonical pathways and upstream regulators involved with immune-
modulatory response were appreciated in the endometrium bearing large and medium 
compared with small conceptuses. 
 

P168 - ERVL-PRMT6 chimeric protein regulates cell fate decision in mouse 
preimplantation embryos  

Shinnosuke Honda, Kyoto University, Kyoto, Japan                                                                                
Shuntaro Ikeda, Kyoto University, Kyoto, Japan                                                                                        
Naojiro Minami, Kyoto University, Kyoto, Japan  

Class III retroviruses, also known as ERVL, occupy about 5.5% of mouse genome and 
are expressed during zygotic genome activation in mammalian embryos. Expression of 
ERVL is also associated with the ability of mouse embryonic stem cells to contribute to 
placental tissue. Several studies have shown that the long terminal region (LTR) of ERVL 
generates chimeric transcripts with nearby genes. However, the functions and biological 
significance of many ERVL chimeric genes are still unclear. Here we show that ERVL 
chimeric transcript with Prmt6, protein arginine N-methyltransferase 6, is translated into 
an elongated protein (ERVL-PRMT6), and that the function of this protein is different 
from that of the canonical PRMT6 protein (can-PRMT6) in mouse preimplantation 
embryos. We analyzed previously reported RNA-seq data and found that Prmt6 chimeric 
transcripts are expressed in mouse, human and bovine embryos, and that human and 



bovine embryos use DNA transposon promoters unlike mice. Absolute quantification 
RT-PCR analysis showed that almost all the Prmt6 transcripts are generated from ERVL 
promoter in mouse 2-cell embryos. Overexpression of codon mutated ERVL-Prmt6 
chimeric mRNAs in mouse fibroblast cells and mouse zygotes revealed that the chimeric 
transcript generates an N terminus elongated ERVL-PRMT6 protein. The extended 56 
amino acids did not show any homology with retrovirus-derived proteins such as GAG 
protein. Overexpression of can-PRMT6 increases the abundance of the asymmetric di-
methylation of third arginine residue of histone H2A (H2AR3me2a) and histone H4 
(H4R3me2a), while overexpression of ERVL-PRMT6 increases only H2AR3me2a. We 
also found that the microinjection of ERVL-Prmt6 mRNA into one blastomere of mouse 
2-cell embryos promotes its contribution to epiblast cells in blastocysts. ERVL-PRMT6 is 
the first ERVL chimeric protein with confirmed translation in mouse preimplantation 
embryos. Our results suggest that the translation initiation codons and biological 
functions of many ERVL chimeric transcripts remain undetermined. A more 
comprehensive proteomic analysis is needed to understand the precise functions of 
chimeric proteins in preimplantation embryos. 
 

P169 - Effects of Seminal Plasma at Conception on Early Fetal Development  

Gabriela Macay, University of Florida                                                                                                  
Tomas Gonzalez, University of Florida                                                                                                
Zachary Seekford, University of Florida                                                                                                     
Arslan Tariq, University of Florida                                                                                                               
Rafael Bisinotto, University of Florida                                                                                                              
John Bromfield, University of Florida 

The maternal environment at conception is critical for early embryonic development and 
establishment of pregnancy. Events at this time of pregnancy can alter subsequent 
postnatal performance in various species. In rodents, swine, and humans, seminal plasma 
facilitates sperm transport in the female reproductive tract and actively modulates the 
cellular and molecular maternal environment at the time of conception. Artificial 
insemination in cattle minimizes female exposure to seminal plasma and deposits semen 
directly into the uterus, bypassing the vagina as the natural site of semen deposition. We 
have previously reported that seminal plasma exposure around the time of conception 
elicits endometrial transcriptome changes at day 7 of pregnancy and increases birth 
weight of female calves. Here, we hypothesized that intrauterine infusion of seminal 
plasma at the time of insemination modulates fetal development during the first trimester 
of gestation. A total of 24 multiparous non-lactating dairy cows were subjected to timed 
artificial insemination using X-sorted semen. At the time of insemination, cows were 
randomly assigned to receive a 0.5 mL intrauterine infusion of either saline or pooled 
seminal plasma. The proportion of pregnant cows was similar among treatments (saline 
7/12 and seminal plasma 6/12 cows). Fetal growth and conceptus characteristics were 
evaluated only in cows with a singleton female pregnancy (saline, n = 4; seminal plasma, 



n = 5). Crown to rump length increased weekly from d 32, 39, 46, and 53 but was not 
affected by seminal plasma. Crown to nose length and abdominal diameter increased 
weekly from d 53, 60, 67, 74, and 81 regardless of treatments. Overall, crown to nose 
length was reduced by seminal plasma infusion (P = 0.02). On day 96 of gestation cows 
were slaughtered to evaluate conceptus weight and size, amniotic fluid, fetal size, 
placental characteristics, and fetal organ weights. Infusion of seminal plasma increased 
total amniotic fluid (P = 0.05) but did not affect total conceptus size. Seminal plasma 
tended to decrease cotyledon diameter (P = 0.08) but did not affect total cotyledon 
number. Interestingly, seminal plasma tended to decrease heart girth (P = 0.08), while 
fetal weight and size were unaffected. There was no effect of treatment on the weight of 
fetal heart, brain, lungs, kidney, liver, or spleen. While seminal plasma supplementation at 
conception alters endometrial transcription seven days later and increases birth weight of 
heifers, these data also suggest moderate effects of seminal plasma on fetal growth and 
development during the first trimester. Future work will clarify the effect of seminal plasma 
on DNA methylation of fetal muscle and liver, placental function, and endometrial gene 
expression. 
 

P170 - Functional Analysis of Pwp1 in the Differentiation of the Mouse Early 
Embryogenesis.  

Takuto Yamamoto, Graduate School of Agriculture, Kyoto University, Kyoto, Japan             
Yasuhiro Isumi, Graduate School of Agriculture, Kyoto University, Kyoto, Japan                       
Shuntaro Ikeda, Graduate School of Agriculture, Kyoto University, Kyoto, Japan                                      
Naojiro Minami, Graduate School of Agriculture, Kyoto University, Kyoto, Japan  

【Introduction】In mouse preimplantation embryos, transcription from newly formed 
zygotic genome, known as zygotic gene activation (ZGA), begins at the middle one-cell 
stage and the transcription appears as an even larger wave in the late 2-cell stage. We 
focused on Pwp1, one of the genes whose expression is specifically upregulated during 
major ZGA. This gene is involved in the maintenance of H4K20me3. Previous reports 
have demonstrated that Pwp1 is required for maintaining the differentiation potential of 
mouse embryonic stem cells through regulating signal transducer and activator of 
transcription-3 (Stat3) signaling, and a recent study showed that Pwp1-knockout mice 
have never been obtained. However, the study of Pwp1 in mouse early embryogenesis 
has not yet been addressed. In the present study, we induced RNA interference by 
introducing siPwp1 into mouse 1-cell embryos and examined the effects of Pwp1 
knockdown on early embryogenesis. 【Materials and Methods】Two hours after in vitro 
fertilization (IVF), siPwp1 was introduced into mouse 1-cell embryos by electroporation. 
Electroporation was performed using the NEPA21 electroporator system (NEPA GENE 
Co. Ltd.). Furthermore, the differences of gene expression were examined by RNA-seq 
and RT-qPCR in embryos collected at 72 h after IVF, and the localization of 
differentiation-associated proteins was confirmed using immunofluorescence staining. 
【results】It was revealed that the developmental rate of Pwp1-knockdown embryos to 



the blastocyst stage was found to be significantly reduced compared to that of control 
embryos (62.3% vs 84.2%, P<0.05). At the morula stage, YAP is generally localized in 
the cytoplasm of inner cells and in the nucleus of outer cells, thereby regulating the 
subsequent differentiation into inner cell mass (ICM) and trophectoderm (TE) in 
blastocyst. However, the localization of YAP was disturbed in Pwp1-knockdown 
embryos, suggesting that the proper differentiation was not progressed. 【Conclusions
】In the present study Pwp1 was found to be essential for development to the blastocyst 
stage in mouse preimplantation embryos. Through the localization of YAP, Pwp1 is 
required for the first differentiation in mouse embryos, the differentiation of inner and 
outer cells into ICM and TE, respectively, suggesting that its expression during major 
ZGA induces appropriate differentiation in subsequent embryogenesis. 
 

P171 - Characterizing enzymes and transporters involved in fructose and lactate 
metabolism in the ovine conceptuses during the peri-implantation period of 
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Embryonic development prior to implantation requires coordination of metabolic 
pathways to ensure the conceptus (embryo and associated extraembryonic 
membranes) receives nutrients to synthesize biomolecules needed for survival. Recent 
findings indicate that ovine conceptuses utilize fructose, in both the presence and 
absence of glucose, to contribute carbons to the pentose cycle, Krebs cycle, and to 
carbohydrate moieties in glycoproteins. This may occur under hypoxic and normoxic 
conditions and can contribute to large amounts of lactate produced by the conceptus 
during the peri-implantation period of pregnancy. The ovine conceptus expresses both 
isoforms of ketohexokinase (KHK), allowing for fructose entry into the ATP-producing 
phase of glycolysis, bypassing upstream regulation.  However, the enzymes and 
transporters involved in fructose and lactate metabolism have not been characterized in 
the ovine conceptus. This study characterized the abundance of lactate in the ovine 
uterine lumen during the pre- and peri-implantation periods of pregnancy and 
determined expression of enzymes and transporters involved in fructose and lactate 
metabolism in the conceptus. Ewes were synchronized to estrus and mated to fertile 
rams upon visual detection of estrus (Day 0), then euthanized and hysterectomized on 



gestational Days 9, 12, 15, 16, 17, and 18 (n=2-12 per day). Uteri were flushed with 
phosphate buffered saline (pH 7.2) and conceptuses were fixed in 4% 
paraformaldehyde and paraffin embedded for immunohistochemical analysis (Day 16) 
or snap frozen for gene expression analysis via qPCR (Day 17). The abundance of 
lactate in uterine flushings was quantified using a spectrophotometric assay.  Lactate in 
uterine flushings increased through the pre- and peri-implantation period of pregnancy 
(P<0.01), with less lactate present on Days 9 and 12 than Days 15, 16, 17, and 18 
(P<0.05). mRNAs for AKR1B1 (aldose reductase), SORD (sorbitol dehydrogenase), and 
ALDOB (aldolase B), genes related to fructose metabolism, and mRNAs for lactate 
dehydrogenase isoforms A (LDHA), B (LDHB), and the monocarboxylic acid transporter 
1 (MCT1) were expressed by Day 17 conceptuses. Low levels of ALDOB protein were 
expressed by both the endoderm and trophectoderm, but trophectoderm levels were 
higher than in endoderm. Both isoforms of LDH protein were expressed in the 
conceptus, with LDHA expression greater in trophectoderm than endoderm and LDHB 
expression greater in endoderm than trophectoderm. Protein for both monocarboxylic 
acid transporters involved in lactate transport, MCT1 and MCT4, were abundantly 
expressed by the conceptus trophectoderm and endoderm. Results from this study 
demonstrated that the ovine conceptus expresses the enzymes required for the 
metabolism of fructose via the KHK pathway. Further, expression of both LDH isoforms 
and MCT1 and MCT4 suggest active metabolism and transport of lactate by the 
conceptus. This may serve to facilitate adaptation of the conceptus to the hypoxic 
conditions of the uterine lumen by providing substrates for increased ATP production 
while sparing glucose for upstream pathways, activation of hypoxia signaling pathways, 
and/or preventing excessive oxidation and protein glycation by glucose. 
Research supported by Agriculture and Food Research Initiative Competitive Grant no. 
2018-67015-28093 from the USDA NIFA. 
 

P172 - The effect of intrauterine infusions of IFNT and PAG on the expression of 
early pregnancy factor (HSPE1).  
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Pregnancy success depends on communication between the embryo and maternal 
endometrium. In cattle, one of the earliest transcribed embryo-derived proteins is a heat 
shock protein family E member 1 (HSPE1). Originally termed early pregnancy factor, 
HSPE1 is produced by the ovary and present in blood serum 6 to 24 hours after mating. 
It is continuously synthesized throughout early pregnancy by the ovary and oviducts. 
Furthermore, embryos fail to attach when the mother is immunized with anti-HSPE1 
antibodies. In cattle, interferon tau (IFNT) is a primary conceptus-derived protein (days 8 
to 30) known to induce corpus luteum maintenance, a requirement for pregnancy 



success. IFNT regulates gene expression in the endometrium and peripheral blood 
leukocytes (PBL). Shortly after the onset of IFNT production, the conceptus secretes 
pregnancy associated glycoproteins (PAG; day 17 to calving) in high concentrations. 
However, the function of PAG remains unknown. We determined the effects of IFNT and 
PAG on HSPE1 transcription in the endometrium and PBL. Holstein heifers 
(n=6/treatment) were estrous (day 0) synchronized and received twice daily intrauterine 
infusions of 20 mL of saline including one of the following treatments: vehicle 200 μg/mL 
BSA from day 14 to 16 (BSA3), vehicle + 200 μg of IFNT from day 14 to 16 (IFNT3), 
vehicle + 200 μg of IFNT from day 14 to 19 (IFNT6), and IFNT3 from day 14 to 16 
followed by IFNT3 + 100 μg pregnancy specific protein B (PSPB; a mixture of PAG 
isolated from the bovine placenta) from day 17 to 19 (PSPB6). Blood was collected 
daily, and an endometrial biopsy was obtained at the end of treatments. RNA was 
extracted from PBL and endometrium, and real-time quantitative polymerase chain 
reaction was used to quantify HSPE1 expression. Data were analyzed using the MIXED 
procedure in SAS, and the model tested the effects of treatment, day, and their 
interaction. In PBL, there was no effect of treatment, however, an effect of day (P<0.02) 
was detected for HSPE1 expression in BSA3 and IFNT3 treatments. Regression analysis 
confirmed that HSPE1 transcription increased from day 14 to day 15 and then declined 
by day 17 (Day, quadratic, P<0.004). There was no effect of treatment on HSPE1 
expression in the endometrium collected after 3 days of treatment. However, a 
treatment by day interaction (P<0.01) on HSPE1 expression was detected in PBLs 
between IFNT6 and PSPB6 treatments. HSPE1 transcription increased in PBLs after 
from day 18 to 20 in the IFNT6 group but there was no change in HSPE1 expression in 
the PSPB6 group. There was no effect of treatment on HSPE1 expression in the 
endometrium. Results suggest that PSPB alters the effects of IFNT on HSPE1 
expression in PBL but not endometrium. A better understanding of the effects of 
conceptus proteins on gene expression in the uterus and in PBL should help elucidate 
factors affecting fertility. This work is supported in part by AFRI competitive grant 2017-
67015-26455 from USDA-NIFA to TLO. 
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Highly proliferative cells rely on one carbon (1C) metabolism for production of formate 
required for synthesis of purines and thymidine for nucleic acid synthesis. This study 
aimed to determine if extracellular serine and/or glucose and fructose (i.e., nutrients 
transported into the uterine lumen) contribute to 1C metabolism for the production of 
formate in ovine conceptuses. Suffolk ewes (n=8) were synchronized to estrus and bred 
to fertile rams. On Day 17 of gestation, ewes were euthanized, hysterectomized, and 
uteri were flushed to collect conceptuses. Conceptuses were either snap frozen in liquid 
nitrogen (n=3) for placed in culture in medium (n=5) containing either: 1) 4 mM D-
glucose + 2 mM [U-13C]serine; 2) 6 mM glycine + 4 mM D-glucose + 2 mM [U-13C]serine; 
3) 4 mM D-fructose + 2 mM [U-13C]serine; 4) 6 mM glycine + 4 mM D-fructose + 2 mM 
[U-13C]serine; 5) 4 mM D-glucose + 4 mM D-fructose + 2 mM [U-13C]serine; or 6) 6 mM 
glycine + 4 mM D-glucose + 4 mM D-fructose + 2 mM [U-13C]serine. After 2h incubation, 
conceptuses in their respective culture medium were homogenized and the supernatant 
analyzed for 12C- and13C-formate by mass spectrometry and amino acids by high 
performance liquid chromatography.  When possible, conceptus tissue was separated 
from the incubation medium and snap frozen for qPCR analysis. Ovine endometria 
expressed transporters for transport of serine, glycine, glucose, and fructose into the 
uterine lumen as did uncultured conceptuses for uptake of these nutrients. Conceptuses 
also expressed mRNAs for 1C metabolism and serinogenesis. Ovine conceptuses 
produced both 13C- and 12C-formate during the 2 h incubation, indicating that the [U-
13C]serine, glucose, and fructose were utilized to generate formate, respectively. 
Interestingly, greater amounts of 12C-formate were produced compared to 13C-formate, 
indicating that the ovine conceptus utilized more glucose and fructose than serine to 
produce formate. This suggests that the ovine conceptus may preferentially utilize 
glucose and fructose via serinogenesis to generate serine to produce formate, rather 
than using serine directly. This study is the first to demonstrate that both 1C metabolism 
and serinogenesis are active metabolic pathways in ovine conceptuses during the peri-
implantation period of pregnancy, and that hexose sugars may be the preferred 
substrate for generating formate for synthesis of purines and thymidine required for 
nucleotide synthesis for trophectoderm cells that have a high rate of proliferation. This 
research was supported by Agriculture and Food Research Initiative 
Competitive Grant no. 2018-67015-28093 from the USDA National Institute of Food and 
Agriculture. 
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During implantation a subset of the pluripotent epiblast cells, surrounding the pro-
amniotic cavity, undergo amniogenesis leading to the formation of the amniotic sac, an 
asymmetric structure containing of squamous amniotic ectoderm at one pole and the 
columnar pluripotent embryonic disc, that give rise to the embryo proper, on the other. 
Pregnancy cannot continue without amnion formation. However, a large knowledge gap 
exists in the understanding of human amniogenesis at molecular level, due to the 
inaccessibility of peri-implantation human embryos, and, until now, the lack of robust 
three-dimensional (3D) in vitro models. Through a directed differentiation of human 
pluripotent stem cells (hPSC), we recently established a 3D soft gel (Gel-3D) culture 
system that supports the formation of cysts with a central lumen surrounded by 
squamous cells with amniotic transcriptional characteristics and identified that BMP 
signaling is a critical regulator of human amniogenesis. However, the cell population is 
not restricted to amnion (e.g., pluripotent epiblast cells, posterior mesoderm cells), 
hindering robust and reproducible molecular investigations of amniogenesis. Here, we 
describe development of a stiff 3D culture system in which exogenous rhBMP4 
treatment immediately initiates amniotic transcriptional cascade in all cells, and gives 
rise to lumenal cyst structures composed only of squamous amnion cells (Glass-
3D+BMP) by 48 hours after BMP4 treatment. We use this system to identify key 
amniotic transcriptional and signaling cascades. A time course gene expression study 
for a set of transcription factors that are established markers of amniogenesis uncovers 
that GATA3 is an immediate target of BMP signaling. GATA3 activation is followed by 
TFAP2A, ISL1/2 and TP63, respectively, at distinct time points, suggesting that 
amniogenesis is a multi-step process. At cellular levels, while activation of BMP signaling 
characterized by nuclearly enriched localization of phosphorylated SMAD1/5 is seen in 
all cells immediately after BMP treatment (within 30 minutes), squamous amnion 
morphogenesis is observed only in a fraction of cells by 12 hours, suggesting that 
amniogenesis occurs focally, and then spreads. To identify the role of an amniotic 
transcriptional cascade downstream of BMP signaling, we generated amnion cysts 
carrying loss-of-function mutations in TFAP2A. Interestingly, TFAP2A-KO cysts were 
asymmetrically patterned, displaying an amniotic sac-like morphology in which 
squamous cells with amniotic characteristics formed on one side, and columnar 
pluripotent epiblast-like cells on the other. Upon analyzing mRNA expressions in the 
TFAP2A-KO, we identified WNT3A as a potential downstream target of TFAP2A. Indeed, 
treatment with small molecule inhibitors of the Wnt signaling pathway, in controls, 
phenocopies the partial amniogenesis phenotype seen in TFAP2A-KO background, and 
treatment with exogenous WNT3A ligand in TFAP2A-KO cysts lead to fully squamous 
amnion cysts. Together, these results establish that TFAP2A-WNT3A axis is critical for 
amnion fate spreading. 

 

P175 - Deletion of CSF2RA in bovine embryos reduces development in vivo  
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Colony-stimulating factor 2 (CSF2) is secreted by the endometrium during the 
preimplantation period. In vitro, CSF2 regulates embryonic function through actions 
mediated by the alpha subunit of the CSF2 receptor (CSF2RA). The objective was to 
determine importance of CSF2 for regulating development in vivo by testing whether 
knockout (KO) of CSF2RA compromises development of embryos transferred into the 
uterus at day 5 after ovulation as compared to wildtype (WT) embryos. Holstein zygotes 
were produced in vitro using two bulls. A total of 844 and 831putative zygotes were 
injected with either 40 ng/μL of each sgRNA for CSF2RA KO and 75 ng/μL Cas9 mRNA 
(KO) or 75 ng/μL Cas9 mRNA only (WT), respectively and embryos were cultured in 
vitro for 5 days. Percent cleavage was higher in WT (40±9%) embryos compared to KO 
embryos (25±7%) (P<0.0003). The percent of cleaved embryos developing to ≥16 cells 
was similar (P=0.485) and was 61±12% (WT) and 64±12% (KO). Embryos ≥16 cells 
were selected for embryo transfer at day 5 after insemination and transferred in groups 
of 7 to 24 into heifers. A total of 171 and 119 embryos were transferred in 12 and 10 
recipient heifers for WT and KO, respectively. Embryo flushing was performed at day 7. 
The percent of recovered embryos that were not degraded was numerically lower 
(P=0.3110) for KO (58±9%) than WT (77±6%).  Moreover, the percent of recovered 
embryos that were blastocysts was lower (P=0.067) for KO (39±9%) than WT (63±7%). 
Treatment did not affect the percent of non-degraded embryos that were blastocysts 
(P=0.3165) but, numerically, the percent was lower for KO (68±11%) than WT (81±6%). 
In conclusion, disruption of CSF2RA reduces developmental competence of embryos 
developing in vivo from day 5 to 7. The result indicates a role for CSF2 in embryo 
development in vivo. Support: NIH R01 HD088352.   
 

P176 - Migration/Proliferation of endometrial epithelial cells is associated with the 
intensity of IFN-t-stimulated transcription in cattle.  
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In cattle, embryonic mortality during the preimplantation period accounts for up to 50% 
of the total pregnancy losses. During that period, bovine uterine epithelial cells (BUECs) 
function as the interface between the developing embryo and the maternal tissues. 
Dysfunctional proliferation, migration, and responsiveness to interferon-tau (IFN-t) are 



likely associated with a sub-optimal ability of BUECs to support embryo development. 
We hypothesized that proliferation/migration activity is associated with responsiveness 
to IFN-t. Bos indicus (Brahman) cows at random stages of the estrous cycle (n=33) 
received a prostaglandin (PGF; Dinoprost 25mg Zoetis) injection and an estrus detection 
patch (Estrotect™). Patches were checked thrice a day, at 8:00, 12:00 and 18:00 h, from 
24 to 120 h after the PGF injection. We considered that estrus started when 50% or 
more of the silver coating of the patch had been removed between two subsequent 4-
hour intervals (n=15). Four days after estrus, BUECs were recovered from the uterine 
body using a cytological brush. Brushes were stored in medium (DMEM/F12, 3% 
Penicillin/Streptomycin and 2% of Fungizone) and transported to the lab. Within 45 
minutes of collection, cells from individual cows were plated, and incubated at 38.5⸰C, 
5% CO2 in medium supplemented with 10% fetal bovine serum, until confluence. For 
Study1, a scratch assay was performed (n=12 cows; two wells/cow). A wide gap of 
~500µm was manually created using the 10-µl pipette tip. Cells were photographed by 
light microscopy at 0, 4, 6, 8, 10, 12, 18 and 24h. After 24h from the last picture, a new 
gap was created and incubated for 8h. Cells within 1cm along the gap were collected 
and the expression of CDK4 was measured by qPCR. Statistical analysis was conducted 
using Proc cluster, lifetest, and mixed from SAS. The average cell viability for all animals 
was 89.4%±3.76. Cluster analysis split the cows according to the time to reach 50% of 
wound closure. Cluster A (n=5; 7.72±0.31) closed 9h earlier than B (n=7; 16.71±0.94; 
P<0.05). Yet, the proportion of gap present within 8h after the scratch was lower 
(P<0.05) on Cluster A (A=45±6, B=78±5). No difference in the initial wound diameter 
(0h), cell viability, and time to reach confluence prior to the scratch was detected. On 
Study 2, we compared the magnitude of recombinant bovine (rb)IFN-t-stimulated ISG15 
expression between animals from Clusters A and B. BUEC monolayers from the same 
animals were cultured for 24h with 0 or 10ng/mL of rbIFN-t (rbIFN-t) in serum-free 
medium (n=3 replicates/treatment). The relative expression of ISG15 and IFNAR1 were 
evaluated by qPCR. The rbIFN-t stimulation of ISG15 expression was greater for Cluster 
A (373.4±163 fold) than Cluster B (171.9±123 fold; P<0.05). In contrast, expression of 
IFNAR1 was not affected by rbIFN-t in either Cluster A or B (-0.08±0.08 vs. -0.06±0.06 
fold, respectively). In summary, cows clustered based on the ability of luminal 
endometrial cells to migrate/proliferate. Clustering was associated with responsiveness 
to rbIFN-t and was independent of receptor expression. Future studies are necessary to 
determine whether such phenotypes are associated with fertility in vivo. 
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Factor, highly abundant in bovine oocyte  

Mingxiang Zhang, West Virginia University                                                                                             
Heather Chaney, West Virginia University                                                                                                      
Jaelyn Current, West Virginia University                                                                                                         
Jianbo Yao, West Virginia University  



Oocyte quality is a determining factor for fertility since maternal factors orchestrate early 
developmental events before ZGA. KRAB-C2H2-ZFPs represent the largest transcription 
factor repertoire of mammalian genome, which interact with DNA through the zinc finger 
motif. Even though the entire function of KRAB-C2H2-ZFPs remain elusive, KRAB-C2H2-
ZFPs have been demonstrated to be highly involved in various cellular processes, 
including development, differentiation, and apoptosis. Bovine ZIM2 is a KRAB-containing 
C2H2-zinc finger transcription factor, which is highly abundant in the testis. Analysis of 
RNA-seq data from a bovine cDNA library indicated that ZIM2 transcript is highly 
abundant in oocytes as well. Characterization of ZIM2 transcript expression revealed 
that ZIM2 mRNA is expressed in testis, oocytes, and early embryos. In addition, western 
blot analysis using a customized ZIM2 antibody indicated that ZIM2 protein is present in 
oocytes and 2-cell, 4-cell, 8-cell, 16-cell embryos, morula, and blastocyst. To test the 
effect of ZIM2 in early embryonic development, zygotes were generated by in vitro 
maturation and fertilization of oocytes. Then, siRNA specifically targeting ZIM2 was 
designed and injected into the presumptive zygotes to perform a knockdown 
experiment. The decreased blastocyst rate was observed in the knockdown group 
compared to the uninjected and negative siRNA group. Furthermore, using a GAL4-
luciferase reporter assay, ZIM2 was demonstrated to contain an intrinsic repressive 
effect. In addition, ZIM2 interacted with a highly conserved co-repressor KAP-1. Results 
of described studies demonstrate that ZIM2 is a maternally derived transcription factor 
required for early embryonic development in cattle, presumably functioning by 
repressing transcription.  
 

P178 - Changes in immune cell populations in peripheral blood of heifers and cows 
during early pregnancy  
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Subfertility remains a major problem in the dairy industry. Only 35-40% of high-yielding 
dairy cows and 55-65% of nonlactating heifers become pregnant after their first service. 
In previous studies, we characterized changes in immune cell populations and 
immunoregulatory molecules in peripheral blood leukocytes (PBL) of heifers and cows 
separately, on days 14, 17 and 20 of pregnancy and the estrous cycle. We observed 
that pregnant animals had different immune cell proportions and expression of 
molecules related to tolerance compared to cyclic animals and that pregnancy induced 
greater changes in heifers. In this study, we directly compared changes in PBL of cyclic 
and pregnancy heifers versus cyclic and pregnant cows. We hypothesized that 
differences in immune cells between heifers and cows during pregnancy may relate to 
differences in their fertility. Animals were estrous synchronized and randomly assigned 
to the following treatment groups: cyclic heifers (n=10), pregnant heifers (n=8), cyclic 
cows (n=7), and pregnant cows (n=9). After estrus, blood was collected on day 17 and 



18 for plasma progesterone (P4) analysis. On day 18, PBL were isolated and markers 
for immune tolerance and immune cell types were analyzed via flow cytometry and/or 
qPCR. Pregnancy was confirmed on day 30 via ultrasound. P4 concentration in plasma 
showed that all pregnant heifers and cows and cyclic cows but only 3/9 cyclic heifers 
had a functional corpus luteum (CL) on day 18. Data were analyzed using the MIXED 
procedure of SAS with two different models: (1) to assess effects of parity (heifers vs 
cows), status (cyclic vs pregnant), and their interaction on percent positive cells, protein 
abundance, and mRNA fold change of all animals with a functional CL; (2) to assess the 
effect of luteal status (functional P4 > 3 ng/mL, regressing P4 > 0.5 < 1 ng/mL, or absent 
P4 < 0.5 ng/mL) on immune cell proportions and protein abundance in cyclic heifers 
only. Cows had a greater proportion of MM20A+ neutrophils, CD11b+ cells, CD11c+ cells 
and SIRPα+ cells than heifers (p<0.05). The abundance of CD47 protein was also greater 
in cows compared to heifers (p<0.05) and pregnancy tended to increase the proportion 
of PPARγ + cells in both cows and heifers (p=0.09). Interestingly, we observed that cyclic 
heifers with regressing or absent CL had a higher proportion of CD11b+ cells (p<0.05) 
and tended to have a higher proportion of MM20A+ neutrophils (p=0.08), PPARγ + cells 
(p=0.09), SIRPα+ cells (p=0.06), and abundance of CD11c protein (p=0.05) than cyclic 
heifers with a functional CL. These changes support previous findings related to 
changes in immune cells proportion and function during proestrus and estrus. Overall, 
our results indicate that expression of certain immune markers is higher in cows 
compared to heifers, perhaps indicating altered immune status that may contribute to 
the reduced fertility of lactating cows. This project was supported by Agriculture and 
Food Research Initiative Competitive Grant no. 2017-67015-26455 from the USDA, 
National Institute of Food and Agriculture.  
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This experiment aimed to analyze differences observed in cell-cell and cell-ECM 
adhesion properties and pregnancy-associated glycoprotein (PAG) gene expression 
between uniparental parthenogenetic (PA; absence of paternal genetics) and biparental 
(CON) bovine pregnancies. PA embryos were chemically activated in vitro with a 
validated method, and CON embryos were fertilized in vitro using industry standard 
techniques. Cows (n=30) were synchronized, underwent embryo transfer [ET; 7 days 
after onset of estrus (day 0)], and a subset were euthanized at approximately day 31 of 
gestation for sample analysis (n=6). Tissues from endometrium (EM), trophectoderm 
(TE), and corpus luteum (CL) were collected and sequenced from both groups (3 PA, 3 



CON). Transrectal ultrasonography was performed daily to monitor conceptus 
development. Differentially expressed genes (DEGs) were determined, significance level 
was set at a false discovery rate (FDR) <0.05, and gene ontology profiles were 
generated from Ensembl and DAVID genome databases. When comparing PA to CON, 
there were 969 DEG in the EM (599 genes upregulated; 269 genes downregulated; 101 
nonannotated genes) and 250 DEG in the TE (163 genes upregulated; 47 
downregulated; 40 nonannotated genes). Comparative gene ontology profiles between 
DEGs in EM showed an upregulation in extracellular matrix interactions and adhesion 
properties and a downregulation in proteolytic activities involving PAGs for PA as 
compared to CON. The TE comparisons showed an upregulation in prolactin (PRL) 
inhibiting pathways and a downregulation in lipid degradation for PA as compared to 
CON. Overall, the DEGs observed in PAs show significant decreases in conceptus-
derived products and abnormal gene ontology profiles associated with pregnancy. 
Genes of interest were muc-1, osteopontin (SPP1), integrin and associated receptor 
subunits, fibronectin (FN1), and the PAG family. Muc-1 was not statistically significant 
between PA and CON (FDR=0.32 and 0.19, respectively). SPP1 and FN1 showed 
significant upregulation in the EM of PA as compared to CON (FDR=3.22x10-9 and 0.02, 
respectively). Integrin subunit αV (ITGAV) was significantly upregulated (FDR=8.5x10-4) 
and integrin subunit β5 (ITGB5) was significantly downregulated (FDR=0.02) in the EM 
of PA compared to CON. The PAG family showed significant downregulations in the PA 
compared to CON EM for 11 of its members. In other livestock species, including 
porcine and ovine, the expression of SPP1, integrin ligands, and FN1 is associated with 
successful trophoblast-endometrial attachment, yet this was not observed in <60d PA 
bovine pregnancies. Visual inspection of the PA pregnancies showed extensive, yet 
underdeveloped, trophoblast with no apparent attachment site. Failure to attach was 
believed to be due to genomic imprinting errors within the PA conceptuses. Additionally, 
in the PA pregnancies, PAG concentrations did not markedly increase in the maternal 
circulation, and many gene clusters associated with lipid degradation were 
downregulated in the TE, promoting the idea that lipid metabolism is essential for 
conceptus elongation. This further emphasizes the usefulness of uniparental embryos 
for elucidating parent-specific contributions to pregnancy. This project was supported 
by Agriculture and Food Research Initiative Competitive Grant no. 2019-67015-
28998 from USDA NIFA.  
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Zongliang Jiang, Louisiana State University                                                                                            
Rebecca Krisher, Genus plc  

Differentiation of totipotent embryonic cells into the first cell lineages (trophectoderm 
(TE) and inner cell mass (ICM), and further into epiblast (EPI) and primitive endoderm 
(PE)), although well studied, is only beginning to be understood at the molecular level. 
An in depth understanding of the regulation of these early differentiation events would 
enable improvements in the quality of in vitro produced embryos, as well as the study 
and application of bovine embryonic stem cells. The objective of this work was to 
perform single cell RNASeq on bovine blastocysts derived in vivo (IVV; n=7 embryos), in 
vitro in a conventional in vitro production system (IVC; n=6), and in vitro in reduced 
nutrient media (IVR; n=6). All in vitro culture was serum free. Further, we examined 
these three early cell types based on marker gene expression in all three types of 
embryos. Marker genes examined for TE were KRT8, DAB2, ATP12A, CDX2, and IFNT3; 
for epiblast, NANOG, SOX2, FGF4, TDGF1, POU5F1; and for PE, GATA6, HDAC1, GSC, 
SOX17. Prior to dissociation and single cell collection, embryos were manipulated to 
remove approximately half of the TE to enrich the cell population for ICM cells. The 
RNA-seq libraries were generated from individual cells by using the Smart-seq2 v4 Ultra 
Low Input RNA Kit and Nextera XT DNA Library Prep Kit and multiplexed by Nextera XT 
indexes (Illumina). Data was analyzed using principal component analysis. In in vivo 
embryos, 6 groups could be assigned based on Leiden clustering analysis, although 
there was some overlap in expression of marker genes. The two TE groups identified 
clearly separated in a uniform manifold approximation and projection (UMAP) plot from 
EPI groups. Putative epiblast cells could be identified. In in vitro embryos produced in a 
conventional system, considerable overlap in expression of marker genes made Leiden 
clustering difficult, but a selected count could be used for UMAP to tentatively identify 
one TE, 2 EPI and 2 PE groups. In assigned cell types we observed higher expression of 
the identifying marker genes, but some marker genes were expressed in all cell types. In 
IVC embryos, TE markers clustered while PE and EPI marker genes overlapped. In IVR 
embryos, again there was considerable overlap between marker gene expression. Like 
IVC embryos, TE was easily identified by clustering in IVR, but EPI and PE were too 
similar to distinguish. In summary, the methods used here could partially distinguish 
putative cell types in bovine blastocysts, although marker gene expression was not 
always discreet. This may not be surprising given differentiation events are in progress 
in the blastocyst stage embryo. TE cells were more easily distinguished than EPI and PE 
cells, which would support this hypothesis. Ongoing analyses will investigate differential 
gene expression between the three culture conditions to identify pathways that could be 
targeted for improvement of in vitro culture conditions. 
 

 



P181 - Endometrial transcriptome in response to intrauterine infusions of 
secretory proteins from the bovine conceptus  

M. Isabel Da Silva, The Pennsylvania State University                                                                               
Ty Montgomery, The Pennsylvania State University                                                                                   
Joy Pate, The Pennsylvania State University                                                                                              
Troy Ott, The Pennsylvania State University  

Pregnancy involves an orchestrated communication between the embryo and 
endometrium. Within the first 25 days of pregnancy, embryonic secretions are crucial for 
maternal recognition of pregnancy. In cattle, interferon tau (IFNT) is a primary 
embryonic signal (days 8 to 30) known to support corpus luteum maintenance, a 
requirement for pregnancy success. Shortly after the onset of IFNT production, the 
conceptus secretes pregnancy associated glycoproteins (PAG) (day 17 to calving) in 
high concentrations. However, the function of PAG remains unknown. This study 
reproduced aspects of the temporal hormone signaling during early pregnancy to study 
the short and long-term effects of IFNT and PAG on the endometrial transcriptome. 
Holstein heifers (N=4/treatment) were estrous synchronized and received twice daily 
intrauterine infusions of 20 mL of saline including one of the following treatments: 
vehicle 200 μg/mL bovine serum albumin (BSA) from day 14 to 16 (trt-BSA3), vehicle + 
200 μg of IFNT from day 14 to 16 (trt-IFNT3), vehicle + 200 μg of IFNT from day 14 to 19 
(trt-IFNT6), and trt-IFNT3 from day 14 to 16 followed by trt-IFNT3 + 100 μg pregnancy 
specific protein B (PSPB;  a mixture of PAG isolated from the bovine placenta) from day 
17 to 19 (trt-PSPB6). Blood was collected daily, and endometrial biopsies were obtained 
at the end of treatments for RNA extraction. Transcriptomic data were obtained through 
BGI (Shenzhen, China) services. Differentially expressed genes (DEGs) were considered 
significant if log2 ≥ 1 and Q-value < 0.15. All treated animals had plasma progesterone 
concentrations that were comparable to pregnant heifers. Compared to trt-BSA3, trt-
IFNT3 upregulated 901 and downregulated 777 DEGs, mostly involved in interferon and 
innate immune signaling. Compared to trt-IFNT3, trt-IFNT6 upregulated 16 and 
downregulated 25 DEGs, involved in glycogen and tryptophan metabolism, 
progesterone and retinoic acid signaling, and antigen recognition in natural killer cells. 
Compared to trt-IFNT6, trt-PSPB6 upregulated 4 transcripts related to mucus secretion 
(MUC5AC) and inhibition of extracellular proteinase (WFDC18) and peptidase (EXPI). 
Our results show signaling pathways in the endometrium that may be directly or 
indirectly regulated by IFNT and PSPB during early pregnancy. Moreover, we identified 
transcriptomic changes during prolonged exposure to IFNT and genes regulated by 
PSPB in the endometrium. Results provide a greater understanding of the effects of 
conceptus secretions on uterine function during a period of high embryo loss. This 
project was supported by Agriculture and Food Research Initiative Competitive Grant 
no. 2017-67015-26455 from the USDA, National Institute of Food and Agriculture. 
 



P182 - Inhibition of estrogen receptor alpha during early blastocyst development 
impairs downstream implantation potential  

Deirdre Logsdon, Colorado Center for Reproductive Medicine                                                                                           
William Schoolcraft, Colorado Center for Reproductive Medicine                                                             
Rebecca Krisher, Genus PLC                                                                                                                                   
Ye Yuan, Colorado Center for Reproductive Medicine  

Estrogen receptor alpha (ERα) mRNA is abundant at the zygotic stage, declines at the 
four-eight cell stage, and reappears at the blastocyst stage, suggesting a stage-specific 
effect of estrogen on mouse embryo development. We have seen improved blastocyst 
hatching with estradiol (E2) supplementation on embryonic day (D)2.5 mouse embryos 
in vitro. We hypothesized that E2 may play a role in triggering trophectoderm (TE) 
differentiation and facilitate embryo implantation. The objective of this study was to 
characterize localization of ERα in mouse embryos from the 8-cell stage through 
blastocyst hatching and understand how estrogen may impact TE differentiation and 
downstream implantation. To examine the localization of ERα at the 8-cell stage (n=26), 
morula (n=27), blastocyst (n=16), hatching blastocyst (n=30) and hatched blastocyst 
stage (n=12), in vitro fertilized CF1 mouse embryos were cultured in phenol-free, E2-
free, in-house culture medium and were fixed at 48h, 72h, 78h, 96h, 102h, and 120h 
post fertilization, respectively. Subcellular localization was examined with 
immunofluorescence microscopy against ERα, SOX2, and DAPI. Fluorescence intensity 
of ERα was measured in the nuclei and cytoplasm of the inner cell mass (SOX2 positive, 
ICM) and TE (SOX2 negative cells opposite from the ICM). ERα intensity was increased 
at the 8-cell stage, decreased at the morula stage, and increased at the blastocyst stage 
in the ICM. Fluorescence stayed constant in the TE until embryos hatched from the zona 
pellucida. A punctate aggregation pattern, suggestive of targeted proteasomal 
degradation of ERα after E2 stimulation, was noted later in development. Punctate 
staining of ERα was enriched in the TE and significantly increased at the hatching and 
hatched blastocyst stage compared to the ICM (p<0.001). To examine the effects of ERα 
on development and implantation, embryos were cultured in phenol-free, E2-free, in-
house culture medium until D2.5. Embryos were then treated with 0 nM (control, 
n=141), 8nM E2 (n=157), or 8nM E2 + 165nM ERα antagonist, ICI 182,780, (n=161) and 
cultured until D5. A cohort was cultured in a time-lapse incubator and evaluated for 
morphokinetic development to the morula, blastocyst, and hatching stage. A separate 
cohort was placed into an extended culture system on D4 and allowed to attach to 
fibronectin coated dishes and develop until D9 (control n=35, E2 n=36, ICI+E2 n=36). 
On D9, embryos were evaluated for TE outgrowth area. All continuous data was 
evaluated for normality and analyzed by ANOVA. Inhibition of ERα with ICI 182,780 did 
not affect embryo development or developmental kinetics. However, addition of ICI 
182,780 significantly decreased the outgrowth area of embryos in extended culture to 
D9 compared with embryos from control (p=0.05) or E2 (p=0.02). In conclusion, ERα is 
ubiquitously expressed in blastocysts, and targeted degradation of ERα is particularly 
enriched in the TE during late blastocyst development. Inhibition of ERα prior to this 



targeted degradation impairs downstream implantation potential as evidenced by 
impaired trophoblast outgrowth area. Together, this suggests that ERα plays a direct 
role in TE differentiation during the peri-implantation period and disruption of this 
signaling may impair downstream development. 
 

P183 - The small GTPase Rab35 regulates the formation of human epiblast model  

Anusha Rengarajan, Medical College of Wisconsin                                                                                     
Kenichiro Taniguchi, Medical College of Wisconsin  

During implantation of the human embryo, unpolarized epiblast cells within the 
blastocyst undergo polarization, radial organization and form a central epiblast lumen. 
Apico-basal polarization driven by vesicular trafficking machineries is critical for the 
formation of this lumenal structure, though it is not well understood in humans. We 
employ human pluripotent stem cells (hPSC) to model this event, as hPSC and 
embryonic epiblast share transcriptomic and epigenetic similarities, and hPSC grown in 
a 3D culture environment have the property to self-organize into radially polarized 
lumenal cysts similar to that of human embryonic epiblast, an in vitro model of human 
epiblast morphogenesis hereafter referred to as the hPSC-epiblast model. Using hPSC-
epiblast model, it was previously established that polarization essential for this lumen 
forming event is driven by the formation an apicosome, a membrane bound peri-nuclear 
structure enriched with apical markers, microvilli, and primary cilium. Apicosome 
formation is initiated by the perinuclear trafficking of vesicles containing apical proteins 
such as Podocalyxin (PODXL). Rab GTPases are vital for trafficking in Eukaryotic cells. 
Rab35 plays an important role in internalizing and trafficking various membrane-bound 
cargoes to membrane compartments, and Rab35 is known to traffic Podxl vesicles. To 
investigate the role of Rab35 during human epiblast morphogenesis, we established a 
hPSC-epiblast model carrying loss-of-function mutations in RAB35 alleles. Strikingly, 
RAB35-KO hPSC-epiblast model displays impaired lumenogenesis accompanied by 
ectopically localized PODXL vesicles. Detailed analyses reveal that RAB35-KO hPSC 
form several apicosome-like structures within each cell, which is in significant contrast 
to singular apicosome formation in controls. These defects can be rescued by 
expressing a RAB35 transgenic construct in RAB35-KO background. Mechanistically, 
exogenous expression of CDC42, a Rho-GTPase, partially restores lumenogenesis 
defects in RAB35-KO hPSC-epiblast model, suggesting that CDC42 is a RAB35 effector 
during human epiblast lumenogenesis. These data reveal novel requirements of RAB35 
in apicosome and lumen formation, further investigation needs to be done to uncover 
additional mechanistic details. 
 

 



P184 - Human Recombinant Interleukin-6 Increases Inner Cell Mass Development 
in Preimplantation Bovine Embryos  

Mary Oliver, Virginia Tech                                                                                                                               
Savannah Speckhart, Virginia Tech                                                                                                               
Alan Ealy, Virginia Tech  

In vitro produced (IVP) embryos are inferior to in vivo derived embryos. Differences 
include delayed development, reduced expression of genes indicative of embryo quality, 
and reduced inner cell mass (ICM) number. These and other factors compromise 
pregnancy establishment and retention after embryo transfer. Previous work from our 
group determined that 100 ng/mL of bovine recombinant interleukin-6 (bIL6) increases 
ICM cell numbers in day 8 IVP bovine embryos. We hypothesized that human 
recombinant IL6 (hIL6) acts in a similar manner as bIL6 in IVP bovine embryos. Bovine 
ovaries were obtained from an abattoir (Brown Packing; Gaffney, SC) and cumulus-
oocyte complexes were matured and fertilized using pooled semen from four different 
bulls. Presumptive zygotes were placed into 45 µL drops of SOF-BE1 (25 embryos per 
drop; 3 drops/treatment). Day 6 embryos were treated with 5 µL of a solution that 
yielded either no hIL6 (control; 1% SOF-BSA) or a final concentration of 25 ng/mL hIL6, 
50 ng/mL hIL6, or 100 ng/mL hIL6. Day 7 and day 8 blastocyst rate was determined, and 
day 8 blastocysts (22-27 blastocysts/treatment over 5 replicates) were fixed and 
processed for CDX2 immunofluorescence and DAPI nuclear staining. Day 7 blastocyst 
rates were reduced (P < 0.05) in 50 ng/mL hIL6 when compared with controls (23 ± 2 
vs. 30 ± 2%, respectively). However, blastocyst rates were not different between 
controls and the 25 or 100 ng/mL hIL6 groups. No differences in blastocyst rate were 
detected at day 8 but there was a tendency (P = 0.06) for a greater percentage of 
advanced (expanded and hatched) blastocysts in 25 ng/mL hIL6 groups compared with 
controls (30% ± 2% vs 28% ± 2%). Neither total cell number nor trophectoderm cell 
number differed between treatments. Numbers of ICM cells were at least 1.6-fold 
greater (P < 0.001) than controls in each hIL6 treatment, and the ICM:TE ratio was 
increased (P < 0.001) from 0.46 ± 0.06 in controls to ≥ 0.66 ± 0.6 in the hIL6 treatments. 
These same effects were detected in both expanded and hatched blastocysts. No 
differences in ICM number or ICM:TE ratio were detected within any of the hIL6 
treatments. These results indicate that hIL6 mimics the effects of bIL6 on bovine ICM 
development. Also, the effective concentration for this response is less for hIL6 than 
bIL6. This increased potency was not examined here, but it likely reflects the greater 
purity or greater biological activity of the human recombinant. Funding for this work was 
provided by UDSA-NIFA (2017-67015-2646 and 2021-67015-34485) and by NIH (R21-
OD026516-01).   
 

 



P185 - Activin A enhances epiblast survival during bovine post-hatching 
development  
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The developmental period following blastocyst hatching constitutes the most susceptible 
period for developmental failures in ungulates. Following hatching, several key 
developmental landmarks must be achieved to ensure embryo survival: the hypoblast 
migrates to cover the inner surface of the trophectoderm, both extra-embryonic lineages 
proliferate extensively leading to an increase in conceptus size, and the epiblast evolves 
into an embryonic disc. Epiblast survival has been highlighted as the most limiting factor 
for proper post-hatching development both in vivo and under an in vitro system recently 
developed. The objective of this study has been to test the effects of the addition of 
Activin A to a culture system able to attain complete hypoblast migration and epiblast 
survival up to Day 12 (D12) of development. To that aim, we cultured bovine Day 7 (D7) 
blastocyst produced in vitro in N2B27 medium without activing A (A-), or supplemented 
with activing A at 20 ng/µl or 200 ng/µl starting on D7 or D9 of development (A20D7, 
A200D7, A20D9 or A200D9). Embryos were cultured up to D12, fixed and subjected to 
immunohistochemistry to assess the development of trophectoderm (CDX2+), hypoblast 
(SOX17+) or epiblast (SOX2+). Survival rates from D7 to D12 were similar between 
groups (79.6±5.9 vs. 74.7±5.3 vs. 83.2±3.9 vs. 76.6±8.4 vs. 75.6±3.8 %, mean±s.e.m. for 
A-, A20D7, A200D7, A20D9 and A200D9, respectively). Activin supplementation did not 
increased significantly embryo diameter (0.68±0.04 vs. 0.65±0.03 vs. 0.78±0.06 vs. 
0.66±0.05 vs. 0.74±0.07 mm, mean±s.e.m. for A-, A20D7, A200D7, A20D9 and A200D9, 
respectively). Hypoblast migration was significantly higher in A200D7 group compared 
to A- (41/92 vs. 34/57 vs. 32/46 vs. 20/38 vs. 20/36, for A-, A20D7, A200D7, A20D9 and 
A200D9, respectively, Chi-square p<0.05). The percentage of embryo containing 
SOX2+ epiblast cells was significantly increased in A200D7, A20D9 and A200D8 
compared with A- (45/92 vs. 32/57 vs. 32/46 vs. 28/38 vs. 28/36, for A-, A20D7, A200D7, 
A20D9 and A200D9, respectively, Chi-square p<0.05), and the number of SOX2+ cells 
was increased in A200D7 and A200D9 compared with other groups (22.7±4.3 vs. 
24.4±4.8 vs. 45.8±8.4 vs. 27.1±4 vs. 50.9±8.5 cells, mean±s.e.m. for A-, A20D7, 
A200D7, A20D9 and A200D9, respectively, ANOVA p<0.05). In conclusion, activin A 
promotes epiblast survival through in vitro post-hatching development, suggesting a 
conserved role of TGFβ pathway on epiblast development in mammals. Work supported 
by the project StG-757886 from ERC. 
 



P186 - Reproductive aging and overall health: Sohlh1 loss of function male and 
female infertility model impacts overall health beyond gonadal dysfunction in mice  

Marta Rodríguez-Escribà, University of California San Francisco                                                                     
Shweta Belur, University of California San Francisco                                                                              
Beatriz Rodriguez-Alonso, University of California San Francisco                                                              
Aleksandar Rajkovic, University of California San Francisco  

Reproductive longevity is associated with healthy aging as shown by epidemiological 
studies linking early menopause and loss of ovarian function to shorter lifespan and 
elevated risk of osteoporosis, metabolic, and cardiovascular disease. Age at natural 
menopause is on average 51, while menopause before the age of 40 occurs in 1% of 
women due to a condition known as primary ovarian insufficiency (POI). Similarly, male 
infertility is also associated with adverse health outcomes, including oncologic, 
cardiovascular, autoimmune, and other chronic diseases. Several pathogenic variants in 
genes that appear to function preferentially in the ovary have been identified by whole 
exome sequencing in women with POI. However, the impact of these POI-associated 
variants on general health has not been studied to date. Amongst the identified genes, 
SOHLH1 (spermatogenesis and oogenesis specific basic helix-loop-helix 1) encodes a 
transcription factor that is primarily expressed in the male and female germline and 
regulates germline differentiation. The Sohlh1 knockout (KO) mouse model, just like 
human individuals with loss of function SOHLH1, presents with hypergonadotropic 
hypogonadism and loss of ovarian function in females and impaired spermatogenesis in 
males, with a seemingly gonad restricted phenotype in both sexes. We therefore 
decided to use a Sohlh1 KO mouse model and extensive extragonadal phenotyping to 
elucidate whether Sohlh1 loss of function disrupts several physiologic functions. 
Differences between the immune profiles in the blood and ovarian tissues of WT (n=10) 
and KO (n=10) female animals were observed. MHCII+ CD45R+ B cells were found at 
higher levels in Sohlh1 KO blood, while MHCII+ CD90.2+ T cells were present at lower 
proportion in the blood and at higher proportion in the ovaries of KO animals. These 
changes in immune populations, together with the significantly lower levels of estrogen 
and progesterone hormones found in Sohlh1 KO serum plasma relative to WT, present 
similarities with the phenotype that results from ovariectomy. The extragonadal 
phenotyping showed mild but significant differences between WT and Sohh1 KO mice 
for multiple parameters that fell into the categories of metabolic functions, sensory 
assessment, and behavior and cognition. Alterations of the metabolic functions in 
Sohlh1 KO were sex-specific. Sohlh1 KO females had higher concentrations of albumin, 
total protein, blood urea nitrogen, alanine aminotransferase, and aspartate 
aminotransferase as compared to WT. Whereas in the KO males, lower plasma insulin 
levels were found as compared to WT males. Ophthalmological examination displayed a 
greater frequency of abnormal retinal pigmentation and vascularization in Sohlh1 KO 
male and female mice than in WT animals. Significant sex-specific differences between 
Sohlh1 KO and WT mice were also observed for tests that measure anxiety (higher in 
KO males) and associative learning (lower in KO females). Altogether, these results 



show that the lack of Sohlh1 affects overall health in both male and female mice. Our 
data provides support for additional deep phenotyping of infertile individuals based on 
their genotype. 
 

P187 - Examining the effects of calorie restriction and ageing on male reproductive 
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Male reproductive ability declines with age and is also influenced by diet. A growing 
number of studies have shown that nutritional intervention can have significant impacts 
on health, reproduction, and ageing. Calorie restriction (CR) is a robust nutritional 
intervention which can prolong lifespan but may have negative effects on male 
reproduction. How CR affects male reproductive function across the lifetime remains 
poorly investigated. Thus, we examined the effects of CR and ageing on body composition 
and male reproductive health, including testis and seminal vesicle weights, sperm number 
and motility. From 12 weeks old, male C57BL/6 mice were fed an experimental diet for a 
period of 1, 6, 12, or 18 months (n = 9 per diet per time). Three feeding regimes were 
used; control (ad libitum moderate energy density diet), 20% CR (provided 80% (by 
weight) ration of control diet) and CR dilution (ad libitum diluted, low energy density diet). 
All diets have the same macronutrient composition (64% carbohydrates, 15% fat and 21% 
protein). Statistical analysis was performed by two-way ANOVA, incorporating diet and 
time. Body weight was not significantly altered by CR after 1 month of diet, however, CR 
mice had significantly lower body weights than control at all other time points after one 
month. Similarly, body composition (fat and lean mass, % of body fat) in control were 
significantly higher compared to CR at all time points after one month. Despite CR mice 
eating fewer calories than control, there was no difference in testes mass between control 
and CR at any time point. Control mice on diet for 12 and 18 months had significantly 
heavier seminal vesicles than those of CR. Moreover, CR mice on diet for 18 months 
showed significantly lower sperm concentration and subjective motility than control at the 
same time point. These results demonstrate modest metabolic and reproductive changes 
in response to calorie restriction, with effects particularly evident in older mice. However, 
further research needs to be done on some other specific parameters (level of 



testosterone, sperm morphology, testicular histology), related to fertility, to investigate 
whether CR affects fertility in older males. 
 

P188 - Effect of nicotinamide mononucleotide on osteogenesis against 
inflammation by lipopolysaccharide  

Inyoung Kang, Graduate School of Eulji University                                                                           
Hyejin Yoon, Graduate School of Eulji University                                                                                      
Myoungjoo Koo, Graduate School of Eulji University                                                                                  
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Jin Hyun Jun, Eulji University  

Nicotinamide mononucleotide (NMN) is an intermediate of nicotinamide adenine 
dinucleotide (NAD+) which is crucial coenzyme to energy metabolism. It was reported 
that decrease of intracellular NAD+ level might be linked with declined 
osteoblastogenesis. However, it is unknown whether NMN could protect the 
dysregulation of osteogenesis induced by inflammation. This study aimed to investigate 
the protective effect of NMN on osteogenesis by inflammation, and to find its regulatory 
mechanism. The MC3T3-E1, pre-osteoblast cell line, was used and treated with 10 mM 
β-Glycerophosphate and 50 μg/mL ascorbic acid in culture media for promoting 
osteogenic differentiation. Lipopolysaccharide (LPS), which provokes pro-inflammatory 
reactions, inhibits the osteogenic differentiation by diminishing the mRNA expression of 
osteogenic markers (Alp1, Bglap, Runx2, Sp7), alkaline phosphatase activity and 
mineralization. We found that NMN did not affect osteogenesis alone, and the 
differentiation was even disrupted at high-dose of NMN. However, when we treated LPS 
and NMN together, the mRNA expression of osteogenesis markers and the amount of 
alkaline phosphatase were significantly increased compared to the only LPS treated 
group. We thought that NMN partially rescues and protects the decreased osteogenesis 
induced by inflammation. These results suggested that NMN might have protective 
effect of osteogenic differentiation against inflammation. 
 

P189 - Fetal origin of sex-bias brain aging  

Maliha Islam, University of Missouri – Columbia                                                                                     
Monica Strawn, University of Missouri – Columbia                                                                              
Susanta Behura, University of Missouri -Columbia  

DNA methylation plays crucial roles during fetal development as well as aging. Whether 
the aging of the brain is programmed at the fetal stage remains untested. To test this 
hypothesis, mouse epigenetic clock (epiclock) was profiled in fetal (gestation day 15), 
postnatal (day 5), and aging (week 70) brains of male and female C57BL/6J inbred mice. 



Data analysis showed that on week 70 the female brain was epigenetically younger than 
the male brain. Predictive modeling by neural network identified specific methylations in 
the brain at the developing stages that were predictive of the epigenetic state of the 
brain during aging. Transcriptomic analysis showed coordinated changes in the 
expression of epiclock genes in the fetal brain relative to the placenta. Whole-genome 
bisulfite sequencing identified sites that were methylated both in the placenta and fetal 
brain in a sex-specific manner. Epiclock genes and genes associated with specific 
signaling pathways, primarily the gonadotropin-releasing hormone receptor (GnRHR) 
pathway, were associated with these sex-bias methylations in the placenta as well as the 
fetal brain. Transcriptional crosstalk among the epiclock and GnRHR pathway genes 
was evident in the placenta that was maintained in the brain during development as well 
as aging. Collectively, these findings suggest that sex differences in the aging of the 
brain are of fetal origin and epigenetically linked to the placenta. 
 

P190 - Ovaries from Has3 deficient mice do not exhibit alterations in inflammatory 
cytokine or fibrosis-associated transcript profiles  

Wendena Parkes, University of Kansas Medical Center                                                                    
Farners Amargant, Northwestern University                                                                                            
Francesca Duncan, Northwestern University                                                                                               
Michele Pritchard, University of Kansas Medical Center  

Hyaluronan is a ubiquitous glycosaminoglycan, its biological activity is regulated in part 
by its synthesis and degradation. With advanced reproductive age, ovarian stromal 
hyaluronan (HA) declines with age which could be due to decreased synthesis or 
increased degradation. This coincides with an age-related decrease in HA synthase 3 
(Has3), the most abundant HA synthase in the ovarian stroma. This is associated with 
increased ovarian inflammation, collagen content, and increased stiffness.  Consistently, 
ovaries from 5-month-old Has3 knockout (KO) mice, expressing a catalytically dead 
HAS3 enzyme, are stiffer relative to wild-type (WT) mice, phenocopying the age-
dependent increase in ovarian stiffness. Therefore, we hypothesized that increased 
ovarian stiffness in Has3 KO mice is associated with increased inflammatory and fibrosis 
gene expression relative to WT mice.  We collected ovarian stromal tissue from Has3 
KO and C57BL/6J WT mice in three age cohorts: young (7 weeks; 7 WT and 5 KO), mid 
(9 months; 7 WT and 8 KO), and advanced (17 months; 6 WT and 5 KO) reproductive 
age.   Using real-time-PCR, we measured inflammatory cytokine (Il6, Tnfa and Il1b) and 
fibrosis-associated transcripts (Col1a1, Col3a1 and Acta2) as we previously showed that 
these transcripts increased in the ovarian stroma from reproductively old mice.  We 
profiled the three HA synthases (Has1, Has2, and Has3) and the four somatic 
hyaluronidases (Hyal1, Hyal2, Tmem2, Kiaa1199) responsible for HA synthesis and 
degradation, respectively to determine compensatory changes due to Has3 disruption. 
Transcripts for the inflammatory cytokines Il6, Tnfa and Il1b tended to increase with 
advanced reproductive age. In contrast, the fibrotic transcripts Col1a1, Col3a1 and 



Acta2, tended to decrease with advanced reproductive age. There were no differences 
in any of these ovarian transcripts between WT and Has3 KO mice at the same age. In 
WT mice, Has3 transcripts were the most abundant, and they decreased with 
reproductive age. In WT and Has3 KO mice, Has2 transcripts declined with reproductive 
age, but there was no difference between age-matched genotypes. Has1 was not 
different between genotypes at any age. Comparing the four hyaluronidases, Tmem2 
was the least abundant and Kiaa1199 was the most abundant hyaluronidase transcript in 
WT and Has3 KO mice. Additional assessment showed that Kiaa1199 decreased with 
age but there was no difference between genotypes. Hyal1 and Hyal2 remained 
unchanged with age or between genotypes. Absence of compensatory changes shows 
model system specificity for investigating inflammatory and fibrosis-associated 
transcripts. Collectively, transcripts associated with inflammation and fibrosis were 
unchanged with respect to genotype, suggesting that the mechanisms leading to 
increased ovarian stiffness in age-matched Has3 KO mice are due to regulation of these 
genes at post-transcriptional or post-translational levels or due to the expression of 
different genes. Importantly, there are no compensatory transcriptional changes in the 
HA regulatory network, confirming specificity of our system. Ongoing studies continue 
to dissect why Has3 KO ovaries are stiffer than those from age-matched WT mice and 
how they are changing with age. This work was supported by: R01HD093726, 
P20RR021940, P20GM103549. 

  

P191 - The impact of advanced paternal and maternal age on reproductive 
outcomes, healthspan, and lifespan in male and female offspring  
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The age of first time parents is increasing globally, so more children are born from 
mothers and fathers of advanced reproductive age.  Although advanced age impacts 
reproductive outcomes, how the systemic environment of aging parents affects offspring 
health has not been systematically investigated.  We examined reproductive and general 
health outcomes in the first litter (F1) offspring of four parental (F0) cohorts:  1) young 
female/young male (YFYM), 2) young female/old male (YFOM), 3) old female/young 
male (OFYM), and 4) old female/old male (OFOM).  The F0 reproductively young mice 
were 8-10 weeks and the F0 old mice were 9-10 months old when breeding was started 



to produce the F1 generation.  We assessed reproductive parameters in F1 males and 
females at young (8-10 weeks) and mid (6-7 months) reproductive timepoints. In the F1 
females, we performed follicle counts to evaluate the ovarian reserve and follicle 
dynamics. Female offspring from OFOM parents had a consistently lower percentage of 
primordial follicles (8 weeks: 55.8±3.96%, 6 months: 54.3±3.35% primordial follicles) 
compared to those from YFYM parents (8 weeks: 70.8±2.42%, 6 months: 63.3±1.80% 
primordial follicles)(p<0.05). In addition, ovaries of offspring from OFOM parents 
contained more primary follicles (8 weeks: 21.2±1.59%, 6 months: 23.1±1.45% primary 
follicles) at both timepoints compared to those from YFYM parents (8 weeks: 
12.2±1.26%, 6 months: 16.7±1.87% primary follicles (p<0.05), suggesting a shift toward 
follicle activation. In male offspring, we assessed sperm morphology and fertility 
potential. F1 males from aged fathers (YFOM and OFOM) had a higher incidence of 
sperm with abnormal morphology (12.4±1.64%) compared to those from young fathers 
(YFYM and OFYM, 7.09±1.02%)(p<0.05). The fertilization ability of sperm from F1 males 
was assessed at 6 months of age by breeding with 6-week old hyperstimulated females 
and collection of 2-cell embryos 36-hours after pairing. F1 males from YFYM, YFOM, 
OFYM parents exhibited better fertilization outcomes (85.0±8.19%, 70.0±10.5%, 
80.0±9.18% females with 2-cell embryos, respectively) compared to F1 males from 
OFOM parents (20.0±9.18% females with 2-cell embryos)(p<0.05).  To track general 
health outcomes, a subset of F1 male and female mice are being weighed weekly and 
aged until natural death to assess lifespan. Moreover, at 18 months, body composition 
and metabolic assays were performed.  Although these long-term healthspan and 
lifespan studies are ongoing, females from YFOM parents reached a maximum weight at 
39 weeks in contrast to the other F1 mice which have a sustained positive weight gain 
trajectory. Female offspring from YFOM parents had the lowest fat mass and highest 
lean mass relative to the F1 mice from the other parental cohorts, and these mice were 
also the most active in a wheel running assay.  To date, females from YFOM have the 
highest cumulative mortality of female offspring deaths (n=4 of 7 or 57.1% of female 
deaths). In conclusion, there are significant reproductive and general health impacts in 
female and male offspring of parents of advanced reproductive age in a mouse model, 
which warrants follow up and parallel epidemiological studies in the human population. 

Funding: Center for Reproductive Longevity and Equality 
 

P192 - Cumulus Cell Expansion and Extracellular Matrix Integrity are Impaired with 
Advanced Reproductive Age  
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Chanakarn Suebthawinkul, Northwestern University and Chulalongkorn University, 
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Francesca Duncan, Northwestern University  



Our group previously reported that reproductively old mice demonstrate a higher 
degree of failed ovulatory events compared to young. Therefore, we hypothesized that 
cumulus cell expansion, which is essential for ovulation and fertilization, might be 
compromised with advanced reproductive age. We investigated age related changes in 
cumulus cell expansion using physiologic aging mouse model and compared cumulus 
cell expansion parameters between CB6F1 reproductively young (6-12 weeks) and old 
(14-17 months) mice. COCs from old mice had thinner initial cumulus cell layers relative 
to young controls (31±9µm vs. 21 ±6µm, p<0.01). We performed in vitro maturation 
(IVM) of these COCs in individual wells in aMEM Glutamax supplemented with 5% FBS 
(v/v), 20mM HEPES, 0.25mM sodium pyruvate and 10ng/ml epidermal growth 
factor.  Old mice demonstrated impaired cumulus cell expansion as evidenced by 
reduced post-expansion area and cumulus cell layer thickness relative to young controls 
(90±11µm vs. 63±23µm, p<0.001). In addition, the change in COC area and cumulus 
cell layer thickness during the culture was reduced in old mice compared to young 
controls (59±8µm vs. 42±21µm, p<0.01). We then evaluated the cumulus expansion in a 
dynamic fashion and performed IVM of individual COCs in a closed time-lapse incubator 
system (EmbryoScope+™) which is a tool used clinically and can record images of live 
cells every 10 minutes in 11 focal planes. After IVM in this system, oocytes from young 
mice had significantly higher maturation rates (92±5% vs 75±6%, p<0.05). Moreover, 
the proportion of mature oocytes with misaligned chromosomes on meiotic spindles 
showed an increased trend in older group (3% vs 24%).  Morphokinetic analysis 
revealed differences in cumulus cell expansion rates between young and old mice. 
Although the overall velocity of expansion was not different (0.078±0.022 vs. 
0.078±0.017 µm/min), young mouse COCs expanded significantly faster early (4-8hr) in 
culture (0.10±0.04 vs. 0.085±0.03, p<0.05) and then slowed down, whereas old mouse 
COCs expanded significantly faster later (8-12hr) during IVM (0.08±0.04 vs. 0.11±0.03, 
p<0.05). Deposition of large amounts of hyaluronic acid (HA) is the predominant 
mechanism of cumulus cell expansion. We performed the HA binding protein assay to 
investigate the difference in HA levels between young and old mouse expanded COCs. 
Old mouse COCs showed a significant decrease in cellular HA staining intensity 
compared to younger mice. In addition, we optimized and performed a particle 
exclusion assay to interrogate the matrix integrity in expanded COCs and demonstrated 
that older mouse COCs are significantly more permeable to 500nm fluorescent silica 
nanoparticles. Our findings demonstrate that cumulus cell expansion, and COC matrix 
synthesis and integrity are impaired with advanced reproductive age in mice. This 
shows that the biology of ovulation changes with age, and it has implications for the 
understanding of age associated decrease in gamete quality, subfertility, as well as for 
the use of contraceptive agents across the reproductive lifespan.  

This study was supported by the Eunice Kennedy Shriver National Institutes of Child 
Health and Development (R01 HD093726, M.T.P. and F.E.D.) and Bill & Melinda Gates 
Foundation (INV-003385, F.E.D.).  
 



 

P193 - Painting a bigger picture of the ovarian cancer patient: plasma gelsolin as a 
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Ovarian cancer (OVCA) is the most lethal gynecological malignancy with a 5-year 
survival rate of 45% which is due primarily to late diagnosis. The conventional biomarker 
for diagnosis of OVCA, CA125, is inconsistent and unreliable in early stages, thus 
making early diagnosis a challenge. Plasma gelsolin (pGSN) is a protein secreted from 
OVCA cells and is involved in OVCA development and chemoresistance. We therefore 
propose pGSN as a biomarker for OVCA diagnosis and prognosis. Identifying a plasma 
biomarker that is better predictive of OVCA, especially in early stages of the disease, is 
paramount to improving survival rates of patients. Plasma samples from 99 OVCA 
patients (primarily of the high-grade serous subtype) and 20 healthy individuals were 
collected and pGSN was measured using sandwich ELISA. One-way ANOVA, receiver 
operating characteristic (ROC) analysis, Fisher’s exact test, and Kaplan-Meier survival 
curves were used to analyze pGSN as a biomarker for OVCA. Compared to healthy 
controls, pGSN levels are lower in OVCA patients and are also indicative of early stage. 
Using ROC analysis, pGSN had a robust test accuracy in distinguishing OVCA patients 
from healthy individuals with a sensitivity and specificity of 84.8% and 100%, 
respectively (AUC=0.975). This outperforms CA125 which has a published sensitivity of 
73.9% and specificity of 89% (AUC=0.877). Further, survival analysis showed that lower 
levels of circulating pGSN are associated with shortened disease-free survival and 
overall survival. With these results as preliminary findings, we plan to validate pGSN as a 
biomarker for early OVCA diagnosis, prognosis, and chemoresponsiveness in a larger 
sample size and to determine if this biomarker will be applicable across all 
histopathological subtypes of epithelial OVCA. We will also assess a panel of multiple 
OVCA biomarkers including pGSN and CA125 to determine if this further improves the 
ability to predict the presence of OVCA and patient prognosis. Overall, pGSN appears to 
be a strong diagnostic and prognostic marker for OVCA and could be used alone or in 
combination with CA125 to gain a better overall understanding of the state of the 
disease within a patient. It is known that early diagnosis offers patients up to a 90% 



chance of 5-year survival, which is much higher than the average. Tapping into the 
information that pGSN offers about patients will allow clinicians to make more 
personalized decisions regarding their care, thus improving patient outcomes.  
 

P194 - Activation of TGFβ Signaling as an Oncogenic Switch in Sertoli Cells in vivo.  

Xin Fang, Texas A&M University                                                                                                                
Nan Ni, Texas A&M University                                                                                                             
Qinglei Li, Texas A&M University  

Transforming growth factor β (TGFβ) signaling plays key roles in the development of 
gonadal sex cord-stromal tumors. We have previously shown that overactivation of 
TGFβ type 1 receptor (TGFBR1) in the mouse testis using anti-Mullerian hormone 
receptor type 2 (Amhr2)-Cre recombinase induces the formation of testicular granulosa 
cell tumors (TGCTs). As Amhr2-Cre activity is present in both Sertoli and Leydig cells, 
the role of TGFBR1 activation in Sertoli cells remains elusive. Therefore, the objective of 
the current study is to determine the effect of TGFBR1 activation in Sertoli cells on the 
development of TGCTs. Toward this goal, we generated mice with Sertoli cell-specific 
activation of TGFBR1 using antiMullerian hormone (Amh)-Cre (termed TGFBR1-CASC). 
Sustained activation of TGFBR1 was evidenced by increased expression of phospho-
SMAD2/3 using western blot analysis. At 2 months of age, TGFBR1-CASC testes 
contained disorganized seminiferous tubules, with markedly reduced Y box protein 2 
(YBX2/MSY2)-positive germ cells, indicative of impaired spermatogenesis upon 
TGFBR1 overactivation. Further histological and immunohistochemical analyses 
revealed the development of TGCTs in TGFBR1-CASC mice but not controls. Expression 
of granulosa cell markers including inhibin α (INHA), forkhead box O1 (FOXO1), and 
forkhead box L2 (FOXL2) were immunolocalized to the parenchyma of the tumors. To 
substantiate this finding, we took advantage of the membrane-targeted tdTomato 
(mT)/membrane-targeted EGFP (mG) mouse, a dual fluorescence reporter line, to 
create mTmG/TGFBR1-CASC mice. In the mTmG/TGFBR1-CASC mouse, Amh-Cre 
negative cells expressed tdTomato while the Amh-Cre-positive cells expressed green 
fluorescent protein (GFP). As expected, TGCTs were developed in mTmG/TGFBR1-
CASC mice when examined at 4 months of age and these tumors were positively stained 
for GFP. Collectively, our findings suggest that overactivation of TGFBR1 in Sertoli cells 
leads to TGCT development. The mTmG/TGFBR1-CASC mice may be useful to 
investigate the pathogenesis of TGCTs and define gene signatures relevant to TGFBR1 
activation specifically in Sertoli cells. Supported by NIH R03CA235001 and NIH 
R01HD087236. 
 

 

 



P195 - Gain-of-Function P53 Mutants Enhance Progression of Epithelial Ovarian 
Carcinoma Cell Lines in a Background-Specific Manner  

Nicholes Candelaria, Baylor College of Medicine                                                                                     
Rainer Lanz, Baylor College of Medicine                                                                                                
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Epithelial ovarian cancer is notorious for drug resistant recurrence, particularly high-
grade serous ovarian carcinomas (SOCs), which are typified by near universal mutations 
in TP53 (>96%). While some P53 mutations are loss-of-function or null mutations, some 
tumors acquire one or two gain-of-function (GOF) P53 copies (the most common in 
SOCs are R175H, R273H, and R248Q/W). To determine the impacts of GOF P53 in the 
same genetic background, WT ALST and null SK-OV-3 cells were engineered to 
express either P53-R175H or -R273H. RNAseq analysis on each GOF cell line revealed 
substantial changes to the transcriptome as a consequence of GOF-P53, impacting the 
cell cycle, EMT, stress, and differentiation. While ALS and ALS-R175H cells are non-
tumorigenic, ALS-R273H cells robustly graft in FOXN1-/- mice. Xenografts of parental 
SK3 cells progress slowly, whereas grafting and proliferation were robustly enhanced 
with GOF P53-R175H or -R273H. Mitotic pHH3+ cells could be correlated with MSK1, 
MTOR, and CTNNB1 phosphorylation, and anticorrelated with γ-H2A.x. To validate 
staining patterns observed in xenografts, a tissue microarray derived from 122 ovarian 
cancer patient samples was stained, imaged, and scored. Within the SOC subtype, high 
nuclear P53 was positively correlated with HH3, MSK1, MTOR, and H2A.x 
phosphorylation, suggesting that high intratumoral P53 was associated with enhanced 
proliferation, tumor progression, and higher γ-H2A.x burden. Together, the xenografts 
and primary patient samples highlighted the diversity of the disease, potential 
therapeutic adaptation mechanisms, as well as novel targets to consider in treating 
primary and recurrent disease. 

 

P197 - Expansion of abnormal endometrial epithelial progenitor cells following 
developmental estrogenic chemical exposure leads to adenocarcinoma  
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Exposing mice to the synthetic estrogen diethylstilbestrol (DES 1 mg/kg) from neonatal 
days 1 to 5 results in a high incidence of uterine cancer in adult mice. To investigate the 
cell type specific mechanisms underlying cancer development in this model, we 
performed single cell RNA-seq (scRNA-seq) and spatial transcriptomics (ST) in 12-
month-old-mice. Analysis of scRNA-seq data from >16,000 cells per group by cluster 
analysis and published cell type markers showed capture of the expected cell types in 
both control (CO) and DES, with the exception of stromal cells in the DES group. 
Stromal cells were identified in both CO and DES using spatial transcriptomics and a 
comparison of differentially expressed genes (DEGs) revealed strikingly different gene 
expression with only 25% overlap. A restricted scRNA-seq analysis of epithelial cells 
showed three main clusters of cells in CO: luminal epithelium (LE), glandular epithelium 
(GE), and a small putative stem cell cluster (EpSC). Sling shot trajectory analysis of CO 
GE revealed a single path of differentiation, beginning with a specific GE progenitor cell 
population (GPC) that expressed proliferation markers Top2a and Mki67, moving 
through a developing GE population and ending in mature GE that expressed Foxa2. 
The small putative EpSC cluster had markers of uterine epithelial stem cells including 
Aldh1a1, Lgr5 and Axin2. These cells also expressed En2, a normal tissue stem cell 
marker, and had restricted expression of Wnt7a. Many Wnt signaling pathway members 
were expressed together in the EpSC population but were restricted in other cell types. 
An additional progenitor cell population was identified in the LE (LPC) that were Mki67+, 
Top2a+ and En2+. EN2 immunohistochemistry confirmed the presence of EN2 at the 
invaginating GE as well as in a few LE cells. In contrast to CO, DES epithelial cells were 
clustered together and could not be further identified as LE, GE or EpSC. DES epithelial 
cells had only one Mki67+/Top2a+ cluster that also expressed many of the 
stem/progenitor specific genes. In fact, most DES epithelial cells expressed 
stem/progenitor cell markers; one striking exception was the lack of Aldh1a1, 
suggesting there was only a single abnormal expanding progenitor cell population. In 
addition, cell type-specific Wnt signaling was disrupted in DES based on evidence of 
aberrant excessive signaling found in most cells. The cancer cell population was 
identified in the DES group and was characterized by increased expression of Olfm4, 
Rad51b and Six1 and decreased expression of Pik3r1 (required to prevent PTEN 
degradation) and Trp53. These data show that the highly restricted gene expression 
patterns typical of EpSC, GPC, and LPC in CO epithelial cells is lost in DES epithelial 
cells, resulting in an abnormal expanding progenitor cell population with aberrant 
excessive Wnt signaling. In addition, uterine cancer cells in this model exhibit a 
molecular signature consistent with loss of tumor suppressor-mediated control of cell 
proliferation. 
 

P198 - Glucose metabolism in an Ishikawa endometrial cancer cell model affected 
by E2 and insulin  

Jennifer Chase, Northwest Nazarene University  



Insulin resistance associated with metabolic syndrome (MetS), and long-term exposure 
to estrogens are significant risk factors for endometrial cancer (EC), the most common 
form of gynecological cancer. Previous studies have shown that insulin promotes 
proliferation of EC in vivo, as well as the well-differentiated Ishikawa EC cell line. We 
hypothesize that insulin and estradiol treatment will also alter carbohydrate metabolism 
of the Ishikawa EC cell lines, shifting glucose use to promote proliferation. Ishikawa cells 
(90% confluent) were treated serum-free for 24hrs at 5mM glucose with a range of 
insulin concentration between 0 and 50 ug/mL, with and without inhibitor for the MEK/ 
ERK pathway (PD98059), estradiol (E2, 50nM), or vehicle. Glycogen synthesis (30min, 
24hrs), glycolytic flux, glucose uptake, proliferation, and glycolytic enzyme activities 
were measured. We used these results to build a preliminary computational model of 
carbohydrate metabolism in Ishikawa cells. Glucose uptake is not altered by these 
treatments, suggesting that hormones can only shift the intracellular fate of glucose. E2 
upregulated while insulin decreased glycolysis. Some glycolytic enzymes were down-
regulated by E2 treatment. Glycogen synthesis was not affected by these treatments. 
The model identified that glycolytic flux was most affected by hexokinase, 
phosphofructokinase, and hexose phosphate isomerase activities. Although insulin is 
typically believed to upregulate glycolysis and increase glycogen synthesis in cells, it 
does not appear to do so under proliferative conditions of Ishikawa. It is possible the cell 
culture conditions (normoxia, euglycemia) are too favorable and unlike normal tumor 
conditions, masking the effect of insulin on EC cell carbohydrate metabolism. 
Regardless, the observed proliferation is not characterized by an upregulation in 
carbohydrate use for energy in these EC and immortal cell lines, but rather glucose is 
shunted to the pentose phosphate pathway (PPP) for growth. The enzymes with high 
flux control coefficients for glycolysis, and those for the PPP, are potential therapeutic 
targets for uterine cancer treatment. The effects of these hormones alone on Ishikawa 
cells are not sufficient to explain how MetS increases the risk of developing EC. 
 

P199 - The Genetic Validation of a Precursor Lesion of Epithelial Ovarian Cancer in 
FancD2 Knock-Out Mice  
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Janet Pitman, Victoria University of Wellington  

Ovarian cancer (OC) is the eighth leading cause of gynecological cancer worldwide and 
has the highest mortality rate of all gynecological malignancies. The asymptomatic 
nature of early disease hampers research into early-stage OC and culminates in 
diagnostic methods only capable of detecting malignant markers of OC. Therefore, 
there is an urgent need for biomarkers of early-stage OC to be identified. 

This study utilized a unique mouse model to investigate the genetic changes associated 
with the early development of OC. The homozygous Fanconi anemia complementation 



group D2 knock-out mice1 (FancD2-KO), develop multiple ovarian tumor phenotypes in a 
sequential manner as they age. Our group previously identified by 
immunohistochemistry the purported initiating precursor cells, termed sex-cords, that 
are hypothesized to progress into epithelial OC in this model2. Using laser capture 
microdissection, we isolated sex-cords, a late-stage tumor phenotype, and equivalent 
controls for downstream genetic investigation. Multiplexed gene expression analysis of 
90 selected genes was performed using the Genome Lab GeXP Genetic Analysis 
System, with some genes of interest confirmed by immunohistochemistry. Principal 
component analysis and unbiased hierarchical clustering of the resultant gene 
expression data determined that cells from the sex-cords and late-stage tumor 
phenotype clustered together, thus genetically confirming the identity of a precursor 
lesion in this model. 

We have thus characterized FancD2-KO mice as a model of early EOC for the first time. 
We will use this model in future studies to provide proof-of-concept that biomarkers of 
initiating precursor OC cells may be isolated systemically. This knowledge will 
accelerate the progress of developing screening technologies for detecting early 
cancers. 

1. Houghtaling, S. et al. Epithelial cancer in Fanconi anemia complementation group D2 
(Fancd2) knockout mice. Genes Dev 17, 2021-2035, doi:10.1101/gad.1103403 (2003). 

2. Pitman, J. L. et al. The fate of granulosa cells following premature oocyte loss and the 
development of ovarian cancers. Int J Dev Biol 56, 949-958, doi:10.1387/ijdb.120144jp 
(2012). 
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Ovarian cancer (OVCA) is the most fatal gynecological cancer with chemoresistance 
being one of the main obstacles of treatment success. Since there is no reliable 
approach to predict chemo-responsiveness, there is the urgent need to develop a 
diagnostic platform. Our objective is to predict OVCA chemoresponsiveness, histologic 
subtypes and early diagnosis using surface enhanced Raman spectroscopy and artificial 



intelligence. We have developed a novel sensor which utilizes cysteine functionalized 
gold nanoparticles to simultaneously bind to cisplatin (CDDP) and exosomes. Exosomes 
were isolated from chemosensitive [high grade serous (HGS): TOV3041G; endometrioid 
(EM): A2780s] and resistant [HGS: OV90, TOV3291G; EM: A2780cp; TOV112D] OVCA 
cells lines and pre-operative patient blood samples with various histologic subtypes 
using ultra-centrifugation and characterized with nanoparticle tracking device, Western 
blot and electron microscopy. Public datasets were interrogated to detect the clinical 
impact of plasma gelsolin (pGSN; an actin binding protein) and cortactin (CTTN; an 
exosome releasing protein) in OVCA patients. We determined that chemoresistant cells 
secrete significantly higher levels of exosomes as well as exosomal CDDP compared 
with their sensitive counterparts. We observed that exosomes from sensitive and 
resistant cells contained an average of 0.1391 and 0.3398 µg/mL of CDDP respectively. 
The nanophotonic switch method was calibrated against known concentrations of CDDP 
in exosome samples and it was found that CDDP could be measured accurately in the 
range of 0.07 – 0.4 µg/mL. Using dynamic light scattering, 250±40 nM of exosomes was 
isolated from cell lines. We showed that the measurement of CDDP is not affected by 
the concentration of exosomes from 0.1 - 1 µM. Using our support vector machine 
(SVM) model we could differentiate between endometrial (EM) and high grade serous 
(HGS) OVCA cell-derived exosomes with ~75% accuracy. The test accuracy for HGS 
exosomes (~88%) was significantly higher compared to EM exosomes (~70%), implying 
that the biochemical differences related to chemosensitivity may be more pronounced in 
this subtype. However, a single factor was not sufficient to achieve a good diagnostic 
due to the high variance of tumor cells. Using CDDP concentration, exosome 
concentration, and SVM class, we developed a multi-factor diagnostic platform to 
overcome this issue, achieving AUROCs of 0.97 to 1. Exosome concentration in 
patients’ blood was significantly higher and predictive of stage 1. We observed that 
pGSN interacts with cortactin (CTTN; exosome releasing protein) and both proteins 
were significantly expressed in chemoresistant patients compared to chemosensitive 
patients. Silencing Plasma gelsolin (pGSN; an actin binding protein) decreased 
exosomal CDDP secretion in the resistant cells whereas its over-expression in sensitive 
cells upregulated exosomal CDDP suggesting the potential role of pGSN in exosomal 
CDDP secretion. Taking together, pGSN could be a potential transcription factor for 
CTTN leading to increased exosomal release of CDDP. This robust platform will inform 
clinicians to provide alternative treatments to patients that are likely not to respond to 
chemotherapy; an intervention that will positively impact patients’ survival. 
 

P201 - Microfluidics based Lab-on-a-chip for sorting bovine sperm  
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Lab-on-a-chip offers a small and affordable tool that might be used as assisted 
reproductive technology in animals and humans. The objective of this study was to 
validate our microfluidics-based lab-on-a-chip for sorting healthy / unhealthy sperm, and 
also sperm sexing (X and Y sperm). 

A microfluidic chip, based on a deformability separation method known as margination, 
was fabricated through a soft-lithography technique, deep reaction ion etching, and 
sputter deposition. Then polydimethylsiloxane (PDMS) microchannels are molded and 
subsequently integrated into the chip at Nanyang Technological University. The chip 
included one inlet tube and two outlet tubes (first and second outlets). The flow of fluid 
was controlled by a peristaltic pump.  The sorting experiment was done at Mahidol 
University using frozen-thawed bovine sperm from 4 bulls (named A, B, C, and D). The 
quality of sperm was assessed by computer-assisted sperm analysis (CASA), while the 
sex of sperm was determined by detection of the Y chromosome using the quantitative 
polymerase chain reaction (qPCR) technique. 

The result showed that the second outlet tended to yield a fraction with a low number of 
Y sperm; on average, it could reduce Y sperm to 44%, whereas the first outlet tended to 
enrich Y sperm to 62%, but no statistical difference (P = 0.06). The lowest percentage of 
Y sperm after sorting was found in bull C at 32%. For motility, the first outlet produced 
statistically (P = 0.005) higher motile sperm (44%) than the second outlet (25%). In 
terms of sperm concentration, the first outlet had a higher sperm concentration (48 
million sperm) than the second outlet (15 million sperm), and it was statistically 
significant (P = 0.02). 

In conclusion, we developed a microfluidic chip that is capable of separating sperm into 
two fractions, where the first fraction had a greater number of Y sperm, increased sperm 
motility, and a higher concentration, while the second fraction contained fewer Y sperm, 
decreased sperm motility, and a lower concentration. 
 

P202 - Features of bovine nuclear transfer embryos using freeze-dried somatic cell  

Takafumi Kameda, Kochi University, Japan                                                                                               
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Komugi Simojima, Kochi University, Japan                                                                                             
Keisuke Edashige, Kochi University, Japan                                                                                           
Kazutsugu Matsukawa, Kochi University, Japan  

Liquid nitrogen or ultra-low temperature freezers are widely used for mammalian cells 
preservation. However, the frozen preservation is costly and complicated because it 
needs a constant supply of electric power or liquid nitrogen.  We applied freeze-drying 
for somatic cell preservation because it has been used for long-term storage of food, 
drugs, and yeast at ambient temperatures. The freeze-drying process involves three 



stages, freezing, primary drying, and secondary drying, to allow the frozen water in the 
material to sublime directly from the solid phase to the gas phase. Freeze-drying has the 
potential for preservation of mammalian somatic cells and production of offspring 
through nuclear transfer (NT). However, in vitro production of clone embryos using 
freeze-dried cells has not been established. In this study, we examined the 
developmental potential and epigenetic status of NT embryos using freeze-dried bovine 
fibroblast cells. Fibroblast cells from Japanese Brown Cattle-Kochi were used in this 
study. The cells were suspended in a freeze-drying solution, and lyophilized for 11.5 h. 
The DNA damage of the cells was evaluated with alkaline comet assay. Freeze-dried 
fibroblast cells were injected into bovine enucleated oocytes using micromanipulators. 
Trimethylation of H3K4 and H3K27 was examined in NT, parthenogenetic and 
androgenetic embryos at the pronuclear stage by immunostaining. Blastocysts 
produced by NT were transplanted into each seven recipients. The DNA-damaged rates 
were 5.4% in fresh fibroblast cells and 9.5% in freeze-dried fibroblast cells. The 
blastocyst formation rates were 14.3% after NT using freeze-dried cells. H3K4me3 was 
similar level to NT, parthenogenetic and androgenetic embryos. On the other hand, the 
level of H3K27me3 was higher in NT and parthenogenetic embryos than androgenetic 
embryos. No pregnancy was observed after embryo transfer of NT blastocysts. In 
conclusion, NT embryos using freeze-dried cells showed downregulation of transcription 
activity in pronuclear stage. These results suggest that abnormal reprogramming may 
cause pregnancy loss after embryo transfer of NT embryos using freeze-dried cells. This 
work was supported by KAKENHI 18H03953. 
 

P203 - Assessment of the Impact of Preimplantation Genetic Testing during In 
Vitro Fertilization on Fetal and Placental Health using a Mouse Model.  
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Assisted Reproductive Technologies (ART) have helped many couples overcome 
infertility. Recently, Preimplantation Genetic Testing (PGT) during an in vitro fertilization 
(IVF) cycle has been more widely used to assess genetic disorders. To our knowledge 
no previous studies have evaluated the impact of PGT on placental and fetal 
development. Using our ART mouse model, we aimed to profile placentas and embryos 
from IVF+PGT pregnancies at two developmental timepoints: E12.5 and E18.5. CF1 
female mice were superovulated, oocytes collected and fertilized using capacitated 
sperm from GFP+ or GFP- B6SJLF1 males and cultured to blastocyst stage under 
standard conditions. PGT was conducted on blastocysts by cutting the zona pellucida 
with a laser and using a biopsy needle to isolate 5-7 cells from the trophectoderm. 



Following embryo recovery, 5 IVF and 5 IVF+PGT embryos were transferred into 
pseudo-pregnant CF1 females. For the natural group, CF1 females were mated 
overnight with B6SJLF males. Pregnant females with 12.5- or 18.5-day embryos were 
euthanized, and tissues collected. Placentas were divided for molecular and histological 
studies. E12.5 embryos were snap frozen while tissues from E18.5 conceptuses were 
dissected and frozen. The number of individuals collected for E12.5 is: 40 natural, 36 IVF 
and 36 IVF+PGT, and for E18.5 is: 31 natural, 12 IVF and 19 IVF+PGT. Data were 
analyzed together and by sex and we compared everything against natural by one-way 
ANOVA and IVF vs IVF+PGT by t-test. Our results shown that when PGT was used: 1) 
placental histology at E12.5 changed the proportion of junctional zone (Natural: 49±6%, 
IVF: 53±8% and IVF+PGT: 58±6%, p<0.01 ANOVA and p<0.05 t-test) and labyrinth zone 
(Natural: 51±6%, IVF: 47±8% and IVF+PGT: 42±6%, p<0.01 ANOVA and p<0.05 t-test, 
which was driven by males); 2) Global DNA methylation, by luminometric methylation 
assay, changed at E12.5 (Natural: 51±5%, IVF: 47±7% and IVF+PGT: 44±9%, p<0.01 
ANOVA and p<0.05 t-test, which was driven by females); 3) DNA methylation at 
Kcnq1ot1 by pyrosequencing showed differences at E18.5 (Natural: 49±3%, IVF: 47±5% 
and IVF+PGT: 46±5%, p<0.01 ANOVA and p<0.05 t-test, which was driven by females); 
4) Levels of HDAC1 were different at E18.5 by western blot (Natural: 1.2±0.3, IVF: 
1.3±0.5 and IVF+PGT: 2.0±0.7, p<0.01 ANOVA and p<0.01 t-test) and 5) Gene 
expression of: Pgf changed at E12.5 (Natural: 0.9±0.5, IVF: 1.4±0.4 and IVF+PGT: 
1.4±0.8, p<0.01 ANOVA and p<0.05 t-test, which was driven by females) and E18.5 
(Natural: 0.8±0.4, IVF: 1.1±0.9 and IVF+PGT: 1.4±1, p<0.01 ANOVA and p<0.05 t-test, 
which was driven by females), IAP expression changed at E18.5 (Natural: 0.9±0.3, IVF: 
1.9±1.5 and IVF+PGT: 2.5±1.5, p<0.01 ANOVA and p<0.05 t-test, which was driven by 
males). Finally, 6) embryo DNA methylation of H19/Igf2 ICR by pyrosequencing changed 
in both E12.5 (Natural: 52±3%, IVF: 53±7% and IVF+PGT: 53±2%, p<0.01 ANOVA and 
p<0.05 t-test) and E18.5 (Natural: 47±1%, IVF: 44±2% and IVF+PGT: 41±4%, p<0.01 
ANOVA and p<0.05 t-test. Driven by females). We conclude that i) PGT has an impact 
on fetal and placental development compared to IVF alone, and ii) some of the observed 
effects are sex specific. 
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Reprogramming of the gamete into a developmentally competent embryo identity is a 
fundamental aspect of preimplantation development. One of the most important 
processes of this reprogramming is transcriptional awakening during embryonic 
genome activation (EGA), which robustly occurs in fertilized embryos but is defective in 
most somatic cell nuclear transfer (SCNT) embryos. Little is known about the underlying 
chromatin landscape during EGA in SCNT embryos and how it differs from a fertilized 
embryo. By profiling open chromatin genome-wide in both types of bovine embryos, we 
find that SCNT embryos fail to reprogram a subset of the EGA gene targets that are 
normally activated in fertilized embryos. Importantly, a small number of transcription 
factor (TF) motifs explain most chromatin regions that fail to open in SCNT embryos 
suggesting that over-expression of a limited number of TFs may provide more robust 
reprogramming. Additionally, single-cell chromatin profiling revealed low intra-embryo 
heterogeneity but high inter-embryo heterogeneity in SCNT embryos and an uncoupling 
of cell division and chromatin reprogramming. Surprisingly, our data also indicate that 
transcriptional defects may arise downstream of promoter chromatin opening in SCNT 
embryos, suggesting additional mechanistic insights into how and why transcription at 
EGA is dysregulated. We anticipate that our work will lead to altered SCNT protocols to 
increase the developmental competency of bovine SCNT embryos. 

P205 - Intracellular delivery of trehalose via cold-responsive nanoparticles confers 
desiccation tolerance to cumulus-oocyte complexes in the cat model  

Pei-Chih Lee, Smithsonian’s National Zoo and Conservation Biology Institute                          
Samantha Stewart Fischell, University of Maryland                                                                          
Xiaoming He Fischell, University of Maryland                                                                                          
Pierre Comizzoli, Smithsonian’s National Zoo and Conservation Biology Institute  

Techniques to preserve gametes in a dry state at ambient temperature are being 
developed as simple and cost-effective alternatives to cryopreservation. While 
successful dry storage of spermatozoa has been reported in several species, 
desiccation of oocytes has remained challenging due to their large size and complex 
structure. A key protectant utilized for spermatozoa desiccation is trehalose, a non-
reducing disaccharide known to shield anhydrobiotic organisms against dehydration 
damage. Therefore, we hypothesized that introducing intracellular trehalose could 
confer desiccation tolerance to cumulus-oocyte complexes (COCs), using the domestic 
cat as a model. Since vertebrates do not produce trehalose and trehalose does not 
penetrate through cell membranes, cold-responsive nanoparticles were chosen to 
deliver and release trehalose into COCs. In a preliminary experiment using doxorubicin 
hydrochloride (DOX) as a fluorescent tracking probe, we showed that nanoparticles 
efficiently transported the encapsulated probe into cat COCs arrested at the germinal 
vesicle stage (N = 49) after 2 to 4 hours of co-incubation. After 15 min of cold treatment 
at 4 ˚C, nanoparticles disassembled, and successful release of DOX was confirmed by 
its nuclear localization (due to its high DNA-affinity). To investigate the effect of 
intracellular trehalose on desiccation tolerance, COCs arrested at the germinal vesicle 



stage (N = 200) were co-incubated with 1 µg/ml of trehalose encapsulated in 
nanoparticles for 4 h at 38.5 °C, either followed by cold treatment of 15 min at 4 °C or 
not. COCs then were placed in 0.3 M trehalose and dehydrated via microwave-assisted 
drying for 15, 20, or 30 min (roughly corresponding to removal of 50%, 75%, and 98% of 
water, respectively). Dehydrated COCs were immediately rehydrated in culture medium 
for 30 min and subjected to in vitro maturation and fertilization. A portion of COCs (N = 
84) were incubated without nanoparticles to serve as controls. Overall, desiccation led 
to lower percentages of matured oocytes or cleaved embryos compared to fresh 
controls. While protective effect of intracellular trehalose was not evident after 15-min of 
drying (p > 0.05), intracellular release of trehalose before 20 and 30 min of dehydration 
significantly increased (p < 0.05) the percentages of cleaved embryos compared to their 
non-cold-triggered counterparts. Taken together, our data not only indicate that 
nanoparticles can effectively deliver trehalose into COCs, but also support our 
hypothesis that intracellular trehalose is beneficial to desiccation tolerance and 
preserves oocytes’ developmental competence during dehydration. This work provides 
the foundation to develop desiccation strategies for female fertility preservation for 
women, livestock, and wildlife. 
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Spermatozoa quality plays an important role in determining fertility in swine production. 
Morphometrical traits of sperm are helpful for evaluating spermatozoa usefulness to 
artificial insemination, because the number of abnormal sperm can increase during 
storage. We hypothesized that the antioxidative effects of Ethanolic Allium sativum 
Extracts (EASE) would reduce the number of tertiary morphologically abnormal 
spermatozoa (TMAS) of extended porcine semen over the course of 72 hours. TMAS 
were sperm that had one of the following: swollen head, swollen body or the presence of 
vacuoles. Boar semen was collected using the gloved hand technique. The sperm rich 
fraction of the ejaculate was evaluated for motility and volume. Equal volumes of sperm 
were aliquoted across 5 treatments and 4 time points with 3 experimental replicates. Each 
aliquot was suspended in a final volume of 4 mls per sample resulting in an approximate 
concentration of 8.3 x 108 per ml. T1 served as the control (Beltsville Thawing Solution + 
semen) in ratio 1:3 semen-extender, while other treatments T2 to T5 contained semen-
extender at the same ratio, supplemented with EASE at concentrations of 50, 75, 100 or 
125 µg/L. Extended semen samples were stored at 17 °C and were evaluated at 0, 24, 48 



and 72 hours for pH, normal spermatozoa (NS) (%), liveability (%), acrosome integrity (AI) 
(%) and tertiary morphologically abnormal spermatozoa (%). Data for NS, liveability and 
AI have been previously reported, however TMAS data have not. One hundred eosin-
nigrosin stained spermatozoa were counted across at least 5 fields per treatment, time 
point and replicate. The percent of TMAS of counted sperm are reported. Data obtained 
were subjected to descriptive statistics and analyzed using one way ANOVA followed by 
Duncan Multiple Range Test. 

Acrosomal integrity did not differ between treatments from 0 to 72 hours. However, TMAS 
values were reduced (P < 0.05) in EASE samples at 75, 100 and 125 µg/L at 1.33, 3.00, 
5.67 % of total sperm, respectively, compared with control at 15.00 % TMAS after 72hrs 
of storage. There were positive correlations between AI and liveability (r = 0.41), and AI 
and NS (r = 0.74). There were no linear association (P > 0.05) between TMAS and 
liveability, TMAS and pH, AI and liveability, AI and NS, AI and pH. From this data, EASE 
appears to offer a protective effect in the cytopreservation of boar sperm in the reduction 
of TMAS during storage. This may be through antioxidant effects of EASE, or it may be 
acting as an additional source of glucose to sperm or some combination of the two. 

P207 - Deep learning. artificial intelligence methods to predict boar sperm 
acrosome health.  

Alexandra Keller, Iowa State University                                                                                                       
Karl Kerns, Iowa State University  

Motility and morphology are prerequisites, but do not indicate boar fertility. While these 
characteristics make up the first dogma of sperm fertility, the second dogma believes 
that only a subpopulation of those with satisfactory motility and morphology are capable 
of fertilization. It has been shown that 25% of boars that meet the standards for mortality 
and morphology have a less than 80% conception rate. To identify this subpopulation, 
health reflecting biomarkers have been used to look at things like membrane integrity, 
DNA intactness, acrosome health and more. Even though this technology has been 
around for decades, it has failed to be implemented in livestock production due to costly 
equipment, high skilled labor requirement, and the lack of time in the production chain 
to perform these assays. Borrowing from the human cancer field, we used sperm health-
reflecting biomarkers with high throughput image-based flow cytometry and artificial 
intelligence, deep learning analysis as a method to create image algorithms that can 
detect sperm acrosome fertility status (reflected by biomarker lectin PNA) in what is 
called label-free cell analysis. The IBFC deep learning software, Amnis A.I., was recently 
developed by Luminex and preforms cross-validation analysis, training the model on 
80% of the data and validating of the remaining 20% to test generalization. Amnis A.I. 
automatically calculates the number of epochs needed based on incident numbers and 
computes precision, recall, and F1 score for each class. Three different microscope 
objectives,20x, 40x, and 60x, were compared for initial data collection to determine the 
limitations of image quality on the artificial intelligence’s (AI) ability to pick up on micro 



differences of cells. The resulting F1 scores were 87.99%, 91.68%, and 98.82% 
respectively. Methods developed in this deep learning, label-free sperm health study will 
help to properly identify the 25% of boars with less than 80% conception rates. Further, 
advanced diagnostics such as this could help decrease sperm number per insemination 
dose to make better use of higher indexing boars across a larger percentage of the sow 
herd (thus higher performing pigs going to finish). These findings can also be 
transferred to sperm fertility diagnostics of other species such as bull or human, 
including for in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI). 
Ultimately, label-free analysis will help to translate years of andrology biomarker studies 
to routine semen analysis using equipment (microscopes and computers) that are 
already made use of in livestock semen labs. Supported by the National Institute of Food 
and Agriculture, U.S Department of Agriculture under grant number 2022-67015-36298 
(KK). 

Keyworks: sperm, boar, acrosome, biomarker, label-free, deep learning 
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It has been reported that the addition of quercetin, a flavonoid contained in subarctic 
trees with freeze resistance, to a cryopreservation solution improved the proportions of 
total motile spermatozoa by approximately 10–20% at 30–180 min after thawing in dogs. 
And fertility of cryopreserved spermatozoa with quercetin supplementation was proven 
with higher efficiency. In this study, the effect of quercetin on the morphometry 
characterization of canine spermatozoa in the skim milk based extender with reduced 
equilibration time was examined. As a result, motility of spermatozoa after thawing 
increased due to the addition of quercetin even if the equilibrium time was shortened 
from 3 hours to 1 or 2 hours. In a skim milk-based extender without quercetin, motility of 
spermatozoa frozen at 1-hour or 2-hour equilibration were significantly lower than those 
at 3-hour equilibration at some observation points up to 180 minutes after thawing. For 
acrosome status, even if the equilibration time was shortened to 2 hours, it was 
comparable to that of 3 hours at 180 minutes after thawing. In conclusion, when 
quercetin was supplemented to skim milk based extender, higher motility and acrosome 
protection were shown even if the equilibration time was shortened from 3 hours to 2 
hours as compared with skim milk based extender without quercetin supplementation in 
canine spermatozoa. 
 



P209 - Pathways Associated with Angiogenesis Are Altered in Placenta of Cloned 
Fetuses in Horses.  
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Despite notable accomplishments over the last 25 years, somatic cell nuclear transfer 
(SCNT) is still associated with a high incidence of pregnancy loss rate and abnormal 
offspring. A high percentage of SCNT pregnancies are associated with placental 
abnormalities including hydrallantois, reduced vascularization, and edematous placental 
membranes, however, the underlying pathophysiology remains poorly understood. We 
hypothesize that (1) placentae from conventional pregnancies, healthy SCNT foals, and 
non-viable SCNT foals exhibit different gene expression patterns, and (2) that this 
aberrant placental gene expression causes abnormal placental angiogenesis resulting in 
abnormal placental development in SCNT pregnancies. In the present study, we 
characterized the global transcriptome of placentae from SCNT pregnancies at term and 
compared this to the placental transcriptome of conventional pregnancies. Equine 
chorioallantois (CA) was collected from the pregnant horn, immediately after normal 
parturition (mean gestational age = 339 days), from five conventional, healthy, age-
matched control pregnancies (CON), seven healthy SCNT pregnancies (SCNT-L), and 
seven SCNT pregnancies in which the foal was not viable and died within the hour after 
birth (SCNT-D). Total RNA was extracted and sequenced, generating ~33 million 
reads/sample. The raw reads were trimmed (Trimmgalore) and mapped (STAR) to the 
current equine reference genome. Mapped reads were quantified (FeatureCounts), and 
differentially expressed genes (DEGs) were evaluated using DESeq2, followed by gene 
ontology (GO) analysis. Macroscopically, 50% of the placentae from SCNT derived 
pregnancies showed edema whereas the controls did not. We identified 1332 DEGs (FDR 
<0.05, FoldChange>2) between SCNT-L and CON and 1651 DEGs between SCNT-D and 
CON. The GO analysis indicated that the enriched DEGs in SCNT pregnancies were 
associated with blood vessel development, vasculature development, blood vessel 
morphogenesis and angiogenesis independent of the outcome of the pregnancies. 
Furthermore, a paternally expressed gene, RTL1, which is crucial for angiogenesis was 
among the DEGs between SCNT-D and CON. In addition, the genes VEGFR1, 
VEGFR2 and NOS3, known to be involved in angiogenesis, were differentially expressed 
between SCNT-D and CON, and between SCNT-L and CON. In the latter group, the 
angiogenic gene ANGPT2 is also differentially expressed. We identified 44 DEGs between 
SCNT-L and SCNT-D and these 44 genes were mainly involved in inflammatory 
processes, even though histopathological examinations of the CA samples did not reveal 
any ongoing inflammatory process. Our data demonstrated the disruption of genes 
associated with blood vessel formation, manifested as excessive edema, in the placenta 
of cloned fetuses. Similarly, in a previous study, we demonstrated the association between 



abnormal angiogenesis and placental edema and hydrallantois in equine pregnancy, 
highlighting the importance of adequate angiogenesis in placental function. This study 
was funded by the Center for Equine Health at UC Davis, São Paulo State Research 
Foundation, the Special Research Fund at Ghent University, a Fellowship of the Belgian 
American Educational Foundation, and the L’Oréal-UNESCO For Women in Science 
Programme. 
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Collective swimming of bull sperm in the form of dynamic clustering has been observed 
in an artificial viscoelastic fluid that mimics the viscoelasticity of estrous bovine cervical 
mucus. The term “dynamic clustering” means there are no fixed bonds connecting the 
sperm, so that sperm can swim dynamically in and out of clusters. Our objective here 
was to test whether there are any biological advantages of bull sperm swimming in 
clusters over individually swimming sperm during a viscoelastic fluid flow. Here, we used 
frozen/thawed bull sperm, long-chain polyacrylamide (PAM, 5-6 MDa) dissolved in 
Tyrode’s albumin lactate pyruvate (TALP) medium, and a microfluidic device as our 
model system to mimic the flow of mucus bull sperm encounter when entering either the 
cervix or uterus. A syringe pump was used for creating different steady-state flows 
ranging from 0-5.0 µL/min, 0-13.5 1/s shear rate, or flow speeds 0-13.5 µm/s 1 µm from 
the wall of the microfluidic channel 120 µm in height. Under no flow, the trajectories for 
clustered sperm were straighter (curvature:0.0054±0.0002 µm-1) compared to individual 
sperm (curvature:0.0072±0.0003 µm-1, p<0.001), indicating that clustered sperm swim 
more progressively in a viscoelastic fluid than individual sperm. Furthermore, unlike 
sperm behavior in low viscoelasticity fluid, a clear onset of upstream swimming of sperm 
was absent in a viscoelastic fluid, in part because some of the trajectories were linear 
instead of circular in our viscoelastic fluid when there was no flow, which will yield an 
onset of 0 according to the model. Moreover, 6% of swimming sperm exhibited linear 
trajectories in the downstream direction (out of 50 total), unlike the predictions made 
from the hydrodynamical model that previously explained the emergence of upstream 
swimming in low viscosity fluid. This model assumes that the sperm head experiences 
more hydrodynamic resistance than the tail, while in a viscoelastic fluid, the end piece of 
the tail may experience hydrodynamic resistance similar to the head. A more detailed 
hydrodynamical analysis will be needed to understand the swimming mechanism of 
sperm in a viscoelastic fluid. As the flow rate increased and induced rheotaxis (upstream 
swimming), clustered sperm showed a better rheotaxis response than individually 
swimming sperm in the same fluid environment. At an intermediate flow rate of 1.5 
µL/min, the percentage of individual sperm oriented upstream was 58±1%, compared to 
82.1±0.9% for clustered sperm (p<0.0001). Under a strong flow of 5.0 µL/min, the 



percentage of rheotaxis failure for individual sperm was 59±1%, compared to 39±1% for 
clustered sperm (p<0.0001), indicating that clustering serves to improve the ability of 
sperm to swim upstream, against the pro-vaginal flow of female reproductive tract fluids. 
In conclusion, compared to individual sperm, we found that clustered sperm swim more 
progressively under no flow and have better rheotactic responses under a physiological 
flow rate. Since pro-vaginal fluid flows and viscoelastic mucus are naturally present in 
the female tract, our results indicate that dynamic clustering is advantageous for sperm 
migration toward the site of fertilization. National Institutes of Health (NIH) grant number 
R15HD095411 to CKT. 
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Suitable stallion semen extenders must provide spermatozoa with a sufficient amount of 
energy sources and maintain pH and osmotic pressure on the natural levels monitored 
in seminal plasma, thus offering a beneficial environment for spermatozoa. Caffeine, as 
an important member of methylxanthine class, has been shown to improve spermatozoa 
motility and viability. The purpose of the study was to evaluate caffeine addition to 
stallion spermatozoa during cultivation at 5°C. Ejaculates were obtained from 10 
stallions. The dose- and time-dependent effect of caffeine dissolved in physiological 
solution (A – 0.625, B – 1.25, C – 2.5, D – 5, E – 7.5, F – 10 mg/mL) on the motility and 
viability of stallion spermatozoa were evaluated. Control samples (CON) were prepared 
by diluting ejaculate only with the physiological solution. Motility parameters were 
evaluated by Computer Assisted Semen Analyser (CASA) system, and the viability was 
assessed by the mitochondrial toxicity test at the end of the cultivation. Samples were 
evaluated after 0, 1, 2 and 3 hours of incubation at 5°C. A positive effect of the lowest 
tested caffeine concentration (0.625 mg/mL, sample A) was recorded throughout the 
cultivation period. Also, a significant increase (P<0.001) in spermatozoa motility in 
sample A after 2 hours of cultivation at 5 °C compared to the control sample (CON) was 
detected. The results of velocity curved line showed quite balanced values throughout 
the cultivation period in experimental samples treated with caffeine compared to control 
sample. After 3 hours of incubation viability in experimental samples with different 
caffeine concentrations showed decreased values compared to control at 5°C. Our 
results suggest that optimal caffeine concentration may be used as a potential suitable 
component of stallion semen extenders. The research was financially supported by 
projects VEGA 1/0698/22, VEGA 1/0392/20, VEGA 1/0083/21, APVV-16-0289, 11-



GASPU-2021. This publication was supported by the Operational program Integrated 
Infrastructure within the project: Demand-driven research for the sustainable and 
innovative food, Drive4SIFood 313011V336, co-financed by the European Regional 
Development Fund.  
 

P212 - Relationship between serum anti-Müllerian hormone and age in domestic 
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Serum anti-Müllerian hormone (AMH) concentration has been used as an indicator to 
predict ovarian reserve and as a guideline to select appropriate individuals for ovarian 
stimulation in domestic animals and human. The objective of this study is to determine 
the correlation between serum AMH and age of the domestic cat as a model for 
endangered felids. Serum was collected from 30 cats subjected to routine 
ovariohysterectomy. The cats were divided into 3 groups by ages: <4 months 
(prepuberty, n = 10), 1 to 5 years (adult, n = 10), and >5 years (senior, n = 10). Serum 
was analyzed using AMH Gen II ELISA (Beckman Coulter, Brea, CA, USA). The intra- 
and inter- coefficient of variation were 3.51 and 7.68, respectively. The serum AMH 
concentration of all cats was ranged from 0.93 - 19.31 ng/ml. The average serum AMH 
concentrations in the prepuberty, adult, and senior group were 10.43 ± 5.59, 5.11 ± 
2.08, and 5.01 ± 4.50 ng/ml, respectively. Regardless of groups, a negative correlation 
was found between serum AMH and age of cats (r = -0.479, p = 0.007). The cats in the 
prepubertal group had higher serum AMH compared to the adult and senior group (p = 
0.013), whereas the AMH concentration in the adult group did not differ from the senior 
group. In conclusion, our results showed that serum AMH is highest during prepuberty 
and then gradually decline along with advancing age. Because serum AMH has been 
correlated with responses to hormonal ovarian stimulation, serum AMH likely helps to 
select appropriate animals to undergo assisted reproductive technology. 

Keywords: anti-Müllerian hormone, domestic cats, indicator, ovarian reserve 
 

P213 - Differential Transcript Abundance in Peripheral White Blood Cells of 
Holstein and Angus Heifers Relative to Fertility at the Time of Artificial 
Insemination  

Chace Wilson, Virginia Polytechnic Institute and State University                                                
Fernando Biase, Virginia Polytechnic Institute and State University  



The ability of a heifer to conceive and deliver a calf by 24 months of age is critical to her 
productivity in a cow/calf or dairy operation. On average, 10-15% of dairy and beef 
heifers will fail to achieve pregnancy by artificial insemination, and therefore will not 
meet this milestone so important for a sustainable cattle operation. The identification of 
a heifer’s reproductive capacity prior to their first breeding would greatly improve 
pregnancy rates. Previous studies have identified systemic interactions between the 
immune and reproductive systems in mammals, thus providing a unique opportunity to 
investigate heifer infertility through molecular markers located in the bloodstream. 
Therefore, we hypothesized that gene expression in peripheral white blood cells would 
vary between heifers of differing reproductive capacity. The overall objective of this 
study is to identify transcriptome profiles of peripheral white blood cells of fertile heifers 
that can be used to assess reproductive potential at an early age. Here, we collected 
blood samples via jugular vein from Holstein (n=6) and Angus (n=6) purebred heifers at 
the time of their first insemination. Holstein and Angus heifers were enrolled in OvSynch 
and 7-day CO-Synch + CIDR estrus synchronization protocols, respectively, prior to 
breeding. Next, we identified heifers as fertile or sub-fertile based on the outcome of 
their first breeding season. Holstein heifers were identified as sub-fertile if they received 
four or more breeding services prior to conception or culling, while Angus heifers were 
placed in the sub-fertile group after failing to achieve pregnancy from two inseminations. 
Three animals were selected in each group (HOL+, HOL-, ANG+, ANG-) for this study. 
Total RNA was extracted from peripheral white blood cells with an average yield of 16.2 
± 4.1 µg, and then libraries were prepared for high-throughput RNA-sequencing and 
transcriptome analysis. We quantified the transcript abundance for 12,105 protein-
coding genes after the removal of lowly expressed genes (CPM and FPKM<1). Next, we 
conducted a multifactorial differential gene expression analysis using the DESeq2 
package in R software, with breed and fertility status as fixed effects in our model using 
the ‘Wald’ test to assess significance between averages of transcript abundance. Using 
the data from both breeds (ANG+/-, HOL+/-), we identified three genes with differential 
transcript abundance (false discovery rate<0.05) in peripheral white blood cells between 
fertile and sub-fertile heifers (T-cell surface glycoprotein CD1b-2-like, gelsolin (GSN), 
immunoglobulin heavy constant epsilon (IGHE)). Notably, the gene GSN, which has 
greater transcript abundance in heifers pregnant to the first artificial insemination, 
produces a plasma protein that scavenges circulating pro-inflammatory mediators and 
has been associated with infertility in women. Further investigation into the function and 
regulatory network of these genes, as well as the inclusion of more animals into our 
study, should unveil valuable information that is critical to advancing our knowledge of 
the molecular mechanisms underlying infertility. 
 

P214 - Anti-Müllerian hormone (AMH) as a predictor of oocyte yield following 
controlled ovarian stimulation in rhesus macaque (Macaca mulatta).  
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Philberta Leung, Oregon Health and Science University                                                                              



Emily Mishler, Oregon Health and Science University                                                                                
Fernanda Burch, Oregon Health and Science University                                                                     
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In women, AMH is produced by the granulosa cells of developing follicles and its 
circulating blood serum concentration is used as an indicator of ovarian follicle reserve. 
AMH levels are commonly measured at fertility clinics prior to controlled ovarian 
stimulation (COS) in patients to predict outcome and optimize treatment strategies. 
However, appropriate values of AMH concentration and its ability to predict the oocyte 
yield after COS in rhesus macaque (Macaca mulatta) is poorly understood. Since rhesus 
macaques are an integral part of biomedical research, further research into the 
relationship between AMH and oocyte yield is needed. To address this, regularly cycling 
adult rhesus macaques were monitored daily for the onset of menses. Once detected, 
females were started on a COS cycle within 4 days. A baseline blood sample was 
collected on the morning of the first stimulation day (COS day 1), prior to hormone 
administration. Animals were administered recombinant human follicle stimulating 
hormone (r-hFSH, 30 IU BID intramuscularly) on days 1-8, recombinant human 
luteinizing hormone (r-LH, 30 IU BID intramuscularly) on days 7-8, with a single dose of 
human chorionic gonadotropin (hCG, 1100 IU intramuscularly) on the evening of day 8. 
A single dose of a gonadotropin releasing hormone antagonist (acyline, 0.075mg/kg 
subcutaneously) was given once between days 4-7 when serum estradiol exceeded 200 
ng/mL. Approximately 36 hours after hCG administration, follicles on both ovaries were 
aspirated by either laparoscopic or ultrasound-guided methods. Oocytes were isolated 
from aspirate material and evaluated for stage of meiosis. Oocyte yield was sorted into 
three groups of responders: low (≤17 oocytes), medium (18-41 oocytes), and high (≥42 
oocytes). AMH concentration in baseline blood plasma was analyzed (n=72) using an 
AMH specific enzyme-linked immunoassay (Ansh Labs-AL 105) with calibrators, 
controls, and replicates in accordance to the manufacturer’s protocol (IFU.AL.105). 
Rhesus macaques with higher baseline AMH concentrations yielded more oocytes than 
rhesus macaques with lower AMH concentrations (R=0.6497). High and medium 
responders (AMH concentration of 38.33±12.86 and 31.85±12.80 ng/mL, respectively) 
showed a significant difference (P<0.0001) in mean baseline AMH compared to low 
responders (14.85±6.34 ng/mL), despite receiving the same series of stimulations. 
Additionally, high and medium responders showed a greater percentage of metaphase II 
oocytes (P≤0.05), but no difference in oocyte fertilization rate was observed. Those that 
failed to respond to COS, had no difference in AMH levels compared to high and 
medium responders, indicating that failure to respond to COS is not due to AMH 
concentration. Similar to humans, our results indicate that AMH can be an accurate 
predictor of oocyte yield and its value can be used to screen rhesus macaques prior to 
COS to prevent ovarian hyper stimulation and reduce animal use. 
 



P215 - Adapting the Sperm Chromatin Structure Assay (SCSA®) to Determine the 
DNA Fragmentation Index in Rhesus Macaques (Macaca mulatta)  
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University Philberta Leung, Oregon National Primate Research Center/Oregon Health & 
Science University Eric McDonald, Vaccine and Gene Therapy Institute/Oregon Health 
& Science University               Jared Jensen, Oregon National Primate Research 
Center/Oregon Health & Science University Emily Mishler, Oregon National Primate 
Research Center/Oregon Health & Science University     Nadine Piekarski, Oregon 
National Primate Research Center/Oregon Health & Science University Camilla Mendes, 
College of Veterinary Medicine and Animal Science/University of São Paulo Andrew 
Sylwester, Vaccine and Gene Therapy Institute/Oregon Health & Science University 
Carol Hanna, Oregon National Primate Research Center/Oregon Health & Science 
University  

The Sperm Chromatin Structure Assay (SCSA®) is a robust test with high repeatability 
and precision. It is the only clinically accepted assay that defines risk for infertility in men 
by measuring DNA fragmentation in sperm. The DNA fragmentation index (% DFI) 
threshold used to identify reduced fertility in men is 25-30%. In comparison, the 
threshold is approximately 6% in boars, 10-20% for bulls, and approximately 28% for 
stallions. The objective of this study was to validate the SCSA® for rhesus macaques 
(Macaca mulatta) and to determine the normal range of % DFI for fertile males of this 
species. Samples were collected from 10 sexually mature, established semen donors 
with known fertility. The samples were incubated for 30 minutes to allow for semen 
liquefaction. The liquid fraction of the samples was washed twice in pre-warmed (37°C) 
Tyrode’s Albumin Lactate Pyruvate-Hepes supplemented with 3 mg/ml of Bovine Serum 
Albumin (TALP-Hepes) at 300 g for 7 minutes. The samples were analyzed using a 
Computer Assisted Sperm Analysis (CASA) system to characterize sperm concentration 
and motility. Aliquots containing 250,000 spermatozoa were placed in separate 0.6 ml 
centrifuge tubes and snap frozen in liquid nitrogen for storage in a -80°C freezer until 
analysis. On the day of analysis, samples were thawed in a water bath at 37°C for 30 
seconds. To first validate the assay, we used samples from different males (n=3) and 
obtained a positive control (treated with strong acid detergent for 1 min to induce 100% 
DFI) and a negative control (standard treatment), which were mixed at 3 different 
concentrations 1:3, 1:1, 3:1 to produce a curve with an R2≥0.95. To determine the 
normal range of % DFI in rhesus macaques, additional samples from n=10 males were 
treated as follows: each sample was mixed with 150 µl of TNE buffer (Tris-Hydrochloric 
acid 0.01 M, NaCl 0.15 M, EDTA 1 mM; pH 7.4) and 300 µl of acid detergent (HCl 0.08 
M, NaCl 0.15 M, Triton X-100 0.1%; pH 1.2), then incubated for 30 seconds before 
adding 900 µl of acridine orange solution (Citric acid 0.1 M, Na2HPO4 0.2 M, EDTA 
0.001 M, NaCl 0.15 M, Acridine orange 6 µg/ml in Millipore water; pH 6.0). The samples 
were run through a flow cytometer (BD LSR II analyzer) to measure green fluorescence 
(native DNA) and red fluorescence (broken DNA) and the data were exported to FlowJo 
to determine the % DFI for each sample. Validation of the assay was considered 



successful with R2=0.98. Results from the 10 macaques varied from 2.3 to 6.8% DFI, 
with a mean ± SD = 4.5 ± 1.2% DFI, suggesting a preliminary reference range for rhesus 
macaques. The DFI values for men that produced a pregnancy within 3 months or 4-12 
months were 11.2% and 15.5%, respectively, indicating the degree of DNA 
fragmentation for fertile rhesus males is much lower than in humans and providing a 
quantitative baseline for evaluating changes in macaque fertility through flow cytometry 
analysis. 
 

P216 - Fetal Growth Restriction, Placental Abnormalities, And DNA Methylation 
Loss Are Associated With Discrete Windows Of Embryo Culture In A Mouse Model.  
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Assisted Reproductive Technologies (ART) require gamete/embryo handling and in vitro 
embryo culture. ART pregnancies are at increased risk for fetal growth restriction, 
abnormal placentation, pregnancy complications, and congenital imprinting 
disorders.  Experimental studies using animal models have demonstrated embryo 
culture can induce reduced fetal weight, abnormal placental morphology, and reduced 
placental DNA methylation. It is unknown if preimplantation embryos are more 
susceptible to these effects at specific stages of development and if extended culture to 
the blastocyst stage leads to more severe effects. Accordingly, we performed embryo 
culture in a mouse model for several discrete windows of preimplantation development 
and following embryo transfer, assessed fetal and placental outcomes at term (n ³15 per 
group). We observed a reduction in fetal:placental ratio associated with two distinct 
windows of preimplantation embryo development, one prior to the morula stage and the 
other from the morula to blastocyst stage. Junctional zone overgrowth, increased 
numbers of pTGCs, and reduced imprinting control region methylation were only 
associated with culture prior to the morula stage. To determine the genome-wide DNA 
methylation changes that occur with embryo culture to the morula and blastocyst 
stages, we utilized the Illumina Mouse Methylation BeadChip (n=10-12 per group). We 
detected significant hypomethylation in placentas from concepti cultured from the 1-cell 
to morula stage, with additional placental DNA methylation changes in placentas from 
concepti cultured to the blastocyst stage. In both culture groups, female concepti 
exhibited a higher loss of DNA methylation than males. By identifying specific 
developmental windows of susceptibility, this study provides a framework for further 
optimization of culture conditions to minimize risks associated with ART pregnancies.  



P217 - Inducing luteolysis prior to atresia of the first follicular wave by altering the 
interval to prostaglandin F2ɑ administration after long-term progestin 
presynchronization  

Genevieve VanWye, University of Missouri                                                                                             
Emily Smith, University of Missouri                                                                                                        
Michael Smith, University of Missouri                                                                                                       
Matthew Lucy, University of Missouri                                                                                               
Jordan Thomas, University of Missouri  

An experiment was designed to evaluate treatment schedules in which luteolysis is 
induced prior to atresia of the dominant follicle of the first follicular wave occurring 
following a long-term progestin presynchronization treatment in beef heifers. We 
hypothesized that the proportion of heifers undergoing luteolysis and expressing estrus 
would be affected by the length of treatment with an intravaginal progesterone-releasing 
insert (CIDR®; 1.38 g progesterone) and/or by the interval from CIDR® removal to 
prostaglandin F2ɑ (PG; 500 µg cloprostenol) administration. Heifers (n = 91) were 
blocked by reproductive tract score and body weight and were assigned randomly to 
one of four treatments in a 2 x 2 factorial design: CIDR® treatment for either 14 d 
(treatment 14-8 and 14-9) or 18 d (treatment 18-8 and 18-9) with administration of PG 
either 8 d (treatment 14-8 and 18-8) or 9 d (treatment 14-9 and 18-9) following CIDR® 
removal. Heifers were observed for estrus expression three times daily for 4 d following 
PG administration and serviced by artificial insemination (AI) based on estrus response. 
For heifers that failed to express estrus by 96 hours after PG administration, timed AI 
was performed and exogenous gonadotropin-releasing hormone (GnRH; 100 µg 
gonadorelin) was administered. Blood samples were collected at the time of PG 
administration and, for heifers that failed to express estrus, at timed AI to determine 
serum progesterone and estradiol concentrations via radioimmunoassay. Transrectal 
ovarian ultrasound was performed to determine CL status and to measure diameter of 
the largest ovarian follicle present at PG administration and, for heifers that failed to 
express estrus, at timed AI. The proportion of heifers that expressed estrus by 96 hours 
after PG administration did not differ (P > 0.10) among treatments (14-8: 61%; 14-9: 
78%; 18-8: 52%; 18-9: 73%), nor did conception rates to AI (14-8: 57%; 14-9: 43%; 18-8: 
43%; 18-9: 55%). There were no detectable differences in serum progesterone 
concentrations at the time of PG administration (14-8: 2.4±0.3 ng/ml; 14-9: 2.6±0.3 
ng/ml; 18-8: 2.4±0.3 ng/ml; 18-9: 3.0±0.4 ng/ml) or among non-estrous heifers at AI (14-
8: 1.4±0.4 ng/ml; 14-9: 0.7±0.2 ng/ml; 18-8: 1.7±0.4 ng/ml; 18-9: 1.5±0.3 ng/ml). No 
differences were observed in diameter of the ovarian dominant follicle at PG (14-8: 
13.1±0.7 mm; 14-9: 12.3±0.3 mm; 18-8: 12.3±0.3 mm; 18-9: 12.7±0.4 mm) or in that of 
non-estrous heifers at timed AI (14-8: 13.5±1.2 mm; 14-9: 13.3±0.6 mm; 18-8: 14.6±0.7 
mm; 18-9: 14.1±0.5 mm). Serum estradiol concentrations did not differ by treatment at 
the time of PG (14-8: 6.8±1.1 pg/ml; 14-9: 6.5±1.0 pg/ml; 18-8: 5.7±1.0 pg/ml; 18-9: 
9.6±0.9 pg/ml) or among non-estrous heifers at timed AI (14-8: 10.1±2.2 pg/ml; 14-9: 
7.0±1.9 pg/ml; 18-8: 9.9±1.6 pg/ml; 18-9: 6.6±2.2 pg/ml). These results provide 



preliminary indication of the feasibility of inducing luteolysis prior to atresia of the first 
follicular wave following long-term progestin presynchronization. Further research with a 
greater sample size is warranted to determine the optimal interval from CIDR® removal 
to PG administration. 
 

P218 - Efficacy of Nano-colloidal Silver in Treatment of Postpartum Endometritis in 
Dairy Cows  

Gamal El-Amrawi, Alexandria University, Egypt  

 Postpartum endometritis due to bacterial infection is one of the most common 
postpartum diseases affecting dairy cows, and antibiotics are widely utilized for its 
treatment. Recently, bacterial resistance to antibiotics became the most important 
problem facing the scientific community. So, the aim of study was to detect the efficacy 
of nano-colloidal silver in treatment of postpartum Endometritis in dairy 
cows.  Concurrently, our study hypothesized that intrauterine administration of nano-
colloidal silver, would help in elimination of bacterial infection causing endometritis, due 
to its wide spectrum of bacteriostatic and bactericidal activity against enormous range of 
bacterial strains at low concentration, and such recovery could be detected early 
through estimation of peripheral level of some chemokines and acute phase proteins 
and later through detection of pregnancy rate. In an extensive private dairy farm, twenty-
one Holstein cows were diagnosed with postpartum endometritis at 35-40 days 
postpartum, relying on clinical and ultrasonography examination.  The treatment 
protocol depends on intrauterine administration of 50 ml of nano-colloidal silver solution 
(25 ppm/ml, particles diameter of about 15-25nm), for five consecutive day, and one 
dose of PGF-2α analogue (cloprestenol) for animals with corpus lutetium on their 
ovaries. Blood samples were drawn just before the treatment and at 7th day from start 
of the treatment. Serum level of ceruloplasmin, CRP were assessed (immune-
turbidmetry), in addition to serum amyloid –A (SAA), haptoglobin, (TNF-α) and (IL-6) 
using ELISA Kits. Also, the uterine state was monitored after treatment using 
ultrasonography. The animals were re-examined at 49-54 days postpartum to detect the 
recovery rate.  Then, the cured animals were artificially inseminated on their observed 
estrus; the pregnancy was diagnosed on 40th day post-service. Data were analyzed by 
t-test using SPSS software. Treatment with nano-colloidal silver, significantly decreased 
the serum level of SAA, CRP, TNF-α and IL-6 (P<0.001). The level of haptoglobin and 
ceruloplasmin did not changed significantly (P<0.001) after treatment. Also, the uterine 
secretions was decreased or disappeared, and endometrial thickness was decreased 
upon ultrasongraphy examination at 7th day post-treatment. At re-examination, 14 
animals out of 21 animals (66.6%) were recovered successfully from endometritis. The 
pregnancy rate was 71.4 % (10 out of 14 animals were found pregnant). In conclusion, 
the study indicated the effectiveness of nano- colloidal silver in treatment of postpartum 
endometritis in dairy cows. So, it could substitute the treatment with antibiotic in such 
cases, which may share in alleviation of the antibiotics resistance problems, due to 



uncontrolled usages of antibiotics. Further studies are needed to investigate the effect of 
different treatment period and solution concentration of nano-colloidal silver on 
treatment of endometritis in dairy cows. 

  

P220 - Potential for weight loss to remediate the ovarian response to DMBA 
exposure  
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Aileen Keating, Iowa State University  

7,12-dimethylbenz[a]anthracene (DMBA) is a polycyclic aromatic hydrocarbon (PAH) 
formed due to combustion of organic material, and it is present in the environment. 
Cytochrome P450 1B1 (CYP1B1) and epoxide hydrolase 1 (EPHX1) transform DMBA in 
the liver to form DMBA-3,4-diol that is further biotransformed by CYP1A1 and CYP1B1 
to DMBA-3,4-diol-1,2-epoxide, an ovotoxic metabolite. Exposure to DMBA can cause 
follicle loss leading to premature ovarian failure, and other negative reproductive effects. 
In the US, obesity affects 20% of girls and 40% of women. Obesity can cause infertility, 
poor oocyte quality, and miscarriage. Our group has discovered that obese mice have a 
compromised ovarian response to DMBA exposure. We investigated if weight loss could 
remediate the impact of obesity on the ovarian response to DMBA exposure. 
C57BL/6J female mice aged six weeks were placed in three groups: 1) Lean mice (L; n 
= 20) fed a chow diet for 12 weeks, 2) obese mice (O; n = 20) fed a HFHS diet for 12 
weeks and, 3) a slim-down group (S; n = 20) fed with HFHS diet for 7 weeks until they 
had attained a higher body relative to chow-fed mice on week 7.5 and switched to a 
chow diet for 5 weeks to achieve weight loss. At the end of the dietary treatment period, 
mice received either corn oil (CT) or DMBA (D; 1 mg/kg) for 7 days via intraperitoneal 
injection (n = 10/treatment). Body weight was higher (28%) on week 8 between mice on 
chow and HFHS diets, and on wk 12 the S mice had reversed to the weight level of the 
L mice. Food intake and body weight were monitored. Mice were euthanized on the 
second day of diestrus after completion of the dosing. Blood samples and tissues were 
collected. Weight loss after HFHS diet and exposure to DMBA did not affect the weight 
of heart, liver, spleen, kidney, or uterus (P > 0.05). However, in S mice, exposure to 
DMBA increased (P < 0.05) ovary weight, there were no effects on ovary weight in the L 
and S groups. There was no effect of weight loss or DMBA exposure on the time spent 
at stages of the estrous cycle (P > 0.05) and serum progesterone (P > 0.05). LC-MS/MS 
was performed on isolated ovarian protein for proteomic analysis. In mice that gained 
weight but slimmed down, 43 proteins were altered (P < 0.1) but relative to mice that 
remained obese, slimmed mice had 34 proteins that differed (P < 0.1).  In response to 
DMBA exposure, slimmed mice had 119 proteins altered compared with mice that 
remained obese (P < 0.1), and there were 75 proteins that differed between lean and 
slimmed mice who were exposed to DMBA. Taken together, these findings support that 



weight loss alters the ovarian proteome but does not revert it to that of a lean mouse 
and that there is potential to weight loss as a therapeutic approach to ameliorate the 
ovarian response to toxicant exposure. 
 

P221 - High-fat diets promote peritoneal inflammation and aggravate 
endometriosis-associated pain in a mouse model of endometriosis.  
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Endometriosis is a chronic inflammatory disease that affects about 10% of reproductive-
aged women. It is characterized by the presence of endometrial tissues growing outside 
of the uterus and is often associated with chronic pelvic pain and infertility. Western 
high-fat diets (HFD) have been linked to greater systemic inflammation and 
dysmenorrhea (painful menstruation) and are considered an important risk factor for 
endometriosis. In the present study, we aimed to examine how these diets alter systemic 
(circulating) and local (peritoneal) immune environments in endometriosis and discern 
their contribution to endometriotic-associated pain symptoms using a mouse model of 
endometriosis.  To determine which fat contents (45 or 60 kcal% fat chow) are 
comparable to those within Western diets, female mice at 5 weeks of age were 
randomly divided into three groups (n=5/group) and fed standard laboratory chow (9 
kcal%) as a control, or HFD with diet-induced obesity 45 or 60 kcal% fat (45 or 60% 
HFD) for a total of 12 weeks. Based on the increase of body weight and several other 
health factors including fasting blood glucose and plasma insulin levels, we chose the 
45% HFD for further endometriosis study as the results from 45% HFD more closely 
emulated body conditions associated with current western diets. Once the model was 
established, a new group of female mice was fed control or HFD chow from 5 weeks of 
age for 12 weeks (n=5/group). Then, endometriosis-like lesions (ELL) were induced by 
inoculating menstrual-like endometrial tissues from donor mice into the peritoneal cavity 
in both the control diet and HFD groups. For six weeks following induction of ELL, the 
two groups of mice were continuously fed their respective diets. After that, a von Frey 
test was performed by measuring the mechanical sensitivity of the abdomen and hind 
paw as the indication of local and systemic pain, respectively. We found significantly 
higher abdominal sensitivity (i.e., increased endometriosis-associated pain response) in 
mice fed with HFD compared to those in the control group.  However, no significant 
differences were observed in the hind paw sensitivity between the two groups, 
suggesting that the abdominal milieu was most significantly impacted by HFD. When we 
characterized peritoneal immune cell distributions, we observed significantly higher pro-
inflammatory macrophage (Ly6Chi F4/80+) populations in HFD mice compared with 
those in control mice, whereas there were no differences in circulating immune cell 
populations. These results suggest that through the recruitment, promotion, or 



stimulation of immune cells, HFD enhances the local inflammatory environment, 
exacerbating endometriosis-associated pain. 
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The overarching aim was to examine the relationship of rectal temperature at fixed time 
artificial insemination (FTAI) on pregnancy outcome in a typical breeding season with 
expected pregnancy rates approaching 50% using Bos indicus and Bos taurus cattle. 
This represents a continuum of steps to test the hypothesis that elevated body 
temperature at or around insemination is functionally important to maximize pregnancy 
outcome. Rectal temperature of Bos indicus cattle at FTAI ranged from 37.0 to 40.9⁰C; 
60.6% were hyperthermic. Positive factors impacting pregnancy outcome were rectal 
temperature at FTAI, body condition and estrus patch scores. Rectal temperature at 
FTAI was positively associated with pregnancy outcome (P < 0.0001); per each 1⁰C 
increase pregnancy odds increased 1.9 times (95% CI: 1.4 to 2.6). Highest pregnancy 
outcome occurred with rectal temperatures exceeding 40⁰C (P = 0.0004). Rectal 
temperature before FTAI in Bos taurus cattle ranged from 37.8 to 41.8 °C); 43.3% were 
hyperthermic. Factors impacting pregnancy were rectal temperature at FTAI, estrus 
activity, parity and ambient conditions on day of FTAI. Rectal temperature of Bos taurus 
cattle at FTAI was positively associated with pregnancy (P = 0.0286); odds increased 
1.45 times (95% CI: 1.0 to 2.0) per each 1⁰C increase. Highest pregnancy outcome 
occurred with rectal temperatures at FTAI exceeding 40⁰C (P = 0.057). Moreover, 
positive relationship of rectal temperature at FTAI to pregnancy persisted in estrual 
females (71.25% of total; P = 0.0408; OR 1.5; 95% CI: 1.0 to 2.2). Mindful that 1) 
elevated temperatures observed in Bos indicus and Bos taurus cattle directly promote 
meiotic resumption of the oocyte in vitro and that 2) in vivo hyperthermia alters 
intrafollicular components which others have shown to potentiate ovulation and promote 
meiotic resumption, it is biologically plausible that an acute elevation in body 
temperature at or around time of insemination is functionally important to maximize 
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Gender-affirming hormone therapy in peripubertal transmasculine youth often begins 
with Gonadotropin-Releasing Hormone Agonist (GnRHa) treatment for pausing pubertal 
progression followed by testosterone (T) to induce changes congruent with their gender 
identity. However, there are limited data on the effects of the GnRHa+T paradigm 
treatment on the uterus in this population. We aimed to analyze the uterine impact of 
suppressing female puberty followed by T administration using a mouse model. 
C57BL/6 female mice were implanted with GnRHa(Goserelin acetate, 3.6mg implant) or 
sham implant on postnatal day 26(PND26)(n=5/group). Three weeks after implantation 
(PND46), animals received weekly T enanthate (0.45mg, subcutaneously) or sesame oil 
injections for 6 weeks. Mice were all sacrificed in diestrus. Terminal blood was collected 
for T, follicular stimulating hormone (FSH), and luteinizing hormone (LH) levels. On the 
day of sacrifice (PND92), animals were weighed, the uteri were dissected, and wet and 
dry uterine weight was recorded. One horn was fixed and processed for histological 
analysis of the luminal area, the number of endometrial glands, the endometrial area, 
and the thickness of the inner and outer myometrium. The other horn was stored in an 
RNA protectant at -20oC. Uterine samples were homogenized, and RNA isolated using 
Trizol (Invitrogen). Total RNA was reversed-transcribed using the SuperScript Vilo cDNA 
synthesis kit (Invitrogen) and subjected to qPCR for mRNA analysis of mki67, androgen 
receptor (ar), estrogen receptor alpha (er-alpha), and act 2 (which produces the alpha-
smooth muscle actin protein). Statistical difference was determined using two-way 
(histological analysis) and one-way (gene expression) ANOVA followed by Tukey’s 
multiple comparisons. T-only treated mice showed increased wet and dry uterine weight 
compared to the control(p<0.001), GnRHa-only (p<0.001), and GnRHa+T (p=0.0009) 
groups. An increase in uterine weight was also observed in GnRHa+T-treated mice 
compared to control(p=0.0086) and GnRHa-only (p=0.0231) groups. Terminal T levels 
were increased in T-only and GnRHa+T groups compared to control and GnRHa-only 



groups (p<0.001).  LH levels were suppressed in T-only and GnRHa+T-treated animals 
compared to controls (p<0.001). GnRHa-only, T-only, and GnRHa+T animals showed a 
lower number of endometrial glands compared to controls (p<0.05). T-only and 
GnRHa+T treatment led to an increase in the endometrial area in relation to controls and 
the GnRHa-only group (p<0.05). mki67 mRNA levels were significantly decreased in T-
only and GnRHa+T-treated animals in relation to control (p=0.01) and GnRHa-only 
(p=0.02) groups. Levels of ar mRNA were also reduced in GnRHa-only, T-only, and 
GnRHa+T groups in relation to controls(p<0.05). A decrease in er-alpha mRNA levels 
was observed in GnRHa+T-treated animals compared to controls (p=0.03). Terminal T 
levels indicate that T levels were elevated throughout the treatment period. T and 
GnRHa+T treatment resulted in a suppression of LH levels suggesting a blockage of the 
hypothalamic-pituitary axis. The lower number of endometrial glands associated with the 
lower mRNA levels of mik64, and er-alpha suggest T treatment prevent uterine 
proliferation.  These preliminary findings suggested GnRHa+T treatment causes a 
uterine disruption in our mouse model, and future protein analyses are needed to better 
address the impacts of this deregulation on uterine function. 
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Abstract: Oncofertility is an emerging field which seeks to understand and prevent the 
adverse off-target effects of cancer treatment on fertility. While the gonadotoxic effects 
of cancer treatments on ovaries is well documented, little is known about the impacts of 
chemotherapy on the uterus. We recently demonstrated that Mullerian Inhibiting 
Substance (MIS) significantly protects the ovarian reserve during chemotherapy, 
suggesting a potential clinical application as a fertoprotectant. While evaluating the 
protective effects of MIS on fertility during Doxorubicin (DOX) treatment, we uncovered 
an unexpected protective effect on the uterus with a significantly reduced rate of birth 
dystocia in MIS-treated mice compared to chemotherapy alone. However, the 
mechanisms of protection of MIS on the uterus remains unknown. To understand the 
effect of DOX and MIS on uterine function, we treated mice at the prepubertal age 
(postnatal day 25) with 2 weekly doses of DOX (3mg/kg) with or without co-treatment 
with recombinant human MIS. We then performed RNA sequencing to investigate the 
transcriptomic effects of DOX in mouse uterus, which revealed an enrichment of genes 
in p53 pathways, cell cycle, and apoptosis. We also showed that MIS attenuated the 
DOX-induced DNA damage response. Our results reveal for the first time how DOX and 
MIS treatment affects the uterus transcriptionally. Furthermore, it supports our 
hypothesis that MIS preserves uterine progenitor cells during DOX treatment. Our study 
suggests that MIS pretreatment may reduce DOX-induced uterine toxicity, thus 
providing a potential treatment to improve not only ovarian but also uterine health in 
young cancer survivors. 
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Heightened levels of estrus activity have been positively related to pregnancy 
outcomes.  Rectal temperature of cattle that had exhibited estrus before insemination at 
a fixed time has been positively related to pregnancy outcome.  Because activity alone 
increases body temperature, the objective of this study was to examine the relationship 
of estrus activity with changes in body temperature.  To this end, estrus was induced in 
nonlactating Jersey cows.  After the use of a pre-synchronization protocol, GnRH was 
administered and a CIDR was inserted for 7 days.  On the day that the CIDR was 
removed and prostaglandin F2a (PGF2a) administered, a Thermochron iButton 
temperature logger that was affixed to a blank CIDR (never impregnated with 
progesterone) was inserted into the vagina. An Onset Pendant G tri-axial accelerometer 



was also attached to the left rear leg.  Devices were set to begin logging data beginning 
12 h after sensor placement and up to 10 to 18 h after the onset of estrus. Onsite 
ambient temperature was recorded using the HOBO U23 Pro v2 data logger.  Initially, 
cattle were visually monitored for estrus activity every 4 h and then more frequently 
after estrus onset. Onset of estrus was defined as the first time a cow stood to be 
mounted by another cow. Estrus activity was estimated by calculating total energy 
(acceleration of x, y, and z axes squared, summed, and then the sum was 
squared).  Variance of energy was estimated per each one-hour interval and termed 
energy variance. Mixed model analysis of variance accounting for repeated sampling of 
individual cows (PROC GLIMMIX, SAS 9.4, Cary, NC, USA) was performed to examine 
the relationship of energy variance and estrus status on the mean hourly vaginal 
temperatures. Average hourly vaginal temperature was 38.73 ± 0.41°C and ranged from 
38.02 to 39.97°C for the Jersey cows utilized in this study (n = 13).  Relevant for the 4 
days after PGF2a administration, the average ambient temperature was 25.76 + 7.93°C 
and ranged from 14.24 to 37.95°C.  Ambient temperature did not influence vaginal 
temperature (P = 0.8784). Estrus category impacted vaginal temperature.  Vaginal 
temperature increased after the onset of estrus and averaged overall 38.97 ± 0.08°C (P 
= 0.0012); pre-estrus versus non-estrus cow means were 38.53 ± 0.08°C and 38.33 ± 
0.26°C, respectively.  Additional analysis showed that per each one hundred unit 
increase in energy variance, there was a 0.02°C increase in vaginal temperature (P = 
0.0474). This positive relationship (energy variance with vaginal temperature increases) 
provides additional support for the level of estrus activity to be functionally important to 
generate the increases in body temperature expected in estrus cows.  This project was 
supported in part by an Agriculture and Food Research Initiative Competitive Grant no. 
2022-67015-36374 from the USDA National Institute of Food and Agriculture. 

P226 - How does the oviductal mesenchyme regulate the cell fate decision of the 
cranial Müllerian duct to become oviductal epithelia?  

Fei Zhao, University of Wisconsin-Madison                                                                                                
Shuai Jia, University of Wisconsin-Madison  

One major cause for female infertility is congenital malformations of female reproductive 
tract organs, which include the oviduct, uterus, cervix, and vagina. The epithelia of all 
female reproductive tract organs derive from the same progenitor, the Müllerian duct. 
Classic tissue recombination studies have demonstrated that the organ-specific 
mesenchyme induces the differentiation of the Müllerian duct epithelium to distinct 
epithelial cell types with distinct morphologies: oviductal ciliated and secretory epithelia, 
uterine luminal and glandular epithelia, and the stratified squamous epithelia in the 
ectocervix and vagina. Mesenchymal factors for determining the fate of the caudal 
Müllerian duct epithelium to become vaginal epithelia have been identified and 
extensively studied. However, the mesenchymal factor(s) that determine the fate of 
cranial Müllerian duct epithelium to become oviductal epithelia remains undefined. The 
oviduct is a coiled tube bridging from the ovary to the uterus and plays crucial roles in 



fertilization, early embryo development and transport. Despite of the critical roles of the 
oviduct in reproduction, we have no knowledge of how the oviductal epithelium acquires 
its identity. To fill in the critical knowledge gap, we used single-cell RNA-sequencing 
(scRNA-seq) analysis to generate a transcriptomic cell atlas of neonatal oviducts and 
uteri (PND3) before the intiation of epithelial differentiation. We found that cell type 
composition was identifcal in the two organs based on expression profiles of established 
cell-type specific markers. Both organs have the epithelium, mesenchyme, mesothelium, 
endothelium, immune cells, and pericytes. Uterine and oviductal cells were separated in 
the mesenchymal cluster but overlapped in the epithelial cluster, suggesting that 
mesenchymal differentiation initiates before the epithelial differentaiton. By comparing 
gene expression between the oviductal and uterine mesenchymes, we identified two 
oviductal mesenchyme-specific growth factors with their respective receptors 
specifically expressed in the oviductal epithelia. These observations suggest that these 
two mesenchymal growth factors could potentially regulate the oviductal epithelial fates. 
We are currently testing the functional signficances of the two oviduct-specific 
mesenchymal factors using tissue-specific knockout mice. When we further dissected 
heterogeneities of the oviductal mesenchyme, we discovered three distinct 
mesenchymal subpopulations in oviducts, which were well distinguished by unique 
marker genes (Wfdc1+, Angptl7+, Nefm+). We are now in process of performing 
RNAscope assays to validate and spatially map these three mesenchymal subtypes in 
the neonatal oviduct. Take together, our results identify novel mesenchymal factors and 
mesenchymal subpopulations that can potentially play critical roles in the cell fate 
decision of the cranial Müllerian duct to become oviductal epithelia, opening new 
avenues to understand female reproductive tract development and related birth defects. 
 

P227 - Fast acting miRNAs - new insight into regulation of extracellular vesicles 
biogenesis at the embryo-maternal interface  

Maria Guzewska, Institute of Animal Reproduction and Food Research Polish Academy 
of Sciences                                                                                                                                                           
Monika Kaczmarek, Institute of Animal Reproduction and Food Research Polish 
Academy of Sciences  
 
Endometrial receptivity is a complex event influenced by several molecular mediators 
including hormones, growth factors or miRNAs. The latter are commonly transported by 
the extracellular vesicles (EVs), which are the heterogeneous population of nanoparticles 
released by different cell types. EVs loaded with various proteins, lipids and nucleic acids 
can cross the intercellular physical barriers playing a crucial role in cell-to-cell 
communication. Multiple pathways are involved in EVs biogenesis, including ESCRT-
complex machinery inside the multivesicular bodies (MVBs). Based on the dynamic 
nature of early pregnancy events governed by embryonic signals (E2/PGE2), we 
hypothesized that EVs biogenesis at the embryo-maternal interface is rapidly modulated 
by embryonic miRNAs after embryonic signaling occurs. 



To verify this hypothesis, we used domestic animal model – Sus scrofa. Luminal epithelial 
(LE) cells were collected from gilts on day 12 of the estrous cycle (n=6). First, we 
investigated the effect of miRNA on target gene - VPS36, a ESCRT-II complex member, 
involved in EVs biogenesis. To this end, cells were transfected in vitro with miR-125b 
mimic and gene expression was tested using qPCR. Further experiments were designed 
to test cell response after 1) exposition to embryonic signals, E2 and PGE2 (24 h), followed 
by miR-125b delivery (12h), or 2) treatment with the above factors added in a reverse 
order. Next, we performed qPCR analysis to verify level of VPS36 mRNA (marker of 
MVBs) and immunofluorescent colocalization of MVBs protein (VPS36+) and EVs marker 
(CD63+) to evaluate the dynamics of EVs biogenesis/transport/release. 
miR-125b delivery decreased expression of VPS36 gene (p=0.0457). Similar LE cells 
response was observed when miRNA was delivered after hormonal treatment (p=0.0418), 
but not when treatments were added in a reverse order. Hormonal treatment delivered 
after miRNA led also to increase of VPS36+ signal (p=0.0111). Further, dynamics of cell-
to-cell communication involving EVs was tested at the edges of LE cells. Significant 
correlation between VPS36+ and CD36+ puncta was observed when miRNA was 
delivered after hormonal treatment (miR-125b: r=0.44, p=0.0350; Ctrl: r=0.73, p<0.0001). 
It was supported by decreased VPS36+ signal intensity (vs. reverse treatment; p=0.0253). 
Loss of correlation between VPS36+ and CD36+ puncta was even more pronounced 
when miRNA was added before embryonic signals (miR-125b: r=-0.22, p=0.3456; Ctrl: 
r=0.81, p<0.0001). Moreover, it was accompanied by increase of VPS36+ and CD63+ 
intensity signals (miR-125b vs. Ctrl; p=0.0111 and p=0.0332, respectively). 
In summary, dynamic nature of EVs biogenesis, transport and release at the embryo-
maternal interface is regulated by fast acting miRNAs. This supposition is supported by 
observation of miR-125b-mediated inhibition of VPS36 abundance in LE, was observed 
even after previous stimulation of its expression by E2 and PGE2. On the other hand, 
hormonal treatment added after miRNA was sufficient to abolish inhibitory action of miR-
125b, probably via E2 action on ERE present within a promoter region of VPS36 gene. Our 
results point at important role of miRNAs present in the uterine environment, acting as 
fast regulatory molecules of EVs biogenesis and release during endometrial response to 
embryonic signals. 
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The biological processes that control endometrial receptivity and embryo implantation 
are critical for the outcome of a successful pregnancy. The endometrium is the inner 
lining of the uterine wall that is under the cyclical control of estrogen and progesterone. 



The bone morphogenetic signaling (BMP) pathway is a highly conserved signaling 
pathway that controls key cellular processes and exerts intracellular effects via the 
SMAD1/5 transcription factors. Previous studies demonstrate that double conditional 
inactivation of SMAD1/5 from the uterine epithelium and stroma resulted in atypical 
endometrial glandular morphology and function as well as infertility due to defects 
during the window of implantation. Paracrine communication between the endometrial 
epithelium and stroma is critical for glandular function and receptivity. To delineate the 
role of stromal BMP signaling on uterine epithelial function, we generated epithelial-
specific conditional deletion of SMAD1/5 using Lactoferrin-cre 
(Smad1flox/flox;Smad5flox/flox;Lactoferrin-cre, “Smad1/5-Ltf-cre mice”). Histological analysis 
of the reproductive tracts showed that Smad1/5-Ltf-cre mice were developmentally 
normal and displayed no defects in glandular morphology at 3-weeks or 6-weeks of age. 
To evaluate fertility, control and Smad1/5-Ltf-cre mice were mated to fertile WT males. 
During a 6-month mating trial, Smad1/5-Ltf-cre mice were found to be severely 
subfertile, generating only 31 pups versus 181 pups generated by the controls (n=7 per 
genotype). To characterize the molecular defects contributing to subfertility in Smad1/5-
Ltf-cre mice, we analyzed pregnant mice at 3.5 days post-coitum (dpc) and 
characterized gene expression of Indian hedgehog (Ihh) and Leukemia inhibitory factor 
receptor (Lifr), known progesterone dependent regulators of endometrial receptivity 
during the window of implantation. We identified that while similar numbers of 
blastocysts were recovered from both groups, the gene expression of Ihh and Lifr were 
significantly decreased in the luminal uterine epithelium of Smad1/5-Ltf-cre mice. At 
4.5dpc, Smad1/5-Ltf-cre displayed decreased implantation rates relative to controls 
(100% vs. 62.5% implantation rates in control vs. Smad1/5-Ltf-cre). There was also a 
significant reduction in the expression of heart and neural crest derivatives expressed 
(Hand2), a critical factor controlling the anti-proliferative action of estrogen during 
implantation. These alterations during the peri-implantation period had detrimental 
effects during the later stages of pregnancy, where implantation site rates were severely 
reduced in Smad1/5-Ltf-cre compared to controls (99.9% vs. 12.5% pregnancy rates in 
control vs Smad1/5-Ltf-cre) with significant reductions in implantation site weight (19.4 
±0.7 vs. 13.4 ±0 mg/ implantation site). The defects during the peri-implantation period 
affected embryonic and decidual development at 5.5 and 6.5dpc, indicating that uterine 
epithelial BMP/SMAD1/5 signaling is essential during early pregnancy and their 
epithelial-specific deletion has adverse effects on stromal cell decidualization and 
pregnancy development.  

These studies were supported by NICHD grants R00-HD096057 (to DM) and R01-
HD032067 (to Dr. Martin Matzuk), and grants NGP10125 and 1016187 from the 
Burroughs Wellcome Fund (to DM). 
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The transforming growth factor beta (TGFβ) signaling pathway has critical roles in the 
transduction of paracrine and autocrine signals that control development, reproduction, 
and cancer. To study the tissue-specific contribution of TGFb signaling in the 
endometrium, we developed mice with conditional deletion SMAD2 and SMAD3 in the 
endometrial epithelium (using Lactoferrin-cre, “Ltf-cre”). We identified that double 
conditional deletion of SMAD2 and SMAD3 in the endometrial epithelium resulted in 
endometrial hyperplasia by 12-weeks of age, with myometrial invasion, metastasis, and 
death by 6-9-months of age. Smad2/3-Ltf-cre mice also lost epithelial PR expression in 
the endometrial epithelium by 12 weeks of age. To study the signaling mechanism that 
controlled the malignant transformation of the glandular epithelium in Smad2/3-Ltf-cre 
mice, we developed 3-dimensional (3D) endometrial organoid cultures from the uterine 
epithelial tissues of control and mutant mice. To test how suppression of TGFβ signaling 
affected endometrial regeneration, 3D endometrial organoids from WT or Smad2/3-Ltf-
cre mice were grown in the presence or absence of the TGFβ receptor inhibitor, 
SB505124. Using these conditions, we identified that WT endometrial organoids 
cultured with the SB505124 inhibitor or from Smad2/3-Ltf-cre mice, developed an 
abnormal lobular morphology. Histological analysis of the endometrial organoids 
showed that organoids cultured with SB505124 or from Smad2/3-Ltf-cre mice, 
developed increased secretory-like cells with increased mucin-1 expression. RNA-
sequencing of the endometrial organoids revealed that a large number of differentially 
expressed genes were conserved between the WT organoids cultured with SB505124 
and those from Smad2/3-Ltf-cre mice. Gene ontology analysis of the differentially 
expressed genes indicated that pharmacological or genetic inhibition of TGFβ signaling, 
resulted in over-representation of gene families related to BMP/SMAD1/5 signaling and 
retinoic acid signaling, with decreased enrichment of WNT/β-catenin signaling. These 
studies indicate that TGFβ-mediated signals are critical to endometrial function and that 
perturbation of this balance results in endometrial cancer. 



These studies were supported by NICHD grants R00-HD096057 (to DM) and R01-
HD032067 (to MMM), and grants NGP10125 and 1016187 from the Burroughs Wellcome 
Fund (to DM). 
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Results of extensive research with beef and dairy cattle suggest distinct differences in 
microbial communities between sections of the female reproductive tract (i.e., vagina 
and uterus). There is limited research on the microbiome of the reproductive tract of 
swine, with most focused on the vagina. Therefore, this study characterized the bacterial 
communities associated with the mucosal surfaces of the vagina, cervix and uterus. 
Duroc x Landrace x Yorkshire gilts (n=12) free of physical, health or reproductive-
related issues were euthanized and hysterectomized during the preimplantation (D11) 
and implantation (D15) stages of pregnancy (Pregnant D11, n=7; Pregnant D15, n=5). 
Sterile swabs were used to collect, in duplicate, samples from the mucosal surface of 
each tissue for storage in microcentrifuge tubes at -80 °C until sequencing. For uterine 
and cervical tissues, a 1 cm incision was made in the same location, exposing the 
endometrium and interdigitating prominences. The sterile swab was rotated 8 times and 
immediately placed in a microcentrifuge tube. For vaginal sampling, a sterile swab was 
inserted 6 inches past the vulva and rotated 8 times. Bacterial DNA extraction and 
genome sequencing targeting the V4 hypervariable region of the 16S rRNA gene was 
conducted by FERA Diagnostics and Biologicals Corp. Statistical analyses were 
conducted using the GLM procedure in SAS. Across all reproductive tissues, the 
phylum Bacteroidetes differed by stage of pregnancy with a greater relative abundance 
at D15 compared to D11 (17.03 ± 1.52% vs 11.99 ± 1.14%, respectively; P=0.02). Within 
this phylum, the relative abundance of genus Prevotella was greater at D15 than D11 
(5.12 ± 0.55% vs. 2.49 ± 0.51%, respectively; P<0.01). Also, within the phylum 
Bacteriodetes, the relative abundance of genera Porphyromonas differed by tissue type 
with a greater relative abundance in the vagina compared to the cervix or uterus (7.19 ± 
0.99% vs. 1.07 ± 0.99% and 1.00 ± 0.99%, respectively; P<0.01). The phylum 
Tenericutes also differed by tissue type with a lower relative abundance in the vagina 
than in the cervix or uterus (0.36 ± 0.25% vs. 1.19 ± 0.25% and 1.03 ± 0.25%, 
respectively; P=0.05); no differences were observed between the cervix and uterus. The 
phylum Fusobacteria differed by tissue type with the relative abundance being greatest 



in the vagina compared to the cervix or uterus (3.31 ± 0.71% vs. 0.22 ± 0.71% and 0.34 
± 0.71%, respectively; P=0.005); no differences were observed between the cervix and 
uterus. Within this phylum, the genus Fusobacterium differed by tissue type with the 
relative abundance being greatest in the vagina compared to the cervix or uterus (3.48 
± 0.73% vs. 0.22 ± 0.73% and 0.34 ± 0.73%, respectively; P=0.005); no differences were 
observed between the cervix and uterus. These results suggest that microbial 
communities differ between the preimplantation and implantation stages of pregnancy 
and among components of the reproductive tract examined. These results support 
those reported for beef and dairy cattle and suggest that focusing solely on the vagina is 
not a holistic approach to assessing the microbiome of the female reproductive tract. 
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The oviduct, or Fallopian tube in humans, is the site of fertilization and pre-implantation 
embryonic development. Current assisted reproductive technologies (ARTs), such as in 
vitro fertilization (IVF), bypass the oviduct. Although most babies born using ARTs are 
healthy, there is an increased risk for epigenetic disorders and diseases later in life. 
Additionally, development is improved when embryos are cocultured with oviduct 
epithelial cells compared to other cell types, demonstrating the importance of the 
oviduct in providing an optimal microenvironment for proper embryonic development. 
Therefore, understanding oviduct function is necessary to identify factors that facilitate 
gamete function, embryonic development, and embryo quality. Extracellular vesicles 
(EVs) are constituents of the luminal fluid in the oviduct and are secreted by oviduct 
epithelial cells. Evidence suggests that oviductal EVs (oEVs) added to cultures improve 
fertilization rates, prevent binding of multiple sperm to a single egg, and aid embryonic 
development. Interestingly, oEVs are thought to mediate crosstalk between cells by 
transferring molecular cargos containing RNA, proteins, and other metabolites. 
Additionally, oEV content varies at different points in the ovarian cycle, suggesting that 
oEV cargo is regulated by estrogen and progesterone. Therefore, we hypothesized that 
oEV protein cargo would vary at different developmental stages in early pregnancy, in 
concordance with hormones and the pregnancy. In this study, oEVs were isolated from 
luminal fluid collected in a non-pregnant control mouse (ovulation only) and during 0.5-, 
1.5-, and 2.5-days post coitus (dpc; after mating), n=3 mice per timepoint. The oEVs 
were then analyzed with nano liquid chromatography mass spectrometry coupled mass 
spectrometry to determine the protein cargos. Our control data showed hundreds of 
overlapping proteins with oEV protein cargo from other published studies. We identified 
approximately 1300 proteins that were shared between all samples. However, there 
were hundreds of unique proteins at each timepoint. Most importantly, our principal 



component analysis showed that oEVs from 0.5-, 1.5-, and 2.5-dpc differed from that of 
our non-pregnant control. These results will be validated using western blotting to 
confirm unique proteins at each time point as well as to verify changes in abundance of 
proteins of interest. Transmission electron microscopy will be used to evaluate the 
structure and size of oEVs, as steroid hormones have been shown to affect oEV 
structure. It has been established that the addition of oEVs to culture improve outcomes 
of ARTs, but it is not feasible to collect oEVs from healthy young women. Therefore, 
these data may help to identify critical factors in the oviduct that are important for 
specific embryo developmental stages missing from cultures and to improve success 
rates of ARTs procedures. 
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Stephan Wildeus, Virginia State University                                                                                     
Thomas Murphy, USDA-ARS Meat Animal Research Center  

In the livestock industry, ruminant males are submitted for breeding soundness 
evaluations (BSE) prior to the breeding season and can be tested again after the 
breeding season. Post-breeding BSEs can be performed to determine negative impacts 
of the environment or poor fertility following the breeding season. Yearling males are 
commonly used in a breeding program, and it is not well known how their fertility 
maintains over a breeding season. Preliminary data from our lab demonstrated the 
impacts of a 28-d breeding season on yearling bull performance compared to bulls that 
were not utilized for breeding. Yearling bulls utilized for breeding had a reduction in 
sperm concentration per mL and reduced spermatic kinetics after breeding compared 
to bulls not utilized for breeding. This led us to investigate if breeding season and age 
impacts other ruminant males (i.e., sheep) for sperm production and kinetic evaluation. 
The objectives were to evaluate differences in ram sperm cell parameters before and 
after a 21-d breeding season. Semen was collected by electroejaculation from the same 
group of Composite-IV rams before (n=24) and after (n=21) the breeding season, (a 50-
d interval), and analyzed by a computer-assisted sperm analysis (CASA) system. Traits 
were modeled as repeated measures with fixed effects of age class (young: 2.6 ± 0.01 
yr vs. mature: 4.2 ± 0.8 yr), collection timepoint (pre- vs. post-breeding), and their 
interaction with ram as a random effect. The age class x collection timepoint interaction 
was only significant for progressive motility (P=0.05) due to a decrease from pre- to 
post-breeding within young rams (47 vs. 34%; P = 0.04) that was not observed in mature 



rams (P=0.42). The main effect of age class did not influence any sperm cell parameter 
evaluated (P≥0.23). Presence of proximal droplets (2.2 vs. 77%), bent tails (2.1 vs. 
7.7%), and coiled tails (0.4 vs. 2.3%) increased from pre- to post-breeding (P<0.001). 
Within motile sperm, mean head area increased from pre- to post-breeding (15 vs. 37 
μm2) and reduced sperm head elongated (0.46 vs. 0.34; P < 0.001). A reduction was 
also observed for sperm motion and velocity traits: distance on an average path (DAP; 
84 vs. 65 μm), velocity on an average path (VAP; 191 vs. 161 μm/s), and straightness 
(89 vs. 83%) from pre- to post- breeding analysis (P<0.001). Progressive motility is 
decreased in young rams after the breeding season, while mature rams remained 
constant. This can be attributed to reduced maturity and potential inability to perform 
during a 35-d breeding season. Sperm kinetic parameters DAP and VAP were reduced 
in rams after the breeding season independent of age. These results could be due to 
constant production of sperm without the time required for complete maturation during 
the breeding season, indicated by increased presence of proximal droplets. Future 
evaluations will consider the relationship of sperm cell characteristics over time with 
siring capacity of rams in competitive mating environments. USDA is an equal 
opportunity provider and employer. 
 

P234 - Goat Sperm Zinc Signature  

Kourtney Grimm, Iowa State University                                                                                             
Alexander Keller, Iowa State University                                                                                                       
Dr. Karl Kerns, Iowa State University                                                                                                                
Dr. Tyler Dohlman, Iowa State University  

Building on our recent discovery of the sperm zinc signature phenomenon in boar, bull, 
and man [1], we have characterized the localization of zinc ions in goat spermatozoa. 
Sexually mature goats were collected at Iowa State University’s Lloyd Veterinary 
Medical Center, extended with IMV Technologies OptiXcell extender, and cooled to +5° 
until the time of analysis. Sperm motility, morphology, and concentration were recorded 
before analysis. Five million spermatozoa were labeled with zinc indicator FluoZin-3 AM 
(FZ3); acrosome health indicator lectin PNA-Cy5 (PNA); live/deal cell, plasma 
membrane-integrity reflecting DNA stain propidium iodide (PI); and DNA marker 
Hoechst 33342. The cells were analyzed and imaged using a Lecia DM6 THUNDER 
epifluorescent microscope system. Previous research in boar and man revealed four 
zinc signatures [1]. The zinc signatures were briefly as follows: high presence of zinc in 
the sperm head and the entirety of the tail (signature 1), medium level presence in the 
sperm head and the midpiece of the tail (signature 2), zinc presence in the tail midpiece 
only (signature 3), and no zinc presence in any part of the sperm cell (signature 4). In 
addition to these four signatures, there was also a fifth signature found in bull semen 
with zinc localizing to the sperm acrosome. All five signatures were present in goat 
along with one new localization pattern with zinc localized to the entirety of the sperm 
head with no localization to the sperm tail (Signature 6). Similarly, to bull, we also saw 



combinations of signature 3 and 5 (midpiece and acrosome zinc localization). These 
signatures were confirmed by imaging 20,000 sperm cells/sample with high throughput, 
single cell phenotyping provided by an ImageStreamX Mark II image-based flow 
cytometer. In previous sperm zinc signature studies on boar and man, there was 
discovery of zinc localization patterns associated with key sperm capacitation events 
such as hyperactivation, changes in plasma membrane integrity, acrosomal modification 
and exocytosis, and capacitation-associated cell death.  Knowledge gained here could 
help assess goat fertility status given the zinc signature is indicative of boar and bull 
fertility, which could pave the way for more accurate semen quality analysis. Research 
was supported by the National Institute of Food and Agriculture, U.S. Department of 
Agriculture under grant number 2022-67015-36298 (KK). 

[1] Kerns K. et al. Zinc ion flux during mammalian sperm capacitation. Nature Comm. 9, 
2061 (2018). 
 

P235 - Functional characterization and localization of the Binder of Sperm Proteins 
in motile and non-motile sperm fractions  

Edgar Diaz Miranda, University of Missouri and Universidade Federal de Viçosa                                                                                               
Lauren Hamilton, University of Missouri                                                                                                 
Michal Zigo, University of Missouri                                                                                                                                  
Jose Guimarães, Universidade Federal de Viçosa                                                                                
Peter Sutovsky, University of Missouri  

Binder of sperm proteins (BSPs) are the major protein family found in bovine seminal 
plasma and on the ejaculated sperm surface and are secreted by the seminal vesicles 
and epididymis. Functionally, BSPs play important roles in processes such as the 
formation of the oviductal sperm reservoir and sperm capacitation. However, previous 
studies have also shown that BSPs are enriched in defective spermatozoa. Therefore, 
we aim to characterize the localization and abundance of the BSPs in motile and non-
motile sperm fractions after gradient separation and investigate whether BSP 
enrichment correlates with changes in sperm membrane integrity. These studies were 
performed using image-based flow cytometry (IBFC) and indirect immunofluorescence 
with a set of meticulously characterized custom polyclonal antibodies. Semen straws 
were thawed at 35.5°C for 60 sec, centrifuged on a 45%/90% discontinuous Percoll 
gradient, and both fractions were recovered. Each fraction is then incubated with 
propidium iodide (PI) and fluorescently conjugated-peanut agglutinin (PNA), to assess 
plasma membrane and acrosomal integrity, respectively, before fixation. Additional 
labeling after fixation, was performed with individual antibodies against BSP1, BSP3, or 
BSP5, and a DNA stain, DAPI. Three distinct sperm populations were found in all 
samples according to the abundance of BSPs; (1) BSP negative, (2) moderate intensity 
of BSPs (BSP+), and (3) high intensity of BSPs (BSP++). In BSP+ sperm populations, 
BSP1 and BSP3 bound predominately to the sperm head in the acrosomal area, 



whereas BSP5 had a high affinity for the sperm tail midpiece. However, in BSP++ sperm 
populations, the entire spermatozoon was labeled regardless of which BSP was 
assessed. There were no differences in the abundance of all BSPs in the non-motile 
fractions; however, in the motile fractions, there were fewer BSP5++ cells compared to 
BSP1++ and BSP3++ cells (p < 0.05). The differences in abundance and localization of 
specific BSPs may be due to differential binding affinities towards the sperm surface, 
since BSP1 and BSP3 have the same affinity for choline phospholipids, whereas the 
BSP5 also binds phosphatidylserine. Interestingly, the motile fractions showed a high 
percentage of spermatozoa without BSPs when compared to the non-motile fractions. 
Differences in BSP abundance in spermatozoa could be derived from plasma 
membrane changes, such as phospholipid: cholesterol ratio, plasma membrane 
disorganization due to cryopreservation, and/or lipid peroxidation. Plasma membrane 
changes are an essential feature of sperm capacitation and may be needed to increase 
BSPs binding prior to the formation of the sperm reservoir. However, defective 
spermatozoa could undergo capacitation-like membrane changes prematurely, driving 
an increase in the BSPs abundance, and making the BSPs a potential biomarker for 
sperm defects. 

Supported by grants number NIH 1R01HD084353 and 2021-67015-33404 from USDA-
NIFA to PS, Lalor Foundation postdoctoral fellowship to LEH and CAPES Foundation 
PhD Fellowship to EADM. 
 

P236 - Analysis of Extended Boar Semen Microbiome by Progressive Motility  

Brooke McAnally, Texas A&M University                                                                                                            
Molly Smith, Texas A&M University                                                                                                         
Jeffrey Wiegert, Texas A&M University                                                                                                      
Rebecca Poole, Texas A&M University  

Extensive research has been conducted in human semen microbiome linking dysbiosis 
(i.e., increase in pathogenic bacteria such as Prevotella) to decreased sperm motility 
and male infertility. The objective of this study was to analyze the microbiome of 
extended boar semen samples based on treatment group assignments determined by a 
65% progressive motility threshold. A total of 16 extended fresh boar semen doses 
(80mL per dose) were obtained from boar studs one day after collection. Doses were 
obtained from two different studs and contained semen from either one or multiple sires. 
Each dose was subsampled (16mL) daily for 5 days post-collection and considered 
individual observations (n=80) for microbiome analysis and sperm motility assessment. 
Each day, 5mL were flash-frozen and stored at -80°C for bacterial analysis targeting the 
V4 hypervariable region of the 16S rRNA gene. Total bacterial load was calculated as 
the log10 transformation of the bacterial gene copies for data normalization. The 
remaining 11mL were used to assess sperm progressive motility by two evaluators with 
an average of 10 visual estimates per sample. Doses were stored at 16°C between 



sampling and resealed using parafilm laboratory film to prevent environmental 
contamination. Treatment groups were assigned based on individual samples’ 
progressive motility. Samples were deemed “Acceptable” if progressive motility was 
greater than or equal to 65% (n=43; mean=80.4%) or “Unacceptable” if progressive 
motility was less than 65% (n=37; mean=45.9%). To further validate treatment 
assignment, the percent live to dead sperm cells were determined by trypan blue stain 
(0.2%) and phase-contrast microscopy with 200 sperm cells counted per sample. 
Statistical analyses were conducted using GLM procedure in SAS with statistical 
significance defined at P<0.10 and statistical tendency defined at P<0.15 based on post-
hoc power analysis. Neither boar stud of origin nor sire significantly (P>0.10) impacted 
results and were removed from analysis in a stepwise manner. Live to dead ratio was 
greater in the Acceptable group than the Unacceptable group (88.6% vs. 86.8% ± 0.6%, 
respectively; P=0.03). Total bacterial load was greater in the Unacceptable group than 
the Acceptable group (4.3 vs. 4.0 ± 0.1, respectively; P<0.01). The relative abundance of 
the phyla Bacteroidetes tended to be greater in the Unacceptable group than the 
Acceptable group (6.9% vs. 5.9% ± 0.5%, respectively; P=0.14). Within this phylum, the 
Unacceptable group tended to exhibit greater relative abundance of the genera 
Prevotella (2.0% ± 0.3% vs. 1.5% ± 0.2%, respectively; P=0.13) and Bacteroides (1.5% 
vs. 1.1% ± 0.2%, respectively; P=0.15) than the Acceptable group. Additionally, the 
genus Comamonas tended to be greater in the Unacceptable group compared to the 
Acceptable group (1.2% vs. 1.0% ± 0.1%, respectively; P=0.10). The genus 
Acinetobacter was found in greater abundance in the Acceptable group than the 
Unacceptable group (2.4% ± 0.6% vs. 0.2% ± 0.7%, respectively; P= 0.04) and 
increased by day (P=0.09). These results suggest an increase in certain bacterial 
populations may be associated with differences in the progressive motility of extended 
fresh boar semen. 
 

P238 - Elevated expression of immunomodulatory LAIR2 in male (XY) trophoblasts 
potentiates uterine immune cell activity  

Barbara Castellana, University of British Columbia                                                                                      
Matthew Shannon, University of British Columbia                                                                                            
Alexander Beristain, University of British Columbia  

Feto-maternal tolerance and placental development are controlled in part by 
trophoblast-immune cell interactions. Invasive trophoblast subtypes, called extravillous 
trophoblasts (EVTs), communicate with subsets of uterine leukocytes through physical 
cell-cell interactions as well as through the production and secretion of 
immunomodulatory factors. Interestingly, the genetic sex of the developing fetus and 
placenta results in sex-specific biases in pregnancy outcomes. For instance, 
pregnancies with an XY fetus/placenta show exaggerated immune responses to 
inflammation and infection, suggesting that the genetic sex of the placenta and its cells 
(e.g, trophoblast) may uniquely program maternal immune cell function. As a first step to 



address whether trophoblast sex underlies altered programming of maternal immune 
cells, we examined trophoblast gene signatures using publically available single-cell 
RNA-seq datasets derived from 6 XX and 5 XY first trimester chorionic villi samples. 
These analyses identified hundreds of differentially expressed genes between XX and 
XY trophoblasts, including immunomodulatory LAIR2 expressed at higher levels in XY 
EVTs. The functional role of LAIR2 was next tested, where mixed decidual immune cell 
cultures isolated from first trimester decidual specimens were treated with recombinant 
(r)LAIR2 (5 ug/ml) in the presence or absence of endotoxin challenge 
[lipopolysaccharide (LPS), 100 ng/ml]. While LPS treatment strongly induced levels of 
CD69 (a measure of immune cell activation) in uterine NK and macrophages, rLAIR2 
resulted in only a modest increase in decidual immune cell CD69 levels; rLAIR2 
treatment did not further potentiate the activating effect of LPS on immune cell activity. 
Our results suggest that genetic sex differences related to trophoblast gene expression 
may result in altered baseline regulation of maternal immune cells. This work shows that 
LAIR2, overexpressed by XY EVTs, potentiates uterine immune cell activities, 
highlighting that this biological sex difference may underlie sex-specific differences in 
normal pregnancy, as well as in placental responses to infection and inflammation. 

 P239 - Mouse and Human Sperm Import Zinc from the Seminal Fluid  

Rachel Bainbridge, University of Pittsburgh                                                                                                    
Joel Rosenbaum, University of Pittsburgh                                                                                                
Anne Carlson, University of Pittsburgh  

Mammalian sperm are distinguished from sperm from other animals in that they are 
unprepared to fertilize at mating and must acquire the ability to fertilize after spending 
time in the female reproductive tract. There they undergo processes collectively 
referred to as capacitation. Sperm encounter high zinc concentrations at two stages of 
capacitation: when mixed with seminal fluids, and when meeting an already-fertilized 
egg, but how zinc interacts with capacitating processes is unknown. We seek to better 
understand how the sperm interacts with increased extracellular zinc which it will 
encounter during mating. Seminal fluid reportedly includes 1-3 mM total zinc, which is 
100-fold more concentrated than other parts of the body. Using FluoZin-1 fluorescence 
on protein and cell free seminal fluid, we found that labile zinc concentrations to be 
9.6 ± 0.4 mM for pig semen (N=8 independent trials) and 5.0 ± 0.7 mM for human (N=3 
independent trials). Using the intracellular zinc indicator, FluoZin3-AM, we observed 
increased intracellular zinc when mouse (N=4 independent trials) or human (N=3 
independent trials) sperm are exposed to 10 mM extracellular zinc. This elevated 
cytoplasmic zinc persisted following wash off of extracellular zinc. Intracellular zinc was 
depleted with both application of zinc chelators (N=3-4 independent trials) and 
treatment with capacitating conditions (N=3 independent trials). These data demonstrate 
that mouse and human sperm are capable of transporting in and maintaining physiologic 
concentrations of zinc, and that changing conditions, typical to encounter during the 
traversal through the female reproductive tract, alter the intracellular zinc levels within 



the sperm. Together these data give us a more complete view of sperm-zinc interactions 
during the capacitation.  
 

P240 - Investigating the function of POC1B in the sperm centrioles of rabbits.  

Katerina Turner, The University of Toledo                                                                                               
Sushil Khanal, The University of Toledo                                                                                                         
Luke Achinger, The University of Toledo                                                                                                          
Emily Fishman, The University of Toledo                                                                                                                                     
Genevieve Jolivet French, National Institute for Agriculture, Food, and 
Environment(INRAE) Tomer Avidor-Reiss, The University of Toledo  

Many mechanisms underlying male infertility remain elusive. One poorly understood 
mechanism is the sperm centrioles. The sperm of humans, cattle, and rabbits have two 
distinct centrioles, one with a typical structure, the Proximal Centriole (PC), and one with 
an atypical structure, the Spermatozoa Distal Centriole (SDC), which is attached to the 
tail Axoneme (Ax). To become atypical, the SDC undergoes a dramatic remodeling in 
both its structure and composition during spermatogenesis; the centrosomal luminal 
proteins such as FAM161A and POC1B are remodeled into two, bifurcated rods, and 
the microtubules of the SDC splay out. Despite being atypical, both centrioles are 
functional in the spermatozoa and zygote. The SDC rods are dynamic structures and 
slide relative to one another during sperm swimming. However, the remodeling 
mechanism, the role of the rods during sperm swimming, and the contribution of the 
SDC to zygote health are unknown – therefore a genetic model is needed. Rabbits are 
an ideal genetic model because their sperm resembles that of humans and cattle, unlike 
mice which have no recognizable sperm centrioles. To date, rabbits have been 
underutilized as model organism for a range of human diseases. To investigate the SDC 
rods we created a novel rabbit genetic model with a partial deletion of one of the SDC 
rod proteins, POC1B. CRISPER Cas9 and guide RNAs targeted to intron 11 
of poc1b resulted in a 65 base pair deletion, which translates to 78 amino acids missing 
from POC1B’s C-terminus. This partial loss-of-function was generated to ensure that the 
rabbits could survive to puberty. In the homozygote mutant, POC1B does not localize to 
either the PC or the SDC, the structure of the FAM161A labeled rods are altered and, 
relative to each other, the rods do not slide during sperm tail beating. This indicates that 
POC1B is essential for normal rod structure and function. Our preliminary data has 
found that POC1B is not essential for rabbit fertility in a laboratory environment. 
Whether POC1B and rod sliding are essential for optimal sperm function under more 
strenuous conditions is not yet known. Further investigation into the essential role of 
POC1B and the SDC rods in centriole remodeling, sperm motility, and zygote health has 
and will shed light on an inadequately investigated mechanism of male infertility. 
 



P242 - Sperm Centriole Assessment Identifies Male Factor Infertility in Couples 
with Unexplained Infertility  

Ankit Jaiswal, University of Toledo                                                                                                        
Tatiana Baliu-Souza, University of Toledo                                                                                                  
Katerina Turner, University of Toledo                                                                                                 
Nagalakshmi Nadiminty, University of Toledo                                                                                        
Amarnath Rambhatla, Henry Ford Health System                                                                                      
Ashok Agarwal, Cleveland Clinic                                                                                                                        
Stephen Krawetz, Wayne State University School of Medicine                                                                
James Dupree, University of Michigan                                                                                                        
Barbara Saltzman, University of Toledo                                                                                                
Samantha Schon, University of Michigan                                                                                                    
Tomer Avidor-Reiss, University of Toledo  

Unexplained infertility affects about one-third of infertile couples and is defined as the 
failure to identify the cause of infertility despite extensive evaluation of the male and 
female partners. The lack of robust and sensitive assays beyond traditional semen 
analyses potentially contributes to the incidence of unexplained infertility. Therefore, 
there is a need for a multiparametric approach to study sperm function beyond a gross 
assessment of sperm concentration, motility, and morphology. Recently, we developed a 
Fluorescence-Based Ratiometric Analysis of Sperm Centrioles (FRAC) assay to 
determine sperm centriole quality. Here, we perform a pilot study of sperm from 10 
fertile men and 10 men in couples with unexplained infertility, using three centriolar 
biomarkers measured at three sperm locations from two sperm fractions, representing 
high and low sperm quality. We found that FRAC can identify men from couples with 
unexplained infertility as the likely source of infertility. Higher quality fractions from 10 
fertile individuals were the reference population. All 180 studied FRAC values in the 10 
fertile individuals fell within the reference population range. Eleven of the 180 studied 
FRAC values in the 10 infertile patients were outliers beyond the 95% confidence 
intervals (P= 0.0008). Three men with unexplained infertility had outlier FRAC values in 
their higher quality sperm fraction, while four had outlier FRAC values in their lower 
quality sperm fraction (3/10 and 4/10, P=0.060 and P=0.025, respectively), suggesting 
that these four individuals are infertile due, in part, to centriolar defects. Finally, 
combining our current data with data from past studies suggests that FRAC is a robust 
method for identifying various forms of male factor infertility. We propose that a larger 
scale study should be performed to determine the ability of FRAC to identify male factor 
infertility and its potential contribution to sperm multiparametric analysis. 
 

 

 



P243 - Intrinsic Expression of RNF216 in Male Germ Cell Populations is Required 
for Spermatogenesis and Fertility  

Jeffrey Mann, Michigan State University                                                                                                               
Chen Chen, Michigan State University  

Male infertility may be attributed to disruptions in spermatogenesis caused by genetic 
mutations, culminating in substantial financial and emotional burdens when trying to 
conceive. Ring finger protein 216 (RNF216) is a reported E3 ubiquitin ligase in the RING-
between-RING (RBR) subfamily with mutations identified in patients afflicted with 
Gordon Holmes Syndrome. Along with presented ataxia and hypogonadotropic 
hypogonadism exhibited in humans, global deletion of ubiquitous RNF216 in murine 
models revealed essentiality of RNF216 in male fertility. However, the cell-specific 
mechanisms of RNF216 in male infertility etiology are incomplete. To further investigate 
its role independently of the hypothalamic-pituitary-gonadal axis, we generated a germ 
cell-specific conditional knockout (cKO) mouse model. RNF216 cKO mice exhibit a 
strikingly progressive germ cell degenerative phenotype in seminiferous tubules. Drastic 
germ cell loss also contributed to decreased testis mass and size. Furthermore, 
seminiferous tubule lumen and epididymal sections exhibit azoospermia, prompting 
infertility in adults. This suggests germ cell RNF216 expression is paramount for proper 
germ cell function and subsequent organismal fertility. In addition, immunofluorescence 
of epitope tagged RNF216 mice testes revealed temporal and predominant nuclear 
localization notably in spermatogonial stem cells (SSCs). Its expression and localization 
in these early stem cells suggest key actions of ubiquitination in early gonadal 
development and SSC biology. In conclusion, these mouse models indicate RNF216 has 
an intrinsic and crucial role in male germ cells and this cell-specific function is required 
for fertility. Together, these results will help further elucidate the molecular mechanisms 
of RBR E3 ubiquitin ligases in infertility and male reproduction. 
 

P244 - Exposure of cannabis vapor in utero and nursing affects reproductive 
functions in male offspring.  

Aubrey Schatz, Washington State University                                                                                             
Mingxin Shi, Washington State University                                                                                             
Tristin Herup-Wheeler, Washington State University                                                                             
Liang Zhao, Washington State University                                                                                                    
Olivia Witherspoon, Washington State University                                                                                   
Greta Langholt Washington State University                                                                                           
James MacLean II, Washington State University                                                                                     
Kanako Hayashi, Washington State University  

In recent years, the United States has been moving toward increased legalization of 
medical and recreational use of cannabis, such that over 48 million Americans ages 12 



and older have reportedly used cannabis. Unsurprisingly, there has also been an 
increase in reported adverse health effects correlating with cannabis consumption. 
Although cannabis is known to induce psychoactive effects, its impacts and effects on 
reproduction are not well characterized. Our recent studies have revealed that adult 
male mice exposed to cannabis vapor exhibit reduced sperm counts in not only F0 
males but also F1 offspring. Additionally, paternal cannabis exposure showed increased 
DNA damage and altered DNMT1 expression in F1 neonatal germ cells. Therefore, we 
sought to assess the effect of in utero and nursing cannabis exposure on male 
reproductive function, as approximately 7% of women use cannabis throughout 
pregnancy (5.3% daily) and 12% during the first trimester. We first determined the 
conditions of cannabis vapor exposure for pregnant and nursing females. Adult CD-1 
females were exposed to control vehicle, 150 or 300 mg/ml cannabis extract under the 
conditions of 3 sec each puff and every 2 min of burning for an exposure duration of 
either 30 or 60 min. Within 10min of the 30min cannabis exposure the levels of Δ9-
tetrahydrocannabinol (THC) reached 102.1 ng/ml for the 150 mg/ml dose and 
188.2ng/ml for the 300mg/ml dose. In conjunction with this 10 min into the 60min 
exposure THC levels reached 156.8ng/ml for the 150mg/ml dose and 331.4ng/ml for the 
300mg/ml dose. Because THC levels rise rapidly in blood and peak within 3-10 min at 
levels of 70-100 ng/ml after smoking or vaping in humans, we chose a dose of 150 
mg/ml for 30 min cannabis exposure for further study. Next, pregnant mice (F0) were 
exposed to vaporized vehicle or cannabis extract (150 mg/ml), twice a day from 
gestational day (GD) 1 (plug = GD1) to postnatal day (PND) 21. We confirmed that the 
selected dose and exposure condition did not disrupt pregnancy and nursing in 
cannabis-exposed F0 females. Furthermore, pregnancy and neonatal outcomes, 
including litter size and sexual ratio, were not affected by cannabis exposure. However, 
we observed F1 pups were smaller than control pups. Their body weights were 
significantly reduced from neonate to adult. When F1 males were bred with drug-naïve 
CD-1 females to examine fertility, most cannabis-exposed F1 males were able to 
produce the next offspring (F2), however, a few did not. Furthermore, cannabis-exposed 
F1 males had significantly reduced sperm counts. Because DNMT1 expression was 
altered in F1 neonatal testis by paternal cannabis exposure in our previous study, we 
performed reduced representation bisulfite sequencing (RRBS) with F1 neonatal testis 
on PND4 and found a total of 19,770 differentially methylated regions (DMRs) with q 
value <0.01 and ≥25% difference in methylation percentage. These results suggest that 
in utero and nursing cannabis exposure elicit effects on male reproductive functions 
disrupting fetal and neonatal testis development potentially via epigenetic alterations. 
Supported by the State of Washington Initiative Measure No. 171. 
 

P245 - The Development of New Biomarkers of Spermatozoa Quality in Cattle  

Lindsey Fallon, University of Missouri                                                                                                       
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Edgar Diaz-Miranda, University of Missouri and Universidade Federal de Viçosa                                              



Michal Zigo, University of Missouri                                                                                                        
Peter Sutovsky, University of Missouri                                                                                                       
Thomas Spencer, University of Missouri                                                                                                        
M. Sofia Ortega, University of Missouri  

There is currently an outstanding need for the development of reliable biomarkers of 
spermatozoa quality in the cattle industry. Presently, sperm evaluations that are 
performed during semen processing only assess crude morphological features and 
motility. Although these provide some insight into the spermatozoa’s ability to reach an 
oocyte, they lack the ability to differentiate which spermatozoa will successfully 
contribute to a viable embryo past the penetration of the vitelline membrane. 
Additionally, biomarkers independent of sire conception rate (SCR) would be most 
beneficial to the industry due to SCR being determined by day 70 pregnancy rates 
following 300 services. Therefore, an alternative to SCR would allow the biomarkers to 
be used as a selection tool prior to servicing females. This study aims to identify 
potential biomarkers of sperm quality, using sires that have previously been classified to 
be either high (n=4) or low (n=4) performing at producing blastocysts in an in vitro 
culture system, independent of their SCR value. First, fertilization rates were determined 
by staining presumptive zygotes with nuclear stain Hoechst 33342 to identify pronuclei. 
No difference was found between high (75-100 zygotes) and low (75-100 zygotes) 
performing groups (P>0.05). Next, DNA damage was assessed in approximately 1200 
spermatozoa per group, using a TUNEL assay. Data were analyzed using a logistic 
regression model and expressed as least squares means ± standard error. Spermatozoa 
from high performing sires had significantly lower (P<0.0001) incidence of DNA damage 
(17.67±7.48%) compared to those from low performing sires (28.85±6.68%). 
Additionally, sperm morphology assessments were performed on approximately 480 
sperm cells per group, which included differential interference contrast (DIC) and 
fluorescent imaging following immunocytochemistry (ICC). Fluorescent probes targeting 
the nucleus (H33342), acrosome (PNA lectin), and aggresome/aggregated protein 
content of the spermatozoa were used. No differences in acrosomal defects were found 
between groups (P>0.05). Interestingly, high-performing sires had significantly lower 
incidence of aggresomes (P<0.0001) being located in the head (14.38±1.63%) 
compared to low sires (24.41±1.91%). In spermatozoa, it is expected to find aggresomes 
only in the sperm tail midpiece— the mitochondrial sheath. Increased defective protein 
aggregation in the sperm head may be indicative of damage and an increased cellular 
stress response. At the time of abstract submission, image-based flow cytometry is 
being employed to quantify the incidence of acrosomal defects and protein 
aggregation—as well as reactive oxygen species (ROS) content, cryo-capacitation state, 
and membrane integrity. Preliminary flow cytometry data show a correlation between 
the percentage of PI (a commonly used marker for membrane integrity) positive cells 
and those with ROS localized in the sperm head. As with aggresomes, we expect to find 
ROS in the midpiece where they are produced during oxidative phosphorylation in the 
mitochondria. It has yet to be determined if spermatozoa with this defective correlation 
segregate by fertility classification. This ongoing study has already shown promising 



results for the development of a reliable biomarker. Supported by NIH Grant 
No.1R01HD084353, Lalor Foundation postdoctoral fellowship, and USDA-NIFA AFRI 
Grant No.2019-67015-28998. 
 

P246 - GnRH-II and its receptor influence sperm morphology and kinematics  
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Pigs are the only livestock species encoding a functional protein for the second form of 
gonadotropin-releasing hormone (GnRH-II) and its receptor (GnRHR-II). GnRHR-II is 
localized to the connecting piece of ejaculated sperm, whereas GnRH-II is detected 
within seminal plasma. To examine this possible interaction and its influence on sperm 
function, we produced a swine line with reduced endogenous expression of GnRHR-II 
(GnRHR-II KD). Our objective was to determine the effects of a GnRH-II agonist (D-ala6 
GnRH-II), an antagonist of both GnRHR-I and GnRHR-II (SB-75), or a combination of 
both analogues, on sperm characteristics of GnRHR-II KD and littermate control boars. 
Ejaculates were collected (day 0) from GnRHR-II KD (n = 3) and control (n = 3) boars 
and extended (37.5 x 106 sperm/mL) in Beltsville Thaw Solution. Extended semen from 
each boar was treated with: 1) 85 µM D-ala6 GnRH-II (GnRH-II); 2) 10 µM SB-75 (SB-75); 
3) 85 µM D-ala6 GnRH-II + 10 µM SB-75 (GnRH-II + SB-75); or 4) dimethlysulfoxide 
alone (vehicle). Treated samples were stored at 17oC and computer-assisted sperm 
analysis (CASA; IVOS II Animal) performed on day 3, 5, and 7 of storage to examine 
measures of sperm motion, morphology, and kinematics. Data were analyzed using the 
MIXED procedure of SAS; models included day, treatment, line, and their interactions as 
fixed effects, time as the repeated measure, and day 0 measurements as covariates. 
Only day*line and day*treatment interactions were detected. A higher beat cross 
frequency (P ≤ 0.04) and tendency for less linearity (P = 0.07) were observed in sperm 
from GnRHR-II KD boars versus controls on day 7, but there were no line differences for 
these kinematic measures on day 3 or 5. For day*treatment interactions, treatment of 
extended semen with SB-75 reduced (P < 0.05) the number of sperm possessing 
normal morphology (NM), whereas treatment with GnRH-II + SB-75 only tended (P = 
0.09) to decrease sperm NM, when compared to vehicle-treated samples on day 3. By 
day 5 and 7, NM was diminished (P < 0.0001) in sperm from semen doses treated with 
SB-75 and GnRH-II + SB-75 as opposed to samples treated with vehicle. No differences 
in the NM of sperm were detected between extended semen treated with GnRH-II or 
vehicle during any day of analysis. Another kinematic measure of sperm, straightness 
(STR), was not altered by any treatment on day 3 or 5; however, by day 7, sperm from 
semen doses treated with SB-75 exhibited reduced (P = 0.01) STR relative to vehicle-
treated samples. Thus, GnRH-II partially (NM), or fully (STR), rescues sperm from the 



antagonistic effects of SB-75 in extended semen. Together, these data suggest GnRH-II 
interacting with its receptor on sperm support normal sperm morphology and kinematic 
characteristics, potentially impacting the fertilizing capacity of sperm. Supported by 
USDA/NIFA AFRI (2017-67015-26508) funds. USDA is an equal opportunity provider 
and employer.  
 

P247 - Centriole Remodeling Gradually Evolved into Centriole Reduction During 
Rodent Sperm Evolution  
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Centrioles are subcellular organelles with an evolutionarily conserved rigid structure and 
a shock absorber-like function at the cilium base. Yet, mammalian sperm centrioles have 
evolved diverse structures, sometimes acting as part of a transmission system 
connecting the tail to the head, as in bovine, and at other times, becoming dispensable, 
as in house mice. Here, we show that mammalian sperm centriolar diversity was 
produced through a gradual evolutionary change in the centriole remodeling program 
during spermiogenesis. The centriole remodeling program began with enrichment and 
species-specific elongation of centriole luminal proteins in all studied mammals. Later, 
these proteins formed two distinct centriolar rods in most basal mammals. In contrast, 
the program transitioned to a centriole reduction program in house mice. This transition 
from remodeling to reduction is associated with a change in the sequence of the 
centriole luminal protein FAM161A and the appearance of a mouse testis-specific 
FAM161A isoform with modified function in the Muridae family of rodents. Altogether, 
our data suggest that the transition from sperm centriole remodeling in mammals to 
centriole reduction in mice is associated with a change in centriolar proteins structure 
and function. 
 

P248 - Role of Kelch-Like Family Member 14 (KLHL14) in bovine spermatogenesis 
via acrosome biogenesis and morphology  
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Dysregulation of spermatogenesis can result in aberrant sperm morphological 
phenotypes and ultimately affect the functional capabilities, fertilizing potential and 
overall fitness of spermatozoa. While spermatozoon development and function can be 
impacted by environmental and lifestyle factors such as nutrition, several defects have 
been shown to have an underlying genetic cause. Previous studies have shown that 
acrosomal defects, in particular, can lead to sperm functional deficiencies in their ability 
to bind to the zona pellucida, undergo acrosomal exocytosis and ultimately fertilize the 
oocyte. We have identified a small cohort of genetically related Holstein bulls whose 
spermatozoa presented with a high percentage of inwardly protruding knobbed 
acrosomes when morphologically assessed at high lens magnification (100X) using a 
combination of fluorescent probes and differential interference contrast microscopy. 
Utilizing whole genome sequencing and variant data from Run9 of the 1000 Bull 
Genomes project, image-based flow cytometry, indirect fluorescent 
immunocytochemistry, immunohistochemistry, Western blotting, and transmission 
electron microscopy, we identified rare genetic variants associated with acrosome 
biogenesis and the knobbed acrosome defect. A candidate gene of particular interest is 
Kelch-like family member 14 (KLHL14), which encodes an enzyme with conserved BTB 
(Broad-Complex, Tramtrack and Bric a brac) and BACK (BTB and C-terminal Kelch) 
domains as well as six Kelch domains. Furthermore, KLHL14 closely interacts with 
Torsin A, an AAA+ adenosine triphosphatase that localizes to the endoplasmic reticulum 
and nuclear envelope in somatic cells, but has been shown to have a unique presence 
in the Golgi apparatus in mid- to late-spermatocytes during human spermatogenesis. 
Preliminary findings in bovine testis confirm the presence of KLHL14 during bovine 
spermatogenesis, initially in the spermatocyte cytosol, and later localizing to the 
developing acrosome in late round spermatids and then the caudal aspect of the head 
of elongating spermatids as spermiogenesis progresses. Initial indirect 
immunofluorescence investigations into the presence, localization and quantity of 
KLHL14 in mature spermatozoa from bulls with morphologically normal versus defective 
acrosomes also suggests that KLHL14 may be retained within the equatorial segment 
region or lower acrosomal compartment in mature bull spermatozoa with abnormal 
acrosome morphology. Future work will investigate the conservation of the role of 
KLHL14 during mammalian spermatogenesis, using species such as boar and human. 
Overall, this study provides greater insight into the mechanisms and developmental 
pathways of mammalian spermatogenesis, and helps uncover detrimental genetic 
variants of concern likely disseminated at low frequency within the Holstein and 
potentially other cattle populations. 

Supported by grant number NIH 1R01HD084353 and 2021-67015-33404 from USDA-
NIFA to PS, and a Lalor Foundation Postdoctoral Fellowship to LEH. 



P249 - Evolutionary Conservation of Post-Meiotic DNA Double-Strand Breaks in 
Eukaryotes  
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Rebecka Desmarais, Université de Sherbrooke                                                                                         
Tiphanie Cavé, Université de Sherbrooke  

Transient post-meiotic DNA double-strand breaks (PMDSB) in mammalian spermatids 
may significantly contribute to the male de novo mutation load transmitted to the next 
generation resulting from the error-prone repair in this haploid context.  PMDSB have 
been so far ascribed to the striking change in chromatin structure and elimination of 
most nucleosomal DNA supercoils prior to protamination.   We recently extended our 
investigation to the fission yeast model (Schizosaccharomyces pombe) and confirmed 
that PMDSB are conserved in lower eukaryote model despite maintenance of a 
nucleosomal organization during sporulation. Hence, PMDSB are seemingly 
programmed in the absence of major DNA topological changes and the yeast homolog 
of mammalian Endonuclease G (Pnu1) was found to play a key role in this process. 
Given the evolutionary distance between yeast and mouse, our objective was therefore 
to use an improved technique for the specific capture and mapping of DNA double-
strand breaks (breakome analysis) to gain more insights into their functional impact in 
both experimental models.  In the mouse, four populations of spermatids where 
obtained by flow cytometry in addition to spermatozoa.  Peaks (hotspots) were 
concentrated to steps 15-16 spermatids while a small subset was found to persist in 
spermatozoa. Considering the genes subset, a GO enrichment analysis confirmed that 
spermatids’ hotspots arise within genes involved in nervous system development, 
synaptic transmission, and neuron differentiation as well as in cell adhesion, regulation 
of membrane potential and transcription with high significance. Of all the GO terms 
enriched in elongated spermatids, those related to synapse, cell junction, cytoplasm and 
metal-ion binding persist in sperm. Interestingly, an almost complete protection of the 
sexual chromosomes was observed (no hotspot). Synchronization of a temperature-
sensitive S. Pombe mutant strain (pat1-114) allowed isolation of DNA at meiotic and 
post-meiotic steps during gametogenesis (sporulation). A surge in PMDSB hotspots 
density was observed around at 8-10 hours post meiotic induction while repair was 
observed at later stages.  GO enrichment analysis indicated that ribosome-related gene 
loci were preferentially targeted in this model. Sequence variations at selected hotspots 
through post-meiotic steps are being established for both models and will be discussed. 
Misrepaired or persistence of PMDSB in mature sperm would be expected to 
preferentially impact neurodevelopment in the embryo and alteration of the sperm 
breakome in pathological conditions can now be envisioned as a prognostic tool in 
precision medicine. PMDSB observed in yeast are however expected to impact more 
basic functions related to protein synthesis allowing rapid metabolic adaptation to 
modified environments. Supported by the Canadian Institutes of Health Research (PJT-
159719). 
 



P250 - Core binding factor subunit β Plays Diverse and Essential Roles in Neonatal 
Establishment of the Male Germline.  

Mustika Rahmawati, Washington State University                                                                                
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Blanca Biladeau, Washington State University                                                                                       
Nathan Law, Washington State University  

During perinatal and neonatal development, the male germline transitions from a 
population of immature precursors to a productive state with the onset of 
spermatogenesis. The underlying mechanisms that drive this developmental transition are 
not fully understood but play a lasting role in spermatogenesis long into adulthood. Core 
binding factor subunit β (CBFβ) is known to play roles in essential cell type transitions, 
stem cell specification, and differentiation in several cell lineages. However, to date, the 
role of CBFβ in the male germline has not been explored. Preliminary 
immunofluorescence analysis suggests that CBFβ is expressed in all spermatogonia of 
the germline from neonatal development into adulthood. Therefore, we hypothesize that 
CBFβ may be important for various germline functions, including those involved in the 
onset of spermatogenesis. To unravel the functional role of CBFβ in the male germline, 
we generated a conditional knockout (cKO) model ablating Cbfb from the entire germline 
starting early in development using Blimp1-Cre (Blimp1-Cbfb cKO). 
Immunohistochemical analysis of Blimp1-Cbfb cKO testes at birth indicated no 
observable difference in testis morphology or germ cell number, suggesting a 
dispensable role of CBFβ in prenatal germline development. However, during neonatal 
development, immunohistochemical analyses revealed major disruption of 
spermatogenesis as early as postnatal day (P) 6, including seminiferous tubules lacking 
germ cells. In-depth analysis of Blimp1-Cbfb cKO testes revealed a significant decrease 
in undifferentiated spermatogonia and associated proliferative indices. This phenotype 
persisted into prepubertal development (P21) and adulthood. Furthermore, with the onset 
of spermatogenesis, Blimp1-Cbfb cKO testes displayed evidence of failed entry to 
differentiation and completion of meiosis. To evaluate the functional role of CBFβ during 
differentiation, we specifically ablated Cbfb from differentiating spermatogonia and 
advanced germ cell types using Stra8-Cre (Stra8-Cbfb cKO). Surprisingly, Stra8-
Cbfb cKO mice lacked any observable disruptions to spermatogenesis, sperm 
parameters, or general fertility outcomes, indicating a non-essential role of CBFβ in 
differentiation. However, given major disruptions in neonatal germline development in 
Blimp1-Cbfb cKO testes, our findings suggest that CBFβ serves a critical role in neonatal 
germline development, including self-renewal, proliferative expansion of the 
undifferentiated spermatogonial population, and the onset of differentiation. Together, this 
study will address knowledge gaps regarding prepubertal establishment of the male 
germline and the mechanisms that govern the onset of proliferation and differentiation. 

  



P251 - Rhox8 maintains spermatogenesis progression and male reproductive 
organs.  
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The Rhox genes encode a group of X-linked homeodomain proteins expressed in 
reproductive tissues. Our study focused on Rhox8, which is of interest as it is one of the 
only two cluster members expressed in Sertoli cells, which govern germ cell 
specification, development, and survival. Rhox8-null mice have reduced spermatogenic 
output, increased germ cell apoptosis, dysfunctional sperm motility, and enlarged testes. 
Here we demonstrate the role of Rhox8 in spermatogenesis and testis maintenance. Our 
previous data showed that spermatogenesis progression from stage VI to stage VII was 
compromised in Rhox8-null mice, similarly to double knockout Rhox8/Rhox5 mice, 
which possess no Sertoli-specific RHOX factors. Rhox8 expression in testes is highest 
during stages VII and VIII of the seminiferous cycle. Bis- {dichloracetyl}-diamines 
(BDAD) was utilized to halt the progression of spermatogenesis in WT and Rhox8 KO 
mice and synchronized spermatogenesis restored via injection of Retinoic acid. The 
differential expression of selected spermatogenesis markers in synchronized testis 
tissue was verified using RTqPCR. To further evaluate the influence of Rhox8 on testis 
development and spermatogenesis, the regional dysregulation of gene expression was 
analyzed in testis cross-sections using the nanoString GeoMx Digital Mouse Whole 
Transcriptome Atlas and Spatial Profiler. Additionally, the potential mechanism of Rhox8 
regulation of testis weight was explored to determine the origin of enlargement. 
Morphological analysis of adult testis revealed the dilation of rete testis in Rhox KO 
models. In addition, the number of Sertoli cells per seminiferous tubule cross-section 
was increased in the Rhox8-null model in 12 PND and 3 months-old samples as 
assessed by SOX9 antibody staining and morphometric analyses. Potential testis-
specific explanations for increased weight are the dilation of the rete testis and 
increased Sertoli cell concentrations. Downstream of the testis, morphological 
differences with the Caput region of the epididymis were compared between WT and 
Rhox8 null mice. Furthermore, the efferent ductules of those genotypes were isolated, 
and RNA was extracted to evaluate the differential expression of genes through 
RTqPCR. In conclusion, Rhox8 facilitates spermatogenesis progression and 
osmoregulation to maintain the morphology of male reproductive organs to sustain 
optimal male fertility. 

  

 



P252 - Response of Neonatal Testicular Cells to Retinoic Acid.  
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In the mouse testis, spermatogenesis and the cycle of the seminiferous epithelium is 
initiated by the onset of spermatogonial differentiation at postnatal days 2 to 3.  This 
entrance of A undifferentiated spermatogonia into the differentiation pathway requires 
the action of retinoic acid (RA). If RA is not available, the spermatogonia remain as A 
undifferentiated and spermatogenesis is not initiated. Genetic studies have shown that 
Sertoli cells are the source of the RA in the first wave of germ cell development. We 
have previously used RAR-LacZ mice to show that only a small number of 
spermatogonia respond to RA with synthesis of beta galactosidase (Bgal) in that initial 
wave.  However, if given exogenous RA most spermatogonia responded with synthesis 
of RA-driven Bgal and the testis became and remained synchronous. The goal of the 
studies reported here was to determine on a single cell basis which cells had the 
capability to synthesize and respond to RA. We injected 2 day old mice with either RA or 
DMSO, and after 24 hours removed the testis, dissociated the cells, and did single cell 
RNA sequencing (scRNAseq). We were able to determine which cells contained 
transcripts coding for enzymes necessary for RA synthesis and which cells respond to 
RA by the presence of transcripts for Bgal. Both Sertoli cells and germ cells had 
components necessary to synthesize RA.  Three major clusters of germ cells could be 
identified with markers indicating they were a stem cell-like pool, a progenitor pool and a 
differentiating pool.  After RA treatment all 3 clusters expressed Bgal and Stra8 showing 
that most spermatogonia even in the stem-like pool respond to RA.  Sertoli cells could 
be clustered into several subgroups and the response to RA was.  primarily limited to 
this one cluster of cells comprising 15% of the total Sertoli cells.  These approaches 
should provide insight into the onset of spermatogonial differentiation and the 
establishment of the cycle of the seminiferous epithelium.  Supported by HD 10808 from 
NIH 
 

P253 - Abnormal centriolar biomarker ratios are associated with unexplained bull 
artificial insemination subfertility.  

Katerina Turner, The University of Toledo                                                                                                    
Luke Achinger, The University of Toledo                                                                                                      
Emily Fishman, The University of Toledo                                                                                                    
Derek Kluczynski The University of Toledo                                                                                                  
Audrey Phillips, The University of Toledo                                                                                                     
Barbara Saltzman, The University of Toledo                                                                                                                     
Bo Harstine, Select Sires, Inc.                                                                                                                          
Tomer Avidor-Reiss, The University of Toledo  



Traditional semen analyses occasionally fail to identify subfertile bulls used in artificial 
insemination (AI). Among many potential causes, one hypothesis is that there may be 
defective sperm components currently undetected during the routine, available sperm 
analyses. Such components may range from DNA methylation, RNAs, proteins and 
activation factors, to sperm structures. One type of sperm structure that remains 
underexamined is the sperm centrioles. Cattle sperm, like human and most other 
mammalian sperm, have two sperm centrioles: the Proximal Centriole (PC), which has 
canonical structure, and the Distal Centriole (DC), which has atypical structure and is 
attached to the axoneme (Ax). Sperm centrioles are essential for fertility; they form the 
sperm tail, participate in sperm motility, and partake in embryo development. However, 
whether sperm centriole assessment can help predict bull subfertility, saving the cattle 
industries time and money, is unknown. Here, our preliminary studies suggest that bull 
subfertility is associated with abnormal centriole biomarker distribution. Cryopreserved, 
extended semen samples from 31 bulls used in commercial AI were obtained that had 
passed rigorous semen quality analysis, but the bulls had variable in vivo fertility, 
reported as sire conception rate (SCR) deviations ranging between -18 and +3 (percent 
deviation from the population mean of zero). Of these, 25 bulls were classified as fertile 
(SCR ≥ -3) and six as subfertile (SCR < -3). Each bull’s semen sample was separated 
into higher-quality and lower-quality sperm fractions using differential gradient 
centrifugation to compare intra-bull centriole quality. Using higher-quality sperm from 
fertile bulls as a reference population, Fluorescence-based Ratiometric Analysis of 
sperm Centrioles (FRAC) with four centriole biomarkers (Tubulin, Acetylated Tubulin, 
POC1B, and FAM161A) was performed to establish centriole quality ranges. FRAC 
values indicated lower centriole quality (as compared to the reference population) in 
subfertile bulls’ higher-quality (P=0.0002) and lower-quality (P=0.0002) sperm, as well 
as fertile bulls’ lower-quality sperm (P=0.002). FRAC also found similar centriole quality 
between lower-quality sperm of fertile bulls and lower-quality sperm of subfertile bulls 
(P=0.26). Using linear regression of the mean FRAC ratio of PC Acetylated Tubulin, we 
generated a cutoff score that predicted subfertility within our sample group with 
acceptable sensitivity and specificity. Altogether, FRAC is a means of testing a bull’s 
centriole quality and may be a promising method of determining subfertility before a bull 
is used for AI. 
 

P254 - The evolutionarily conserved gene ARRDC5 is required for male fertility in 
mice  
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Sperm are the conduit by which a male’s genetic contribution is made to offspring, and 
millions are produced daily in mammalian testes. In normal spermatogenesis, haploid 
sperm are formed from diploid spermatogonia involving three significant phases; 
amplification of spermatogonia via mitotic divisions, two meiotic divisions of 
spermatocytes that produce haploid round spermatids, and spermiogenesis by which 
round spermatids become specialized elongate spermatids. Deficiencies in the ability to 
generate enough sperm (referred to as oligospermia), motile sperm (directed to 
asthenospermia), or morphologically normal sperm (referred to as teratospermia) 
manifest as male subfertility or infertility. The most common form of male factor infertility 
in men is oligoasthenoteratospermia (OAT; association of low sperm count, poor sperm 
motility, and increased abnormal sperm morphology). At present, the core molecular 
mechanisms that are evolutionarily conserved across mammalian for regulating the 
three phases of spermatogenesis and genetic deficiencies that could cause OAT are 
undefined. Here we generated an integrated single cell transcriptome profile of 
testicular tissue from mice, cattle, and pigs to identify novel gene expression in germ 
cells that is potentially conserved across mammalian species. Through bioinformatic 
analysis, a refined list of candidate genes with germ cell enriched expression that had 
not been reported previously in the peer-reviewed scientific literature to be linked 
functionally with spermatogenesis was generated. From this list, the a-arrestin protein 
encoding gene Arrdc5 emerged as a prime candidate. ARRDC5 protein was observed in 
germ cells during pre-pubertal and adult stages of life and in adult mice expression of 
the gene could be detected in testes only. To assess the biological function of Arrdc5, 
CRISPR-Cas9 gene editing was used to generate mice with null alleles. Through 
phenotyping analysis, the impact of Arrdc5 deficiency was found to be male-specific 
sterility due to significant reductions in sperm numbers and motility and increased 
abnormal sperm morphology. Other phenotypic abnormalities of Arrdc5 null mice were 
not observed and knockout females were found to have normal fertility. Collectively, 
these results reveal for the first time an importance for arrestin proteins in germ cell 
function and demonstrate a specific role for ARRDC5 in regulating spermatogenesis 
with genetic deficiency leading to OAT and male infertility.     

Keywords: Spermatogenesis, Infertility, ARRDC5, Oligoasthenoteratospermia, Arrestin 
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Limited access to embryos has hampered the study of human embryogenesis and 
disorders that occur during early pregnancy. Human pluripotent stem cells provide an 
alternative means to study human development in a dish. Recent advances in partial 
embryo models derived from human pluripotent stem cells have enabled human 
development to be examined at early post-implantation stages. However, models of the 
pre-implantation human blastocyst are lacking. Starting from naive human pluripotent 
stem cells, here we developed an effective three-dimensional culture strategy with 
successive lineage differentiation and self-organization to generate blastocyst-like 
structures in vitro. These structures—which we term ‘human blastoids’—resemble 
human blastocysts in terms of their morphology, size, cell number, and composition and 
allocation of different cell lineages. Single-cell RNA-sequencing analyses also reveal the 
transcriptomic similarity of blastoids to blastocysts. Human blastoids provide a readily 
accessible, scalable, versatile and perturbable alternative to blastocysts for studying 
early human development, understanding early pregnancy loss and gaining insights into 
early developmental defects. 
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Understanding the molecular mechanisms behind blastocyst formation and implantation 
is of critical importance for improving the efficiency of assisted reproductive 
technologies.  Recent advancements in in vitro embryo models derived from human and 
mouse stem cell cultures, have opened new avenues for understanding the mechanistic 
insights into early lineage segregation and implantation. Here we have developed a 
couple of strategies for the generation of blastocyst like structures (blastoids) from an 
ungulate species, Bos taurus: 1) 3D differentiation and self-organization directly from 
naïve-like bovine embryonic stem cells (bESCs), and 2) Assembly through the 
combination of bovine trophectoderm stem cells (TSCs) and naïve-like bovine ESCs. 
These structures resemble bovine blastocysts in terms of morphology, size, cell number 
and lineage composition and marker allocation.  By testing medium conditions with 
different signaling inhibition by small molecules or activation via cytokines, we show that 
the WNT, Hippo, MAPK, JACK/STAT, TGF-B and ERK signaling are critical in the 
segregation of the bovine trophectoderm, epiblast and hypoblast lineages from naïve-
like bovine ESCs. 
 



P257 - 10x Genomics single-cell RNA sequencing analysis confirmed highly similar 
transcriptomic profiles between human blastocysts and stem cell derived 
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We recently compared single cell transcriptomes of naïve human pluripotent stem cell 
derived blastocyst like structures (blastoids) generated on the 10 X Genomics platform 
with a published Smart-seq2 dataset of human blastocysts (Yu et al., Nature, 2021). 
Although human blastoid cell transcriptomes globally resemble those of human 
blastocysts, a number of unclassified clusters were also found in blastoids in such 
comparison. It is unclear whether such misalignment was due to the different 
sequencing platforms or if blastoids contain non-blastocyst “off-target” cell types. To 
answer this question, we performed single cell RNA-sequencing (scRNA-seq) of human 
blastocysts and blastoids generated with an optimized method using the same droplet-
based 10X Genomics Chromium (10X) approach. Single-cell suspensions of both 
blastocysts and blastoids were loaded into a 10X Genomics Chromium Chip following 
the manufacture’s instruction.  Published scRNA-seq datasets of human blastocysts 
generated by the Smart-seq2 platform (Petropoulos et al., Cell, 2016) were also used for 
comparison. By directly comparing human blastocyst scRNA-seq data generated by 10X 
Genomics and Smart-seq2 protocols, we observed largely distinct cell clusters. When 
comparing 10X-blastoid data with 10X-blastocyst data, little to no off-targets could be 
identified, with cell clusters from blastoids and blastocysts mostly overlapping. In 
conclusion, our analysis demonstrates that platform effects dominate the variance of the 
scRNA-seq datasets. Thus, the unclassified blastoid cell clusters found in the earlier 
study may be attributable to technical differences in scRNA-seq platforms, rather than 
biological differences. Human blastoids generated with the optimized protocol faithfully 
represented human blastocysts and they are indistinguishable at the transcriptomic 
level. It is also important to note that our study presents the first available 10X Genomics 
scRNA-seq human blastocyst dataset, which will provide an invaluable resource for 
comparative transcriptomic analyses with embryos and embryo models generated with 
the widely used 10X Genomics platform. 
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episomal plasmids  
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Executive Yuan, Tainan 71246, Taiwan; Colorado Center for Reproductive Medicine                                                                                                                       
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Recent studies have reported long-term in vitro maintenance of porcine epiblast stem 
cells from blastocysts. However, a failure to derive fully reprogrammed transgene 
independent porcine induced pluripotent stem cells (piPSC) indicates a necessity for 
improved reprogramming conditions.  Here, we determined whether an additional 
reprogramming factor, TBX3, could improve piPSC generation with WNT inhibitors. The 
hTBX3 cDNA-expressing episomal plasmid was prepared by using a Gateway cloning 
approach into the pCXLE-gw backbone vector (addgene, #37626). We then generated 
standard-piPSC from porcine fetal fibroblasts transfected with episomal plasmids 
expressing human (h)POU5F1, hSOX2, hKLF4, hMYCL, hLIN28, and TP53 shRNA, either 
with or without the hTBX3 plasmid in the standard episomal plasmid cocktail. After 4 days 
of transfection, the culture medium was changed from fibroblast medium to the stem cell 
medium containing DMEM/F12, 15% knockout serum replacement, FGF2, Activin A, 
CHIR99021 (glycogen synthase kinase-3 inhibitor), and IWR-1 (tankyrase inhibitor), and 
the cells then transferred onto a MEF feeder. After 17 days, primary iPSC colonies for 
both piPSC lines were observed at a similar efficiency. Although both piPSC lines showed 
self-renewing, primed-type morphology with SSEA-1 expression, SSEA-4 expression was 
observed in the TBX3-transfected piPSC only. The TBX3-piPSC expressed low (less than 
5%) to undetectable levels of transgenes when compared with the standard-piPSC which, 
at this stage, consistently expressed all transgenes. The standard-piPSC were 
transplanted into immunodeficient mice and generated tumors comprised mainly of 
poorly differentiated mesenchymal cells and neurectodermal cells. However, tumors 
originating from the TBX3-piPSC contained diverse tissue types from ectoderm (stratified 
squamous epithelial, pigmented epithelial, and neuroectodermal cells), mesoderm 
(hematopoietic, adipose, connective, and cartilage cells), and endoderm (glandular 
epithelium tissue accompanied with goblet and cilial cells). Furthermore, the TBX3-piPSC 
generated neuronal progenitor cells when using a standard method for human pluripotent 
stem cell differentiation. In our parallel experiments, we also employed small molecules 



to examine the potential for improving the reprogramming efficiency and to establish a 
feeder-free culture system for the standard-piPSC. Two inhibitors, CHIR99021 and 
SB431542 (TGF-β type I receptors inhibitor), were added to the standard human feeder-
free culture media, StemFit Basic02, mTeSR1, and E8, for subsequent cell 
reprogramming and maintenance. The standard-piPSC generated in these three different 
media under feeder-free culture system were named Ep-S+2i, Ep-M+2i, and Ep-E+2i, 
respectively. After four weeks of cell reprogramming, only Ep-S+2i and Ep-M+2i 
generated distinct piPSC colonies. The colony morphology in Ep-S+2i showed more 
compact colonies than that in Ep-M+2i; therefore Ep-S+2i was a candidate for further 
study. Pluripotency marker analysis showed that under the Ep-S+2i culture condition, the 
cells highly expressed POU5F1, SOX2, NANOG, TRA-1-81, and TRA-1-60, but SSEA-1, 
SSEA-3, and SSEA-4 expression were almost undetectable. Furthermore, by in vitro 
differentiation of embryoid bodies, cells cultured under the Ep-S+2i differentiated into 
three germs layers, clearly expressing TUBB, GFAP, SMA, SOX17, and AFP. Overall, our 
findings indicate that addition of TBX3 to the standard mixture of reprogramming factors 
improved the quality of piPSC and that the 2i condition may help us identify a new feeder-
free culture system for piPSC reprogramming and maintenance. 
 

P259 - Effect of single and combined phthalate exposures on gonadal 
steroidogenesis in the male rat.  
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Several studies have shown that di (2-ethylhexyl) phthalate (DEHP), the most abundant 
phthalate in the environment, acts as an endocrine disruptor (ED) with the capacity to 
impact reproductive tract development. A new set of phthalates, e.g., diisononyl 
phthalate (DINP), are now thought to have decreased toxicity and can replace DEHP in 
consumer products.  Therefore, we performed experiments to determine whether DINP, 
acting alone or in combination with DEHP, exerts less toxicity than DEHP on gonadal 
steroid hormone secretion.  Male Long-Evans male rats (n=5) at 21 days of age were fed 
DEHP or DINP in drinking water at 0, 5, or 10 µg/L, or a mixture of both chemicals each 
at 5 µg/L for 14 or 28 days. Chemicals were fed in drinking water to avoid activation of 
the hypothalamus-pituitary-adrenal axis, a common gavage effect. At termination of 
chemical exposures, blood was collected at sacrifice to obtain serum. Also, testicular 
explants were collected and incubated in DMEM/F12 media without (basal) and in the 
presence of ovine LH at 100 ng/ml (LH-stimulated). Testosterone (T) and estradiol (E2) 
concentrations in serum and spent media were analyzed by radioimmunoassay (RIA). 
Exposure of animals to test chemicals for 14 days decreased (P<0.05) basal and LH-
stimulated testicular T production in all groups but these measurements were increased 



(P<0.05) in the DINP group. After 28-day exposures, basal testicular T concentrations 
were increased (P<0.05) in the DEHP+DINP group but LH-stimulated testicular T 
production was decreased (P<0.05) in the smaller DEHP dose group (5 µg/L) compared 
to control. Interestingly, basal testicular E2 concentrations were increased (P<0.05) in 
the DINP+DEHP group and in animals exposed to the greater DINP and DEHP doses (10 
µg/L) compared to control. In contrast, LH-stimulated testicular E2 production was 
decreased (P<0.01) in animals exposed to the greater DINP and DEHP doses (10 µg/L) 
compared to control. These observations imply that DEHP and DINP differentially 
regulate testicular steroidogenesis in growing male rats. However, more effects were 
seen in the DINP+DEHP group and the 10 µg/L DINP- and DEHP- exposed groups, 
implying additive and dose-dependent effects due to the test chemicals (<0.05). 
Ongoing studies will investigate mechanisms of endocrine disruption targeting the 
steroidogenic machinery in testis. Understanding the mechanisms of EDC activity in 
reproductive tract tissues will facilitate development of strategies to mitigate chemical 
exposure effects and support risk assessment of the population.  Supported by Animal 
Health and Disease Research Program at Auburn University College of Veterinary 
Medicine. 

P260 - Fertility following germline transplantation in sterile NANOS2 knockout 
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In most beef cattle production systems, genetic improvement is largely limited by 
geographic location due to the logistical need for natural mating schemes. Through 
spermatogonial stem cell transplantation (SSCT) of germline ablated recipient males, 
generation of surrogate sire bulls that produce sperm possessing the genome of higher 
genetic merit males would be possible. This reproductive tool would allow for improved 
dissemination of desirable genetics through natural breeding schemes. Previously, we 
used CRISPR-Cas9 gene editing to generate male mice, pigs, and goats with 
inactivation of the evolutionarily conserved gene NANOS2 and found that they were 
sterile due to ablation of endogenous germ cells but could be a host for the production 
of limited amounts of donor sperm following stem cell transplantation. Here two 
germline ablated Angus crossbred bulls were generated by CRISPR-Cas9 editing of the 
NANOS2 gene and transplanted during early pre-pubertal development with 
spermatogenic stem cells from a Holstein donor male.  At maturity, one of the bulls was 
found to be producing ejaculates with sperm concentrations, motility, and morphology 
parameters in the range of normal bulls of similar breeds. Post-thaw survival of 



cryopreserved sperm was in the normal range and use for in vitro fertilization resulted in 
embryo production. Genotyping analysis of the embryos indicated that the sperm were 
donor-derived. In addition, pregnancies were generated following natural mating of the 
surrogate bull. Lastly, assessment of donor-derived sperm production is ongoing for the 
second transplanted NANOS2 knockout bull. Together, these findings significantly 
advance development of surrogate sires as a potential breeding tool for the beef cattle 
industry to achieve large scale and widespread dissemination of select genetics and 
accelerate genetic improvement. 
 

P261 - Characterisation of a major macrophage subset with an immunoregulatory 
phenotype in the murine rete testis  

Sneha Biniwale, Centre for Reproductive health, Hudson Institute of Medical Research, 
Clayton, Victoria, Australia                                                                                                                                       
Rukmali Wijayarathna, Centre for Reproductive Health, Hudson Institute of Medical 
Research, Clayton, Victoria, Australia                                                                                                                     
Sudhanshu Bhushan, Justus-Liebig University, Giessen, Germany                                                                  
Kate Loveland, Hudson Institute of Medical Research, Clayton, Victoria, 
Australia                                                                                                                                          
Andreas Meinhardt, Justus-Liebig University, Giessen, Germany                                                                      
Mark Hedger, Hudson Institute of Medical Research, Clayton, Victoria, Australia  

The rete testis is a primary site of disease onset in murine experimental auto-immune 
orchitis,but the macrophage population within this compartment has not been well-
characterised.Activin A is an immunoregulatory cytokine of the transforming growth 
factor-β superfamily,that is principally produced by Sertoli cells and regulates testicular 
development under normal conditions,but is also a potent regulator of macrophage 
development and function.Macrophages were localised by immunofluorescence using 
an anti-F4/80 antibody in testis sections from adult wild-type C57BL/6J mice and in mice 
with a GFP-expressing transgene at the locus of the macrophage receptor,CX3CR1 

(Cx3cr1
gfp/+).Cx3cr1

gfp/+ mice deficient in activin A(Cx3cr1
gfp/+Inhba+/-,n=6) were compared 

with their homozygous littermate controls(Cx3cr1
gfp/+Inhba+/+,n=6). Sections were also co-

labelled by immunofluorescence for the anti-inflammatory macrophage marker,CD206, 
and the antigen-presenting MHC class II molecule(I-A/1-E) to identify activated 
macrophages.Sections were scanned (Olympus VS120 slide scanner),measured 
(QuPath) and macrophages were enumerated using established stereological 
techniques.Compared with the parenchyma surrounding the seminiferous tubules in the 
wild-type testis,the volume density of interstitial macrophages was 8-9-fold higher in the 
interstitial(37.6 macrophages/µm3) and peri-epithelial(6.0 macrophages/µm3) regions of 
the rete testis.Macrophage density in the subcapsular region was similar to the rest of 
the interstitium.The proportion of interstitial macrophages(F4/80+) that expressed 
CX3CR1 was similar in the rete testis(80%) and inter-tubular 
parenchyma(88%),respectively,although expression of CD206 by interstitial 



macrophages in the rete testis was slightly lower(71%).However, in contrast to the rest 
of the parenchyma, where the majority(95%) of interstitial macrophages lack MHCII 
expression,75% of interstitial macrophages in the rete testis expressed MHCII.This 
indicates the presence of a major subset of F4/80+CD206+MHCII+ macrophages in the 
interstitial tissue surrounding the rete testis,while this subset is relatively rare in the rest 
of the interstitium.Expression of MHC class II by macrophages in the subcapsular region 
was intermediate between the rete testis and the rest of the interstitial tissue.The 
proportion of CX3CR1 expression was lower(70-75%) in the rete testis peri-epithelial and 
peritubular macrophage populations,than in the interstitial population.The peri-epithelial 
macrophages in the rete testis were principally F4/80+MHCII+(94%),similar to the 
peritubular macrophages(99%).However, 47% of peri-epithelial macrophages in the rete 
testis were also CD206+,in contrast to 16% in the seminiferous tubules.Total F4/80+ 

macrophage density was increased 72% in the rete testis interstitium of the activin A-
deficient testis,however, there was no relative increase in any specific macrophage 
subset.These data indicate that the major subset of macrophages within the interstitium 
and peri-epithelium of the rete testis expresses both CD206 and MHC class II,while this 
subset is minor in the rest of the testis.This is indicative of an activated,although 
potentially anti-inflammatory,phenotype. Accordingly,these macrophages may play a 
role in recognising sperm antigens and providing protection for mature sperm from the 
endogenous immune response and ascending infections.Alterations to the protective 
function of these macrophages during inflammatory disease may lead to sperm 
autoimmunity. 
 

P262 - Early-weaned males have smaller testes, impaired development of 
seminiferous tubules, and subfertility  
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Reproductive failure remains a major limitation to livestock production. In the swine 
industry, age at weaning has decreased steadily to maximize the number of piglets 
produced per sow annually. However, early weaning increases glucocorticoid secretion 
and intestinal permeability leading to systemic inflammation. Notably, early weaning has 
also been associated with impaired testis development; however, the biological 
mechanisms mediating this effect are largely undefined. The objective of this study was 
to develop a murine model to examine the effects of early weaning on testis development 
and function. Neonatal CD-1 mice were reared with their dams and littermates; pups were 
randomly assigned to either conventional (21 d; n=12) or early (18 d; n=12) weaning. At 
sexual maturity (> 10 weeks), males were paired with a nulliparous, non-littermate female. 
Copulatory plugs were detected daily, and females were euthanized at d 14 of gestation 



to assess reproductive traits; males were also euthanized to evaluate testis weight and 
composition. Gravid uterine weight tended to be reduced (P=0.09) in females bred to 
early-weaned males, which was likely due to differences in litter size because early-
weaned males tended to sire fewer viable fetuses (27% reduction; P<0.08). Implantation 
rate was not different between treatments (P>0.10), but the number of fetal reabsorptions 
tended to be greater (59%) in litters produced from early-weaned males (P=0.10). Early 
embryonic survival was unaffected by treatment (P>0.10), but late embryonic survival 
tended to be reduced (P=0.08) by 25% in litters sired by early-weaned males compared 
to conventionally-weaned controls. Furthermore, average conceptus weight was greater 
in litters sired by early-weaned males, which may be a reflection of their smaller litter 
sizes. These data suggest that early-weaned males produce sperm that yield defects in 
embryonic development not fertilization. Notably, testis weight was reduced (P<0.01) by 
20% in males weaned early (221.0 ± 12 mg) versus conventionally-weaned controls 
(274.5 ± 12 mg), even when adjusted for body weight. Histological analysis revealed 
alterations in testis composition; tubular area was reduced (P = 0.0049) in testicular 
sections from early-weaned (70.4 ± 0.5 mm2) versus conventionally-weaned (72.5 ± 0.5 
mm2) males. Thus, interstitial area was greater (P = 0.0049) in testes from early-weaned 
males (9.8 ± 0.5 mm2) compared to conventionally-weaned males (7.7 ± 0.5 mm2). The 
number of seminiferous tubules per field tended (P = 0.066) to be greater in testes from 
early-weaned (4.7 ± 0.1 tubules/field) versus control (4.4 ± 0.1 tubules/field) males but the 
average area of an individual seminiferous tubule was reduced (P = 0.0111) in early-
weaned males (15.4 ± 0.4 mm2) compared with controls (17.0 ± 0.4 mm2). In addition to 
smaller testes, reductions in tubular area due to smaller seminiferous tubules suggest 
impaired sperm production capacity in early-weaned males. Together, these results 
indicate that early weaning impairs the development and function of the murine testis 
reducing male fertility. 
 

P263, - Genes of the Retinoic Acid Pathway Are Differentially Expressed During 
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Both testicular development and function require expression of genes in the retinoic 
acid (RA) pathway. The RA pathway includes RA receptors, including retinoic acid 
receptor beta Rar-β and retinoic X receptor alpha (Rxr-α), along with binding proteins 
like cellular retinoic acid binding protein-I Crabp-I and components that regulate RA 
levels, such as retinaldehyde dehydrogenase-2 (Raldh-2). While these components have 
been examined in functional testes, how the RA pathway may interact with photoperiod-
induced testicular regression and recrudescence was unknown. Siberian hamsters 
(Phodopus sungorus) are seasonal breeders that respond to long photoperiods with 
testicular function, while exposure to short photoperiods reduces testis mass, plasma 



testosterone concentrations, and spermatogenesis. Because of the crucial role of RA in 
spermatogenesis, we hypothesized that genes involved in the RA signaling pathway 
would be differentially regulated in testes of Siberian hamsters during regression and 
spontaneous recrudescence. Testes were collected from Siberian hamsters exposed to 
short photoperiods (8h light: 16h dark, SD) in two experiments, each with a long 
photoperiod (16L:8D, LD) functional testis control. In the first experiment, SD males 
were exposed 2, 5, 8, 11, and 14 weeks of SD to induce regression. In the second 
experiment, SD males were exposed to 16, 24, 28, and 32 weeks of SD to induce 
spontaneous recrudescence. As expected, testicular mass was high in LD, and 
decreased by SDw14.  With chronic exposure to short photoperiod, testis mass 
remained low as compared to LD in SDw16-28, but returned to LD comparable levels by 
SDw32. Real-time PCR analysis showed that Rar-β was present in LD animals and 
declined at SDw14. In the recrudescence group Rar-β remained low as compared to LD 
in SDw16-28; however, increased to LD levels by SDw32. Similarly, Raldh-2 mRNA 
expression was significantly higher in LD compared to SDw14 in the regression group, 
and expression SDw16-28 remained lower than LD levels during recrudescence, 
returning to LD levels only in SDw32. In contrast, both Rxr-α and Crabp-I expression 
was low in LD and increased in regressing SDw11-14 testes. Rxr-α and Crabp-I mRNA 
expression was also low in LD and SDw32 in the recrudescence group, increasing for 
both genes in SDw24 and 28. Both Rar-β, a nuclear receptor of RA, and Raldh-2, a 
factor in RA synthesis were enriched in functioning testes and declined with testicular 
regression, paralleling testis mass changes and supporting their known role in 
spermatogenesis. The lower expression of both Rxr-α and Crabp-I in functional LD and 
SDw32 testes, with no change induced with regression, suggests that these genes may 
have a constitutive role in testicular activity. The increase observed in these genes 
during later spontaneous recrudescence (SDw24 and 28) may reflect a greater need for 
RA regulation, through the regulation of RA degradation by Crabp-I, and through the 
ability of Rxr-α to potentially bind to ligands other than RA. The RA pathway is complex, 
and it is likely that components of this system are working differentially to reduce and 
subsequently restore seasonal testicular function. 
 

P264 - Effects of maternal Tamoxifen (TAM) treatment on embryo development  
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Tamoxifen (TAM) is a selective estrogen receptor modulator (SERM) used to treat 
estrogen sensitive (ER+) breast cancer. TAM was shown to persist in women ovaries 
several months after TAM treatment termination. Thus, there is a concern that 
TAM might remain in the female reproductive tract due to its limited biodegradability. 



Previous studies have shown that TAM is teratogenic and negatively impacts embryonic 
development in animals, causing cryptorchidism, reduced testis weight, and lower 
testosterone levels in neonatal mice. The goal of this study was to examine the effects of 
maternal TAM treatment on gestation outcome and its impact on fetal and juvenile male 
offspring reproductive system, using the mouse as a model. 

Female mice received a diet of regular chow (control) or chow supplemented with TAM 
for 5 weeks (wks), then treatment (vehicle or TAM) stopped and mice were kept for 2 
wks washout, prior being mated to fertile males. Females were mated with fertile males, 
and vaginal plugs were examined to determine positive copulation. Body weights were 
checked each morning to follow pregnancy progression. Pregnant females were housed 
individually and euthanized at gestation day (GD)16 or postnatal day (P)6 for collection 
of maternal (included in a parallel study) and pup tissues. GD16 maternal uteri were 
collected to examine the number of implantation and resorption sites. Fetuses were 
separated from the placenta, weighed, their gross morphology examined, and their 
gonads and reproductive tracts were isolated. Similarly, P6 pups were weighed, gross 
morphology examined, the anogenital distance (AGD) measured and the testes were 
dissected. For each male GD16 fetus or P6 pup, one testis was fixed in 
paraformaldehyde for histology and immunohistochemistry and the other one was 
frozen at -80 oC for RNA analysis. Gene expression in the testes of control and TAM 
fetuses and pups was determined by quantitative real-time PCR (qPCR) analysis. The 
immunohistochemical analysis of the testes is in progress. 

The pregnancy rates and number of pups in TAM-exposed dams were lower than those 
of control dams, suggesting that TAM treatment interrupted or disrupted gestation, 
despite the washout time. TAM-treated female mice that were pregnant had more 
resorptions compared to control group. Gene expression analysis of testes showed that 
several genes representative of Leydig, Sertoli and germ cells were altered in the E16 
and P6 offspring of TAM-treated dams, in comparison to controls. The Leydig cell 
steroidogenic gene Cyp11a1 was upregulated in TAM PND6 testes. The Sertoli cell 
marker Amh showed an increasing trend in GD16 testes but the opposite in P6 testes. 
Similarly, the early germ cell marker Foxo1 was increased in GD16 TAM samples, but 
showed a decreasing trend at P6. The mRNA levels of gap junction gene Gja1 
was significantly downregulated in P6 testis from TAM pups, but not altered in GD16 
TAM fetal testis.  These results show that TAM maternal pre-mating treatment disrupted 
gestation and caused gene expression changes in the main testicular cell types of the 
offspring in mice, suggesting that long-term TAM therapy could affect female 
reproductive abilities and embryo development. 
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Healthy progression of human pregnancy relies on cytotrophoblast progenitor (CTB) 
self-renewal and their differentiation towards multi-nucleated syncytiotrophoblasts 
(STBs) and invasive extravillous trophoblasts (EVTs). However, underlying molecular 
mechanisms that fine-tune CTB self-renewal or direct their differentiation towards STBs 
or EVTs during human placentation are poorly defined. Here, we show that hippo 
signaling cofactor WW Domain Containing Transcription Regulator 1 (WWTR1) is a 
master regulator of trophoblast fate choice during human placentation. Using human 
trophoblast stem cells (human TSCs), primary CTBs and human placental explants, we 
demonstrate that WWTR1 promotes self-renewal in human CTBs and is essential for 
their differentiation to EVTs. In contrast, WWTR1 prevents induction of STB fate in 
undifferentiated CTBs. Our single-cell RNA-sequencing analyses in first-trimester human 
placenta along with mechanistic analyses in human TSCs revealed that WWTR1 fine-
tunes trophoblast fate by directly regulating Wnt signaling components. Importantly, our 
analyses of placentae from pathological pregnancies show that extreme preterm birth 
(gestational time ≤28weeks) and intrauterine growth restriction along with preeclampsia 
(IUGR/PE) are often associated with loss of WWTR1 expression in CTBs. In summary, 
our findings establish a critical importance of WWTR1 at the crossroads of human 
trophoblast progenitor self-renewal vs. differentiation. It plays positive instructive roles to 
promote CTB self-renewal and EVT differentiation and safeguards undifferentiated CTBs 
from obtaining the STB fate. 
 

P266 - AMPK signaling stimulates mitochondrial mitophagy and ATP production in 
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Accumulating evidence suggests that mitochondrial structural and functional defects are 
present in human placentas affected by pregnancy related disorders, but mitophagy 



pathways in human trophoblast cells/placental tissues have not been investigated. In this 
study, we hypothesized that AMPK signaling stimulates mitochondrial mitophagy and 
ATP production in human trophoblast cells. In Study One, we investigated 3 major 
mitophagy pathways in response to AMPK activation by AICAR in human trophoblast 
cell line BeWo. BeWo cells were treated with AICAR (0.5mM), chloroquine (CLQ; 40µM; 
blocking the degradation of mitochondria) and their combination for 24 hours. The 
abundance of LC3II and SQSTM1 proteins (mitochondria receptors in mitophagy) in 
both whole cell lysates and mitochondrial fractions, and PRKN, BNIP3 and BNIP3L 
(mediators of mitophagy) in mitochondrial fractions was analyzed by Western blotting. 
The abundance of proteins was normalized to total proteins in blots after MemCode 
staining. In Study Two, we knocked down PRKAA1/2 expression (AKD) using Lenti-virus 
shRNA and investigated the effects of AKD on mitophagy pathways as described above, 
mitochondrial membrane potentials by TMRM staining and mitochondrial ATP 
production by Seahorse cell mito stress assays. The effects of AICAR (Study One) or 
AKD (Study Two), CLQ and/or their combination on numerical parameters were 
analyzed by one or two way ANOVA (n=3).The main findings include: 1) The abundance 
of LC3II in whole cell lysates was increased (P<0.001) by 3.10-fold by AICAR and further 
elevated (P<0.001) by 3.11-fold by the combination of AICAR and CLQ; similarly, the 
abundance of LC3II in mitochondrial fractions was increased (P<0.05) by 1.92-fold by 
AICAR and further elevated (P<0.05) by 1.95-fold by the combination of AICAR and 
CLQ; SQSTM1 demonstrated the same pattern of changes as LC3II; 2) In mitochondrial 
fractions, the abundance of PRKN, and FUNDC1 was increased (P<0.05) by 1.24-,1.58-
fold, respectively, by AICAR, while the abundance of BNIP3 and BNIP3L was reduced 
(P<0.05) by 1.66- and 1.29-fold by AICAR, respectively. 3) In AKD cells, the abundance 
of LC3II, SQSTM1, PRKN, FUNDC1 proteins in mitochondrial fractions was reduced by 
1.16-(p<0.05), 2.11-(p<0.01),1.27-(p<0.001) and 1.54-(p<0.01) fold, respectively, 
compared to control BeWo cells. In contrast, the abundance of BNIP3 and BNIP3L 
proteins in AKD cells was increased by 1.40-(p<0.001) and 1.18-(p<0.05) fold, 
respectively, compared to control BeWo cells. 4) The average TMRM Mean intensity in 
AKD cells was increased (p<0.001) by 1.094-fold, compared to that in control BeWo 
cells, indicating elevated mitochondrial membrane potential after knockdown of 
PRKAA1/2 genes. 5) ATP production via mitochondrial oxidative phosphorylation was 
lower in basal respiration and in presence of oligomycin, FCCP, and rotenone/antimycin 
in AKD compared to CT cells. The basal respiration, maximal respiration, spare 
respiratory capacity, ATP production-coupled respiration, non-mitochondrial oxygen 
consumption and coupling efficiency were reduced by 1.54- (p<0.05), 1.74-(p<0.05), 3-
(p<0.01), 1.46-(p<0.001), 1.42-(p<0.01), and 1.05-(p<0.05) fold, respectively, in AKD 
compared to CT cells. This study indicates that major mitophagy pathways mediated by 
PRKN, FUNDC1, BNIP3/BNIP3L are present in human trophoblast cells and AMPK 
signaling regulates mitophagy via PRKN and FUNDC1 mediated mitophagy pathways, 
which may affect mitochondrial membrane potential and mitochondrial ATP production. 
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The diverse population of the trophoblast cells provides the architectural and functional 
backbone of the human placenta. During placentation, the cytotrophoblast cells (CTB) 
differentiate into multinuclear syncytiotrophoblasts (STB) or into invasive extravillous 
trophoblasts (EVT). The extravillous trophoblasts invade the maternal endometrium and 
replace some of the endothelial cells of the maternal spiral arteries, thus ensuring 
appropriate nutritional and gaseous supply to the growing fetus. EVTs are also 
responsible for the immunomodulation required to sustain the pregnancy. Inadequate 
EVT invasion is associated with several feto-maternal pathologies including preeclampsia. 
Thus, differentiation of CTB to EVT is a critical step for maintaining a healthy pregnancy. 
Since cell signaling pathways are inevitable regulators of functional cellular identity, the 
invasive differentiation of CTBs is dependent on the cell niche interaction. However, the 
central signalling pathways that are pivotal in this differentiation process remain elusive 
as the key genes are yet unidentified. To understand these lacunae, the expression 
pattern of the cytotrophoblast cells and extravillous trophoblast cells need to be 
thoroughly analyzed. The publicly available database gene expression omnibus was 
scrutinized and the GSE57834 data set was selected for targeted comparison between 
cytotrophoblast and extravillous trophoblast gene expression. 4705 significantly 
differentially expressed genes (DEGs) were identified (log2FC≥1 and FDR q value <0.05). 
Out of these, 2109 genes were upregulated while 2596 were downregulated in EVT. Gene 
set enrichment analysis (GSEA) of DEGs demonstrated that epithelial to mesenchymal 
transition (EMT), angiogenesis and KRAS signaling pathway are some of the positively 
enriched hallmarks while E2F targets, Hedgehog pathway, and Notch pathway are 
negatively enriched. Cytoscape and String database were used to generate protein-
protein interaction (PPI) network of the DEGs. After filtering with a combined score >0.5, 
the result showed a highly interactive network with 4420 nodes and 47585 edges. To 
identify key genes of the PPI network that would be functionally critical for regulating 
trophoblast biology, the Cytohubba application was used. 11 different centrality scores 
(both local and global) were calculated and the genes that were present in the top 25 
gene list in at least 6 centrality measurements were considered hub genes. These hub 
genes were used to generate a PPI network that was also highly interacting. The hub 
genes correspond to the functional annotation of the DEG set as analyzed by the GSEA. 
The hub genes FN1 and CDH1 are functionally related to EMT; KRAS to KRAS signalling 
pathway; and EGFR to E2F targets hallmark. Together, these results suggest that EGFR, 
KRAS, and hedgehog pathways are critical for differentiating into extravillous trophoblast 
with EGFR and KRAS emerging as some of the centrally important genes that determine 
the EVT phenotype. Identification of these pathways and genes should prove beneficial 



for identifying useful therapeutic targets for the treatment of pregnancy-associated 
disorders. Financial support: Research grant from Indian Council for Medical Research. 
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Successful pregnancy is dependent on an aptly developed and functional placenta. 
During placentation, epithelial cytotrophoblast cells (CTBs) transdifferentiate into the 
migratory extravillous trophoblasts (EVTs). These EVTs invade the maternal endometrium 
and remodel the spiral arterioles by replacing the endothelial cells. Improper 
differentiation results in inadequate EVT invasion which leads to placental malformation 
and related pathological consequences like preeclampsia and intra-uterine growth 
restriction (IUGR). Preeclampsia is one of the major causes of feto-maternal morbidity and 
mortality worldwide. Acquisition of invasive phenotype by EVTs indicates the involvement 
of epithelial to mesenchymal transition (EMT). In the early-stage developing placenta, the 
trophoblast cells are in a hypoxic environment. However, the regulation of EMT in 
trophoblasts by this hypoxic condition is not well understood. We postulate that hypoxia 
may act in induction and transient maintenance of EMT in trophoblast cells which may be 
epigenetically controlled. Therefore, we analyzed the expression levels of EMT-associated 
genes and their DNA methylation status in trophoblast cells grown under hypoxia. 
Immortalized first-trimester trophoblast cells, HTR8/SVneo, were seeded in T-25 flasks at 
a density of 15x10^5 cells per flask supplemented with 10% FBS. The cells were 
incubated for 6 hours before exposure to hypoxia (1% O2) or normoxia (20% O2). After 24 
hours of hypoxia treatment, the cells were harvested for RNA extraction followed by 
quantitative RT-PCR to assess the gene expression pattern of EMT-related genes. DNA 
methylation levels of the promoter region of these EMT-related genes was also assessed 
by isolating genomic DNA from these cells. The genomic DNA was bisulfite-converted 
and qPCRs were performed using specific primers for methylated and unmethylated 
templates. Exposure to hypoxia was confirmed by the significant increase in the 
expression of Carbonic Anhydrase 9 (CA9) (p<0.001) and Vascular Endothelial Growth 
Factor A (VEGFA) (p<0.01), two of the target genes for HIF-1alpha. Expression of the 
mesenchymal marker gene fibronectin 1 (FN1) was significantly up-regulated (p < 0.001) 
in HTR8/SVneo cells exposed to hypoxia compared to the normoxic control. This suggests 
the induction of EMT in trophoblast by hypoxia. A significant increase in the gene 
expressions of matrix metalloproteinase 2 (MMP2) (p<0.01) and matrix metalloproteinase 
9 (MMP9) (p<0.001) supports the higher invasion ability of hypoxia challenged trophoblast 



cells. Since DNA methylation is a well-known mechanism for epigenetic regulation for the 
transient decrease in gene expression, we also analyzed the DNA methylation levels of 
these EMT genes as described above. Hypoxia increased methylation of E-Cadherin, a 
core EMT marker gene, (p<0.01) while it decreased methylation of MMP9 gene (p<0.05). 
This change in methylation levels induced by hypoxia correlated well with the induction 
of EMT. Thus, we conclude that hypoxia induces EMT in trophoblast cells by modulating 
the DNA methylation status of some EMT-associated genes. 
Financial support: Research grant from Indian Council for Medical Research. 
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Recurrent Pregnancy Loss (RPL) is defined as the loss of two or more pregnancies by 
both ESHRE and ASRM. It affects up to 2% of women of reproductive age. The etiology 
of RPL is multifactorial including chromosomal and genetic abnormalities; 
endocrinological; thrombophilic; autoimmune and alloimmune disorders; and uterine 
abnormalities. However, more than 50% of the causes are idiopathic. One of the other 
mechanisms suggested to be involved in the pathogenesis of RPL includes insufficient 
trophoblast invasion. Proper trophoblast invasion, during embryo implantation and 
formation of placenta, requires an active cross-talk between the placental trophoblast 
cells and the cells of the receptive maternal endometrium. Many molecular players of 
this cross-talk have been identified over the years. Recently, exosomes have been 
identified as a potent, new way of cell-to-cell communication in both normal and 
pathological circumstances. They are secreted by almost all cell types of the body and 
carry a cargo representative of the originating cell. Exosomes can transfer functional 
proteins or genetic information, which can change the phenotype and function of 
the recipient cells. Previous research has demonstrated that exosomes are also 
released by the placenta into maternal circulation. Hence, we hypothesized that one of 
the causes of idiopathic RPL may be the differential regulation of trophoblast functions, 
including invasion, by the circulating exosomes present in women with RPL. Peripheral 
blood was collected from pregnant women with or without the history of RPL and 
gestational age of 10-16 weeks (n=5 each). Non-pregnant women with proven fertility 
(n=5) were taken as another control group. Exosomes were isolated from the blood and 
concentration of exosomal protein was quantified using the BCA (Bicinchoninic acid) 
Protein Assay. Trophoblast cells (HTR8/SVneo) were seeded into 96-well plates or 24-
well cell culture plates and incubated for 24 hours. After cell adherence, exosomes 



isolated from blood were added to the culture medium at a dose of 50ug/ml of exosomal 
protein. MTT assay was performed after 24 hours treatment with exosomes to analyze 
their effect on viability of HTR8/SVneo cells. The effect of the exosomes from different 
groups of women on the migratory and invasive capacity of trophoblast cells was 
evaluated using scratch assay and transwell invasion assay respectively. The results 
showed that viability of the trophoblast cells treated with exosomes from RPL women 
was significantly lower as compared to those treated with exosomes from normal 
pregnant women. Treatment with exosomes isolated from RPL women also suppressed 
the migratory and invasion ability of the trophoblast cells in comparison to that of cells 
incubated with exosomes isolated from normal pregnant or non-pregnant women. Thus, 
our data supports the hypothesis that circulating exosomes of women with RPL 
negatively affect the trophoblast functions. Future studies to identify the differential 
molecular cargo carried by exosomes of RPL women may shed light on other causes of 
idiopathic RPL. 
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Adrenomedullin (ADM) is an evolutionarily conserved peptide hormone that regulates 
implantation, embryo spacing and placentation in humans and rodents. However, the 
potential roles of ADM in pigs, as litter-bearing species, are unknown. In this study, an 
established spontaneously immortalized pTr1 primary cell line from day-12 porcine 
conceptuses was used to evaluate the effects of ADM in cell proliferation, migration, and 
adhesion. pTr1 cell was cultured in complete medium with 10% fetal bovine serum 50 
U/ml penicillin, 50 μg/ml streptomycin, 0.1 mM each for nutritionally nonessential amino 
acids, 1 mM sodium pyruvate, 2 mM glutamine, and 4 μg/ml insulin. Opti-MEM supplied 
with 2.5% (v/v) charcoal-stripped FBS was used for siRNA mediated knockdown 
targeting non-specific (NTC) or specific genes including ADM (siADM) and its receptor 
CALCRL (siCALCRL). Cells were starved in FBS- and insulin-free medium for 24 hours 
before treatment. For proliferation assay, cell numbers were determined by staining with 
Janus-Green B after 48 hours treatment in 24-well plates. For migration assay, cells 
were treated with ADM after straight scratch in 6-well plates, and area of cell migration 
was calculated after 12 hrs. For adhesion assay, cells were trypsined in T-25 flasks and 
allowed for seeding in 96-well plates with density of 2×105 cells/0.2 ml/well, and the 
numbers of attached cells were determined after 2 hrs. Western blot analyses were 
used to determine the expressions of target proteins at total and phosphorylated level. 
As a result, ADM at 10-7 M stimulated proliferation of pTr1 cells at 48 h by 1.4-fold 
(P<0.01). Inhibition of endogenous ADM by siADM reduced cells proliferation which was 



rescued by supplementary of exogenous ADM. Inhibition of CALCRL by siCALCRL also 
abrogated ADM-induced cell proliferation (P<0.0001). As compared to the control 
(siNTC), ADM increased pTr1 cell migration by 1.5-fold (P<0.01). Both siADM and 
siCALCRL abrogated ADM-induced cell migration (P<0.0001). In addition, ADM 
increased cell adhesion by 1.2-fold (P<0.0001) as compared to the control. Western blot 
analyses showed that ADM stimulated (P<0.01) phosphorylation of MTOR as well as its 
downstream effectors, S6K, S6 and 4EBP1 at 0.5 and 1 hr, which were inhibited 
(P<0.01) by siCALCRL. Moreover, as the upstream regulator of MTOR activity, ADM 
activated AKT but inhibited TSC2 via increased phosphorylation of AKT and TSC2 
(P<0.01), respectively. These ADM-induced phosphorylation were abrogated (P<0.01) 
by siCALCRL. Collectively, these novel results suggest that ADM stimulate proliferation, 
migration and adhesion of porcine trophectoderm cells via CALCRL-AKT-TSC2-
MTORC1 cell signaling pathway. This research was supported by Agriculture and Food 
Research Initiative Competitive Grant no. 2022-67015-36491 from the USDA National 
Institute of Food and Agriculture. 
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Preeclampsia (PE) is a main cause of perinatal morbidity and mortality in pregnant 
women. Early-onset PE (EOPE), which develops before 34 weeks of gestation, is more 
severe than its late-onset counterpart and also more closely linked to fetal growth 
restriction and adverse maternal and neonatal outcomes. EOPE is attributed to 
abnormal trophoblast (TB) development, including deficient cytotrophoblast fusion, 
diminished syncytiotrophoblast (STB) turnover, and shallow extravillous trophoblast 
(EVT) invasion, which likely arises very early in pregnancy. However, EOPE does not 
manifest clinically until late in the second trimester and onward. Thus, currently available 
TB models generated from blastocysts or first trimester placentas cannot predict the 
disease state and differentiation of cause vs effect is problematic for EOPE placentas 
isolated at delivery. This lack of relevant models to investigate the developmental 
defects leading to EOPE pathology has hindered our understanding of the disorder and 
its prediction, prevention and treatment. Here, we present a patient-derived in vitro 
trophoblast stem cell (TSC) model to address placental developmental defects in EOPE. 
Fibroblasts extracted from the umbilical cords of placentas delivered by mothers with 
(male, n=4; female, n=4) and without (male, n=3; female, n=3) EOPE were transfected 



with episomal vectors driving the reprogramming factors, TP53 shRNA, POU5F1, SOX2, 
KLF4, LIN28, and MYCL under low oxygen conditions (5% O2/5 % CO2). Following an 
initial culture with a fibroblast culture medium for around 2 weeks, the transfected cells 
on mouse embryonic fibroblasts were transitioned into Okae’s TSC medium. The initial 
TSC-like colonies became visible at around day 21 and the cells were mechanically 
dispersed and picked at around day 25 for expansion. The colonies ultimately exhibited 
complete TSC-like morphology after several passages. Episomal vector genes were 
undetectable by qPCR in most of the induced TSC (iTSC) lines at passage 15. Three 
lines (two control male lines and one EOPE male line) continued with lower but 
detectable episomal vector gene expression even at passage 25. We confirmed specific 
conversion to either 3-dimensional STB with high CGA and SDC1 mRNA expression or 
EVT with high HLA-G mRNA expression, depending on culture conditions, in a selection 
of the episomal vector-free iTSC from control placentas. Initial experiments on EVT-
differentiation in EOPE lines showed blunted outgrowth of spindle-shaped cells when 
compared to control lines under 20% O2/5% CO2 conditions. We expect that these iTSC 
models will allow an exploration of TB subtype-specific defects likely to occur in the 
process of placentation in EOPE patients that will be disease- and even patient-specific. 

This work is supported by grants 1R01HD094937 (TE, LCS, RMR, DJS) and 
1R21A1145071 (DJS) from the National Institutes of Health and internal Tier 2 funding 
(DJS) from the University of Missouri. 
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Objectives: The Piezo channels are mechanosensitive membrane proteins that activate 
upon physical stress (stretching, crowding, and shear stress). Expression of Piezo 1 
is predicted in the endometrium during in embryo implantation. The junctional zone of 
the myometrium serves as an active substrate for the endometrium. The shortening and 
lengthening of muscle fibers can cause crowding and stretching of cells attached to the 
substratum. Cyclic changes in cell proliferation, decidualization and menstruation, also 
affect cell density and extracellular stiffness in the endometrium. In a preliminary study, 
we found significantly upregulated expression of Piezo 1/2, Matrix Metalloproteinase 1 
(MMP1), MMP2, MMP3, MMP9, MMP14, and Tissue Inhibitor of Metalloproteinase 1 
(TIMP1) in endometriotic lesions. To test whether Piezo stimulation is associated with 
MMP and TIMP regulation in endometriosis, we conducted in vitro experiments using 
the Piezo agonist Yoda1, the Yoda1 blocker Dooku1, and the non-selective 
mechanosensitive channel blocker Ruthenium red. Physical activation was conducted 
on PDMS membrane. Methods:  Formaldehyde fixed, paraffin-embedded sections were 
de-paraffinized, rehydrated, and subjected to heat-induced antigen retrieval for 10 min. 



Sections were blocked with 2% normal serum and then incubated overnight at 4°C with 
primary antibodies. The slides were blocked again and incubated with secondary 
antibodies for 30 min at 23°C. Color was developed with an ABC Kit with DAB and then 
counterstained with Mayer’s Hematoxylin.  For western blot, protein was extracted in 
RIPA buffer. Quantification was performed using the Pierce BCA protein assay kit. 20ug 
of protein was separated on an SDS-page gel. Gel transfer was performed on iBlot. 
Nitrocellulose membranes were blocked in 5% non-fat milk in TBST and in the primary 
antibodies overnight at 4°C. The membrane was washed in TBST, incubated in the 
peroxidase-labelled secondary antibody, and washed again. Staining was developed in 
chemiluminescent substrate and image was taken on the iBright gel-doc system. 
Chemical activation of Piezo1 was carried out in vitro on monolayer endometriotic 
stromal cells.  Treatments included:  A. DMSO vehicle; B. E2+Vehicle; C. E2+Yoda1; D. 
E2+Yoda1; E: E2+ Yoda1+ Dooku1; F: E2+Yoda1+Dooku1. RT-Q-PCR was carried out on 
Trizol-extracted RNA. Total RNA was reverse transcribed. Standards were made from 
pooled cDNA and PCR was carried out on QuantStudio 3 and normalized to RPL32 RNA 
expression. A customized cell culture plate was designed to study the physical 
activation of Piezo1. Results: We report increased MMP1, MMP2, MMP3, MMP9, 
MMP14, and TIMP1 transcripts in isolated endometriotic stromal cells following Yoda1 
activation of Piezo. The induced expression of MMPs was down-regulated by co-
treatment of Yoda1 and Dooku1. Expression of the Piezo channels, MMP1, MMP2, 
MMP3, MMP9, MMP14, and TIMP1 was significantly elevated in the proliferative 
endometriotic lesion. In vitro Yoda1 treatment increased the expression MMP1, 2, 3, 9, 
14, and TIMP1. The Yoda1 inhibitor Dooku1 reverses the upregulating effect of Yoda1 
on these endpoints. The non-selective Piezo blocker Ruthenium Red downregulates the 
expression all targets. Conclusions: The Piezo channels are a therapeutic target in 
endometriosis for suppressing the pro-inflammatory MMPs and TIMP1. 
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Agmatine and polyamines (putrescine, spermidine, and spermine) have important roles 
in the survival, growth, and development of mammalian conceptuses. Similarly, 
phosphate, calcium, and vitamin D are critical for the establishment and maintenance of 
pregnancy and the regulation of conceptus growth and development. However, the 



interactions between these important signaling pathways during the peri-implantation 
period has not been investigated. This study interrogated the relationship between 
polyamines and mineral signaling pathways in the ovine endometrium during the peri-
implantation period of pregnancy. Estrous cycles of mature Suffolk ewes (n=6) were 
synchronized using a progesterone intravaginal insert (CIDR) for 12 days. Upon CIDR 
removal, prostaglandin F2α was administered, and ewes were observed for estrus 
(designated as Day 0) and bred to fertile rams. Ewes were hysterectomized on Day 17 
of pregnancy and the endometria dissected and minced to ensure homogeneity. 
Endometria (200mg) was cultured in 6ml of medium in 10 conditions in duplicate for 24 
h: 1) medium control, 2) vehicle control, 3) progesterone (P4) (500ng/ml), 4) interferon 
tau (IFNT) (1µg/ml), 5) P4+IFNT, 6) P4+IFNT+Agmatine (Ag;11µg/ml), 7) 
P4+IFNT+Putrescine (Put; 4µg/ml), 8) P4+IFNT+Spermidine (Spdn; 4µg/ml), 9) 
P4+IFNT+Spermine (Spm; 21µg/ml), and 10) P4+IFNT+Ag+Put+Spdn+Spm. These 
conditions are reflective of the physiological conditions of the uterine environment on 
Day 17 of gestation. There were significant overall treatment effects for phosphate 
(P<0.0001) and calcium (P<0.05) release into the medium. More phosphate was 
released into the culture medium when endometria was cultured with P4+IFNT and 
P4+IFNT+Ag+Put+Spdn+Spm compared to the medium only control (P<0.05). In 
contrast, less phosphate was released into the culture medium when endometria was 
cultured with P4+IFNT+Spm compared to all other treatments (P<0.05). Calcium release 
into the culture medium was increased when endometria was cultured with P4+IFNT 
compared to P4 alone (P<0.05). There were overall treatment effects (P<0.0001) for the 
endometrial expression of candidate mRNAs with roles in phosphate (fibroblast growth 
factor receptor 1 [FGFR1], FGFR2, klotho [KL], a disintegrin and metalloproteinase 
domain-containing protein 10 [ADAM10], ADAM17, solute carrier family 20 member 1 
[SLC20A1], and secreted frizzled related protein 4 [SFRP4]), calcium (S100G, S100A9, 
S100A12, and ATPase plasma membrane ca2+ transporting 4 [ATP2B4]), and vitamin D 
(25 hydroxylase [CYP2R1] and 24 hydroxylase [CYP24]) metabolism. For all mRNAs 
investigated, the expression of phosphate, calcium, and vitamin D regulatory mRNAs 
was lowest in endometria cultured with P4+IFNT+Spdn, P4+IFNT+Spm, and 
P4+IFNT+Ag+Put+Spdn+Spm. FGFR1 mRNA expression was also decreased in 
endometria cultured with P4+IFNT+Ag. The consistent decrease in expression of 
mineral regulatory mRNAs in endometria cultured with spermidine and spermine 
suggest that these polyamines may inhibit the transport of minerals by the ovine 
endometrium. Collectively, these data reveal a previously unknown effect of polyamines 
on calcium, phosphate, and vitamin D metabolism and mineral transport in the ovine 
endometrium during the peri-implantation period of pregnancy. This project was 
supported by Agriculture and Food Research Initiative Competitive Grant no. 2016-
67015-24958 from the USDA National Institute of Food and Agriculture. 
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Endometriosis is a common gynecological disorder, which causes debilitating chronic 
pelvic pain and subfertility in women of reproductive age. Because it is an estrogen-
dependent disorder, hormonal therapies are available for the medical treatment of 
endometriosis including oral contraceptives, GnRH-agonists and progestins in order to 
inhibit estrogen production and function. However, these hormonal treatments along 
with laparoscopic surgery are often of limited efficacy with high recurrence rates, 
frequent side effects, additional costs, and potential morbidity. Thus, a critical need 
exists to develop new and effective therapies for endometriosis targeting biologically 
important mechanisms that underlie pathophysiology of this disease. An FDA-approved 
anti-helminthic drug, niclosamide has been tested for years in our lab with promising 
outcomes for the treatment of endometriosis. We have previously demonstrated that 
niclosamide reduces the growth and progression of endometriotic-like lesions (ELL) in a 
mouse model of endometriosis and this correlated with diminished inflammatory 
signaling. To further elucidate the underlying inhibitory mechanism of niclosamide, we 
utilized bulk (RNA-seq) and single-cell transcriptomic analysis (scRNA-seq) in this study 
to investigate molecular changes caused by niclosamide to chronic inflammation-related 
peritoneal macrophage subpopulations using a mouse model of endometriosis. We 
found that niclosamide largely reversed the transcriptomic changes in macrophages 
caused by the presence of ELL. Combined analysis of gene distributions and 
pseudotime trajectories suggest that niclosamide reduced the recruitment of small 
peritoneal macrophages (SPMs) through its downregulation of genes that were 
enhanced by ELL. Flow cytometry (FACS) analysis confirmed that the increased 
numbers of small and intermediate small macrophage populations that were induced by 
ELL were decreased by niclosamide treatment. Interestingly, ELL promoted the 
maturation of intermediate large macrophages (LPMs) to replace the original resident 
phenotype (RLMs), which were suppressed by niclosamide. Moreover, niclosamide 
abrogated the decrease in Timd4 expression to maintain the original RLMs. This 
increased population of resident macrophages (TIM4+) was also confirmed by FACS. In 
addition, the molecular importance of Retnla and Timd4, which were heavily affected by 
niclosamide, in macrophage progression was also revealed by a virtual knockout model. 
In summary, our study showed that ELL enhanced the dynamic recruitment of SPM 
lineages while reducing the number of RLMs and facilitating the maturation of 
intermediate LPMs to replace those RLMs. Niclosamide finely reversed those changes 
caused by ELL to tune the inflammatory conditions back to normal. Therefore, we 
propose that macrophages are possible direct targets of niclosamide, and that it could 



be a promising new therapy for the treatment of endometriosis by tuning chronic 
disease-associated inflammation. Supported by NIH/NICHD R01HD104619 
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The decidua is a pivotal component of the maternal-fetal interface to establish immune 
tolerance, control trophoblast invasion, and modulate the spiral artery remodeling. The 
decidua derives from differentiation of endometrial stromal fibroblasts under the control 
of steroid hormones progesterone and estrogen. Studies on cultured human 
endometrial stromal cells (HESC) identified a network of transcription factors PGR, 
FOXO1, and IRF4 in regulation of the HESC decidualization process. IRF4 belongs to a 
family of transcription factors that are crucial for immune responses. Silencing of IRF4 
impairs the decidualization and IRF4 is a genomic target of PGR and FOXO1 in HESC. 
We hypothesize that IRF4 regulates crucial pathways and interacts with 
major transcription factors to control HESC homeostasis. Objectives of this study 
include: 1. Identify IRF4 downstream target genes and associated molecular pathways in 
HESC; and  2. Investigate interactions of IRF4 with known regulators of the stromal 
compartment in human endometrial tissue. IRF4 was knocked down by siRNA in primary 
HESC of three human subjects and transcriptomic profiling by RNA-sequencing was 
performed after three days of estradiol, medroxyprogesterone acetate, and cAMP 
treatment. Data was assayed by GSEA and IPA software to determine affected 
pathways, as well as NextBio to compare with public datasets, and model fitting with 
Mplus. Silencing IRF4 altered expression of 1851 genes. Based on this transcriptomic 
profile, IPA predicted a reduction of progesterone and estrogen signaling activities in 
IRF4 knockdown cells, support the decidualization defect phenotype. In silico model 
fitting finds interactions among IRF4, FOXO1, and PGR activities in endometrial 
specimens of recurrent implantation failure patients, in agreement the in vitro findings. 
GSEA further identified a manifestation of the inflammation gene signature after IRF4 
loss, which is in line with the heightened TNFa and NF𝑘𝑘B molecular activities. An 
increase of RNA abundance of the pro-inflammatory cytokine CXCL16 and its receptor 
CXCR6 was observed in response to IRF4 deficiency, suggesting a potential role of IRF4 
in suppression of the TNFa-CXCL16 axis. Notably, the IRF4 deficient gene expression 
profile positively correlates with gene signature of the human endometrioma, implying a 
potential link between IRF4 and endometriosis. Additionally, IRF4 silencing increased 



RNA levels of vascular remodeling factors ANGPT1, ANGPT2, PDGFB, PDGFC, and 
FLT1 as well as that of the vasoconstrictor EDN1. This observation implicates a role of 
IRF4 in vascularization and regional blood circulation at the maternal-fetal interface. In 
conclusion, IRF4 gene signature reveals its association with the inflammatory and 
vascular regulation programs and provides implications on its role in pregnancy and 
endometriosis. 
 

P277 - Beta Catenin Alters Estrogen Signaling in Murine Endometrial Epithelial 
Organoids.  

Mackenzie Dickson, Reproductive and Developmental Biology Laboratory, National 
Institute for Environmental Health Sciences                                                                                                             
Madhumita Ray, Reproductive and Developmental Biology Laboratory, National Institute 
for Environmental Health Sciences                                                                                                                            
San-Pin Wu, Reproductive and Developmental Biology Laboratory, National Institute for 
Environmental Health Sciences                                                                                                                    
Francesco DeMayo, Reproductive and Developmental Biology Laboratory, National 
Institute for Environmental Health Sciences  

Wnt signaling has been shown to be critical in maintaining uterine endometrial epithelial 
cell differentiation in organoid culture. β-catenin, a major component of canonical Wnt 
signaling, has been shown to regulate uterine cell differentiation, proliferation, and 
steroid hormone responsiveness. The goal of this study was to investigate the role of 
Wnt signaling and specifically β-catenin in the regulation of endometrial function using 
endometrial epithelial organoid culture. This was accomplished by: 1. defining the 
transcriptome of organoids in response to WNT ligands; 2. Determining the impact 
altered β-catenin expression on organoid morphology and gene expression; and 3. 
Determining the impact of altered β-catenin on organoid hormone responsiveness. 
Endometrial epithelial organoids were generated from adult C57/Bl6 (WT) female mice 
and cultured in medium with or without WNT activating factors, RSPO-1 and WNT3a. 
Microarray analysis found 257 differentially expressed genes (DEG) between groups, 
and pathway analysis revealed enrichment for endocrine and other factor-regulated 
calcium reabsorption metabolic pathways, proteolysis, and lipid metabolic processes. 
Organoids were then generated from mice containing dominant stabilized β-catenin in 
the uterus caused by a mutation in exon 3 of the Ctnnb1 gene. Ctnnb1 organoids 
displayed an altered morphology. These organoids were filled with cells and lacked the 
hollow ring morphology of organoids from WT mice. Microarray analysis of Ctnnb1 
organoids cultured with or without RSPO-1 and WNT3 showed 3 DEG indicating the Wnt 
agonist added to the medium acted through canonical Wnt signaling. A comparison of 
the DEG induced by Wnt agonist in WT organoids and the DEGs in Ctnnb1 organoids 
compared to WT, showed that 82% (211/257) of the DEG in the WT organoids were 
differentially expressed in the organoids from the Ctnnb1 mice further demonstrating 
the medium additives acted through canonical Wnt signaling. In addition to the 211 



common DEGs, the Ctnnb1 organoids showed an additional 2105 DEG. These genes 
were enriched for pathways including PI3K-AKT pathway, transcriptional misregulation 
in cancer, regulation of epithelial cell proliferation, and gland development, among 
others. These results highlight the proliferative nature of organoids from dominant 
stabilized Ctnnb1 mice. In addition, estradiol (E2) signaling was identified as an inhibited 
upstream regulator of these genes, and meta-analysis showed a negative correlation 
with the uterine transcriptome of mice treated with E2. The organoids from Ctnnb1 mice 
displayed decreased estrogen receptor 1 (Esr1) gene expression and decreased 
expression of E2-responsive genes in response to E2 stimulation as compared to WT 
organoids. In conclusion, β-catenin and canonical Wnt signaling is critical in regulating 
epithelial cell proliferation and differentiation, and negatively regulates estrogen 
signaling in endometrial organoids. Culture of endometrial organoids are a useful tool to 
disentangle the mechanisms governing endometrial epithelial cells differentiation and 
hormonal responsiveness. This analysis is critical to understand the factors controlling 
uterine endometrial epithelial function and dysfunction.   
 

P278 - Vitamin D regulates uterine stromal cell differentiation in vitro and in vivo  

MyeongJin Yi, National Institute of Environmental Health Sciences 
Anne Marie Jukic, National Institute of Environmental Health Sciences, 
Francesco DeMayo, National Institute of Environmental Health Sciences  

According to the recent report of the Centers for Disease Control and Prevention, among 
women aged 15 to 49 years with no prior births, about 19% have trouble with pregnancy 
after one year of trying, and about 26% of women in the same group have trouble to be 
pregnant or carry a pregnancy to term in the United States. Unfavorable pregnancy 
outcomes are related to dietary supplements and environmental factors. Many 
epidemiologic studies have demonstrated that human vitamin D deficiency may adversely 
impact pregnancy. Vitamin D acts via its receptor, the vitamin D receptor, VDR, a ligand-
dependent transcription gene. Vdr null female mice had impaired fertility with the 
hypertrophic uterus, supporting the epidemiologic data for the ubiquitous role of vitamin 
D in pregnancy. Thus, we hypothesize that vitamin D acting through its receptor is critical 
for regulating the ability of the mouse uterus to support pregnancy. This hypothesis firstly 
was tested in vivo by feeding mice either vitamin D control (1000IU/kg) or deficient diet 
for 9 weeks. The mice were then ovariectomized, injected with estrogen and 
progesterone, and one uterine horn was stimulated by oil injection to induce the decidual 
response. The decidual response was assayed by determining the increase in the weight 
ratio of the stimulated to unstimulated horns. Mice fed a control diet showed a 15.09±5.82 
fold increase in weight while the uterine horn of the mice on a deficient diet showed a 
6.92±3.87 fold increase in weight indicating a significantly impaired decidualization 
(p=0.0028). Also, the decreased trend in Bmp2, Wnt4, Prl8a2, and Pgr was observed in a 
deficient diet group. This showed deficient dietary vitamin D impacted the ability of the 
uterus to decidualization. Second, the role of vitamin D in human decidualization was 



determined by treating human transformed endometrial stroma cells, THESC with a 
mixture of estradiol, medroxyprogesterone acetate, and cAMP to induce cell 
differentiation and decidual differentiation was assayed by changes in THESC morphology 
and the expression of PRL and IGFBP1. THESCs transfected with siVDR underwent the 
epithelioid morphological transformation, however, the expression of PRL and IGFBP1 
was significantly increased compared to the non-targeting control siRNA (siNT). 5nM of 
1,25(OH)2D3 (active vitamin D) treatment also showed a decrease in VDR expression and 
an increase in the expression of the decidual marker genes when compared to that of 
cells treated with vehicle. To investigate the RNA-seq, THESCs were transfected with 
siVDR or siNT and treated with vehicle or 2nM of 1,25(OH)2D3. When the Differentially 
Expressed Genes were analyzed, 758 and 771 genes were varied by 1,25(OH)2D3 in 
siNT, and by siVDR in 1,25(OH)2D3 respectively. This indicates that vitamin D may work 
by receptor-dependent and independent pathways and VDR may repress hormonal 
induction of THESC differentiation while the ligand 1,25(OH)2D3 removes this repression. 
Currently, cistromic analysis is being conducted to determine the mechanism. In 
summary, the results show that vitamin D and VDR are critical for uterine function in mice 
and humans. 
 

P279 - Pig conceptuses secrete exosomes containing IFNG into uterine lumen for 
paracrine communication with the endometrium.  

Joe Cain, Texas A&M University                                                                                                              
Heewon Seo, Texas A&M University                                                                                                          
Robert Burghardt, Texas A&M University                                                                                                  
Fuller Bazer, Texas A&M University                                                                                                               
Greg Johnson, Texas A&M University  

Interferon-gamma (IFNG) is a pro-inflammatory cytokine and is the only known type II 
interferon. It is secreted by the porcine conceptus (embryo and associated extra-
embryonic membranes) during the peri-implantation period, with peak amounts of IFNG 
occurring around Day 15 of pregnancy, coinciding with elongation of the conceptus. 
IFNG upregulates the expression of multiple interferon-stimulated genes within the 
uterine endometrial stroma and modifies the inflammatory immune response within the 
endometrium. It has been shown to be required for successful implantation and survival 
of the porcine conceptus. Interestingly, in vivo infusion of IFNG into the uterine lumen of 
pseudopregnant gilts elicits only a minimal increase in the endometrial expression of the 
interferon-stimulated chemokines CXCL9, CXCL10, and CXCL11 as compared to the 
endometrial expression of these chemokines during pregnancy, suggesting a lack of 
understanding about the mechanism(s) by which IFNG is secreted into the uterine 
lumen to elicit physiological changes within the endometrial stroma. In the present 
studies we (1) performed immunofluorescence staining for cell-specific localization of 
IFNG protein at sites of implantation in the uterus and observed that IFNG protein is 
present in both the conceptus trophectoderm and the endometrial luminal epithelium 



(LE). Previous data from our laboratory established that IFNG mRNA is present only 
within the trophectoderm and not the endometrial LE. These findings suggested a 
delivery mechanism other than the direct secretion of IFNG protein into the uterine fluid 
and interaction of IFNG with membrane receptors on the endometrial LE. We then (2) 
cultured endometrial explants from Day 11 of pregnancy in the presence of increasing 
doses of IFNG and measured expression of the IFNG-induced chemokines CXCL9 and 
CXCL11 using real-time PCR. Similar to pregnancy, IFNG induced a dramatic increase 
in expression of both chemokines. The explant culture procedure removed the 
endometrial LE barrier to the endometrial stroma present in vivo, allowing IFNG to 
directly contact stromal cells. These observations suggest a delivery mechanism that 
permits IFNG to cross the endometrial LE in vivo. Exosomes are a class of small (30-
200nm) secreted extracellular vesicles that carry proteins and other molecular signals 
for intercellular communication. Their membrane composition allows them to cross 
significant biological barriers. Extracellular vesicles are an important method of 
paracrine communication between the endometrium and trophectoderm in many 
species including humans, pigs, and ruminants. We (3) isolated exosomes from the 
uterine fluid of Day 15 porcine pregnancies and western blotting detected IFNG in the 
exosomes. We hypothesize that IFNG is packaged into exosomes and secreted by the 
conceptus to be taken up by the endometrial LE, allowing for paracrine communication 
with the underlying endometrial stroma. This project was supported by Agriculture and 
Food Research Initiative Competitive Grant no. 2016-67015-24955 from the USDA 
National Institute of Food and Agriculture. 
 

P280, - Identifying Disease Promoting Macrophages and Tissue Identity Signals in 
Endometriosis.  

Kavita Panir, The University of Warwick                                                                                                     
Priya Dhami, The University of Warwick                                                                                             
Matthew Rosser, The University of Warwick                                                                                             
Chloe Hogg, The University of Edinburgh                                                                                               
Andrew Horne, The University of Edinburgh                                                                                          
Erin Greaves, The University of Warwick  

Endometriosis is a gynecological condition in which endometrial cells from the uterine 
lining are found ectopically, usually as ‘lesions’ on the peritoneal wall or surface of the 
ovary. The mechanisms contributing to the development of endometriosis have been 
linked to aberrant immune responses. Macrophages, a versatile population of 
mononuclear phagocytes exhibiting phenotypic plasticity, are central in the 
pathogenesis of endometriosis, with roles in proliferation, vascularization and innervation 
of lesions. Previously, we have identified different origins of lesion-resident 
macrophages (LRMs) in a mouse model of experimental endometriosis; they are derived 
from large peritoneal macrophages (LpMs), donor endometrial macrophages, and 
Ly6C+ monocytes. In the current study, our aim was to further clarify phenotypic 



heterogeneity of LRMs and link this to their origins in our mouse model. We used single- 
cell RNA-Seq (scRNA-Seq) analysis of CD45+ cells isolated from lesions (6006 cells; 
n=10), donor endometrial tissue (1306 cells; n=5) and peritoneal lavage cells from Sham 
(5645 cells; n=5) and experimental endometriosis (6720 cells; n=5) C57BL/6J mice. We 
used two approaches to identify and isolate LRM from different origins; 1) Adoptive 
transfer of LpM (isolated from Csf1r-EGFP mice) into the peritoneal cavity of wildtype 
C57BL/6J endometriosis mice, and 2) Transfer of Csf1r-EGFP donor endometrial tissue 
into wildtype C57BL/6J to induce endometriosis. GFP+ LRM were isolated using flow 
cytometry, and genes of interest were validated. We extracted and pooled total protein 
from lesions (n=5) and performed a cytokine antibody array to determine signaling 
factors contributing to lesion development. UMAP projection of the scRNA-Seq data 
revealed 20 clusters, with 7 distinct LRM populations. Two LRM clusters expressing 
tumor-associated macrophage genes (Folate receptor 2 (Folr2), Mannose receptor 
(Cd206), Growth arrest specific 6 (Gas6)), a scar-associated macrophage gene cluster 
(Fibronectin (Fn1), Osteopontin (Spp1), Matrix metalloproteinase-12 (Mmp12)), a cluster 
expressing peritoneal macrophage markers (GATA-binding factor 6 (Gata6), T-cell 
immunoglobulin and mucin domain containing 4 (Timd4)), two clusters that associated 
with endometrial macrophages, and one from monocytes were identified. Using the 
protein array, we also observed upregulation of several key cytokines in lesions (e.g. 
SPP1, Intercellular adhesion molecule-1 (ICAM1), Macrophage inflammatory protein-1 
gamma (CCL9), and Macrophage inflammatory protein-2 alpha (CXCL2)), which have 
roles in macrophage recruitment, polarization, and phenotypic function. In summary, we 
have shown that LRM exhibit transcriptional heterogeneity which may dictate their roles 
within lesions and contribute to endometriosis through tissue remodeling and evasion of 
immune-mediated clearance. Determining the myriad of macrophage roles in lesions will 
allow us to better inform targeted immunotherapy development for this debilitating 
disease. 
 

P281 - Loss of PRICKLE1 promotes abnormal endometrial epithelial architecture 
and reduced fertility in mice.  

Emily Roberts, University of Kansas Medical Center                                                                              
Elizabeth Thompson, Rockhurst University                                                                                        
Sornakala Ganeshkumar, University of Kansas Medical Center                                                          
Vargheese Chennathukuzhi, University of Kansas Medical Center  

Aberrant uterine epithelial cell proliferation due to the loss of regulation by ovarian 
steroid hormones is a major driver of endometrial hyperplasia and endometrial 
cancer. Previous studies have indicated that altered progesterone response and 
activation of PI3K-AKT/mTOR signaling pathway play a critical role in the pathogenesis 
of atypical endometrial hyperplasia. Endometrial hyperplasia has a high degree of 
comorbidity with endometriosis, uterine leiomyoma, and adenomyosis, which share 
similar alterations in steroid hormone pathways. Our lab has previously shown that the 



loss of the tumor suppressor REST promotes the activation of PI3K/AKT-mTOR pathway 
in in uterine leiomyoma. Our recent results indicate that epigenetic silencing 
of PRICKLE1, a mediator of non-canonical WNT planar cell polarity (PCP) pathway, 
results in the loss of REST protein expression in the uterus. Furthermore, the loss of 
REST alters progesterone receptor function through a novel interaction. Changes in 
epithelial cell polarity play an important role during embryo implantation as well as in the 
development of endometrial cancer.  However, PRICKLE1’s involvement in cell polarity 
and integrity of the endometrial epithelium have yet to be investigated. In order to study 
the effect of PRICKLE1’s loss in vivo, we recently generated Prickle1f/f Ltf+/icre (Prickle1d/d ) 
conditional knockout mouse model where Prickle1is ablated in the endometrial 
epithelium. Histological analysis of uteri from Prickle1d/d mice showed changes to cell 
organization, extracellular matrix composition, increased atypia and endometrial 
hyperplasia. Expression and localization of E-cadherin was altered significantly in the 
cKO mice with prominent basal localization instead of the normal apico-lateral 
pattern.  In addition, fertility of Prickle1d/d female mice was significantly reduced with 
litter size of 5.70 (n=23) compared to 9.36 (n=14) in controls (p<0.0001). 
Moreover, Prickle1d/dmice show activation of the PI3K-AKT/mTOR signaling pathway in 
the uterus, consistent with observations from human samples of endometrial 
hyperplasia. This research was supported by NIH grants 1RO1HD105714 and 
1RO1HD094373. 
 

P282 - Differential expression of evolutionarily conserved, progesterone regulated 
microRNAs alters the proteome in the human endometrium.  

Jessica Edge, University of Leeds                                                                                                               
Haidee Tinning, University of Leeds                                                                                                            
Mary O'Connel,l University of Nottingham                                                                                                 
Karen Forbes, University of Leeds                                                                                                                                   
Niamh Forde, University of Leeds  

Placental mammals display diverse early pregnancy events - embryo morphologies, 
implantation strategies and placenta morphologies. Some molecules involved in these 
processes signal in a conserved manner, for example, the hormone progesterone (P4) 
establishes uterine receptivity to implantation across the eutheria. In addition, there are 
species-specific molecules involved in maternal recognition of pregnancy such as 
human chorionic gonadotropin in humans. Recent work by our group suggests that a 
key set microRNAs (miRNAs) mediate the observed conservation or diversity in early 
pregnancy signalling. Previous work by our group identified 13 miRNA families (miR-28, 
-127, -185, -188, -324, -331, -340, -378, -423, -433, -505, -542 and -671) which arose at 
the emergence of placental mammals and were never subsequently lost. Three of these 
miRNAs (miR-340-5p, -542-3p and -671-5p) are differentially expressed in response to 
P4. We hypothesise that these miRNAs modify the expression of protein coding regions 
of the genome that facilitate receptivity to implantation. Endometrial epithelial cells 



(Ishikawa cells n=3 biological replicates) were treated with 1) media control, 2) 4µl 
lipofectamine 2000 control, 3) 80pmol non-targeting mimic or inhibitor control, and 4), 
80pmol miRNA mimic or inhibitor for 48 hours. Protein was extracted and Tandem Mass 
Tag (TMT) mass spectrometry was performed. Raw data was quantified and searched 
against UniProt Human database and filtered satisfying false discovery rate (FDR) of 5%. 
Data was normalised to total peptide amount and statistical significance calculated using 
paired T-Tests and a Benjamini-Hochberg correction. Treatment with miR-340-5p mimic 
resulted in altered abundance of 1369 proteins (p<0.05). Pathways that were 
significantly enriched in these target proteins included oxidation-reduction function and 
metabolism. Inhibition of miR-340-5p modified abundance of 376 proteins (related to 
tRNA and ncRNA processing). Seventy-two proteins were changed in cells by treatment 
with miR-340-5p both mimic and inhibitor. Only 16% (280) of in vitro altered proteins 
were identified using target prediction tool MirTarget. Of these, 171 were also changed 
in response to P4 from our earlier study. Overexpression of miR-542-3p resulted in 1378 
altered proteins, significantly linked to metabolic processes. Inhibition of miR-542-3p 
changed abundance of 975 proteins (involved in mRNA processing and protein 
localisation). Two-hundred genes changed in response to both mimic and inhibitor. 
Target prediction identified 4.6% (100) of the genes which were altered in vitro. Of 
these, 46 were changed in response to P4 in our previous experiment. Treatment with 
miR-671-5p mimic demonstrates altered abundance of 1252 proteins, with 492 changed 
by inhibition, and 97 in response to both. Ninety-seven (5.8%) proteins changed in vitro 
were predicted targets and 46 of these were altered in response to P4 previously. 
Functions that were significantly enriched centre around endoplasmic reticulum (ER) 
stress, known to be linked to decidualisation - a key process during early pregnancy. 
These results demonstrate differential expression of conserved miRNAs in the 
endometrium alters protein abundance. We propose that these miRNAs and their 
targets are likely involved in regulation of the endometrium and may have implications 
for successful pregnancy. 
 

P283 - Neonatal diethylstilbestrol exposure-induced persistent molecular changes 
in uterine glands are captured in endometrial organoids.  

Tansy Gu, University of North Carolina at Chapel Hill                                                                           
Carmen Williams, National Institutes of Environmental Health Sciences  

Prenatal exposure to diethylstilbestrol (DES), a synthetic estrogen, causes infertility and 
increased risk of reproductive tract cancer in women. In mice, neonatal DES exposure 
causes aberrant uterine gene expression and epigenetic marks, associated with 
abnormal endometrial gland development and adenocarcinoma. A distinct population of 
adult endometrial glandular stem cells are responsible for the regeneration of 
endometrial glands, which are crucial for normal endometrium function and pregnancy. 
Additionally, this is the cell type that transforms into uterine adenocarcinoma. Here, we 
use endometrial organoids isolated from neonatal DES exposed uteri to study the 



mechanism of how this early transient exposure causes persistent effects in endometrial 
glands. We hypothesize that early DES exposure alters the endometrial stem cell 
epigenetic landscape, which impairs differentiation and causes aberrant glandular 
development. To test this idea, we are using a combination of in vivo exposure and in 
vitro endometrial organoid culture. CD-1 were exposed during post-natal day (PND) 1-5 
daily with corn oil or 1 mg/kg DES. To study the persistent effect of DES, glandular stem 
cells were isolated at PND16 (pre-puberty) and at 2 months (adulthood) for endometrial 
organoid culture; 10 uteri were pooled for PND16 isolations, and 5 uteri were pooled for 
2 month isolations. Effects seen at PND16 represents the initial persistent effect prior to 
endogenous estrogen-induced changes that occur after puberty, while effects at 2 
months represent long-term effects. At both timepoints, DES-derived organoids were 
qualitatively more difficult to culture due to an apparent deficit in proliferation. Because 
PND16 organoids had better growth, our initial studies used organoids from this time 
point. Control organoids had abundant expression of CK18, an epithelial marker, and 
some expression of FOXA2, a gland marker – consistent with the glandular epithelial 
appearance of the organoids. Comparison of gene expression in control and DES 
organoids by RNA microarray revealed 2038 differentially expressed genes, of which 
1090 genes were upregulated, and 948 genes were downregulated (n=4). Strikingly, 
Aldh1a1, a putative stem cell marker, had a 10-fold decrease in expression (P=0.0055), 
indicating stem cell maintenance impairment. From this gene list, potential upstream 
regulators that could explain the altered gene expression were TGFb, WNT, NOTCH, 
and TNF. Biological processes predicted as altered in DES organoids by gene ontology 
analysis were decrease in cell adhesion, increased motility, and loss of cell polarity. We 
conclude that our organoids were derived from glandular epithelial cells – which is 
characteristic of endometrial organoids – and that neonatal DES exposure-induced 
changes are retained in endometrial organoid cultures. These early findings suggest 
that neonatal DES exposure alters endometrial stem cell self-renewal capacity and 
proliferation, which impacts normal endometrial development. 
 

P284 - Med12 genomic variants are insufficient for leiomyoma formation.  

Jyoti Goad, University of California, San Francisco                                                                         
Matthew Tae, University of California, San Francisco                                                                             
Rachel Pfau, University of California, San Francisco                                                                                     
Rutuja Deshmukh, University of California, San Francisco                                                                   
Aleksandar Rajkovic, University of California, San Francisco 

Uterine leiomyomas, commonly known as fibroids are benign tumors of smooth muscle 
cells in uterus. We and others have found approximately 70% of these tumors carry 
variants in Mediator complex 12 (Med12). These tumors are known to be hormone 
responsive in nature. Using cell culture and patient derived xenografts, it has been 
established that growth and maintenance of leiomyomas is dependent on estrogen (E2) 
and progesterone (P4). However, these models fail to understand the mechanism of 



how Med12 variants and ovarian steroid hormones interact and cause leiomyoma 
initiation. To access the relationship between Med12 variants and estrogen and 
progesterone in initiation of uterine leiomyomas we utilized our Med12 c.131 G>A 
mouse model, one of the most common variants associated with human 
leiomyomas.  We ovariectomized 4-week-old Pr-cre/+; Med12Ki (MT)/+; 
Med12fl/+ and Med12Ki (MT)/+; Med12fl/+ (n=5). Two weeks post ovariectomy these 
females were subcutaneously implanted with 90-day slow release 17-b estradiol 
(0.5mg/pellet), progesterone (25 mg/pellet), 17 b-estradiol and progesterone pellets 
(0.5mg/pellet and 25 mg/pellet respectively). No hormone pellets were inserted in 
placebo treatment group. Uterine tissues were collected 4 weeks post hormone pellet 
insertion. Histological analysis of the uterine sections reveled presence of leiomyoma 
like lesions in the estrogen and progesterone mutant group only. No lesions were 
observed in 17 b-estradiol only, progesterone only or placebo mutants and controls. To 
understand the transcriptomic changes due to hormone treatment in mutant uteri 
compared to control uteri we performed bulk RNA sequencing. Sequencing provided a 
total of 1.093 billion reads with an average of 77.84% of these reads aligning to the 
mouse genome. Differential gene expression analysis revealed 2154 differentially 
expressed genes between E2P4 mutants and control uteri, with false discovery rate of 
0.05. Revigo analysis showed upregulation of MAPK/ERK, inflammatory response, 
steroid metabolic process, regulation of transforming growth factor beta response. 
These pathways are known to play role in human leiomyoma disease. We found 
upregulation of estrogen responsive genes and downregulation of progesterone 
responsive genes in E2P4 mutants compared to controls. Further, 17-b estradiol only 
treatment group showed 404 differentially expressed genes 
between Med12 c.131G>A mutants and control uteri. We identified dysregulation of 
DNA repair genes and cytoplasmic translation in 17 b-estradiol mutants compared to 
control, indicating that estrogen might contribute to genomic instability observed in 
leiomyomas. Progesterone only treatment group showed 568 differentially expressed 
genes between controls and mutants. We observed upregulation of cell division, DNA 
replication and cell cycle process in progesterone only treated mutants compared to 
control. Moreover, our data showed only 22 differentially expressed genes between 
placebo mutants and controls. These genes participate in regulation of ribonuclease 
activity, tumor necrosis factor and cytokine production. Together our data shows 
synergism between Med12 variant c.131 G>A and estrogen and progesterone exposure 
in leiomyomas initiation.  
 

P286 - Metabolomic analysis of uterine luminal fluid during peri-implantation 
period of pregnancy in pigs  

Bangmin Liu, North Carolina State University                                                                                           
Likun Duan, North Carolina State University                                                                                                
Xiaojing Liu, North Carolina State University                                                                                                
Xiaoqiu Wang, North Carolina State University  



During the peri-implantation period of pregnancy in pigs, the rapid elongation of 
conceptuses (embryonic/fetus and its extraembryonic membranes) is highly dependent 
on the composition of histotroph, i.e., secretions from uterine luminal (LE) and glandular 
(GE) epithelial and stroma cells, as well as selective transport of nutrients. However, little 
is known about the metabolites in the uterine luminal fluid (ULF) associated with the 
uterine-conceptus communication during early pregnancy in pigs. Thus, this study was 
conducted to profile the metabolome in porcine ULF between days 10 and 16 of estrus 
cycle (C) and pregnancy (P). Gilts were observed for estrus and/or bred via artificial 
insemination at 12 and 24 h after onset of estrus (Day 0). On days 10, 12, 14, or 16 of 
the estrous cycle and pregnancy (n=6 gilts per day and status), uteri were flushed with 
20 ml sterile PBS (pH 7.2) after gilts were subjected to a midventral laparotomy. 
Pregnancy was confirmed by the presence of one or more morphologically normal 
conceptuses. Recoverable uterine flushings (i.e., ULF) were then subjected to 
metabolomic analysis by LC-MS. Overall, 222 metabolites were detected in the ULF of 
which 102 were altered by status and 63 were altered by days (P<0.05; fold 
change>1.5). As compared to cyclic day 10 (10C), pregnancy stimulated increases in 
citric acid, lysine, arginine and other 19 metabolites in the ULF at pregnant day 10 
(10P). At 12P when porcine conceptus initiates its morphological changes, ornithine, α-
D-glucose, phenylalanine and other 13 metabolites were up-regulated as compared to 
12C. At 14P when conceptus initiates implantation, 15 metabolites changed in ULF. At 
16P, 123 metabolites were altered in ULF as compared to metabolome of ULF at 16C. 
Interestingly, of 15 altered metabolites in ULF, 12 were downregulated including 
asparagine, nicotinamide riboside, and citrulline at 14P. Whereas 102 of 123 altered 
metabolites were upregulated including phosphorylcholine, 6-phosphate fructose and 6-
phosphate glucose in ULF at 16P. To determine the absolute amount of amino acids in 
the ULF, we performed the targeted metabolomic analyses for 19 amino acids. As a 
result, arginine, asparagine, glutamic acid, glutamine, histidine, leucine/isoleucine, 
lysine, phenylalanine, proline, and valine were increased between 10P and 16P. They 
were less expressed in the ULF of estrus cycle as compared to pregnancy and 
remained unchanged between 10C and 16C. Pathway analysis based on KEGG 
database indicating that arginine biosynthesis, alanine, aspartate and glutamate 
metabolism, and aminoacyl-tRNA biosynthesis have the highest degree of enrichment. 
These novel findings provide the foundation for future investigation of metabolomic and 
functional studies on both endometrium and conceptus required for elongation of 
porcine conceptus during peri-implantation period of pregnancy. This research was 
supported by Agriculture and Food Research Initiative Competitive Grant no. 2022-
67015-36491 from the USDA National Institute of Food and Agriculture. 
 

P287 - TRIM28 regulates uterine function by modulating steroid receptor signaling  
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The ability of the uterus to support pregnancy is tightly regulated by the Progesterone 
Receptors (PGR) and Estrogen Receptors (ESRs). Using Rapid Immunoprecipitation 
Mass spectrometry for PGR in human endometrial stromal cells (HESCs), Tripartite Motif 
Containing 28 (TRIM28) was identified as an interacting protein of PGR. TRIM28 is 
critical in maintaining the pluripotency of the stem cells and the specialized functions of 
multiple differentiated tissues. However, its roles in uterus are still unknown. Therefore, 
we hypothesized that TRIM28 is critical for the regulation of uterine function in mouse 
and humans.  The role of TRIM28 in uterine biology was investigated in vitro using 
siRNA knockdown (KD) in HESC, and in vivo using the PgrCre to ablate TRIM28 in 
reproductive tissues. 

TRIM28 KD in the primary HESCs, resulted in impaired proliferation, migration and 
hormonal induced decidualization of HESCs. RNA-Seq analysis showed TRIM28 KD 
affected pathways related to cell motility, communication and proliferation in the pre-
decidual cells. ChIP-Seq of TRIM28 and PGR revealed TRIM28 and PGR co-regulated a 
subset of genes which was disrupted by TRIM28 KD and led to the decidualization 
failure. ATAC-Seq analysis indicated that TRIM28 KD increased the chromatin 
accessibility at the loci which can be associated with the 1/3 of the DEG. This analysis 
demonstrated that TRIM28 regulated genes critical to stroma cell differentiation by 
modulating chromatin accessibility, PGR signaling as well as other pathways. 

Uterine specific TRIM28 Knockout mice TRIM28d/d female mice were sterile due to 
altered PGR and ESR signaling. The induction of the PGR target gene Indian hedgehog, 
Ihh, was reduced in the uterine epithelium of TRIM28d/d mouse in spite of the increased 
epithelial levels of PGR. In contrast, the expressions of stromal PGR were reduced in the 
TRIM28d/d uterus probably through reduced stromal ESR1 signaling. Stromal ESR1 
expression was normal. However, ChIP-qPCR analysis showed a decreased ESR1 
binding at the Pgr promoter in the TRIM28d/d uterus. Direct binding of TRIM28 and ESR1, 
TRIM28 and PGR were validated by co-IP in the mouse uterus and cultured HESCs. 
Therefore, TRIM28 can bind with steroid receptors to regulate its hormone signaling in a 
uterine compartment specific manner. In summary, our study indicated that TRIM28 is a 
key regulator in uterine biology in both human and mice. 
 

P288 - Effect of MST1/2 kinase inhibitor XMU-MP-1 on bovine granulosa cell 
proliferation and function.  

Aasritha Thotakura, University of Guelph                                                                                                    
Jyoti Sharma, University of Guelph                                                                                                               
Cara Pilgrim, University of Guelph                                                                                                        
Pavneesh Madan, University of Guelph  



The Hippo signalling pathway is an evolutionarily conserved pathway important for 
organ size control, cell proliferation, and tumorigenesis. The pathway’s role in 
tumorigenesis has been well studied, but its importance in reproduction is slowly 
emerging. Many studies have elucidated the role of Hippo pathway components, 
mammalian sterile 20-like kinase 1/2 (MST1/2), large tumor suppressor kinases 1/2 
(LATS1/2), yes-associated protein 1 (YAP1), and transcriptional coactivator with PDZ-
binding motif (TAZ) on early embryonic development, oocyte maturation and 
development. Specifically, previous work from our lab highlighted the role of LATS-
YAP1/TAZ dependent signalling on cumulus-oocyte-complex development. An 
important factor for the quality and development of an oocyte is largely dependent on 
the surrounding environment, of which granulosa cells are a major contributor. 
Granulosa cells surround the developing oocyte and provide necessary nutrients and 
growth factors for support. Therefore, understanding the mechanisms that regulate 
granulosa cells provides potential for improving oocyte quality and consequently, the 
developing embryo. Recent studies have elucidated the essential role of YAP1 in 
granulosa cell proliferation and function. However, the effects of upstream Hippo 
pathway components MST1/2 on granulosa cells is still unknown. This study will observe 
the effects of chemical inhibition of MST1/2 by a known compound, XMU-MP-1. We 
hypothesize that inhibition of phosphorylation of MST1/2 by XMU-MP-1 will result in 
nuclear localization of YAP1 (active form), causing increased cell proliferation and 
steroidogenesis of granulosa cells. Preliminary results suggest a trend towards 
decreased protein levels of p-YAP1 (inactive form) upon addition of both 1 and 3 µM of 
XMU-MP-1 for 6 hours in granulosa cell cultures. Further biological replicates will be 
added to confirm these results and to further elucidate the role of XMU-MP-1 chemical 
inhibition on the cellular localization of YAP1. Additionally, 1 and 3 µM of XMU-MP-1 for 
6 hours also displayed a trend towards increased gene expression of TEA Domain 
Transcription Factor 4 (TEAD4). These results suggest the nuclear localization of YAP1 
and subsequent binding to TEAD4 transcription factors upon addition of XMU-MP-1. For 
cell proliferation and steroidogenesis, WST-8/CCK-8 assays and estradiol and 
progesterone ELISAs will be performed to observe any changes. These experiments will 
highlight the specific role of MST1/2 kinases on granulosa cell proliferation and function. 
 

P289 - Loss of heterochromatin and retrotransposon silencing as determinants in 
oocyte aging  

Michael Klutstein, Hebrew University of Jerusalem                                                                                 
Peera Wasserzug-Pash, Hebrew University of Jerusalem                                                                             
Eli Reich, Hebrew University of Jerusalem                                                                                                     
Lital Zecharyahu, Hebrew University of Jerusalem                                                                                               
Oshrat Schonberger, Hebrew University of Jerusalem                                                                             
Naama Srebnik, Hebrew University of Jerusalem                                                                                                    
Amir Weintraub, Hebrew University of Jerusalem                                                                                         



Ido Ben-Ami, Hebrew University of Jerusalem                                                                                               
Hananel Holzer, Hadassah-Hebrew University Medical Center  

Mammalian oocyte quality and meiosis efficiency reduces with age. We show that prior 
to the occurrence of significant aneuploidy (9M in mouse), heterochromatin histone 
marks are lost, and oocyte maturation is impaired. This loss occurs in both constitutive 
and facultative heterochromatin marks but not in euchromatic active marks. We show 
that heterochromatin loss with age also occurs in human prophase I-arrested oocytes. 
Moreover, heterochromatin loss is accompanied in mouse oocytes by an increase in 
RNA processing and associated with an elevation in L1 and IAP retrotransposon 
expression and in DNA damage and DNA repair proteins nuclear localization. Small 
RNA-seq from oocytes reveals an elevation in repeat RNA from older oocytes, especially 
from retrotransposons. Artificial inhibition of the heterochromatin machinery in young 
oocytes causes an elevation in retrotransposon expression and oocyte maturation 
defects or meiosis completion errors. Inhibiting retrotransposon reverse-transcriptase 
through Azidothymidine (AZT) treatment in older oocytes partially rescues their 
maturation defects and activity of the DNA repair machinery. Moreover, activating the 
heterochromatin machinery via treatment with the SIRT1 activating molecule SRT-1720, 
or overexpression of Sirt1 or Ezh2 (but not EZH2 delta-SET domain, used as control) via 
plasmid electroporation into older oocytes causes an upregulation in constitutive 
heterochromatin, downregulation of retrotransposon expression and elevated 
maturation rates. Collectively, our work demonstrates a significant process in oocyte 
aging, characterized by the loss of heterochromatin associated chromatin marks and 
activation of specific retrotransposons which cause DNA damage and impair oocyte 
maturation. 

Reference: Wasserzug-Pash et al. Aging Cell 2002, in press 

P290 - IRGC1, a testis-enriched immunity related GTPase, is important for fibrous 
sheath integrity and sperm motility in mice  

Yuki Kaneda, Osaka University, Osaka, Japan                                                                                        
Haruhiko Miyata, Osaka University, Osaka, Japan                                                                                                    
Keisuke Shimada, Osaka University, Osaka, Japan                                                                                                               
Yuki Oyama, Osaka University, Osaka, Japan                                                                                              
Rie Iida, Osaka University, Osaka, Japan                                                                                                 
Masahito Ikawa, Osaka University, Japan  

Sperm flagellum is a motility apparatus which can be divided into three parts: the 
midpiece where mitochondria are helically arranged around the outer dense fibers 
(ODFs) and axoneme, the principal piece that contains the fibrous sheath (FS) 
surrounding the ODFs and axoneme, and the end piece without accessory structures. 
The FS serves not only as a structural component that provides elastic rigidity for sperm 
motility but also as a scaffold for several glycolytic and signaling molecules. 



Immunity-related GTPases (IRGs) are a family of interferon-inducible proteins that play 
roles in immunity defense against intracellular pathogens. Although the molecular 
functions of IRGs have been well studied, the function of the family member, IRGC1, was 
unknown. IRGC1 is unique among IRGs because its expression is not induced by 
interferon and it shows testis-enriched expression. In addition, unlike IRGs, IRGC1 is well 
conserved in mammals. We knocked out (KO) Irgc1 in mice using the CRISPR/Cas9 
system and found that Irgc1 KO males was severely impaired due to impaired sperm 
motility. Further analyses with transmission electron microscopy revealed that the FS 
was disorganized in Irgc1 KO mice. In addition, IRGC1 was detected in the sperm tail 
and fractionated with FS proteins. These results indicate that IRGC1 is important for the 
correct formation of the FS that is often found in the spermatozoa of mammals. 
 

P291 - FSH signaling mediates chromatin changes and improved oocyte 
maturation across the pubertal transition through FSH receptor expression in 
oocytes  

Michael Klutstein, The Hebrew University of Jerusalem                                                                          
Peera Wasserzug-Pash,  The Hebrew University of Jerusalem                                                                
Gilad Karavani, The Hebrew University of Jerusalem                                                                                
Eli Reich, The Hebrew University of Jerusalem                                                                                         
Talya Mordechai-Daniel, The Hebrew University of Jerusalem                                                                                     
Tal Imbar, The Hebrew University of Jerusalem 

Ovarian tissue cryopreservation (OTC) followed by auto-transplantation emerges as a 
promising fertility preservation option. Immature oocyte can be found in the dissection 
medium during tissue handling and the ability to mature them in vitro and cryopreserve 
them as mature oocytes, provides an additional option for fertility preservation. 
However, pre-pubertal oocytes in-vitro maturation rates are extremely low (Karavani et 
al. Front Cell Dev Biol 2021) preventing more effective fertility preservation in this age 
group. 

We set out to determine the role of epigenetic modifications in this maturation defect. 
This was done in light of our previous finding of a strong epigenetic involvement in old 
oocytes in-vitro maturation defects (Wasserzug-Pash et al. Aging Cell 2022). 

To investigate this question, we evaluated in-vitro maturation and epigenetic marker 
levels in mouse pre-pubertal and mature females oocytes. In addition, we evaluated in-
vitro maturation levels epigenetic marker levels in human oocytes collected from fertility 
preservation patients, comparing the levels between pre-pubertal patients and mature 
patients. 

We report that in-vitro maturation levels rise, as expected, across the pubertal transition, 
in both mouse and human oocytes. Moreover, all heterochromatin marker levels 



checked (H3K9me2, H3K27me3, H4K20me3) significantly rise across the pubertal 
transition. Euchromatin markers differ in their behavior. While H3K4me3 levels also rise 
with the pubertal transition, H3K27Ac levels decline with the pubertal transition. In line 
with these observations- we see a different chromatin organization in pre-pubertal and 
mature oocytes of NSN configuration. Due to known transitions from high to low histone 
acetylation during mature oocyte growth and development (Gu et al. Cell cycle 2010), 
we hypothesize that pre-pubertal oocytes remain at an earlier stage of development 
even when matured in-vitro- with high acetylation and low methylation marks on 
histones. 

Old oocytes readily react to heterochromatin enhancing compounds during in-vitro 
maturation. Treatment with either SRT1720, Curcumin or Garcinol enhance 
heterochromatin and improve maturation rates of old oocytes (Wasserzug-Pash et al. 
Aging Cell 2022). However, pre-pubertal oocytes do not react to these treatments 
despite their low heterochromatin levels. This raises the possibility of an active unknown 
inhibitor preventing histone deacetylation and chromatin reprogramming operating in 
pre-pubertal oocytes. 

We then investigated whether hormonal treatment of in-vitro matured pre-pubertal 
oocytes, mimicking what occurs during the pubertal transition improves their chromatin 
configuration and in-vitro maturation levels. We report that treatment of pre-pubertal 
oocytes with FSH for 24h prior to release into meiosis- changes their chromatin 
structure to a post-pubertal configuration, elevates their histone methylation levels and 
lowers their histone acetylation levels and improves their in-vitro maturation rates. These 
results support our previous hypothesis of an active inhibitor present in pre-pubertal 
oocytes and released by treatment with FSH. 

Importantly, we find that pre-pubertal oocytes express FSH receptor on their surface 
and express FSHR mRNA. This expression later diminishes in mature oocytes. 

Thus, we conclude that hormonal treatment of pre-pubertal oocytes removes an active 
inhibition on chromatin structure that prevents these oocytes from efficiently completing 
in-vitro maturation. These results could provide the basis for the development of a 
medium for in-vitro maturation of per-pubertal oocytes.   
 

P292 - Potential of male gonadal cell conditioned medium on in vitro development 
of gametes  

Solano Martins, University Center of Mauricio de Nassau                                                                
Fernanda Alves, University of Ceara                                                                                                             
João Cavalcante, Filho University of Ceara                                                                                                  
Valdevane Araújo, University of Ceara  



In vivo growth factors mediate cell-cell interactions that lead to the differentiation of 
primordial germ cells (PGCs) into germ cells (GCs). The role of growth factors changes 
according to sex, and as a result PGCs enter the prophase of the first meiotic division to 
become an oocyte, and in the testis, they are stopped mitotically in the prospermatogonial 
stage. 

Embryonic stem cells spontaneously differentiate into precursor cells of GCs in vitro, 
presenting a variety of markers expressed in GCs. In which, when isolated or left intact 
with other cells, they can differentiate into structures similar to spermatocytes or oocytes, 
respectively. 

The testis has been found to be an abundant source of numerous growth factors such as 
bone morphogenetic protein 4 (BMP4), leukemia inhibitory factor (LIF), basic fibroblast 
growth factor (bFGF), stem cell factor (SCF), retinoic acid (RA) and insulin-like growth 
factor (IGF-1) among others. Within this perspective, testicular cell conditioned medium 
(TCM) becomes an interesting alternative for the induction of stem cell differentiation in 
the germ line. 

Currently, the literature already reports the effects of TCM on mouse embryonic stem 
cells (ESCs), where it was possible to reach a level of differentiation, enabling the 
formation of a follicle-like structure, containing an oocyte. This fact can be attributed to 
the ability of the testicular environment to support oocyte development, other authors 
report that female PGCs were able to continue their oogenesis within a compromised 
chimeric testis, suggesting that several necessary requirements for oocyte development 
are also present in the gonad male. This development is regulated by the action of several 
growth factors, as mentioned before. 

Similar process to the one described above, it happened in Buffalo ESCs, the cells 
managed to reach a stage of differentiation, forming characteristic structures, with high 
expression of proteins such as ACROSIN and HAPRIN (spermatocyte markers); and 
GDF9 and ZP4 (oocyte markers) by immunocytochemical analysis. The oocyte-like 
structures had a larger nucleus and size when compared to the other cells in the plate, 
these structures were activated, and developed into parthenote embryos, reaching the 
blastocyst stage. 

Thus, these findings demonstrate that the conditioned medium of testicular cells may raise 
the possibility that, in the future, sterility due to lack of germ cells, can be treated with 
stem cell therapy. However, the literature on the subject is very limited ringing the need 
for further studies. 
 

 



P293 - Polarized Epithelium-Sperm Co-Culture System Revealed Stimulatory 
Factors for the Secretion of Mouse Epididymal Quiescin Sulfhydryl Oxidases 1  

Pei Shiue Tsai, National Taiwan University  

Spermatozoa acquire fertilization ability through post-translational modifications. These 
membrane surface alterations occur in different segments of the epididymis. Quiescin 
sulfhydryl oxidases who catalyze thiol-oxidation reaction are known to involve in 
disulfide bond formation, which is essential for sperm maturation upon transition and 
migration in the epididymis. By castration and azoospermia transgenic mouse models, 
we showed that quiescin sulfhydryl oxidase 1 (QSOX1) protein expression and secretion 
are positively correlated with the presence of testosterone and sperm cells.Two-
dimensional in vitro epithelium-sperm co-culture system further provided the evidences 
supported the notion that both testosterone and its dominant metabolite, 5α-
dihydrotestosterone promoted epididymal QSOX1 secretion. We also demonstrated that 
immature caput spermatozoa, but not mature cauda sperm cells exhibited great 
potential to stimulate QSOX1 secretion in vitro, suggested sperm maturation status is a 
key regulatory factor for mouse epididymal QSOX1 secretion. Proteomic analysis 
identified 582 secretory proteins from the co-culture supernatant of which 258 were 
known to be sperm specific and 154 were epididymal epithelium origin proteins. Gene 
ontology analysis indicated that these secreted proteins exhibited functions known to 
facilitate sperm membrane organization, cellular activity and sperm-egg recognition. 
Taken together, our data demonstrated that testosterone and sperm maturation status 
are the key regulators for mouse epididymal QSOX1 protein expression and secretion. 
 

P294 - Macrophages Are Implicated in Ovarian Rescue After Chemotherapy  

Mahiru Kawano, Duke University                                                                                                           
Blanche Capel, Duke University  

Typically, chemotherapy (CTx) regimens have a gonadotoxic effect and cause premature 
ovarian insufficiency (POI), which leads to estrogen deficiency and infertility. Previous 
studies using our murine model of CTx-induced POI show that host fertility can be 
rescued by grafting a small fragment of a normal ovary to the CTx-treated ovary. However, 
the underlying mechanism is not understood. We hypothesized that the graft induces 
changes in the macrophage population that contribute to tissue repair. We established 
the mouse model of CTx-induced POI in FVB female mice by i.p. injection of Busulfan 
(8.75mg/kg) and Cyclophosphamide (100mg/kg) three times at 48hr intervals. The CTx-
treated mice underwent graft (CTx-graft) or sham (CTx-sham) surgery at day (d)11 and 
started mating at d15 to track for fertility. The CTx-sham females developed infertility and 
produced only a first litter, whereas CTx-graft females produced multiple litters, including 
host-derived pups. Only the grafted ovary was rescued, while the contralateral ovary 
degenerated by d60. Ovarian tissues and blood samples were harvested and examined 



by flow cytometry, immunofluorescence, qPCR, Western blot, or ELISA. Compared to 
CTx-sham mice, CTx-graft mice at d25 had higher serum Anti-Mullerian hormone (AMH; 
34 vs 56 ng/ml) and lower gonadotropin levels (FSH 10.8 vs 7.63 ng/ml, LH 2.09 vs 0.3 
ng/ml). In the CTx-treated ovary, the neutrophil population expanded first at d2, followed 
by an increase in macrophages at d6. The expanded subpopulation of macrophages was 
predominantly CD11hiF4/80int, which suggested that these macrophages were of 
circulating monocyte origin. C-C Motif Chemokine Ligand 2 (CCL2) mRNA expression 
was upregulated in the CTx-treated ovary. A single dose of CTx led to massive apoptosis 
in granulosa cells of growing follicles, resulting in 95.7% of antral follicles with cleaved 
PARP positive granulosa cells in 24hrs. The infiltrating macrophages were associated with 
these apoptotic cells during CTx treatments. However, 4 days after grafting (d15), the 
macrophage population shifted toward MHCIIlo in the CTx-graft ovary compared to the 
CTx-sham ovary. This study suggests that monocytes rapidly migrate into CTx-treated 
ovaries and differentiate to macrophages which clear apoptotic cells. Our data suggested 
that grafted tissue contributes to ovary rescue by shifting the macrophage population to 
a regenerative phenotype specifically in the grafted ovary. 
 

P295 - Fertility-associated DNA methylation in sperm revealed potential 
intergenerational epigenetic inheritance in bovine  

ying zhang, Université Laval, Québec, Canada                                                                                        
Camila de Lima, Université Laval, Québec, Canada                                                                                   
Remi Labrecque, SEMEX Boviteq                                                                                                                
Marc André, Université Laval, Québec  

Background: The decline of dairy cattle fertility has caused substantial economic loss 
for dairy farmers. Fertility is a low heritability trait, and most efforts made to improve 
dairy cattle fertility have focused on the genetic aspect. In contrast, epigenetics has 
been largely ignored. Therefore, this project aimed to identify the sperm-derived 
methylation differences associated with bull fertility via whole-genome methylation 
sequencing. Besides, as sperm transmits not only the genetic but also the epigenetic 
information to the offspring via the fertilization process, we also aim to identify sperm-
born differential methylation associated with daughter fertility to further explore the 
epigenetic intergenerational inheritance phenomenon in domestic animals. 

Methods: For sperm genome-wide methylation profiles, DNA libraries were prepared 
using NEBNext Enzymatic Methyl-seq Kit. Sequencing was performed on the Illumina 
platform at high coverage (>25x). Commercially used Bull Fertility Index (BFI) and 
Daughter Fertility Index (DFI) were exploited to rank data from 6000 bulls into four 
subgroups with extreme phenotypes. Then, we were able to screen DNA methylation 
differences between High Bull Fertility (n=6) vs. Low Bull Fertility (n= 6), and also 
between High daughter fertility (n=6) vs. Low daughter fertility (n=6). Differentially 
methylated regions (DMRs) and Differentially methylated cytosines (DMCs) were 



identified via methyl kit R package using q<0.01 and methylation difference threshold of 
20%. The GO and KEGG pathway analysis were performed via Panther and Cytoscape 
platform with ClueGO plug-in. 

Results:  In total, 450 and 252 significant differentially methylated single sites (q<0.01, 
methylation difference higher than 20%) had been screened to be associated with bull 
and daughter fertility respectively. These CG sites could potentially act as the epi-SNPs 
to predict bull and daughter fertility in the future. Interestingly, most of the DMCs and 
DMRs correlated with bull fertility and daughter fertility were distributed on the sex 
chromosomes. Since the father (XY) transmits only the X chromosome to their 
daughters (XX), these screened DMCs and DMRs that are enriched in the X 
chromosome have a great potential to be involved in the paternal DNA methylation 
intergenerational inheritance. More interestingly, 67 genes that present at least one 
differentially methylated region were identified to overlap between bull fertility and 
daughter fertility.  Among these genes, the most enriched gene clusters are the sperm-
born taste and olfactory receptors families including OR5M9, OR8K64, OR7A126, and 
TAS2R1, which had been reported to be involved in the sperm-oocyte chemotaxis. 
Finally, the functional analysis also highlighted the Calcium signaling pathway, which is 
essential in the capacitation process is daughter fertility associated (p=0.05-0.1). 

Conclusion: In this study, a whole-genome bovine fertility-associated methylation 
difference signature has been identified which has a great potential to be used for cattle 
fertility prediction, providing a complimentary breeding tool to the existing genetic 
achievements. Meanwhile, this study also contributes new knowledge to the paternal 
epigenetic intergenerational inheritance in domestic animals. 
 

P296 - Marmoset germ cell development from pluripotent cells  

Toshiaki Watanabe, Central Institute For Experimental Animals                                                     
Musashi Kubiura-Ichimaru, Central Institute For Experimental Animals  

Developmental systems from human iPS cells are helpful for studying gene functions 
during human development. Because developmental speed is determined by not only 
extrinsic factors but also intrinsic factors, development from iPS cells usually occur in 
similar timetable with in vivo development. Primate germ cell development is a very long 
term process that is initiated when primordial germ cells (PGCs) are induced in early 
embryos and lasts until puberty. The common marmosets, a new world small monkey, 
reach puberty only within one year after birth, this characteristic makes them a useful 
model for studying primate germ cell development. Here, we induced marmoset 
primordial germ cell like cells (PGCLCs) from iPS cells by applying mRNA transfection 
method. Two successive day SOX17 mRNA transfection and the following culture in the 
presence of growth factors resulted in highly efficient induction of marmoset PGCLCs. 
Single RNA-seq analyses confirmed that the induced marmoset PGCLCs show 



transcriptome profile very similar to in vivo PGCs. To promote differentiation, the 
PGCLCs are transplanted under the mouse kidney capsule after mixing with testis 
somatic cells from mouse embryos. PGCLCs were incorporated into testis-like 
structures formed. Most PGCLCs showed DNA demethylation in ? days and the 
expression of gonocyte genes were observed in ? days after the transplantation. This 
study provides platform for studying marmoset gametogenesis and for development of 
cell-based methods for generation of genetically modified marmosets.  

     

P298 - Decoding the Epigenetic / Genetic Influence of Testis Specific Histone 
Variants TH2A and TH2B on Sperm Function  
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TH2B is one of the major histone variants in sperm. Encoded by the H2BC1 gene 
located on chromosome 6 in humans and chromosome 17 in mouse, it shares common 
bi-directional promotor with neighbouring H2AC1 – the gene coding for TH2A. Our 
previous proteomic studies using the phosphoenriched fraction of sperm proteins 
revealed low abundance of testis-specific histones TH2B and absence of TH2A in 
asthenozoospermic men. The present study was undertaken to explore the influence of 
TH2A, TH2B and its phosphorylation on sperm function. We studied TH2A and TH2B 
abundance in murine sperm and observed a lower abundance of TH2A. ChIP seq of 
murine TH2A and TH2B associated genes revealed a diverse genomic distribution on 
these two testis specific histone variants which shared a common promoter. 
Additionally, whilst genomic distribution on TH2A was sparse with TH2A predominantly 
enriched on mitochondria associated genes, TH2B was predominantly associated with 
genes involved in meiosis, spindle formation and embryo development. Studies were 
also undertaken with sperm from fertile and infertile men recruited following ethics 
approval of the study by the ICMR-NIRRCH Clinical Ethics Committee. Chromatin 
compaction was determined by Acidic aniline blue and CMA3 staining of sperm. The 
status of H2B, TH2B and pTH2B was determined by Western blot analysis. Phosphosites 
on TH2B were determined by Mass Spectrometry after partial purification of TH2B from 
sperm of fertile men. Rare variants/polymorphisms in H2BC1 were investigated in the 
peripheral blood DNA by Sanger sequencing. Significantly higher histone retention was 
observed in sperm of infertile men as compared to fertile men. Sperm TH2B and total 
H2B levels were significantly reduced in oligozoospermic and oligoasthenozoospermic 
men (p < 0.001 for TH2B & total H2B in both groups). Infertile men with 



asthenozoospermia showed TH2B levels comparable to those in fertile men, however, 
phosphorylated TH2B (pTH2B) was significantly reduced in these men (p < 0.05). 
Sanger sequencing of H2BC1 gene identified 6 variants of which, two are rare variants 
and 4 are SNPs. Of the two rare variants, one is a non-synonymous variant: 
rs368672899; p.Ser5Pro and other is an upstream variant: rs544942090; c.-127T>C. Of 
the 4 polymorphisms, two were synonymous variants: rs4712960 and rs4712961; while 
two were 5’UTR variants: rs4711096; c.-83A>C and rs4712959; c.-80C>T. The rare non-
synonymous variant; rs368672899, p.Ser5Pro that results in the loss of a potential 
phosphosite was exclusively found in an oligoasthenoteratozoospermic individual. In-
silico analysis suggested no significant change in Protein- DNA interactions in presence 
of this non-synonymous substitution. Interestingly, mass spectrometry analysis of TH2B 
from sperm of fertile men identified Serine 5 on TH2B to be phosphorylated thus 
ascribing an importance to the phosphorylation of TH2B in sperm function. Reduced 
levels of TH2B in oligozoospermic and oligoasthenozoospermic men highlights the 
importance of TH2B in meiosis as is also seen in TH2A/TH2B double KO mice which 
display a reduced sperm count. The reduction of pTH2B in men with 
asthenozoospermia implicates a role for TH2B phosphorylation in sperm motility 
probably by virtue of its effect on chromatin compaction. 
 

P299 - A SIMPLE AND COST-EFFECTIVE METHOD OF CELLULOSE SULFATE 
ENCAPSULATION OF THERAPEUTICALLY ENGINEERED CELLS FOR IN SITU 
TREATMENT OF SPECIFIC TUMORS  

Laura Huang, University of Hawaii at Manoa, John A. Burns School of Medicine                                       
Stefan Moisyadi, University of Hawaii at Manoa, John A. Burns School of Medicine  

The technique of cellular encapsulation into protective, inert biopolymer shells such as 
cellulose sulfate (CS) offers new therapeutic approaches for fields such as tumor/cancer 
cell biology and gene therapies specific to women of different reproductive ages. 
Encapsulated cells can be engrafted, site-specifically, where the semipermeable CS 
shell provides long term cell survival and host versus graft protection to sustain 
therapeutic activity. However, reagent and equipment costs can be challenging for 
research labs developing and screening new therapeutic constructs. We describe here 
a small scale, cost-effective, and easily reproducible procedure for cellular 
encapsulation using commercially available reagents using a generic syringe pump. 

Selected HEK293 cells engineered with a pmhyGENIE-3 plasmid containing both a GFP 
reporter and a therapeutic gene, FLAG tagged anti-PD-L1 nanobody, directed towards 
CD38 colon cancer cell xenografts were mixed with 400 uL of cellulose sulfate (Cell in a 
Box, Sigma). This was filled into a 1ml syringe having a 34G blunt end needle, and 
loaded into a syringe pump (model 210, KDS Scientific), programed to spray the mixture 
at a flow rate of 3 ml/min at a distance of 15 inches through the 34G blunt end needle 
into a hardening bath. This optimal protocol was reached based upon Bernoulli’s 



Principal after testing several flow rates with a variety of syringe sizes and needle 
diameters. It produced 3-4 x 102well-formed CS spheres ranging in optimal sizes from 
750-900 µM. This represented 10x fold increase in CS sphere yield described by the 
commercial kit’s documents that rely upon manually driven extrusion. Encapsulated 
cells were cultured in DMEM medium for 1 week and were positive for GFP activity and 
confirmed by Western blots of the FLAG tagged nanobody. To document bioactivity, 
therapeutic CS spheres were deposited into surgically created flank sub-cutaneous 
pockets of mice that possessed subcutaneous 1X 106 CD38 tumor cells dorsally 
situated. These tumors showed shrinkage, and the pockets containing the CS 
encapsulated HEK293 cells showed evidence of neovascularization of CS spheres at the 
sites of deposition. CS sphere production is easy to learn and was very reproducible, 
which should enable greater cost-effective access to this encapsulation technology.  
 

P300 - Markers of embryo quality in an aging murine model of IVF  

Liubin Yang, Baylor College of Medicine                                                                                                            
Carolina Leynes, Baylor College of Medicine                                                                                           
Ashley Pawelka, Baylor College of Medicine                                                                                              
Isabel Lorenzo, Baylor College of Medicine                                                                                                                                                
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Pregnancy success rates in IVF (in vitro fertilization) cycles is determined by embryo 
and environmental factors including endometrial quality. The current gold standard to 
assess embryo quality includes laboratory-dependent morphologic analysis and 
preimplantation genetic testing, which screens for chromosomal aberration such as 
aneuploidy, through invasive embryo biopsy and low-pass next generation DNA 
sequencing. However, pregnancy rates are still 50-60% worldwide and many couples 
suffer from recurrent implantation failure of euploid blastocysts. The aging mouse is a 
model of poor implantation. Further, most failed pregnancies in the aging mice are 
euploid with low rates of baseline aneuploidy (at 12-40%). The aging mouse model can 
be used to study euploid embryonic origins of poor implantation. We hypothesize that 
aging murine embryos exhibit changes in growth morphokinetics and altered 
proliferation. 

A cohort of five young (3-4 wk old) female C57Bl6/NJ mice and eight 8 to 9 month and 
10 to 12-month old mice underwent superovulation with injection of 5IU pregnant mare 
serum gonadotropins followed by 5IU of human chorionic gonadotropin 48 hours later. 
Superovulated oocytes were harvested 16-18 hours later from both cohorts and 
underwent conventional insemination with fresh sperm from 4-5 month-old male 
C57Bl6/NJ donor. Embryos were cultured in Embryoscope (Vitrolife) incubator for time-
lapse microscopy until embryonic day 4.5. Fourteen morphokinetics time points were 
manually annotated for each embryo from time to fading of pronucleus to time to 



expanded blastocyst. Following time-lapse culturing, blastocysts underwent 
immunofluorescence staining, cell counts, and visualized with Pico ImageXpress 
microscopy. Intensity of images were quantified with ImageJ. Embryo morphokinetic 
data was divided into 70% training and 30% test sets and trained using XGBoost using 
Exploratory. 

Superovulation rate was similar between the two cohorts (80% vs 87%). However, the 
maturity rate of retrieved oocytes was lower in that of the aged cohort (55% vs 78%). 
Blastocyst rates (defined by number of blastocyst / zygotes) were similar in the two 
groups. Embryos derived from aging cohort of oocyte donors exhibited lower blastocyst 
cell counts by DAPI staining (37 v 45, P=0.059, n=14, 45) and higher levels of apoptosis 
and DNA repair response by p53 and phosphorylated chk2 staining and decreased cell 
proliferation marker ki67. In time-lapse microscopy, embryo morphokinetics was 
grouped into 3 clusters by unsupervised clustering. The cluster containing the aging 
cohort exhibited overall higher normalized value of morphokinetics (greater number of 
hours). Embryos in the aged cohort were successfully predicted and separated from the 
young cohort by supervised machine learning using XGBoost. with accuracy rates of 
96% and 81% in the train and test sets respectively. 

The data demonstrates that in a murine IVF model, embryos from aged oocyte donors 
exhibited abnormal morphokinetic growth and higher levels of apoptosis and DNA 
damage response, likely associated with the etiology of poor implantation in IVF. 
 

P301 - Janus Kinase 3 phosphorylation and the JAK/STAT pathway are positively 
modulated by follicle-stimulating hormone (FSH) in bovine granulosa cells.  

Amir Zareifard, University of Montreal                                                                                                     
Francis Beaudry, Université de Montréal                                                                                                  
Kalidou Ndiaye, University of Montreal  

Janus kinase 3 (JAK3) is a member of the JAK family of tyrosine kinase proteins 
involved in cytokine receptor-mediated intracellular signal transduction through the 
JAK/STAT signaling pathway. JAK3 was shown as differentially expressed in granulosa 
cells (GC) of bovine preovulatory follicles and downregulated by the luteinizing 
hormone. These observations suggested JAK3 regulation could modulate GC 
proliferation, steroidogenic activity and activation/inhibition of downstream targets. To 
investigate the mechanisms of JAK3 actions in GC, we used JANEX-1, a 
pharmacological JAK3 inhibitor, and FSH treatments and analyzed proliferation markers, 
steroidogenic enzymes and phosphorylation of target proteins including STAT3 and 
previously identified JAK3 partners CDKN1B/p27Kip1 and MAPK8IP3/JIP3. Cultured GCs 
were treated with or without FSH in the presence or not of JANEX-1. Total RNA and 
proteins were extracted and analyzed by RT-qPCR, western blotting and UHPLC/MS-
MS. Expression of steroidogenic enzyme CYP11A1, but not CYP19A1, was significantly 



upregulated in GC treated with FSH and both were significantly decreased when JAK3 
was inhibited as compared to control. Proliferation markers CCND2 and PCNA were 
significantly reduced in JANEX-1-treated GC and upregulated by FSH. Western blots 
analyses showed that JANEX-1 treatment significantly reduced pSTAT3 amounts while 
JAK3 overexpression increased pSTAT3. Similarly, FSH treatment increased pSTAT3 
even in JANEX-1-treated GC. UHPLC/MS-MS analyses showed phosphorylation and 
additional modifications of specific amino acid residues within JAK3 as well as its 
binding partners CDKN1B and MAPK8IP3 revealing possible activation or inhibition of 
JAK3 following FSH or JANEX-1 treatments, respectively. Abundance of JAK3 total 
protein was increased post-FSH treatment and significantly decreased, along with 
MAPK8IP3, in JANEX-1-treated GC while CDKN1B total abundance was altered post-
FSH and increased post-JANEX-1. We show that JAK3 influences GC activity through 
phosphorylation of target proteins in response to stimulations such as FSH, which leads 
to the activation of JAK/STAT and likely modulating other signaling pathways involving 
CDKN1B and MAPK8IP3. 

This work was supported by a Discovery grant from the National Sciences and 
Engineering Research Council of Canada (RGPIN#04516 to KN). 
 

P302 - ANKRD49 is required for preimplantation development of mouse embryos  
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In previous studies, we conducted a large-scale screen with primary cultures of mouse 
spermatogonia to identify novel candidate transcription factors that may be key 
regulators of mammalian spermatogenesis. A prime candidate that emerged from this 
effort was the gene ankyrin repeat domain 49 (Ankrd49) and further analysis revealed 
testis specific expression in adult mice. To examine the functional importance of 
ANKRD49, we used CRISPR/Cas9 methodology to engineer mouse embryos with 
inactivated alleles. Although live animals were born from embryo transfer that 
possessed mono-allelic edits of 1.7kb and 1kb deletions in Ankrd49, no bi-allelically 
edited offspring were produced. In addition, the building of lines from founders of either 
deletion allele yielded heterozygous Ankrd49+/- offspring at expected Mendelian ratios 
but homozygous Ankrd49-/- offspring were never produced. Both heterozygous and 
wild-type embryos could be detected at E7.5, E9.5, and E12.5 from timed mating of 
Ankrd49+/- mice, but knockout embryos were absent, suggesting that loss of ANKRD49 
function leads to preimplantation death. In corroboration, an expected Mendelian ratio of 
22.5% of blastocyst stage embryos at E3.5 were found to be Anrkd49-/- in heterozygous 
intercrosses by genotyping analysis. Interestingly, an abnormally high percentage 
(12.5%-37.5%) of implantation sites at E12.5 of Ankrd49+/- intercrosses were found to 



be empty of the embryo proper but have persistent placental tissue. Outcomes of 
outgrowth assays revealed that Ankrd49-/- blastocysts can hatch and form typical inner 
cell mass (ICM) and trophoblast derived colonies in vitro. Additionally, apoptotic 
blastomeres were detected via TUNEL analysis in late blastocyst but not morula stage 
embryos from Ankrd49+/- intercrosses, whereas no apoptotic cells could be detected in 
embryos from mating of wild-type control mice at either developmental stage. 
Collectively, these findings demonstrate that although ANKRD49 expression is restricted 
to testes in adult mice, expression also occurs during early embryogenesis and is critical 
for development of the ICM and gastrulation. 
 

P303 - The Molecular Signature and Plasticity of Human Testicular Peritubular 
Cells: Insights from Single-Cell RNA Sequencing Analysis  

Annika Missel, Ludwig Maximilian University of Munich                                                                  
Nina Schmid, Ludwig Maximilian University of Munich                                                                       
Christina Koupourtidou, Ludwig Maximilian University of Munich                                                         
Jovica Ninkovic, Ludwig Maximilian University of Munich                                                                        
Artur Mayerhofer, Ludwig Maximilian University of Munich  

In the human testis several layers of slender peritubular cells together with extracellular 
matrix form a small testicular compartment surrounding the seminiferous tubules. Little 
is known about peritubular (myoid) cells but they were described as smooth muscle 
cells (SMCs) originally in an electron microscopic study. It is becoming clear that they 
are not only crucial for intratesticular sperm transport but also contribute to the 
spermatogonial stem cell niche and fulfill several other functions. Furthermore, there is 
evidence that in man peritubular cells may not represent a homogenous cell population 
and that in cases of male infertility due to impaired spermatogenesis, they lose SMC 
characteristics. This may indicate their ability to switch phenotype, an ability, which is 
also described for other SMC types, e.g. for vascular SMCs in 
atherosclerosis. Recent ex vivo analyses (single-cell RNA sequencing studies) provided 
important insights in major human testicular cells but only limited insights into the rare 
peritubular cell population. We reasoned that this limitation can be overcome by 
studying cultured peritubular cells, provided that they retain their phenotype in vitro. To 
address this question, to clarify the nature of human testicular peritubular cells and to 
explore their potential plasticity, single-cell RNA sequencing of cultured human 
testicular peritubular cells (HTPCs), isolated from testicular samples of a donor with 
normal spermatogenesis, was employed. Almost 19.000 transcripts were identified and 
compared with published ex vivo data and, if available, with immunohistochemical data 
of the Human Protein Atlas. A significant overlap between our results and genes 
expressed in vivo were observed. This indicates that HTPCs retain their characteristics 
after isolation and culture. Based on expression of ACTA2, SMTN, CNN1, TAGLN, 
CALD1, DES, MYH11, and AR, HTPCs can be classified as testis-specific SMCs. The 
small differences between ex vivo and in vitro expressed genes may be due to plasticity. 



Plasticity was clearly shown upon addition of FCS to the culture medium. This promoted 
not only proliferation but, based on transcriptome similarities, allowed us to identify 4 
distinct cellular states. In conclusion, our results reveal that cultured HTPCs retain 
major in situ-characteristics of human peritubular cells and therefore are a highly 
adequate cellular model for the human. The evolving data set provides a detailed 
molecular signature of human testicular peritubular cells and may serve as a resource 
for future studies to better understand male (in)fertility. 

Supported in parts by grants from DFG project #427588170 and #245169951. 
 

P304 - Single microcystin-LR exposure leads to metabolic and reproductive 
complications in female rats  
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Microcystin-LR (MC) are considered the most frequent toxins produced by 
cyanobacteria in the aquatic environment. Despite being formerly described as 
hepatotoxins, previous studies showed that MC can also affect other organs, including 
the metabolic and reproductive organs. However, few studies evaluated MC effects in 
white adipose (WAT) and reproductive tract tissues. In this investigation, we assessed 
whether single and acute MC exposure results in abnormal WAT and reproductive tract 
morphophysiology in female rats. Female rats were exposed to MC by a single 
intraperitoneal injection at environmental relevant doses of 5, 20 and 40 μg /kg (MC5, 20 
and 40 respectively, n=5-6). After 24 hours of MC exposure, metabolic and reproductive 
parameters were assessed for 15 days. Abnormal parametrial WAT morphology was 
observed in MC rats. Specifically, an increase in adipocyte diameter, number of mast 
cells (inflammation) and number of total vessels were observed in MC20 rats (p < 0.01, 
p > 0.05 and p < 0.01, respectively). MC did not cause changes in body weight or 
adiposity compared to control (p > 0.05). In addition, MC exposure caused improper 
functioning of the reproductive tract. Specifically, MC20 and 40 exposure caused 
irregular estrous cyclicity, determined by an increase in time spent in the estrous phase 
compared with control (p < 0.01 and p < 0.05). In the reproductive tract, a reduction in 
number of primary follicles and an ovarian reserve were observed in MC5 and MC40 
groups, respectively (p < 0.05 and p < 0.05). A reduction in outer myometrium thickness 
was observed in MC40 compared to control (p < 0.05). Abnormal gonadotropin and sex 
hormones profile were observed in MC groups compared to control. A increase and a 
reduction in serum FSH and LH levels were observed in MC20 group, respectively (p < 
0.05 and p < 0.05). A reduction in estrogen levels were observed in MC5 and 40 rats, 
respectively (p < 0.05 and p < 0.05). An increase in progesterone and AMH levels were 
observed in MC20 groups compared to control (p < 0.05 and p < 0.05). Thus, these data 



suggest that the single and acute environmental relevant MC exposure led to abnormal 
metabolic and reproductive parameters in female rats. 

This research was supported by CNPq (#304724/2017-3/ N°12/2017; # 307224/2021-0/ 
Nº 4/2021) and FAPES/CNPq (PRONEX 24/2018 / TO #572/2018; UNIVERSAL 03/2021/ 
TO #486/2021). Nothing to Disclose: FCFS, GFCL, EM, JBG   
 

P305 - Dissecting mammalian spermatogenesis using spatial transcriptomics  

Haiqi Chen, UT Southwestern Medical Center  

Single-cell RNA sequencing has revealed extensive molecular diversity in gene 
programs governing mammalian spermatogenesis but fails to delineate their dynamics 
in the native context of seminiferous tubules, the spatially confined functional units of 
spermatogenesis. Here, we use Slide-seq, a spatial transcriptomics technology, to 
generate an atlas that captures the spatial gene expression patterns at near-single-cell 
resolution in the mouse and human testis. Using Slide-seq data, we devise a 
computational framework that accurately localizes testicular cell types in individual 
seminiferous tubules. Unbiased analysis systematically identifies spatially patterned 
genes and gene programs. Combining Slide-seq with targeted in situ RNA sequencing, 
we demonstrate significant differences in the cellular compositions of spermatogonial 
microenvironment between mouse and human testes. Finally, a comparison of the 
spatial atlas generated from the wild-type and diabetic mouse testis reveals a disruption 
in the spatial cellular organization of seminiferous tubules as a potential mechanism of 
diabetes-induced male infertility. 
 

P306 - Subacute Iron Overload Leads to Reproductive Disfunctions and Infertility 
in Female Mice  
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Isabela Sarmento, Federal University do Espirito Santo                                                                   
Leonardo dos Santos, Federal University do Espirito Santo                                                             
Jones Graceli, Federal University do Espirito Santo  

Iron is one of the most abundant metals found in nature and it is essential for proper 
cellular homeostasis. However, iron overload is linked with health complications, such as 
hemochromatosis, which contributes to liver, heart, bone and pancreas abnormalities. 
Few studies have evaluated iron overload effects in the female reproductive function. 



In this study, we assessed whether iron overload results in reproductive abnormalities that 
contribute to changes in fertility of female mice. Adult wild-type-C57BL/6 (WT) female 
mice (12-weeks-old, ~25 g) were daily intraperitoneally injected with iron solution (Iron 
group, 10 mg/mouse, n=5-9) or saline isotonic solution (WT group, n=5-9) for 5 days/week 
for 4 weeks. Iron accumulation in the blood, hypothalamus, pituitary, reproductive tract, 
liver and spleen was evaluated with a colorimetric kit and the mass spectrophotometry 
(AAS5 EA), respectively. The reproductive tract morphophysiology and a presence of 
oxidative stress were assessed by the reactive oxygen species marker dihydroethidium 
fluorescence (DHE). We further assessed the fertility for a period of 90 consecutive days 
after treatment. In each mating cage, two females from each treatment group were 
individually housed with a WT male mouse (2 females:1 male) and the frequency and size 
of litters were evaluated. 

The iron treated group presented with an increased iron accumulation in the blood (~5942 
%, p < 0.05), hypothalamus, pituitary, ovaries, uterus, spleen and liver compared to the 
WT group (~549, 1931, 516, 22023, 554 and 664 %, respectively, p < 0.05). The iron 
treated group also has irregular estrous cyclicity, with longer estrous cycle length (~154 
%, p < 0.05), spending more days in the proestrus and metestrus-diestrus phases (~ 119 
and 180 % respectively p < 0.05) compared to the WT group. Iron treatment also caused 
ovarian atrophy (68 %, p < 0.05) as well as a reduction in the number of corpora lutea and 
an increase in atretic follicle numbers compared to WT (54 and 474 % respectively, p < 
0.05). Iron treatment also caused uterine atrophy, and a reduction in number of glands, 
endometrium, inner and outer myometrium layer thickness (76, 54, 72 and 71 % 
respectively, p < 0.05, respectively) compared to WT. Further, iron treatment increased 
pituitary, ovary and uterine DHE levels compared to WT, suggestive of high oxidative 
stress (171, 133 and 235 %, respectively, p < 0.05). The WT mice presented 2-3 
gestations/female mice and delivered 70 pups (~6 pups / litter). However, iron treated 
group did not deliver any pups during the evaluation (p < 0.01). 

Collectively, these data suggest that iron overload led to abnormal reproductive 
consequences, such as a reduction in CL number, uterine atrophy, a reduction in uterine 
glands, and ovarian and uterine oxidative stress that could contribute to infertility in female 
mice. 

This research was supported by CNPq (#304724/2017-3/ N°12/2017; # 307224/2021-0/ 
Nº 4/2021) and FAPES/CNPq (PRONEX 24/2018 / TO #572/2018; UNIVERSAL 03/2021/ 
TO #486/2021). Nothing to Disclose: CSC, VBM, JGAM, RAF, IVS, LS, JBG. 
 

 

 



P307 - Brilliant cresyl blue status influences the meiotic competence in alpaca 
Vicugna pacos oocytes  

Diego Vargas-Donayre, Universidad Nacional Mayor de San Marcos                                                                
Zeze Bravo, Universidad Nacional Mayor de San Marcos                                                               
Martha Valdivia, Universidad Nacional Mayor de San Marcos.  

The brilliant cresyl blue (BCB) staining is a non-invasive and cost-effective method to 
assess the competence of oocytes based on the stained cytoplasm with BCB: BCB+ (blue 
cytoplasm) and BCB- (without stain). The BCB status of oocytes affects the nuclear 
maturation rate and embryo development in many livestock animals; nevertheless, no 
reports have been described in alpaca. Therefore, this work aimed to determine whether 
the BCB staining could predict the intrinsic quality of alpaca oocytes. Ovaries (n=518) 
were collected in a local slaughterhouse of Huancavelica, Peru (4050 masl) and 
transported to the laboratory (Lima) in 0.9% saline at 10°C.  Oocytes (n=508) were 
harvested 24 hours post mortem of the animal. Only normal morphological oocytes 
(Grade I and II) were selected for the following procedures. Oocytes from large follicles 
(3-6 mm diameter) were classified into BCB+ and BCB- after exposure to 26 μM of BCB 
for 90 minutes. After the staining, oocytes BCB+ and BCB- and a BCB-free group were in 
vitro matured (IVM). The nuclear maturation was evaluated by the presence of the first 
polar body after 48 of IVM. Parthenogenetic embryos were obtained by chemical 
activation of matured oocytes with ionomycin and 6-dimethylaminopurine (6-DMAP) and 
the cleavage rate was analyzed after 48 hours of culture in KSOM medium. We found that 
the mean matured oocytes in the BCB+ oocytes was higher than that found in the BCB- 
group (p<0.05) (29.1±16.1% vs 11.7±14.3%, respectively). In terms of the cleavage rates 
based on the BCB status, there was no statistical difference (p>0.05) between the 
cleavage rates of the BCB+ and BCB- oocytes (31.5±45.6% vs 11.1±19.2%, respectively). 
In addition to this, the nuclear maturation of BCB-free oocytes (34.5±9.0%) was no 
statistical difference from the BCB+ group  (29.1±16.1%) (p>0.05). Similarly, the cleavage 
rates between the BCB+ oocytes and the BCB-free group were no different (65.0±19.0% 
vs 31.5±45.6%, respectively) (p>0.05).  Our results indicate that the BCB status is an 
efficient tool for the screening of meiotic competence in alpaca oocytes. 

Support by PROCIENCIA - CONCYTEC - Convenio N° 428-2019-FONDECYT  
 

P308 - DNA methylation analysis of cord blood reveals the transgenerational effect 
of pre-pregnancy obesity on offspring’s health  
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Maternal obesity is one of the health concerns that may predispose babies to a high risk 
of medical problems later in life. In this study, we conducted an epigenome-wide 
association study to investigate the effect of maternal obesity on newborns, using DNA 
methylation data from cord blood stem cell populations (CD34+Cd38-Lin-) from a 
unique set of 72 matched multi-ethnic babies (34 cases and 38 controls) delivered from 
Kapiolani Medical Center for Women and Children in Honolulu, Hawaii from 2016 to 
2018. 

After adjusting for clinical confounders including baby sex, net weight gain, maternal 
age, maternal ethnicity, paternal ethnicity, gravidity, and gestational age, the differential 
methylation (DM) analysis identifies 10254 hypermethylated CpG sites and 5394 
hypomethylated CpG sites (BH adjusted p<0.05). Among them, 1200 hypermethylated 
CpG sites were located in the promoter region (TSS200) of 1112 genes, and 289 
hypomethylated CpG sites were located in the TSS200 region of 275 genes. The 
pathways enrichment analysis shows that cell apoptosis, immune signaling, and 
diabetes mellitus pathways are enriched (p<0.05). Moreover, Weighted Gene Co-
expression Network Analysis identifies 9 gene-gene correlation modules, enriched with 
genes in PI3K-PKB/Akt signaling and TNF signaling pathways. Among them, major hub 
genes include ZFP36L2, RPTN, and MIR142. Stemness potential test shows that the 
cord blood stem cells from obese mothers have significantly higher stemness scores 
than the healthy controls (p=0.012), confirming that maternal obesity has a 
transgenerational effect on offspring stem cell potency. However, the maternal obesity 
DNA methylation marker set from this cohort does not show predictability (balanced 
accuracy = 0.463)  of cancer vs. normal classifications in any of 15 cancer types in The 
Cancer Genome Atlas (TCGA). 

In summary, pre-pregnancy obesity has a significant association with offspring cord 
blood stem cells’ methylation-level alteration, from CpG, gene, pathway, and network 
levels. The cord blood stem cells in babies of obese mothers show a higher level of 
stemness. However, there is no evidence to link maternal obesity to offspring’s later life 
cancer risks through DNA methylation changes of cord blood stem cells. 
 

 

 



P309 - A novel non-invasive tool for oocyte selection using gene expression and 
artificial intelligence  
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Introduction: Proper oocyte selection is an important bottleneck for In Vitro Fertilization 
(IVF) success. Nowadays, oocyte selection relies mainly in morphological analyses, 
which is not an unbiased method and may fail to reveal the real competence status of 
gametes. Cumulus oophorus cells (CC) are somatic cells that surround the oocyte at the 
antral follicle. It is directly involved in oocyte maturation and development, and thus is a 
valuable non-invasive source of biological information regarding the oocyte’s health. 
Artificial intelligence can be used to identify key biological processes and markers of 
interest through machine learning methods. 

Materials and Methods: This is a prospective study that included data from 80 CC 
samples retrieved from publicly available microarray data (GSE27377) and 65 cumulus 
samples from each oocyte of 26 patients submitted to Intracytoplasmic Sperm Injection 
(ICSI). Samples were divided in two groups: CCs from oocytes that developed into top 
quality blastocysts in day 5 after ICSI and CCs from oocytes that presented arrested 
development. Samples were submitted to real time quantitative PCR. Afterwards, gene 
expression levels for each gene and sample were submitted to the final software 
product, the OsteraTest, in a double-blind approach. The software indicated the 
development potential of each oocyte and this ranking was compared to the 
embryologist’s day 5 blastocyst classification according to Gardner. 

Results and Conclusion: The bioinformatic approach implemented resulted in the 
OsteraTest, composed of 8 machine learning models using a 25-gene network that 
altogether can predict oocyte quality, thus representing a very complex assembly. The 
software presented more than 86% efficacy in predicting the oocyte developmental 
capacity into a top-quality day 5 blastocyst. The OsteraTest proved to be a valuable non-
invasive tool to predict embryo formation and oocyte capacity even before fertilization. It 
can enable the clinics to anticipate successful treatments and provide a predictive 
report for oocyte freezing patients. Although this study shows that OsteraTest may 
present great value for fertility clinics, a large-scale prospective randomized study is 
necessary for further validation of findings. 
 



P310 - Acute Exposure to a Mixture of Endocrine-Disrupting Chemicals Leads to 
Reproductive Abnormalities in Female Rats.  
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Tributyltin (TBT) and mercury (Hg) are known endocrine-disrupting chemicals (EDCs) 
that interfere with endocrine system function and have been associated with 
reproductive complications. However, most of the studies discussed their effects 
separately. 

We hypothesize that exposure to a mixture TBT and Hg alters the reproductive tract, 
contributing to negative impacts on reproduction. The aim of this study was to evaluate 
the reproductive effects to exposure a mixture TBT plus Hg in female rats. Female 
Wistar rats (10-12 weeks, 200-250g body weight) were exposed daily for 15 days in the 
following groups: 1-CON rats (vehicle, ethanol 0.4%, by gavage, n=5), 2-TBT rats (100 
ng/kg/day, by gavage, n=5), 3-Hg rats (first dose 4.6 mg/Kg, and subsequent doses of 
0.07 mg/Kg/day, im, n=5) and 4-TBT+Hg (similar dose/exposure from TBT and Hg 
groups, n=5). During the exposure, reproductive parameters were assessed. No 
changes in weight body and adiposity were observed in any experimental groups (p > 
0.05). We observed a tendency for the mixture to change the estrous cyclicity which 
was characterized by irregular and long estrous cycles, spending more days in 
metestrus/diestrus in all exposed groups compared to control (p: 0.08). A reduction in 
serum estrogen levels in Hg and TBT+Hg groups was observed compared to the CON 
group (p < 0.05). Ovarian H&E stained sections from the CON group showed ovarian 
follicles at all regular stages of development and regular presence of corpora lutea (CL). 
However, the ovaries of the TBT+Hg group showed irregular morphology. Specifically, 
TBT+Hg treatment reduced the number of CL, primordial follicles, and primary follicles 
compared to CON (p < 0.05), suggesting a reduction in ovarian follicular reserve. 
Ovarian sections from the TBT+Hg group showed a reduced number of preantral and 
antral follicles compared to CON, TBT only, and Hg only groups (p < 0.05, p < 0.0.5 and 
p < 0.05, respectively). Furthermore, the TBT+Hg group showed an increased number 
of cystic and atretic ovarian follicle compared with the CON and Hg groups (p < 0.05 
and p < 0.05, respectively). In the uterine tissue, endometrial gland number was 
reduced in TBT+Hg and Hg only groups compared to CON group (p < 0.05 and p < 
0.05, respectively). We observed a tendency for reduction in the outer myometrium 
layer in the Hg group compared to the CON, TBT, and TBT+Hg groups (p: 0.08). 
However, no difference was observed in the inner myometrium layer between all 
experimental groups (p > 0.05). Collectively, these data suggest that TBT plus Hg 



exposure leads to reproductive abnormalities, exacerbating negative effects on 
reproductive health features in female rats, such as reducing ovarian follicular reserve. 

This research was supported by CNPq (#304724/2017-3/ N°12/2017; # 307224/2021-0/ 
Nº 4/2021) and FAPES/CNPq (PRONEX 24/2018 / TO #572/2018; UNIVERSAL 03/2021/ 
TO #486/2021). Nothing to Disclose: CFJ, CSC, OMSN, FCFS, JZ, EMWDM JBG. 

P311 - The impact of paternal diet on late gestation fetal growth, placental gene 
expression and maternal metabolic health during gestation  
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Inappropriate adaptation of maternal physiology may lead to complications of 
pregnancy, such as gestational diabetes, preeclampsia, fetal growth restriction, fetal 
overgrowth and pre-term birth, which can have immediate consequences for fetal and 
maternal health. Furthermore, these complications can lead to long-term health 
consequences for both mother and offspring. As placental function and blood flow are 
central regulators of fetal growth and are controlled by numerous pathways including 
the renin-angiotensin system (RAS), apoptosis and 1-Carbon metabolism. The 
Developmental Origins of Health and Disease (DOHaD) hypothesis proposes that the 
maternal gestational environment is critical in the regulation of fetal development and 
growth and can be a significant contributing factor in the long-term health of the 
offspring. There is growing evidence linking paternal diet at the time of conception with 
impaired offspring development and adult cardio-metabolic ill-health. However, the 
underlying mechanisms linking paternal diet and fetal development are poorly defined. 
The aim of this study was to address the impact of paternal diet on fetal growth, the 
expression of multiple renin-angiotensin system (RAS), 1-Carbon metabolism and 
apoptosis pathway genes within the late gestation placenta. Following, to study the 
maternal metabolic profiling, maternal cardiac morphology. Male C57/BL6J mice were 
fed one of five diets; low protein (LPD; 9% casein, 24% sugar, 10% fat), Western diet 
(WD; 19% casein, 21% fat, 34% sugar), LPD, or WD supplemented with methyl-donors 
(termed MD-LPD and MD-WD respectively) or an isocaloric control diet (CD; 18% 
casein, 10% fat, 21% sugar) for at least 8 weeks. Males were mated with chow-fed, 
virgin 8-12 week-old C57BL/6J females. At embryonic day 17.5 (E17.5) dams were 
culled and the fetal and placental tissues weighted and collected. Placentas were snap-
frozen for analysis of RAS, 1-Carbon metabolism, and apoptosis gene expression using 
RT-qPCR. Placental histological morphology was assessed through Periodic acid Schiff 
and Masson’s Trichrome staining. Moreover, maternal metabolic profile tests, following 
the maternal liver free fatty acid, triglyceride, cholesterol contents, and maternal serum 
glucose and insulin levels were measured subsequently. 



Paternal diet did not significantly alter mean fetal weight, litter size, placental weight, or 
fetal/placental ratio. However, analysis of placental RAS (Ace, Ace2, Agtr1a, Ren1), one-
carbon metabolism  (Dhfr,Mat2a,Mat2b,Mthfr), and apoptosis (Bad, Bax, Fas, Bcl2) 
genes revealed significantly decreased expression in placentas derived from WD and 
MD-WD males when compared to CD males. Interestingly, supplementation of the LPD 
and WD with methyl donors had no additional effect on gene expression. No significant 
difference in relative placental layer proportions were observed between groups. Finally, 
no difference in maternal biochemical profiling tests was observed in response to 
paternal diet. 

The current study indicates, paternal LPD or WD (with or without methyl donors) at the 
time of conception had no effect on male fertility or late gestation fetal growth. However, 
placentas from WD and MD-WD fed males displayed reduced expression of RAS, 
apoptosis, and 1-carbon metabolism genes compared to other groups. 

Further studies are required to define how paternal diet impacts maternal well-being 
including maternal cardiac health, placental function, and offspring cardiac health. 
 

P312 - Sex-specific mRNA expression in human placentae changes significantly 
across gestation  

Amy Flowers, Center for Reproductive Medicine, Cedars-Sinai Medical Center                                  
Tania Gonzalez, Center for Reproductive Medicine, Cedars-Sinai Medical Center                             
Yizhou Wang, Cedars-Sinai Medical Center Ekaterina Clark, Center for Reproductive 
Medicine, Cedars-Sinai Medical Center                                                                                                                         
Chintda Santiskulvong, Cedars-Sinai Medical Center                                                                             
Nikhil Joshi, Center for Reproductive Medicine, Cedars-Sinai Medical Center                                       
Rae Buttle, Center for Reproductive Medicine, Cedars-Sinai Medical Center                                        
Erica Sauro, Center for Reproductive Medicine, Cedars-Sinai Medical Center                                                          
Rosemarie DiPentino, Center for Reproductive Medicine, Cedars-Sinai Medical Center                      
Jessica Chan, Center for Reproductive Medicine, Cedars-Sinai Medical Center                                                                                                                                                  
John Williams III, Center for Reproductive Medicine, Cedars-Sinai Medical Center                                                      
Margareta Pisarska, Center for Reproductive Medicine, Cedars-Sinai Medical Center 

Fetal sex impacts several maternal and fetal outcomes of pregnancy, with negative 
outcomes more common in male fetuses. As the placenta originates from the fetus, the 
placental genome likely drives many of these sexually dimorphic outcomes. To explore 
gene expression across gestation specific to each sex, we performed next-generation 
sequencing on human placenta mRNA in first and third trimester uncomplicated 
pregnancies using discarded tissue from chorionic villous sampling (N=124) and 
placenta at delivery (N=43). Libraries were sequenced using the NovaSeq 6000 platform 
(Illumina) with 1x75bp read length and average sequencing depth of 30M reads/sample. 
Raw reads were aligned and differential expression analysis was performed using 



DESeq2 Bioconductor v1.26.0, comparing first versus third trimester for each sex. 
Sequencing identified 14,094 genes in female placentae and 14,141 genes in male 
placentae (protein coding, TPM>0.66), derived from all 22 autosomes, the X and Y 
chromosomes, the mitochondrial chromosomes, and the pseudoautosomal regions 
(PAR) in both sexes. Chromosomal distribution of expressed genes was similar between 
first and third trimester in each sex, with chromosome 1 most represented numerically 
and the mitochondrial chromosome most represented as a percentage of encoded 
genes (100% in both trimesters, both comparisons). In female placentae, a total of 
10,624 genes were differentially expressed (DE) across gestation (protein coding, 
FDR<0.05, TPM>0.66). There were 338 female-specific DE genes (DE only in females, 
but not males) upregulated in first trimester, vs 370 upregulated in third. In male 
placentae, a total of 11,073 genes were DE across gestation. There were 582 male-
specific DE genes (DE only in males, but not females) upregulated in the first trimester, 
vs 572 upregulated in third. DE genes derived from all 22 autosomes, the sex 
chromosomes, and the mitochondrial chromosomes in both sexes. In females there 
were also 2 DE PAR genes in first trimester vs 8 in third trimester, and in males there 
were 2 DE PAR genes in first trimester vs 7 in third trimester. Of the DE genes, the 
highest expressed mRNAs by both TPM and fold change (FC) were similar in males and 
females, including CSH1 (chorionic somatomammotropin hormone 1, females 
TPM=1.83E+05, males TPM=1.82E+5) and IDO2 (indoleamine 2,3-dioxygenase 2, 
females FC=530.3 Third:First, males FC=416.1 Third:First). Our findings indicate that 
female- and male-specific differences in gene expression across gestation are 
significant, with over 75% of expressed protein coding transcripts in each sex 
significantly differentially expressed. While there were more female-specific DE genes 
upregulated in third trimester, the opposite was true for males, suggesting a difference 
in importance of early vs late gestation for sex-specific genes. Similarities that were 
identified, including CSH1 and IDO2, are also well known for expression in placenta and 
functional significance in gestation. This normative expression atlas will provide a better 
understanding of the origin of fetal and maternal pregnancy outcome differences 
between sexes and help to guide future studies. 
 

P313 - Extracellular Adenosine Induces Prostaglandin F2α Synthesis in Porcine 
Endometrial Epithelial Cells  

Yugyeong Cheon, Yonsei University                                                                                                       
Inkyu Yoo Yoo, Yonsei University                                                                                                          
Soohyung Lee, Yonsei University                                                                                                           
Hakhyun Ka, Yonsei University  

The purinergic system plays an important role in a variety of physiological processes, 
including pregnancy, metabolism, vascularization, immunity, tumorigenesis, and 
neuronal function in our body. The purinergic system molecules are composed of the 
purine nucleotide [adenosine triphosphate (ATP)], the nucleoside [adenosine (ADO)], 



enzymes, transporters, ATP receptors (P2X and P2Y receptors), and ADO receptors 
(ADO receptor A1, 2A, 2B, and 3). In a previous study, we have shown that the 
purinergic system molecules are present in the endometrium during the estrous cycle 
and at the maternal-conceptus interface during pregnancy in pigs. Especially, receptors 
for ATP and ADO were expressed in endometrial epithelial cells and conceptus 
trophectoderm cells with increased levels during early pregnancy. Thus, we investigated 
the effects of ATP and ADO on endometrial epithelial and trophectoderm cells using 
porcine endometrial epithelial (pUE) and trophectoderm (pTr) cell lines in vitro. First, we 
treated pUE and pTr cells with increasing doses of ATP and ADO, measured cell 
proliferation by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide assay, 
and found no effect of ATP and ADO on cell proliferation of pUE and pTr cells. Next, we 
determined the effect of ATP and ADO on the expression of the molecules involved in 
prostaglandin (PG) synthesis and PG transport in pUE and pTr cells. Treatment of 
increasing doses of ATP induced the expression of PTGES1 mRNAs and ADO induced 
the expression of PTGS1, PTGS2, PTGES1, PTGES2, AKR1B1 mRNAs in pUE cells, but 
not in pTr cells, as determined by real-time reverse transcription-polymerase chain 
reaction. Furthermore, we determined if ADO increased PGE2 and PGF2α secretion in 
pUE and pTr cells. Treatment of pUE cells with ADO increased secretion of PGF2α, but 
not PGE2, as determined by enzyme-linked immunosorbent assay and PGE2 and PGF2α 

secretion was not affected by ADO in pTr cells. These results showed that ADO 
increased the expression of molecules related to PG synthesis and PGF2α secretion in 
pUE cells, suggesting that the purinergic system molecules may play an important role 
in PGF22α production at the maternal-conceptus interface during early pregnancy in 
pigs. [This work was supported by the National Research Foundation Grant 
(#2019R1A2C1004670) funded by the Korean Government] 
 

P314 - BRDT promotes decidualization of endometrial stromal cells by affecting 
cell proliferation  

Lan Wen, Hubei University of Medicine                                                                                                             
Jing Zhu, Hubei University of Medicine                                                                                                                
Hui Gao, Hubei University of Medicine                                                                                            
Honglu Diao, Hubei University of Medicine  

Embryo implantation requires the simultaneous preparation of the endometrium and the 
embryo to successfully implant Endometrial hyperplasia, apoptosis, and structural 
changes are necessary conditions for the regular occurrence of endometrial receptivity 
during embryo implantation. Decidualization, one of the key events in embryo 
implantation, starts at the secretory stage of the human’s menstrual cycle, in which 
endometrial stromal cells transform into secretory decidual cells. When decidualization 
occurs abnormally, it can lead to pregnancy disorders such as endometriosis. 
Endometriosis is a heterogeneous disease with very complex pathogenesis, showing a 
wide range of epigenetic abnormalities. BRDT is a testis-specific bromodomain-



containing protein that binds to acetylated histones to regulate the transcription and 
expression of downstream factors. This study investigated the expression and 
mechanism of BRDT in the decidualization of human endometrial stromal cells. 
Immunohistochemistry was used to detect the expression of BRDT in control and 
endometriosis, and the decidualization model of human endometrial stromal cells was 
constructed to analyze the expression of BRDT in control and endometriosis stromal 
cells. Healing assay, knockdown, and overexpression of BRDT to analyze the molecular 
mechanism of BRDT affecting decidualization of endometrial stromal cells. Our results 
show that BRDT protein is strongly expressed on the cytoplasm of the stromal cell of 
endometrium in the late secretory phase and that is significantly different between 
normal and endometriotic cells during decidualization in vitro. Furthermore, BRDT 
overexpression could inhibit the proliferation of endometrial stromal cells. After knocking 
down the BRDT by siBRDT, the effect can be reversed. Moreover, our results suggest 
that BRDT may interact with H3K9ac to downregulate the expression of caspase3 and 
P21 during decidualization. Therefore, BRDT promotes the decidualization of 
endometrial stromal cells by affecting cell proliferation. 
 

P315 - TRPV2 in the human ovary, granulosa cells and granulosa cell tumors: links 
to inflammation  

Katja Eubler, Ludwig-Maximilian-University Munich                                                                                     
Carola Herrmann, Ludwig-Maximilian-University Munich                                                                          
Nicole Kreitmair, Ludwig-Maximilian-University Munich                                                                                  
Astrid Tiefenbacher, Ludwig-Maximilian-University Munich                                                                     
Lars Kunz Ludwig-Maximilian-University Munich                                                                                                                    
Doris Mayr, Ludwig-Maximilian-University Munich                                                                                                          
Artur Mayerhofer, Ludwig-Maximilian-University Munich 

Transient receptor potential channel vanilloid 2, TRPV2, is the least-examined member 
of the TRP-family of ion channels. This non-selective cation channel has been linked to 
inflammation and can be activated by heat, mechanical stress, reactive oxygen species 
and pharmacological agents. It was previously demonstrated to be highly abundant in 
several cells of the human testis, including the peritubular myoid cells and 
macrophages. Results obtained by these studies suggested that TRPV2 is a new player 
within the testicular channelome, involved in inflammatory processes. 

TRPV2 is also present in the human ovary. Data mining and own immunohistochemical 
studies indicated TRPV2 in follicular granulosa cells, with expression levels increasing in 
parallel with follicle development, and suggested presence in immune cells. We 
reasoned that studies in human granulosa cells (GCs), derived from pre-ovulatory 
follicles of IVF-patients and transferred to in vitro cell culture conditions, may allow us to 
begin to explore TRPV2 and its roles in the human ovary. 



Isolated GCs express TRPV2 and exhibit transient calcium influxes upon administration 
of cannabidiol (CBD, 30 µM), a known activator of TRPV2. Short-term (4-6 h, n = 4) and 
prolonged exposure (24 h, n = 12-22) to this phytocannabinoid significantly increased 
transcript levels of several inflammatory factors, including IL6, IL8, MCP1 and PTX3, in a 
time and dose-dependent manner (1-30 µM). Elevated secretion of IL6 and IL8 was 
further confirmed using ELISA measurements (n = 4-6), arguing for an involvement of 
TRPV2 in inflammatory processes of the human ovary. However, further in-depth 
studies, including verification of channel specific actions, are hampered due to a lack of 
exclusively TRPV2 specific pharmacological compounds and to limited experimental 
possibilities associated with primary GCs. Hence, we turned to the human granulosa cell 
line KGN, which expresses TRPV2, as well, and which responded to CBD with transient 
calcium influxes. Ongoing genetic deletion studies will allow us to further gain 
mechanistic insights in TRPV2 actions. Of note, KGN cells are derived from a rare type 
of ovarian tumor, i.e. granulosa cell tumors (GCT). Tissue microarrays of patient-derived 
GCT samples (n = 42) were subjected to immunohistochemical examination and 
showed strong staining for TRPV2. This raises the possibility that TRPV2 may play a role 
in this type of ovarian cancer. 

Thus, TRPV2 is an ion channels of ovarian GCs and GCT-derived tumor cells. Channel 
activation entails induction of inflammatory processes in human GCs. Further roles and 
involvement in diseases, e.g. GCTs, remain to be studied. (Supported by DFG, project 
#456828204) 
 

P316 - YBX1 mediates alternative splicing and maternal mRNA decay during pre-
implantation development  

Mingtian Deng, Nanjing Agricultural University  

In mammals, maternal gene products decay and zygotic genome activation (ZGA) 
during maternal to zygotic transition (MZT) is critical for the early embryogenesis. Y-box 
binding protein YBX1 plays vital roles in RNA stabilization and transcriptional regulation, 
but its roles remain to be elucidated during pre-implantation development. In the 
present study, we re-analyzed transcriptional level of YBX1 in mice, human, bovine, and 
goat embryos using public RNA-seq datasets. We further performed siRNA 
microinjection to knock down the expression of YBX1, and RNA sequencing of the 8-cell 
stage embryos in the control and YBX1 knockdown group. To reveal the regulation 
mechanisms of YBX1, we conducted differentially expression analysis, alternative 
splicing (AS) analysis, enrichment analysis, and 5-EU staining using DESeq2, rMATs, 
clusterProfiler, and immunofluorescence technique, respectively. The expression of 
YBX1 was increased during MZT in goat, bovine, human, and mice, but significantly 
decreased in YBX1 knockdown embryos compared with the controls, suggesting 
successfully knockdown of YBX1. The percentage of blastocyst was decreased, while 
embryos blocked at the 2- and 4-cell stage were increased in YBX1 knockdown 



embryos compared to the controls. Using RNA-seq, we identified 1623 up-regulated and 
3531 downregulated genes in the 8-cell stage YBX1 knockdown embryos. Of note, the 
down-regulated genes were enriched in regulation of RNA/mRNA stability and 
spliceosome, suggesting that YBX1 might medicate RNA stability and AS. To this end, 
we identified 3284 differential AS events and 1322 differentially expressed maternal 
mRNAs at the 8-cell stage YBX1 knockdown embryos. Meanwhile, the splicing factors 
and mRNA decay-related genes showed aberrant expression, and the transcriptional 
activity during ZGA in goat and mice was compromised when YBX1 was knocked down. 
In conclusion, we found that YBX1 serves an important role in maternal mRNA decay, 
alternative splicing, and the transcriptional activity required for early embryogenesis, 
which will broaden the current understanding of YBX1 functions during the stochastic 
reprogramming events. 
 

P317 - MCP1 ENHANCE MATURATION OF PORCINE OOCYTES DURING IN VITRO 
MATURATION  

Sang‐Hwan Hyun, Chungbuk National University  

Chemokines play an important role in regulating the complex immune system at the 
maternal-fetal interface during pregnancy. Monocyte chemoattractant protein 1 (MCP1) 
is also a key periovulatory gene in the cumulus-oocyte complexes (COCs). In this study, 
we confirmed the concentration of MCP1 in porcine follicle fluid (pFF) by follicle size and 
identified MCP1 gene expression in porcine oocytes, cumulus cells (CCs), and 
granulosa cells (GCs) as well as its effects on the COCs during in vitro maturation (IVM). 
pFF was obtained from different follicle sizes to perform the ELISA method. The 
concentration of MCP1 in porcine follicular fluid was significantly higher as the size of 
the ovarian follicle increases. RT-PCR and qRT-PCR was also performed to identify the 
expression level of MCP1 in porcine follicular cells (Oocytes, CCs, GCs) before and after 
IVM. We divided two groups for RT-PCR and qRT-PCR : One group was treated with 
hormones during the first 22 hours of IVM and the other group was sampled 
immediately after aspiration of pFF. As a result, the MCP1 mRNA was expressed in GCs 
before and after IVM. However, MCP1 mRNA expression in oocytes and CCs appeared 
only after IVM. In the qRT-PCR results, the mRNA expression levels of MCP1 were 
significantly higher in the group that underwent IVM in all porcine follicular cells. During 
IVM, MCP1 was added to the maturation media (TCM199-PVA) at concentrations of 0 
(control), 1, 10, and 100 ng/mL for each group. After IVM, the 100 ng/mL MCP1-
supplemented group (91.6 ± 3.6%) showed a significantly higher (p < 0.05) metaphase 
Ⅱ rate compared to the control (81.8 ± 1.8%). All CCL2-supplemented groups showed 
a significant (p < 0.05) increase of intracellular GSH levels compared with control. On 
the other hand, the intracellular ROS levels in all of MCP1-treated oocytes were 
significantly decreased (p < 0.05). These results indicate that MCP1 has a good effect 
on nuclear maturation and cytoplasmic maturation on porcine oocytes. Although further 



studies are required to investigate MCP1 specific mechanism and whether MCP1 affects 
CCs expansion. 
 

P318 - Simplification of culture conditions for maintaining porcine embryonic stem 
cells  

HYERIN CHOI, Chungbuk National University                                                                                             
SANG-HWAN HYUN, Chungbuk National University  

Stable pig embryonic stem cells (pESCs) can be an excellent model for studying 
informative application for human developmental modeling since pigs are more similar 
to humans in anatomy and physiology. We developed the new simplified culture 
conditions for establishing and maintaining pESCs by using a minimum of small 
molecules in knockout serum replacement media. Blastocysts obtained in vitro on day 6 
were seeded on the feeder cell layer with DMEM/F10 (1:1), DMEM/F12, and α-MEM 
medium to compare an efficiency of the pESCs establishment according to the type of 
the basal medium and small molecules. The small molecule conditions were (1) FGF2 
(F), (2) FGF2 + IWR-1 (FI), and (3) FGF2 + IWR-1 + CHIR (FIC). All three basal media 
showed success attachment of the blastocysts to the feeder layer. On the other hand, 
the colony formation was observed only in DMEM/F10 and DMEM/F12 conditions. The 
expression of the SOX2 protein in each colony was confirmed by using 
immunofluorescence. Both DMEM/F10 and DMEM/F12 showed negative results for 
SOX2 in the F condition, while it was expressed homogeneously in the FI and FIC 
condition. We characterize established pESCs under both small molecule conditions in 
the DMEM/F12 which is more defined basal medium compared to the DMEM/F10 
medium. FI and FIC groups were positive for alkaline phosphatase activities. The 
karyotyping result showed a normal karyotype (36+XX). Immunostaining data present 
homogenous expression of pluropotency markers OCT4, SOX2, NANOG, and SSEA4 in 
FI condition. However, the FIC condition showed heterogenous expression of OCT4 
protein in early passage, and also increased the PAX6 gene expression level. Although 
further studies are required to examine differentiation potential, these findings 
demonstrate that an activation of FGF2/ERK pathway by FGF2 supplementation and an 
inhibition of Wnt/β-catenin pathway by IWR-1 supplementation are enough to establish 
pESCs from blastocysts. 

*Acknowledgement: This work was supported by grants from the “NRF funded by the 
Korean Government (2017K1A4A3014959, 2020R1A2C2008276)” and “IPET in Food, 
Agriculture, Forestry and Fisheries (318016-5, 320005-4)", Republic of Korea. 
 

 

 



P319 - Expression of Interleukin-15 and Its Receptors in the Endometrium during 
the Estrous Cycle and Pregnancy in Pigs  

Soohyung LEE, Yonsei University                                                                                                            
Inkyu Yoo, Yonsei University                                                                                                               
Yugyeong Cheon, Yonsei University                                                                                                        
Hakhyun Ka, Yonsei University  

Interleukin-15 (IL15) is a pleiotropic cytokine that acts to support differentiation and 
proliferation of immune cells such as T and natural killer (NK) cells. The function of IL15 
is mediated by a heterotrimeric receptor consisted of an α chain (IL15RA), a β chain 
(IL2RB), and a γ chain (IL2RG). Both mouse and human studies suggest that IL15 
produced by decidual stromal cells and macrophages induces the differentiation of NK 
cells in decidua. Dysregulation of IL15 leads to adverse outcomes of pregnancy, 
including fetal growth restriction, impaired spiral artery remodeling, and preeclampsia in 
humans. However, the roles of IL15 and IL15 receptors during pregnancy have not been 
studied in pigs. Thus, to understand the expression and function of IL15 and IL15 
receptors in pigs, we determined the expression, localization, and regulation of IL15, 
IL15RA, IL2RB, and IL2RG at the maternal-conceptus interface in the endometrium 
during the estrous cycle and pregnancy. We obtained endometrial tissues from gilts on 
Days 12 and 15 of the estrous cycle and on Days 10, 12, 15, 30, 60, 90, and 114 of 
pregnancy. The expression of IL15, IL15RA, IL2RB, and IL2RG in the endometrium 
throughout the estrous cycle and pregnancy was highest on Day 15 of pregnancy and 
their levels of expression were significantly higher on Day 15 of pregnancy than those 
on Day 15 of the estrous cycle, as determined by real-time RT-PCR. Conceptus tissues 
on Days 12 and 15 of pregnancy also expressed IL15, IL2RB, and/or IL2RG, but not 
IL15RA. The expression of IL15, IL15RA, and IL2RB, but not IL2RG, increased toward 
term pregnancy in chorioallantoic tissues from mid- to term pregnancy. 
Immunohistochemical analysis showed that IL15 and IL2RB proteins were primarily 
localized to endometrial epithelial cells and IL2RG protein was mainly localized to 
stromal cells, some of which colocalized with CD16, an NK cell surface marker, in the 
endometrium. IL2RG were also localized to chorionic epithelial cells during pregnancy. 
Increasing doses of interferon-g (IFNG), which is produced by the implanting porcine 
conceptus during early pregnancy, induced the expression of IL15, IL15RA, and IL2RG 
in endometrial explant tissues. Overall, these results showed that IL15, IL15RA, IL2RB, 
and IL2RG were expressed at the maternal-conceptus interface in a pregnancy status- 
and cell type-specific manner, and IFNG induced the endometrial expression of IL15, 
IL15RA, and IL2RG. These suggest that IL15 and its receptors expressed may play 
important roles in the establishment and maintenance of pregnancy by regulating the 
function of endometrial epithelial and NK cells during early pregnancy in pigs. 
 

 



P320 - Asiatic acid addition in semen cryo-medium improves quality and in vivo 
fertility of bull sperm  

Muhammad Jameel, University of Veterinary and Animal Sciences, Lahore                                  
Irfan Shahzad, University of Balochistan, Quetta                                                                                        
Muhammad Rizwan Yousuf, University of Veterinary and Animal Sciences, Lahore                              
Amjad Riaz, University of Veterinary and Animal Sciences, Lahore                                                    
Wasim Shehzad, University of Veterinary and Animal Sciences, Lahore                                               
Daud Khan, University of Balochistan, Quetta  

Oxidative stress is one of the major limiting cause to efficient cryopreservation of bovine 
semen. Reactive oxygen species at supra-physiological levels trigger oxidative stress 
during cryopreservation which can be neutralized by incorporating suitable antioxidant 
in semen extender medium. This study was intended to explore the effect of asiatic acid 
(a triterpenoid) as an antioxidant in semen extender on frozen-thawed sperm quality 
parameters, antioxidant enzyme activity and in vivo fertility of bull sperm. Semen was 
collected from six Holstein Friesian bulls for 10 weeks (total ejaculates=60) in breeding 
season. Semen was cryopreserved with Tris citric acid egg yolk-based extender 
supplemented with 0 (control) or 20, 40, 60, and 100µM asiatic acid. Post thaw motility 
kinematics were analyzed using CASA software. Fluorescence microscopy was used for 
sperm viability, mitochondrial activity and DNA integrity analyses and intracellular 
antioxidant enzyme (catalase) activity was determined by spectrophotometric method. 
Results showed that supplementation of extender with 40 and 60 µM asiatic acid 
concentrations improved (P<0.05) post thaw motility kinematics, plasma membrane 
integrity, acrosome integrity, mitochondrial membrane potential, sperm viability and 
DNA integrity of Holstein Friesian bull sperm. The catalase enzyme activity in seminal 
plasma was boosted significantly (P<0.05) when semen was added with 20, 40 and 60 
µM asiatic acid concentrations. The in vivo fertility was found better with the semen 
extended with 60 µM asiatic acid. Conclusively, this study suggests for the first time that 
asiatic acid supplementation in semen cryo-medium has a positive effect on bovine 
semen cryopreservation by stimulating motility kinematics, maintaining cell integrity, 
preserving antioxidant enzyme activity and improving in vivo fertility. 
 

P321 - Developmental capacity and karyotype of tetraploid pig embryos derived 
from various methods  

Joohyeong Lee, Chungbuk National University                                                                                       
Eunsong Lee, Kangwon National University and Chungbuk National University  

The production of tetraploid (4N) embryos has become a useful tool for developmental 
biologists within the past decade and is increasingly being used in mammalian systems. 
Furthermore, embryonic stem cells that do not form trophoblasts can aggregate with 4N 
embryos to produce complete live offspring. In this study, the in vitro developmental 



capacity and karyotype of tetraploid pig embryos produced by various methods were 
investigated. We investigated the efficiency of three methods for producing 4N embryos. 
First, 4N embryos were produced by electro-fusion of 2-cell stage parthenogenetic (PA) 
embryos (FUTP). Second, 2N somatic cell was injected into the mature oocyte and 
fused (CITP). Third, oocytes were matured with Cytochalasin B (CB) for the late 22 
hours of in vitro maturation to inhibit the first polar body (PB1). Thereafter, non-PB1 
oocytes were treated with CB for 4 hours after PA (CBTP). When the embryo cleavage 
rate was observed 24 hours after activation, there was no significant difference between 
the control group and the treatment group (Control & FUTP: 75.3%, CITP: 71.3%, and 
CBTP: 72.3%, respectively). At 24 hours after activation, only 2-cell stage embryos were 
selected and cultured for an additional 6 days to investigate the proportion of embryos 
developing to the blastocysts. As a result, the blastocyst rate in the CBTP group (68.7%) 
and FUTP group (62.7%) was not significantly different from that of the control group 
(76.3%), but the CITP group (55.9%) was significantly decreased compared to the 
control group. All 4N embryos significantly reduced the number of cells in blastocysts 
compared to control (2N) embryos. The rate of apoptotic cells in blastocysts was not 
significantly different between the FUTP group and the control group. But significantly 
increased in the CBTP and CITP treatment groups than the control and FUTP groups. 
As a result of analyzing the karyotype of blastocysts produced by three methods, the 
tetraploid ratio was about 74.6% to 86.0% in all treatment groups, and there was no 
significant difference. In conclusion, our study confirmed that the FUTP method was 
most effective in preventing apoptosis in the formation of porcine 4N embryos. 
 

P322 - A novel single-cell RNA-seq analysis workflow for the human placenta 
identifies suppressed placental innate immune functions in preeclampsia  

Qianhui Huang, University of Michigan                                                                                                          
Paula Benny, University of Hawaii Cancer Center                                                                                         
Ryan Schlueter, University of Hawaii                                                                                                     
Cameron Lassiter, University of Hawaii Cancer Center                                                                             
Lana Garmire, University of Michigan  

The heterogeneous nature of the placenta, as the mixture of maternal vs. fetal cells and 
the mixture of blood vs. tissue cells, presents a unique challenge for single-cell RNA-seq 
(scRNA-Seq) analysis among all types of human tissues. To address this challenge, we 
proposed a novel multi-step workflow dedicated to analyzing human placental scRNA-
Seq data. In particular, the workflow identifies the origins of single cells into four 
categories: maternal vs. fetal, and blood vs. solid tissue. The maternal or the fetal origin 
is separated by inferred genotypes from scRNA-Seq data; while the blood or the solid 
tissue origin for immune cells is determined by a reference-based approach using 
publicly available peripheral blood mononuclear cell or umbilical cord blood scRNA-seq 
data. We applied this workflow on single-cell data from a preeclampsia (PE) sample 
and a healthy control sample, each with three sampling sites in the placenta: the 



maternal side, the intermediate layer, and the fetal side. The sampling site adjusted 
functional analysis focused on the fetal solid tissue shows that PE patient has 
suppressed placental innate immune functions in a variety of cell types, including 
CD14+ monocytes and natural killer cells. This is characterized by suppressed pathways 
such as NOD-like receptor signaling and chemokine signaling. PE patient also has a 
downregulated Toll-like receptor signaling pathway in trophoblast subtypes. Moreover, 
cell-cell correlation analysis and intercellular signaling analysis demonstrate reduced 
connections between trophoblast subtypes and fetal immune cells in PE. Our data 
suggest that in contrast to the maternal systematic inflammatory state, placental innate 
immune functions are suppressed in PE. A similar result was also reported in a recent 
study using bulk mRNA data. By using scRNA-seq data, we were able to further 
characterize it in a cell-type-specific manner. In conclusion, our work provides the 
foundation for a more rigorous scRNA-seq analytical workflow to dissect the unique 
challenge of human placenta heterogeneity. It also highlights the importance of 
investigating placental innate immune functions in PE research, which have been less 
well characterized in the field. 
 

P323 - A study on the factors that affect in vitro embryo production from ovaries of 
Korean native cattle (Hanwoo)  

Jong Gug Kim, Jeonbuk National University                                                                                            
Yoenmi Yoo, Jeonbuk National University                                                                                             
Jae-Hee Park Park, Jeonbuk National University  

The objective of this study was to determine the effects of season, meat quality, body 
weight, and age on the in vitro embryo production from the ovaries of Korean native 
cattle (Hanwoo) cows. The effects of these factors on cleave rate, blastocyst formation 
and hatching were analyzed. Ovaries of from Hanwoo cows were recovered from a 
slaughter house in the four seasons. Total 9173 cumulus oocyte complexes were 
collected from the ovaries of 355 registered Hanwoo cows. For in vitro maturation, 
oocytes were collected from the follicles with less than 8 mm of diameter and placed in 
the Tissue culture medium-199 (TCM-199) containing 3% fetal bovine serum (FBS), 0.5 
mg/ml follicle stimulating hormone (FSH), 0.5 mg/ml luteinizing hormone (LH), and 1 
mg/ml estradiol-17β (E2). For in vitro fertilization (IVF), the oocytes were transferred to 
the sperm droplets in IVF100 media with 10% FBS. After 5-6h of IVF, oocytes were 
transferred and cultured in TCM-199 with 10% FBS until the embryos were hatched. 
Culture media were changed every other day. Average cleavage rate, blastocyst 
formation, and hatching rates were 36.61%, 9.29%, and 6.92%. Cleavage rate was 
higher in the summer than other seasons (p <0.001) and the blastocyst formation was 
higher in the summer than either spring or winter (p = 0.039). Hatching was higher in 
the summer than either spring or winter (p = 0.038). Meat quality grade did not affect 
the cleavage rate (p = 0.078). Embryos from cows with body weight less than 500 kg 
showed lower cleavage rate than cows with higher body weight (p = 0.021). Age of cows 



did not affect the embryo cleavage and the following development (p = 0.148). However, 
the higher hatched blastocyst rate was shown from cows older than 61 month (p= 
0.038). In conclusion, in vitro embryo production from Hanwoo ovaries are affected by 
the season, with the higher cleavage rate and hatching in the summer than other 
seasons. For future studies, body weight, age of cow, and season may be considered for 
efficient embryo production. 
P324 - Neurotrophin-4 regulates ERK1/2 signaling pathway in cumulus cells and 
enhances subsequent developmental potential of in vitro fertilized embryos in pigs  

Mirae Kim, Chungbuk National University                                                                                                  
Sang-Hwan Hyun, Chungbuk National University  

Neurotrophin-4 (NT-4), a granulosa cell-derived factor and a member of the neurotrophin 
family, is known to promote follicular development and oocyte maturation in mammals. 
The aim of this study was to investigate the effects and its specific mechanism of NT-4 on 
in vitro maturation (IVM) of porcine oocytes. We confirmed specific gene transcription 
levels in NT-4-treated oocytes after IVM. The mRNA expression levels of oocyte-secreted 
factor genes (GDF9 and BMP15) and sperm-oocyte interaction-related gene (CD9) were 
significantly higher in NT-4 (10 ng/mL)-treated oocytes than in the control. We also 
identified the protein expression levels of total extracellular signal-regulated protein 
kinase (ERK1/2) and phosphorylated (P)-ERK1/2 to further investigate the mechanisms 
involved in the downstream signaling pathway of NT-4/TrkB in NT-4-treated cumulus-
oocyte complexes during IVM. The P-ERK1/2 protein level was significantly increased in 
NT-4-treated cumulus cells during IVM, whereas there was no significant difference in NT-
4-treated oocytes during IVM. Moreover, we examined the developmental potential of NT-
4-treated oocytes during IVM after in vitro fertilization (IVF). The percentage of 1 cell and 
fragmented (1 cell + Frag) embryos was significantly (p < 0.05) lower in the NT-4-treated 
group than control. Total cleavage (p < 0.05) and blastocyst (p < 0.001) formation rates 
were significantly increased in the NT-4 treatment group. These findings demonstrated 
NT-4 activates ERK1/2 signaling pathway in cumulus cells and enhances oocyte quality 
during IVM of porcine oocytes. Furthermore, supplementation with NT-4 during IVM 
promotes subsequent developmental potential of IVF embryos. 
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P325 - Does bull temperament impact semen quality, fertility, and reproductive 
performance?  

André Crespilho, Universidade Santo Amaro                                                                                          
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Sexual and social behavior, expressed by temperament, can differ between bulls. The 
current study evaluated the influence of temperament on the reproductive performance 
of Nellore bulls, testing whether difference in reactivity influenced the breeding capacity, 
sperm quality and fertility. For this study 16 Nellore bulls (24 months of age) were 
selected and submitted to behavioral analysis (using an ethogram) composed by the 
agitation score (4-16 scale) and evaluation of exit velocity from the chute (m/s). Based 
on the behavioral evaluation, the animals were split into two experimental groups: low 
reactive (LR = calm animals [n = 8]) and reactive (RE = agitated and/or aggressive 
animals [n = 8]). The bulls were submitted to monthly blood collection (n=2) for the 
assessment of serum testosterone and cortisol. Furthermore, semen samples were also 
obtained monthly (n=2) by electroejaculation and submitted to computer assisted sperm 
analysis (CASA). All the ejaculates were cryopreserved and semen samples from the 3 
calm and 3 reactive bulls were selected, of which semen was pooled and used in fixed-
time artificial insemination (FTAI) program. The cryopreserved semen samples 
(individual ejaculates and pooled semen) were evaluated for motility kinetic (using 
CASA), morphological and plasma membrane integrity (by microscopic assessment). 
The breeding ability of the bull was evaluated individually by exposing the bulls to cyclic 
cows (n = 20 cows/bull) during 90 days in the breeding season. The reactive bulls 
exhibited a higher agitation score than the LR (P<0.0001). No differences were found for 
the sperm kinetics, morphology and plasma membrane integrity for raw or post-thawed 
semen between the different behavioral profiles. LR bulls had lower serum cortisol 
concentration when compared to RE animals (LR=3.46±5.81 and RE=20.17±5.81; 
P=0.0129). The behavior influenced the conception rates in natural mating during the 
breeding season (LR=84%; RE=76%; P<0.0001) but no effect was observed for cows 
inseminated with pooled semen from LR bulls (46.15% [24/52]) compared to RE 
(42.31% [22/52]). In conclusion, bull temperament does not influence semen quality pre- 
or post-thaw, justifying similar conception rates when using semen from sires with 
contrasting temperament in FTAI programs. However, bulls with a calmer temperament 
present better reproductive performance in natural mating programs, and therefore 
significantly affect the beef cattle production. 
 

 



P326 - In ovo Intravascular Injection of Chicken Embryos  

Kai Jin, Yangzhou University                                                                                                                           
Bichun Li, Yangzhou University  

As a classical model system of embryo biology, the chicken embryo has been used to 
investigate embryonic development and differentiation. Delivery of the exogenous 
materials into chicken embryos is a valuable tool for developmental biology, such as 
gene function, transgenic breeding, and chimera preparation. Here we show the method 
of vascular injection during the early stages of chicken embryo development in ovo, by 
which exogenous materials such as plasmid vectors or modified PGCs (Primordial Germ 
Cells) can be transferred into donor chicken embryos. The results show that vascular 
injection through dorsal aorta and head allows injected materials to diffuse through the 
blood circulatory system to the whole embryo. The efficacy of exogenous plasmid and 
lentiviral vector introduction, as well as the location of injected exogenous PGCs in the 
recipient gonad, was determined by observing fluorescence in embryos. This 
protocol demonstrates detailed procedures of this method and would provide an 
excellent approach to study gene function, embryo and developmental biology, and 
chimeric and transgenic chicken production. In conclusion, this protocol presents the in 
ovo intravascular injection of chicken embryos is specific for exogenous materials 
(vectors or PGCs) to be transferred into the embryo. 
 

P327 - MiR-29b-3p inhibits apoptosis and promotes autophagy in porcine ovarian 
granulosa cells in vitro  

Xiaoshu Zhan, University of Guelph                                                                                                           
Renée Freiburger, University of Guelph                                                                                                          
Bo Pan, National Institute of 
Health                                                                                                                                                                         
Julang Li, University of Guelph  

MicroRNAs are small non-coding RNAs that are known to suppress gene expression by 
binding to the 3’UTR of their target mRNAs. We have previously found that miR-29b-3p 
was highly expressed in porcine ovarian granulosa cells, while the function of miR-29b-
3p in granulosa cells was unknown. To investigate the gene regulation profile of miR-
29b-3p, gain- and loss-of-function of miR-29b-3p studies were conducted. Total RNA in 
each group was isolated and transcriptome analysis was performed. Our results 
revealed that the expression of 153 genes was significantly regulated by miR-29b-3p. 
Pathway analysis of these differentially expressed genes showed that miR-29b 
decreased the expression of apoptotic genes while enhanced pro-autophagic gene 
expression, suggesting a potential role of this miRNA in granulosa cell autophagy and 
apoptosis. To further explore the function of miR-29b-3p in pig ovarian granulosa cells, 
Caspase 3 and LC-3 Luciferase assays were performed. Results showed that miR-29b-



3p decreased LC3WT/LC3G120 luciferase activities and p62 protein abundance, both 
are indexes of autophagy. In addition, miR-29b-3p decreased caspase 3 activity. These 
findings suggest that miR-29b-3p promotes autophagy while inhibiting apoptosis in 
granulosa cells. To our knowledge, this is the first report on the miR-29b-3p function in 
pig ovarian granulosa cells. Our study offers insights into the role of this miRNA in 
ovarian function. Future studies will further confirm these findings and reveal the 
potential mechanisms behind them. 
 

P328 - Establishment of extended potential stem cells from porcine somatic cell 
nuclear transfer embryos  

Eunhye Kim, Gyeongsang National University                                                                                              
Lian Cai, Chungbuk National University                                                                                                   
Sang-Hwan Hyun, Chungbuk National University  

Pigs have emerged as one of the most ideal animal models for an agricultural resource 
and a preclinical model of human therapy. Despite their biomedical importance, 
extended potential stem cells (EPSCs), contributing to both embryonic and extra-
embryonic cell lineages, are yet to be isolated from porcine cloned embryos. Herein, we 
established porcine EPSC lines (EPSCNT) from somatic cell nuclear transfer (SCNT) 
blastocysts reconstructed with porcine cloud eGFP cell lines as donors. Day 6 or day 7 
SCNT blastocysts were seeded on mouse embryonic fibroblasts (MEFs) feeders in 
modified porcine EPSCs medium (pEPSCM), which maintains porcine EPSCNT in an 
undifferentiated state and extraembryonic differentiation capacity. From 48 cloned 
blastocysts, 36 attached blastocysts, and 13 primary outgrowth cell lines were observed 
(71.8% and 30.0% efficiency) and a total of 5 porcine EPSCNT lines were established 
(10.4% efficiency). Interestingly, the blastocysts cultured to day 6 have exhibited 
significantly (P < 0.05) higher attachment efficiency than day 7 blastocysts. As expected, 
these porcine EPSCNT lines were allowed to form embryoid bodies (EBs) with green 
fluoresce and express the core pluripotency markers (SOX2, OCT4, SSEA4, and 
NANOG). Our study provides empirical evidence for the possibility to obtain SCNT-
derived EPSCs, and these porcine EPSCNT lines could have broad utility in future 
applications for translational research in biotechnology and regenerative medicine. 
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P329 - Interleukin-7 Regulates PI3K/AKT Signaling Pathway during Porcine 
Embryonic Development in vitro  

Dongjin Oh, Chungbuk National University                                                                                              
Sang-Hwan Hyun, Chungbuk National University  

Interleukin-7 (IL-7) has been identified as a crucial factor for cell development, 
proliferation, and survival. However, the role of IL-7 in embryonic development is largely 
unknown. Here, we investigate the effects of IL-7 treatment on porcine embryos during 
in vitro culture (IVC) to determine whether it can increase embryonic development at 
the preimplantation stage. First, we found that IL-7 and its binding to IL-7Rα (IL-7R) were 
localized in porcine parthenote embryos. In parthenogenetic activation (PA), the 
cleavage rates were significantly (p < 0.05) higher in 10- and 100 ng/mL IL-7-treated 
group (83.4% and 78.4%) than in the control group (63.4%). Day 7 after PA, only the 10 
ng/mL IL-7 treated group showed significantly (p < 0.05) higher blastocyst formation 
rates (71.3%) than the control group (51.9%). Then, we examined the apoptosis rates of 
blastocysts by TUNEL assay. The 1- and 10 ng/mL IL-7 treatment groups (13.8% and 
8.7%) displayed significantly (p < 0.05) decreased apoptosis rates of blastocyst 
compared with the control group (19.2%). The mRNA levels of the proapoptotic gene 
Bax were reduced, and the anti-apoptotic gene MCL1 level was significantly (p < 0.05) 
increased in 10 ng/mL IL-7-treated blastocysts compared to control. Notably, the mRNA 
expression of IL-7 signaling-related genes (PIK3R1, AKT1, and ERK2), and 
development-related genes (OCT4 and NANOG) were significantly higher in IL-7-treated 
blastocyst than in control. Inhibition of PI3K/AKT signaling during porcine IVC using 
wortmannin (Wort.), a PI3K inhibitor, significantly (p < 0.05) decreased the cleavage and 
blastocyst formation rates compared with the IL-7-treated group. However, no significant 
differences were observed in cleavage and blastocyst formation rates between IL-7 and 
IL-7+Wort.-treated groups. Furthermore, we demonstrated that treatment with IL-7 and 
Wort. in IVC affected the inner cell mass (ICM) marker SOX2+ cells, ICM ratio, and 
pAKT expression. In conclusion, the effect of IL-7 treatment could be enhanced the 
embryonic development and ICM ratio via PI3K/AKT signaling pathway during porcine 
PA embryo development in vitro. 

Key Words) Pre-implantation embryonic development, Porcine embryos, in vitro 
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P330 - The Positive Effects of P188 on the Utilization of Frozen Rooster Semen  
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This study examined the membrane protecting agent, poloxamer 188 (P188), in the 
frozen rooster semen. The CASA sperm evaluation and viability and acrosome 
abnormality were used for the effectiveness of P188. The spermatozoa were frozen with 
HS-1 diluent which was supplemented with 0.2, 0.5, 1 and 2% P188. 19% MA and 1% 
P188 added diluent (M19P1) yielded good quality in semen evaluation parameters, not 
15% MA and 2% P188 (M15P2). M19P1 showed significantly higher data for total and 
progressive motility, average velocity, straight-line velocity, and linearity. This tendency 
was also observed in 15% MA treatment with 0.2% and 0.5% P188. Even in low 
temperature preservation of fresh semen, the supplementation with P188 increased the 
survival rates of diluted chicken spermatozoa. After artificial insemination with frozen 
semen, the hatchability of fertilized eggs was increased in P188 treated group. These 
results show that P188 may protect the membrane of rooster semen and could be an 
essential component of chicken semen diluent for the cryobanking of avian 
spermatozoa. 

  

P331 - JMJD6 regulates VEGF-A/VEGF-R to promote angiogenesis during 
decidualization  
 
Jing Zhu, Hubei University of Medicine  
Lan Wen, Hubei University of Medicine 
Hui Gao, Hubei University of Medicine                                                                                                                              
Honglu Diao, Hubei University of Medicine                                                                                          
Changjun Zhang, University of Medicine  

Decidualization is the precondition of embryo implantation, which includes the 
proliferation and differentiation of endometrial stromal cells and angiogenesis. 
Endometriosis (EMS) is a common benign gynecological disease that causes infertility, 
and Infertility in EMS is associated with impaired decidualization. Jumonji C domain 6 
(JMJD6), a member of JmjC domain-containing protein, could regulate proliferation, 
differentiation, and angiogenesis. However, little is known about whether uterine JMJD6 
has any role in decidualization and the pathological relationship with EMS. In this study, 
we used human clinical resources to study the role and molecular mechanisms of JMJD6 
in decidualization. Our data showed that JMJD6 expression increased gradually during 
menstrual cycles. Besides, JMJD6 was significantly higher on the endometrium in the 
EMS group in the mid-secretory endometrium compared with the control group. When 



JMJD6 was knockdown, decidualization and angiogenesis could be impaired. The protein 
levels IGFBP1, PRL decreased and VEGF-A, FLT-1, FLK-1 increased after JMJD6 
knockdown during in vitro decidualization. These cellular changes could be notably 
restored by JMJD6 overexpression. Moreover, the siJMJD6 could rescue decidualization 
and angiogenesis in EMS, and overexpression of JMJD6 can further impair 
decidualization in the EMS group. Further experiments demonstrated that siJMJD6 
curtails the decidualization and angiogenesis in DSCs. In summary, JMJD6 participates in 
the decidual process by regulating the expression of VEGF-A, FLT-1, and FLK-1, and the 
overexpression of JMJD6 in EMS may be related to the defective of decidualization. 
 

P332 - Gonadotropin induces upregulates calpain-1 and calpastatin during ovarian 
follicular recruitment and hyperstimulation in the SD rat model.  

Akanksha Singh, CSIR-Central Drug Research Institution, Lucknow , India                                     
Rakesh Gupta, CSIR-Central Drug Research Institution, Lucknow , India                                                
Rajesh Jha, CSIR-Central Drug Research Institution, Lucknow , India  

Calpain polymorphism has been reported in PCOS patients and is involved in the 
cumulus cell’s expansion functions. Calpastatin is an intracellular regulator of calpain 
and is found involved in the corpus luteal function. However, the role of calpain-
calpastatin in ovarian folliculogenesis is still obscure and we attempted to unravel the 
possible role of them using Sprague-Dawley (SD) rat model.  We utilized the ovarian 
(Estrous) cycle model and found that the expression level and activity (total) of calpain-1 
and -2 was oscillating in the ovary; however, calpastatin was downregulated during the 
ovulatory phase, estrus. During pregnant mare gonadotropin (PMSG)-induced follicular 
recruitment, the expression level of calpain-1 and calpastatin were increased whereas 
calpain-2 was downregulated. We assessed the expression level and activity in the 
human chorionic gonadotropin (hCG) and PMSG-induced ovulation and found 
increased expression of calpain-2 and enzyme activity. Calpastatin was seen 
downregulated in the ovulation condition. Using the VCD-induced premature ovarian 
failure (POF) model, we found calpastatin upregulation in the ovary. In ovarian 
hyperstimulation as seen in the PCOS, we mimicked the same using letrozole treatment 
and found calpain-1 and calpastatin downregulation, but upregulation of calpain-2 and 
metformin treatment restored the higher level of calpastatin in the ovary of the PCOS 
group. In the non-PCOS condition a gonadotropin-induced ovarian hyperstimulation 
syndrome (OHSS), calpain-1 was upregulated. In conclusion, ovarian calpain -1 and 
calpastatin are positively associated with ovarian follicular recruitment and calpastatin 
downregulation is associated with ovarian hyperstimulation in the PCOS condition and 
metformin restored its expression level. 
 



P333 - Exposure To A Complex And Human-Relevant Mixture Of Eight 
Environmental Toxicants During Folliculogenesis Alters Ovarian Follicular 
Populations In The Young Adult Female Rabbit.  
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Folliculogenesis is a crucial process for the female reproductive function, regulated by 
both paracrine and endocrine pathways. Since the ovary is a key endocrine organ, 
toxicological studies are needed to decipher if our chemical environment causes 
adverse effects on this process, possibly through endocrine disruption. Unfortunately, 
animal models often fail to mimic the complexity of women's exposure, associating low 
doses, multiple molecules and long-term exposure. We previously published a protocol 
designed to orally expose female rabbits to a mixture of eight environmental pollutants 
in order to reach serum levels retrieved in highly exposed women from the general 
population. The mixture comprises perfluorooctanesulfonic acid (PFOS), di-(2-
ethylhexyl) phthalate (DEHP), perfluorooctanoic acid (PFOA), p,p′-
dichlorodiphenyldichloroethylene (DDE), β-hexachlorocyclohexane (β-HCH), 
hexachlorobenzene (HCB), bisphenol S (BPS), brominated diphenyl ether-47 (BDE 47). 
Here, we wanted to see if the exposure to the mixture at low but reality-fitting 
concentrations during folliculogenesis could affect the ovary. Two groups of rabbit 
females were orally exposed either to the mixture (group F, N=16) or to the vehicle 
(group C, N=16), from two to nineteen weeks of age, i.e. from the start of the 
folliculogenesis after primordial follicle assembly to the sexual maturity. Serum 
steroidogenic hormones levels were determined by gas chromatography coupled to 
mass spectrometry. Histological analysis on hematoxylin and eosin stained ovarian 
sections assessed the follicular populations. The analysis also encompasses the 
immunohistochemical detection of Ki67 protein as a proxy for cell proliferation. The 
growth of the females did not differ during the study. Out of all the key hormones 
measured, statistical analysis showed a significant rise of serum testosterone in the 
group F (P<0,05). Ovaries weight was similar in both groups and follicular count did not 
reveal differences in the number of early-stage follicles, i.e. primordial, primary and 
secondary ones. However, an increased population of the later stage, antral follicles, 
was evidenced for the exposed females (P<0,05). Atretic follicles were also significantly 
more present in group F in comparison to group C (P<0,05). Lastly, the evaluation of 
proliferation revealed a slight but significant lower proportion of Ki67-positive cells in the 
growing follicles and yellow bodies of the exposed ovaries compared to the control. 
Overall, significant disruptions of the ovarian function have been highlighted in female 



rabbits subjected to a complex mixture of low-dose environmental pollutants retrieved in 
women. The results emphasize the sensitivity of the ovary and constitute a proof on the 
relevance and necessity to dedicate research to low doses toxicant mixtures. 
 

P334 - Key small molecule compounds determine the formation of chicken induced 
pluripotent stem cells  

Jing Zhou, Yangzhou University                                                                                                                        
Jin Kai, Yangzhou University                                                                                                                            
Bichun Li, Yangzhou University  
 
Embryonic stem cells (ESCs) have the potential to differentiate into various types of cells
and  tissues of living organisms, which is of great research significance in clinical  
medicine, animal husbandry and many other fields. However, it is difficult to be widely  
used in practical application because of the difficulty in obtaining and culturing, less  
quantity of cells obtained, the ethical problems of direct acquisition and rejection  
reaction after cell transplantation.  Induced pluripotent stem cells (iPSCs) are derived  
from somatic cell reprogramming and have similar biological functions to ESCs, which  
brings new point to the acquisition and application ofESCs in vitro. At present, the  
somatic cells of mice, monkeys, pigs and humans can be reprogrammed into iPSCs, but
the relevant research has not been reported in poultry. The reprogramming method of  
iPSCs went through four stages including OSKM, transposon, mRNA, recombinant  
protein, miRNA and so on. Scientists have been committed to seeking ways to improve  
induction efficiency and the method of safe and effective reprogramming. In recent  
years, it has been found that small molecule compounds have the ability to induce CEF  
reprogramming due to their diverse structures, clear targeting, controllable action and  
stable properties. Based on this, this study established theCEFs reprogramming model 
induced by small molecule compounds in vitro, combined with the cytokine deletion  
method to identify the key small molecule compounds affecting CEF reprogramming in  
chickens, and improved thereprogramming efficiency of iPS in vitro, which provided cell
material for the application of ESCs (iPSCs).    
 
CEFs of experimental cells were obtained by tissue adherence method. The optimal cell 
plate density and reagent concentration were determined by the combination of small m
olecule compounds adopted by Pei Duan-  
qing's research group, and key small molecules were screened by deletion composition 
one by one. Morphological observation, QRT- 
PCR, flow cytometry, indirect immunofluorescence, AKP staining and EDU cell proliferati
on were used to detect and analyze the results.  

In this study, Chicken embryo fibroblasts (CEFs) were successfully isolated and cultured
by the method of tissue block adherence. The optimal conditions of CEFs reprogrammin
g in vitro were explored by CHIR99021 (CHIR), Vitamin C, BMP4, RepSox, BrdU, VPA, F



SK, AM580, EPZ5676, DZNep, SGC0946 and bFGF. By comparing the formation  
efficiency of iPSCs under different inoculation densities and concentrations, it was found
that the CEFs reprogramming effect of iPSCs was the best at 6×104 cells/well and 1.5 ti
mes of initial concentration, and a small molecule compound induced CEFs  
reprogramming system was preliminarily established. The key compounds in the  
formation of iPSCs were screened by deletion method, and the results showed that CHI
R99021 and BrdU were indispensable in the reprogramming process of CEFs, while AM
580, Forskolin and SGC0946 had no significant effect on the induction effect.  IPSCs  
cells are totipotency cells induced by somatic cells, which have similar physiological  
functions to ESCs. Because it overturns the traditional view of differentiation and can  
turn the cells with specific functions into totipotency, its research is of great significance 
and has broad prospects. 
 

P335 - Zinc supplementation alters the ovarian proteome in beef cattle  
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Zinc (Zn) has essential roles in multiple areas of female reproductive health, and the 
“zinc spark” during fertilization involves a sudden release of zinc in the oocyte. This 
study investigated the hypothesis that supplemental zinc would impact ovarian signaling 
pathways. In a 2x2 factorial design, Angus-crossbred heifers were randomly assigned to 
a steroid implant treatment and a zinc treatment for twenty-four weeks. The steroid 
implant treatments were either long-lasting (XH) or a two-implant program (200); the 
zinc treatments were either from the National Research Council (NRC) with 30 ppm of 
Zn or the industry standard (IND) of 100 ppm of Zn. Ovaries were collected post-
slaughter and ovarian protein was isolated from each treatment group (n = 4 per 
treatment group) for LC-MS/MS followed by bioinformatic analysis. In heifers on the two-
implant steroid program, 10 proteins were decreased (P < 0.05) including CKAP4 (3.3-
fold), ACAT1 (2.5-fold) and INHBA and 10 proteins were increased (P < 0.05) including 
ALDH1A1 (1.3-fold) and SERPIN1 (1.1-fold) due to increased dietary zinc level. In the 
heifers who received a long-lasting steroid implant, higher dietary Zn decreased (P < 
0.05) 19 proteins including SERPINF1 (2.0-fold) and HNRNPUL1 (1.9-fold) and 
increased (P < 0.05) 11 proteins including PFKP (1.6-fold) and ATP51A (1.1-fold). These 
findings suggest that dietary zinc supplementation can alter the ovarian proteome 
with potential for nutraceutical use. 
 

 



P336 - Altered abundance of mRNA involved in fatty liver in lean and obese female 
mice during exposure to dimethylbenz[a]anthracene  

Christian Haffner, Iowa State University                                                                                                  
Kelsey Timme, Iowa State University                                                                                                         
Hunter White, Iowa State University                                                                                                   
Aileen Keating, Iowa State University  

Reduced female fertility can be caused by lifestyle and environmental factors. Obesity, 
which is associated with reduced oocyte quality, conception, and implantation, affects 
over 40% of US reproductively aged women. Environmental toxicant exposure can 
damage DNA and cause infertility. The polycyclic aromatic hydrocarbon, 7,12-
dimethylbenz[a]anthracene (DMBA), is generated during combustion of organic material 
present in tobacco products, smoked meats, and diesel exhaust fumes. Proper hepatic 
chemical biotransformation function is necessary to prevent toxicants from impacting 
the ovary. Previous findings support that obese mice suffer increased DNA damage and 
a reduced ovarian protective response compared to lean counterparts during 
ovotoxicant exposure. Whether those differences in obese compared to lean mice result 
from compromised hepatic function remains unclear. This study investigated the 
hypothesis that DMBA exposure may alter hepatic mRNA abundance of genes 
associated with fatty liver in obese female mice. At six weeks of age, female C57BL6J 
mice (n = 40) were randomly assigned a chow (n = 20) or high fat, high sucrose (HFHS; 
45% kCal from fat and 20% kCal from sucrose; n = 20) diet ad libitum. When the HFHS 
group had ~30% increased body mass compared to lean mice, mice received an 
intraperitoneal injection with corn oil (vehicle control; CT) or DMBA (1 mg/kg) for 7 d. 
Thus, there were four treatment groups: lean-CT, lean-DMBA, HFHS-CT, and HFHS-
DMBA (n =10 each). Euthanasia occurred at day two of diestrus, upon which body, 
ovary, uterus, spleen, and liver weights were recorded. Increased body weight was 
observed (P < 0.05) in HFHS mice, but there was no DMBA effect. Liver weight was 
increased (P < 0.05) in HFHS-DMBA (0.96g ± 0.04) relative to lean-DMBA (0.80g ± 0.04) 
mice but no additional treatment differences occurred. Hepatic RNA was isolated and 
converted to complimentary DNA for qRT-PCR analysis using a Qiagen fatty liver PCR 
array. The HFHS mice had increased (2.2-fold; P < 0.05) abundance of Gck and 
decreased (P < 0.05) Atp5c1 (1.6-fold), Nfkb1 (1.6-fold), Srebf2 (1.4-fold), and Stat3 
(1.4-fold) mRNA level. In lean mice, DMBA exposure decreased (P < 0.05) Cyp2e1 
mRNA abundance by 2.9-fold. In HFHS mice, DMBA exposure increased (P < 0.05) 
Fabp5 by 2.3-fold and decreased (P < 0.05) Foxa2 by 2.4-fold. Comparison between 
lean-DMBA and HFHS-DMBA mice identified increased (P < 0.05) mRNA encoding B2m 
(1.9-fold) and decreased (P < 0.05) Tnf (4.7-fold) and Serpine1 (6.0-fold). These findings 
support the hypothesis that the liver of an obese female has an altered hepatic response 
to toxicant exposure compared to a lean female, potentially affecting female 
reproductive and general health. Partly supported by 1R01ES030341-01 from NIEHS. 
 



P337 - Maternal undernutrition during lactation programs reproductive capacity of 
adult male mice offspring.  
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According to the “developmental origins of health and disease” (DOHaD) concept, a 
growing body of evidence suggests that maternal nutritional status may affects future 
health of offspring. It seems likely that undernutrition experienced during early postnatal 
development disrupts maturation of hypothalamus-pituitary-gonadal (HPG) axis and 
consequently affects reproductive performance later in adulthood. However, it is still not 
well documented how postnatal malnutrition affects reproductive potential of male 
offspring. Here, we investigated the effects of maternal undernutrition during lactation on 
testicular weight, plasma testosterone level, daily sperm production, epididymal and 
hypothalamic gene expression, as well as reproductive efficacy of adult male offspring. 
C57BL/6 mice were assigned to 1) control group (CON), where dams were fed a standard 
diet at libitum during lactation and 2) lactation undernutrition group (LUN), where dams 
were fed 50% of standard diet. In both groups, litter size was fixed at 8 pups. After 
weaning, offspring from both groups were fed ad libitum. Blood samples and tissues were 
collected at postpubertal period. Testosterone concentration in blood plasma was 
measured by ELISA. Hypothalamic and epididymal gene expression was assessed using 
real-time PCR. Reproductive efficacy of CON x CON and CON x LUN breeding pairs was 
assessed for 20 consecutive weeks. Reduced plasma testosterone level was indicated in 
LUN male offspring at postpubertal period (vs. CON; p<0.05). However, no difference was 
observed in testicular weights. Additionally, adult LUN males showed decreased daily 
sperm production (vs. CON; p<0.001). Altered expression of epididymal genes involved 
in sperm-egg fusion, sperm motility and capacitation and epigenetic modifications (e.g., 
Crisp1, Akap4, Dnmt1) was observed in LUN males (vs. CON; p<0.05). Interestingly, 
reproductive efficacy was decreased in LUN males. While CON females paired with LUN 
males (CON x LUN) displayed similar number of parturition as CON x CON breeding pairs, 
a reduced number of pups was observed in litters sired by LUN males (vs. CON; p<0.05). 
Analysis of hypothalamic genes revealed similar expression of genes involved in proper 
functioning of HPG axis (e.g., Kiss1, Kiss1r, Lepr, Ar, Gnrh1) in LUN and CON adult males. 
Summarizing, early postnatal exposure to malnutrition cause long-term reproductive 
consequences, notably visible in males during adulthood. It seems likely that after puberty 
attainment alternations remained at the gonadal level, while at the central nervous system, 
i.e. hypothalamus, previously observed changes disappeared. Decreased plasma 
testosterone level and daily sperm production, as well as changed epididymal gene 
expression and reproductive efficacy impact the reproductive capacity of adult males with 
adverse nutritional experience in early postnatal life. Research supported by Polish 
National Science Centre grant OPUS 2018/31/B/NZ4/03527 



P338 - Implications of maternal obesity in the autophagy process in reproductive 
cells and tissues  
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Obesity during pregnancy has been consistently related to several reproductive 
dysfunctions and disorders in the offspring. These consequences are caused essentially 
by the implications on the quality of the oocyte, embryo and other structures during the 
gestational period. The autophagy process is related to conservation and survival at the 
cellular level and, especially in the gestational period, to the homeostasis of the placental 
environment. Thus, metabolic disorders, such as maternal obesity, have often been 
associated with alterations in the autophagy process performed out in reproductive 
structures. Based on this, this abstract aimed to demonstrate consequences caused by 
maternal obesity on molecular factors related to the autophagy process in reproductive 
cells and tissues. For this purpose, searches were conducted for journals, at any period 
of time, in the PubMed/Medline, Scientific Electronic Library Online (SciELO), and Latin 
American and Caribbean Literature on Health Sciences (LILACs) databases with the 
descriptors "Maternal Obesity", "Autophagy", and "Placenta" or "Embryo". From this 
survey, a total of 12 articles were obtained, from which 8 were selected. Exclusion criteria 
included non-reproductive organs, protocols, and lack of results on the autophagic 
process. In the evaluated papers, it was possible to observe that obesity affects the 
balance of autophagic activity. Reproductive damage from obesity precedes conception, 
experimental obesity model mice showed oocytes with higher levels of cytoplasmic 
autophagic vacuoles (1). The presence of excessive autophagic vacuoles in the oocyte 
impairs subsequent embryonic and fetal development. It was also noted that obesity 
induced changes in the expression patterns of genes (unc-51-like kinase 1, beclin, heat 
shock cognate 70, pleckstrin homology domain and leucine-rich repeat protein 
phosphatase 1, lysosomal associated membrane protein 2A, c-type lectin domain 
containing 16a, Ras-related GTP binding A, autophagy related 10) and proteins 
(microtubule-associated protein 1 light chain 3 beta sequestosome 1, autophagy related 
3, autophagy related 7, syntaxin 17, synaptosomal-associated protein 29, vesicle-
associated membrane protein 8, cathepsin B) related to autophagic activity in embryos 
(2) and placenta (5). The alteration in the expression patterns of these factors is related 
to the metabolic stress generated by obesity and the consequent cellular response to this 
condition. However, other factors such as the presence of other metabolic stressors and 
sexual dimorphism differentially affect autophagy-related gene and protein expression. 
Thus, it is evident that the maternal obese condition promotes molecular changes that 
affect the balance of autophagic activity that influence the quality of gametes and 
embryos, as well as fundamental structures for fetal development, such as the placenta. 
 



P339 - Use of a two-step in vitro culture system to enhance the in vitro 
development of preantral follicles  
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Folliculogenesis is a highly regulated process involving autocrine, paracrine and 
endocrine factors. The vital interactions between the oocyte and surrounding cells 
create a unique microenvironment around the oocyte, which is crucial for follicular 
growth and the achievement of oocyte competence. The mammalian ovary has a 
characteristic of architectural design and follicular distribution pattern, follicles in the 
early stages of development are gonadotropin-dependent, responding mainly to various 
paracrine and autocrine factors that are secreted by surrounding somatic cells, such as 
stromal cells and other follicles. 

In vitro growth of follicles within cortical fragments can be successfully sustained for 
long periods. However, literary findings demonstrate that for these follicles to reach an 
even more advanced stage of development they need to be released from the stromal 
environment. 

Thus, several culture systems have been implemented in an attempt to optimize 
conditions and follicular development in vitro. Among them, we can mention the two 
steps cultivation system, which basically consists of a first initial steps, where an in situ 
culture is carried out, using cortical fragments of the mammalian ovary, for a period of 6-
7 days, this relatively short cultivation period. Provides the best strategy for obtaining 
healthy follicles, since in a longer culture we will have a more heterogeneous population 
of healthy and unhealthy follicles, where these follicles undergoing atresia can end up 
influencing the development of the surrounding follicles. The second step of this system 
consists of mechanical or enzymatic isolation of these follicles, for later cultivation in 
isolation. 

In ovine, studies show that in the two-step culture, the average number of secondary 
follicles obtained per ovary/animal is higher than in previous studies that did not use the 
technique. This is possible because the follicles grow in vitro to the secondary stage, 
which provides a greater number of secondary follicles. In rodent ovaries, some studies 
show a development from the primordial stage to full maturity in vitro, obtaining live 
births using the two-step system. In bovine species, secondary follicles derived from in 
vitro activated primordial follicles were able to effectively support the continuous 
development of oocytes within isolated follicles. 



In summary, within the presented perspective, we can attest to the beneficial potential of 
the two-step culture system in supporting the in vitro growth of preantral follicles to 
obtain competent oocytes, thus providing an alternative for the treatment of infertility 
cases, as well as the contribution to agriculture aiming at the in vitro production of 
embryos in large scale and low cost. 
 

P340 - Diverse stresses force naïve pluripotent Embryonic Stem Cells (ESC) to 
either embryonic formative pluripotent or extraembryonic endoderm lineages  
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Teya Marben, University of Detroit, Mercy                                                                                         
Katherine Gurdziel, Wayne State University                                                                                           
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Introduction: Retinoic acid (all trans retinoic acid/ATRA), is used to treat acne and 
hyperosmotic stress overrides ESC to force differentiation to extraembryonic endoderm 
(XEN) and suppress other later lineages in previous studies using small marker sets. 
Cortisol stress hormone, benzo(a)pyrene (BaP) a mutagenic stress, and diethylphthalate 
(DEP) and perfluoro-octanoic acid (PFOA) are endocrine disruptors and all are toxicants 
of unknown effect on directing differentiation of ESC. Here we test for lineage imbalance 
using RNAseq that are associated with stress doses that diminish ESC growth. 

Methods: FUCCI muESC were cultured in a Cytation 5 live imager CO2 incubator 
Biospa 8 with six log base10 doses from 1-100nM and 1-100uM of PFOA, DEP, Cortisol, 
BaP to determine LOAEL (lowest observable adverse effects levels) on growth of 
experimental stresses. Controls were 300mM sorbitol in the presence of LIF, removal of 
LIF to create normal differentiation (ND) or LIF removal modified by 1uM Retinoic acid. 
LOAEL doses in LIF presence of Cortisol, BaP, DEP and PFOA were determined for 
growth suppression, and these were used to do a 72hr exposure, isolate mRNA and do 
bulk or single cell RNAseq using barcoded libraries multiplexed at equimolar 
concentrations and sequenced on an Illumina NovaSeq 6000.  Data were demultiplexed 
using Illumina's CASAVA 1.8.2 software. Significantly altered genes (log fold change ≥ 2; 
FDR ≤ 0.05) were used to identify affected pathways.  

Results: All stimuli cause loss of remnant totipotency marker RPS28 high cluster, and 
naïve pluriopotency of baseline normal stemness (NS) culture. However hyperosmotic 
sorbitol overrides LIF and RA modifies LIF removal to primarily induce XEN lineage but 
suppress formative pluripotency. ND by LIF removal strongly induces genes identified 
as formative pluripotency although XEN is also induced. But ND suppresses Hox gene 
expression in contrast to Sorbitol and RA which induce hox gene expression and some 



primitive streak gene expression. In contrast to these lineage choices the four unrelated 
environmental and hormonal stresses track more closely to ND in suppressing hox gene 
expression, and all four stresses share 77 significantly changing genes with 100% 
identical directional change compared with NS cultured ESC. Surprisingly, the “pan 
stress” marker genes are also 100% identical in directional change compared with NS 
cultured ESC. 

Conclusion: Miscarriage and teratogenesis affect 50-70% of embryos around 
implantation into the uterus and about 50% of causality may be environmental. Clinically 
important drugs (RA), maternal stress hormones, an environmental mutagen (BaP), and 
two endocrine disruptors (DEP, PFOA) drive naïve pluripotent ESC, equivalent to the 
blastocyst inner cell mass, into the only two alternate lineage choices available. These 
are XEN or formative pluripotency equivalent embryonic ectoderm of the early post-
implantation embryo, before the start of gastrulation. The significance of assays to 
establish growth-affecting doses, that associate with forced lineage changes, will be 
discussed. 
 

P342 - Association of assisted conception on perinatal complications and neonatal 
outcomes of singleton pregnancies with intrahepatic cholestasis of pregnancy: a 
retrospective cohort study  
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Background： 

At present, it is not clear whether assisted reproductive technology (ART) will affect the 
perinatal complications and neonatal outcomes of singleton pregnancies complicated 
with intrahepatic cholestasis of pregnancy (ICP). The purpose of this study is to explore 
the adverse outcomes of singleton pregnancies with ICP in different conception 
methods. 

 Methods: 

The clinical data of 1802 singleton pregnant women with ICP were analyzed 
retrospectively, of which 73 cases were conceived by ART and 1729 cases were 
conceived naturally. The perinatal complications and neonatal outcomes of different 
pregnancy methods were analyzed. We used Logistic regression analysis to estimate 
the associations between pregnancy methods and adverse outcomes. We also divided 
maternal age into <35 and ≥35 years old to analyze the association of maternal age on 
adverse outcomes. 



Results: 

The results showed that compared with singleton pregnancies diagnosed with ICP 
through spontaneous conception (SC), the incidence of cesarean section, gestational 
diabetes mellitus, preeclampsia, premature delivery, and maternal intensive care unit 
admission was higher in pregnancies through ART (P <0.01), but there was no 
significant difference in neonatal outcomes between the two types of pregnancy. When 
stratified by maternal age, we found that women with ICP under 35 years old who 
conceived by ART were more likely to have gestational diabetes mellitus, preeclampsia, 
premature delivery, and maternal intensive care unit admission than conceived naturally. 
When the pregnant women are over 35 years old, there is no significant difference in 
adverse outcomes between the two pregnancy methods. 

Conclusions:  

We found that the incidence of cesarean section, gestational diabetes mellitus, 
preeclampsia, premature delivery, and maternal intensive care unit admission in 
singleton pregnancies with ICP who were conceived through ART was higher than that 
with naturally conceived. Moreover, when the pregnant women diagnosed with ICP were 
over 35 years old, there was no significant difference in adverse outcomes between the 
two methods of pregnancy. 

P343 - Ewes with androgen excess in follicular fluid have increased steroidogenic 
and inflammatory markers and follicular arrest  
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Excess steroid in the ovary may limit antral follicle formation and ovulation, which are 
required for proper reproductive function and female fertility. We identified two 
populations of ewe lambs, one with high levels of androstenedione (A4 ≥ 30 ng/mL; High 
A4) and another with control concentrations of A4 (A4 ≤ 15 ng/mL; Control) in follicular 
fluid. We hypothesized that the excess A4 ovarian microenvironment would result in 
follicular arrest and altered mRNA abundance of steroidogenic enzymes and 
gonadotropin receptors in theca and granulosa cells. To test this hypothesis, 12 Awassi 
ewe lambs were utilized from each group. Follicular fluid from dominant estrogen-active 
follicles in High A4 ewes had increased A4 (13.4-fold) and estradiol (1.4-fold) compared 
to Control. Theca cell mRNA expression of StAR, LHCGR, CYP11A1, CYP17A1, and 



HSD3B1 was greater in High A4 ewe lambs vs Control. Furthermore, abundance of 
FSHR, CYP17A1, HSD3B1, and CYP19A1 were greater in granulosa cell from High A4 
females compared to Control. Before ovarian cortex culture, there were greater number 
of primordial follicles (P < 0.001) less primary, secondary and antral follicles in High A4 
ewes compared to Controls. After 7 days of culture, culture conditions did not relieve 
follicular arrest in the ovarian cortex of High A4 ewes since there was still increased 
primordial follicles with reduced advanced follicle stages compared to Controls. In 
addition, the incidence of fibrosis in ovarian cortex was increased (P <0.001) in High A4 
ewes relative to Controls. Our findings indicate that the excess A4 dominant follicle 
environment in High A4 ewes may impair folliculogenesis. Therefore, the ability to 
identify ewe lambs with excess A4 ovarian microenvironments may allow for 
determining mechanisms involved in follicular development, that when altered, result in 
anovulation and female infertility connected to androgen excess 
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Excessive usage and over-reliance on the herbicide atrazine have resulted in the low-
level environmental contamination of water and soil. Atrazine interferes with steroid 
hormone production and it is classified as an endocrine disrupting chemical. In animal 
models, exposure to high concentrations of atrazine impairs development, metabolic 
health, and reproductive processes, such as spermatogenesis. However, 
comprehensive analyses of the impact of multigenerational atrazine exposures at lower, 
environmentally relevant concentrations on ovarian function and female fertility are 
lacking. 

Understanding how pervasive environmental toxicants, such as atrazine, can potentially 
impact on fertility and the female reproductive system is vital, as disruptions may lead to 
reproductive disorders and systemic diseases in current and future generations. 
Therefore, in this study, female mice were continuously exposed to an environmentally 
relevant atrazine concentration (0.02 ng/ml: a conservative contamination level in 
Australian waterways), via drinking water for 3 generations. 



Data from the first generation indicate there was no significant differences in female 
body weight, however there was a significant reduction in the bone mineral density 
(control 0.056 ± 0.0004 g/cm2, ATZ 0.054 ± 0.0007 g/cm2, p = 0.0126, n=9-
13/treatment) of females exposed to atrazine compared to controls. This indicates that 
chronic exposure to atrazine in females may decrease bone density, a clinical indicator 
for bone diseases such as osteoporosis.  Atrazine-exposed mice also had a significant 
reduction in liver weight compared to control mice (control 0.044 ± 0.001 g/body weight, 
ATZ 0.028 ± 0.0026 g/body weight, p= 0.0002, n=4-9/treatment), suggesting that 
atrazine exposure may be associated with loss of liver function.   

In the ovary, the percentages of atretic secondary (control 23.3 ± 1.7%, ATZ 29.8 ± 
1.9%, p = 0.0349, n=5/treatment) and antral follicles (control 28 ± 3.4%, ATZ 42 ± 2.7%, 
p=0.0130, n=5/treatment) were significantly increased in atrazine-exposed females. The 
membrane potential of mitochondria (a key indicator of mitochondrial activity) in 
ovulated oocytes of atrazine exposed mice was significantly lower (control 0.99 ± 0.04, 
ATZ 0.85 ± 0.03, p=0.0227, n=5-6/treatment) than that of controls. Unexpectedly, when 
the zygotes were cultured to blastocysts, ATZ-exposed females, had 1.9 ± 1.2-fold 
higher levels of ATP relative to controls (n=25-32/treatment, P<0.001). This may suggest 
that atrazine exposure affects ovarian follicles, resulting in lower quality oocytes that 
may impact on fertility. 

Combined, these data suggest that while very low doses of atrazine in our waterways 
may not manifest in obvious metabolic health defects such as obesity, there may be 
subtle impacts on the liver, bone health, ovarian biology, and oocyte quality, which may 
exacerbate over subsequent generations. To determine if these effects are 
compounded by chronic exposure, female mice from second and third generations will 
also be analysed. This study represents the first in-depth analysis of the impacts of 
chronic multi-generational atrazine exposure on female reproductive health. 
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Dairy cattle characteristically exhibit decreased milk yield and reproductive 
performance, as well as increased uterine infection rates during periods of high stress. 
Chromium supplementation has demonstrated efficacy as a feed additive capable of 
reducing the detrimental effects of stress. As such, its application in dairy production 
may help to alleviate economic losses associated with seasonal heat stress and the 



stress experienced during the early postpartum period. Therefore, the objective of this 
work was to evaluate the potential benefits of short-duration, high-dose chromium (Cr) 
supplementation in early postpartum dairy cows during the summer months. 
Multiparous, early postpartum cows (20.95 ± 0.21 DIM, 658.29 ± 13.61 kg) were 
assigned to one of two treatment groups: 1) normal TMR (Con; n=10) and 2) normal 
TMR + Cr propionate supplementation (CrPro; 12 mg/h/d Cr; n=12). Body weight (BW), 
milk yield, and feed intake were measured each day of the experiment. Ambient 
temperature and humidity were monitored, and the temperature-humidity index (THI) 
was calculated for the duration of the study as an indicator of the severity of the heat 
stress experienced by the cows. Transrectal ultrasonography was performed every 
three days to assess ovarian follicular and luteal dynamics. Respiration rates (RR), rectal 
temperatures (RT), and blood glucose were recorded concurrently with ovarian 
ultrasonography. Plasma was collected and used for analysis of progesterone 
concentrations. Every six days in conjunction with ultrasonography, endometrial 
cytology samples were collected via cytobrush from each cow to determine the 
incidences of subclinical endometritis (SCE), as determined by polymorphonuclear 
leukocyte (PMNL) %. There were no treatment-based differences in RR, RT, blood 
glucose, feed intake, milk yield, or BW. However, the supplementation strategy did 
improve reproductive parameters. Within the Con group, there was an increase in PMNL 
% between samples five and six. Furthermore, at cytology sample six, the Con group 
had a higher percentage of PMNL than the CrPro group (P=0.01). Chromium 
consumption did not affect the counts or sizes of most follicles, with the exception being 
the 6-9 mm category where the CrPro group had a higher average diameter and tended 
to have more follicles in this category. While CL numbers or size did not differ between 
treatments, the ratio of progesterone (P4) to corpus luteum (CL) volume was higher in 
the CrPro group compared to the Con group (P=0.03). The results from this study 
suggest that the proposed supplementation strategy does not influence DMI or milk 
yield in cows experiencing stress. Nonetheless, short-duration, high-dose Cr 
supplementation strategy could benefit reproductive performance and thereby limit 
economic losses experienced by dairy producers during periods of stress. 
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Historically, the efficiency of fertilizing capacity of spermatozoa was defined by their 
ability to reach the fertilization site and penetrate the oocyte to deliver their DNA cargo 
during the process of fertilization. However, recent concepts include sperm being a 
source of molecular entities in addition to DNA that are essential for early embryonic 
development and transgenerational epigenetic inheritance. Small non-coding RNAs, 
especially, microRNAs (miRNAs) are one of these critical sperm-borne molecular 
markers. miRNAs are transcripts of 18-22 nucleotides that regulate gene expression by 
mRNA degradation or repression of protein translation and play critical roles in various 
biological pathways. High-throughput characterization has helped to discover about 
2300 miRNAs in human cells including spermatozoa. The necessity and role of the 
human spermatozoal miRNAs are not yet fully known. Enrichment analysis tools have 
been used to decode the role and functions of large high-throughput data sets of 
miRNAs in biological processes. The objective of this study was the differential 
characterization of the sperm miRNAs for association with the quality of in vitro fertilized 
embryos. The study details the enrichment analysis of a published deep sequencing 
miRNA expression dataset in sperm cells† from 87 human semen samples with 23 
samples having a high rate (>75%) of good quality embryos (H-GQE) and 64 samples 
with a low rate (<25%) of good quality embryos (L-GQE) in an in vitro fertilization 
program. The clean reads data with longer than 17nt were aligned to human miRbase 
version 22. Differentially expressed (DE) miRNAs were identified in both the sperm 
sample groups, H-GQE and L-GQE, using DESeq2 package (version 1.22.2 in R version 
3.5.2.). miRNA enrichment analysis was done by submitting the upregulated and 
downregulated data to the analysis module of TAM2.0 at the default background. A total 
of 18 up-regulated and 23 down-regulated genes were identified (p-value < 0.05). Three 
upregulated miRNAs (hsa-mir-124-1, hsa-mir-124-2, hsa-mir-124-3; p < 0.016) and six 
downregulated miRNAs (hsa-mir-98, hsa-let-7b, hsa-let-7a-1, hsa-let-7a-2, hsa-let-7a-3, 
hsa-let-7c; p < 4.81e-5; FDR: 4.55e-4) were significantly associated with testis 
annotation. The disease category analysis identified two upregulated miRNAs (hsa-mir-
335 and hsa-mir-122; p < 9.60e-3) and three downregulated miRNAs (hsa-mir-210, hsa-
mir-200a, hsa-mir-29c; p < 8.09e-9; FDR: 5.06e-3) significantly associated with male 
infertility. The results indicated that differentially expressed sperm miRNA with testis and 
male infertility annotation were associated with human embryo quality after in vitro 
fertilization. 
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P347 - A Proteome Analysis of Developing Mouse Spermatozoa  
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Normal maturation of spermatozoa is required for the ovum's fertilization and the 
embryo's formation. Spermatozoa are formed in the testis and develop as they traverse 
the epididymis. Spermatozoa in the caput epididymis are non-motile but gain the ability 
to swim upon reaching the cauda epididymis, where they undergo a series of 
biochemical changes called capacitation, from which they gain increased motility and 
the ability to undergo the acrosome reaction. To date, the biochemical mechanisms of 
the capacitation process have not been thoroughly elucidated. To better understand the 
molecular mechanisms of spermatozoa development, we have analyzed a proteome 
from developing spermatozoa. The proteins from spermatozoa isolated from the cauda 
epididymis and capacitated spermatozoa were extracted and underwent tryptic 
digestion, fractionation into 24 layers, and analysis through liquid chromatography and 
mass spectrometry to compare the unique peptides enriched in capacitated versus 
cauda-isolated spermatozoa. Four hundred thirty-six peptides were identified as 
enriched at a level of 4-fold or higher in capacitated spermatozoa compared to cauda 
spermatozoa. Gene ontology analysis was performed using the PANTHER classification 
system. Analysis of metabolic activity showed only two proteins involved in fatty acid 
metabolism in capacitated cells, with at least 11 enriched proteins in cauda 
cells. Further analysis of capacitated cells showed enrichment of a few proteins involved 
in carbohydrate metabolism, including glucose-6-phosphatase 3 (G6pc3), glycogen 
phosphorylase muscle isoform (Pygm), phosphoglucomutase 2 (Pgm2), and 
transketolase-like protein 1 (Tktl1). However, many proteins involved in protein 
modification, including ubiquitination and serine-threonine kinases, were identified in 
capacitated cells. Several hits in the area of immune processes were also identified, 
including CD14 (monocyte differentiating antigen), sperm-associated antigen 11 
(Spag11), pro-interleukin 16 (IL16), and integrin alpha 6 (Itga6). We identified several 
proteins involved in exocytic processes, vesicle-mediated transport, vesicle-targeting, 
and transmembrane transport. Roughly 3% of the enriched capacitated proteins were 
involved in ATP-dependent activity. The results of this analysis may shed further light on 
the activities of capacitated spermatozoa and the molecular mechanisms of capacitation, 
insights which may allow for the development of novel therapies in male reproductive 
medicine. 
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