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RMRSS 2017
About the Symposium
Symposium Introduction
Now in its tenth year, the Rocky Mountain Reproductive Sciences Symposium
brings together a diverse group of scientists to discuss advances in both human
and animal reproduction that deepen our understanding of reproductive
physiology. It’s a one-day event focused on student training, not only to
significantly improve communication and cross-fertilization of research ideas, but
also to share resources and expertise across human and animal models.
Hosted by the Animal Reproduction & Biotechnology Laboratory (ARBL) at CSU’s
Lory Student Center, the day's events feature student abstract platform
presentations, poster sessions, and keynote lectures by leaders in the field of
reproductive physiology. Attendees include post-baccalaureate trainees, faculty,
private clinicians, and other research scientists. This event was implemented to
provide a "Bench to Bedside" thematic focus, with the aim of fostering interaction
between basic scientists, physician-scientists, and clinicians. The symposium has
led to the establishment of new collaborations between institutes to advance the
field of reproductive sciences and is a great platform for student and fellow
training.
Keynote Speakers
The basic science keynote lecture will be delivered by Dr. Paolo Rinaudo from the
University of California, San Francisco, who will deliver a talk titled “Can
preimplantation embryo manipulation affect offspring’s metabolic health?”
Providing the day's clinical science keynote lecture is Dr. Rebecca Krisher from the
Colorado Center for Reproductive Medicine, who will deliver a talk titled “Birth
outcomes in clinical ART: Do culture conditions alter embryo physiology with
lasting impact?”
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KEYNOTE SPEAKERS
“Can preimplantation embryo
manipulation affect offspring’s
metabolic health?”
Paolo Rinaudo, MD, PhD
Associate Professor, University of California San
Francisco
Dr. Paolo Rinaudo received his MD and PhD from the University of Turin, Italy and trained in
obstetrics and gynecology at Yale University and in reproductive endocrinology at the
University of Pennsylvania. He is currently an associate professor in residence at the University
of California, San Francisco where he works as a clinician in the Division of Reproductive
Endocrinology and Infertility.
Rinaudo’s research focuses on understanding how in vitro fertilization and in vitro culture
during the pre-implantation period affect fetal and adult development. This has particular
relevance in light of the widespread use of artificial reproductive techniques (ART). In fact, fetal
adaptations in utero to adverse conditions can lead to specific diseases in the adult, including
diabetes, high blood pressure and coronary heart disease. This phenomenon, termed the
Developmental Origin of Adult Health and Disease or the Barker hypothesis, has been
extrapolated back to preimplantation development.
Rinaudo’s lab has created a mouse model of IVF for better analyzing long term outcomes. One
avenue of research analyzes glucose tolerance, fat content and growth in adult animals
generated in vitro or in vivo. The goal of this study is to understand if animals generated in vitro
have a different phenotype that could lead to disease in later life.
A second avenue of research analyzes if placentation is different in animals generated in vivo or
in vitro. Finally, his team studies how different culture conditions determine gene expression
changes and modify DNA methylation pattern or histone code in preimplantation embryos or
adult animals generated in vivo or in vitro.
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KEYNOTE SPEAKERS
“Birth outcomes in clinical ART: Do
culture conditions alter embryo
physiology with lasting impact?”
Rebecca Krisher, PhD
Director, Colorado Center for Reproductive
Medicine
Dr. Rebecca Krisher is a reproductive biologist focusing on oocyte and embryo physiology. She
received her Bachelor’s degree in biology from Hanover College, followed by a M.S. in animal
sciences from North Carolina State University. She then worked at Granada BioSciences
research division in College Station, Texas, before completing her Ph.D. at Virginia Tech.
Krisher worked for several years as an embryologist in human clinical reproduction before
conducting post-doctoral research at the University of Wisconsin. She was an assistant and
then associate professor at Purdue University and the University of Illinois before moving to her
current role as Research Director at Colorado Center for Reproductive Medicine.
Krisher’s research program focuses on defining physiological processes within mammalian
oocytes and embryos that are critical for subsequent embryonic and fetal development.
Specifically, Rebecca focuses on metabolic pathways that affect viability and competence. Her
laboratory is investigating methods to enhance metabolism and thus quality of oocytes and
embryos, specifically in the area of maternal aging.
In her current role, Krisher is translating these basic research findings into clinical application
via improved culture media and new clinical treatments and assays to advance human assisted
reproduction.
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Colorado State University’s Lory Student Center is located in the center of
campus. The conference will take place in the theater, on the north side of
the building’s main level.
The parking lot for the Lory Student Center is located at the intersection of
Meldrum St. and Laurel St. and metered parking is enforced from 7:30
a.m.-4:00 p.m. The cost is $1.75 per hour, payable at self-pay kiosks set up
around the parking lot.
1101 Center Ave Mall, Fort Collins, CO 80521 | 970-491-6444
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PROGRAM AGENDA
8:40 am

Opening Remarks – Dr. Thomas Hansen

9:00 am

Keynote Lecture: Dr. Paolo Rinaudo
“Can preimplantation embryo manipulation affect offspring’s
metabolic health?”

Trainee Oral Platform Presentations
10:15 am

Decreased skeletal muscle amino acid transporter gene
expression, essential amino acid uptake, and protein synthesis
rates in late gestation IUGR fetal sheep. Stremming J, Rozance PJ,
Wesolowski SR, Jansson T, Wilkening RB, Hay WW Jr., Brown LD.

10:30 am

The effects of vaccination against GDF-9 and BMP-15 on ovarian
function in the mare. K. A. Davis, K. M. Klohonatz, H. M. Twenter, P.
E. Graham, J. E. Bruemmer, D. C. Eckery

10:45 am

Maternal Obesity Causes Contractile Dysfunction of
Cardiomyocytes in Term Fetal Sheep. Qiurong Wang, Chaoqun Zhu,
Mingming Sun, Na Hu, Stephen P. Ford, Peter W. Nathanielsz, Jun
Ren and Wei Guo

11:00 am

Effects of maternal fatty acids supplementation on the
transcriptome of preimplantation conceptus in lactating dairy
cows. Leticia D.P. Sinedino, Leandro F. Greco, Eduardo S. Ribeiro,
Rafael S. Bisinotto, Christopher J. Martyniuk, William W. Thatcher,
Jose E.P. Santos

11:30 am

Lunch
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PROGRAM AGENDA
12:30 pm

Poster Session I- Odd-numbered abstracts

1:15 pm

Poster Session II- Even-numbered abstracts

Trainee Oral Platform Presentations
2:00 pm

Glucose Stimulated Insulin Secretion is Potentiated by Leucine in
Late Gestation Fetal Sheep. Brit H Boehmer, Laura D Brown,
Stephanie R Wesolowski, William W Hay, and Paul J Rozance

2:15 pm

Development of a Mucosal Contraceptive Vaccine. Richard
Mauldin, Douglas Eckery, David Cowan, Giovanna Massei

2:30 pm

Maternal obesity (MO) in the sheep induces differential
expression and methylation of genes regulating lipid metabolism
in day 135 fetal liver. John F. Odhiambo, Adel B. Ghnenis, Peter W.
Nathanielsz, Stephen P. Ford

2:45 pm

The Balance of ERK and PI3K/AKT/mTOR Signaling is Dysregulated
in Prolactinoma. Allyson Roof, Tammy Trudeau, Arthur GutierrezHartmann

3:15 pm

Keynote Lecture: Dr. Rebecca Krisher
“Birth outcomes in clinical ART: Do culture conditions alter
embryo physiology with lasting impact?”

4:30 pm

Open Discussion and Closing Comments- Dr. Thomas Hansen
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1. Decreased skeletal muscle amino acid transporter gene expression, essential amino acid
uptake, and protein synthesis rates in late gestation IUGR fetal sheep
Stremming J, Rozance PJ, Wesolowski SR, Jansson T, Wilkening RB, Hay WW Jr., Brown LD.
University of Colorado Anschutz Medical Campus, Aurora, Colorado
IUGR infants are born with reduced skeletal muscle mass, which cannot be fully compensated for
postnatally because muscle fiber number is determined in fetal life. Decreased muscle mass in IUGR
is strongly linked to future insulin resistance, which contributes to the development of diabetes and
obesity. However, the mechanisms underlying poor muscle growth in IUGR fetuses are largely
unknown. We previously showed decreased net total amino acid (AA) uptake by the IUGR hindlimb
compared to control (CON) in a sheep model of placental insufficiency, indicating reduced AA
transport and/or protein synthesis as causes of reduced fetal muscle mass. We hypothesize that
skeletal muscle essential AA uptake, transporter gene expression, and protein synthesis are decreased
in the IUGR fetus. Late gestation CON (n=8) and IUGR (n=12) fetal sheep were catheterized with
aortic and femoral venous sampling catheters and an ultrasonic flow transducer to measure hindlimb
blood flow. Muscle protein metabolic rates were estimated using a 1-13C leucine tracer and individual
AA uptake rates were measured at steady state. All rates were normalized to 100g hindlimb weight.
Biopsies of the biceps femoris muscle were obtained to determine the expression of transporters that
mediate cellular uptake of neutral AA (System A; SNAT 1, 2, 4) and branched-chain AA (System L;
LAT 1, 2, CD98) by real time PCR. Muscle protein synthesis rates were reduced in the IUGR fetus
(CON 0.42 ± 0.04, IUGR 0.27 ± 0.05 µmol/min/100g; P<0.05), but protein breakdown and oxidation
rates were similar to CON. Net hindlimb uptake rates of the essential AA leucine, isoleucine, valine,
threonine, tryptophan and histidine were reduced by ~50% in IUGR compared to CON (P<0.05). Net
hindlimb uptake rates of the neutral AA serine, glycine, and glutamine were reduced by ~80% in
IUGR compared to CON (P<0.05) with net hindlimb output of alanine (CON 126 ± 12, IUGR -31 ±
47 nmol/min/100g; P<0.05). SNAT2 and SNAT4 gene expression was reduced by 35% in IUGR
muscle relative to CON. We speculate that decreased muscle protein synthesis rates in IUGR fetal
skeletal muscle are the result of reduced essential AA uptake. Further, reduced uptake of small
neutral AA in the IUGR fetus may be a result of down-regulation of key energy-dependent AA
transporters, reflecting an adaptation to decrease muscle energy requirements and provide AAs for
use by vital organs at the expense of skeletal muscle growth.
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2. The effects of vaccination against GDF-9 and BMP-15 on ovarian function in the mare
K. A. Davis1, K. M. Klohonatz1, H. M. Twenter1, P. E. Graham1, J. E. Bruemmer1, D. C. Eckery2;
Colorado State University, Fort Collins, CO, USA1, USDA National Wildlife Research Center, Fort
Collins, CO, USA2
Bureau of Land Management (BLM) claims the current wild horse and burro population is nearly
three times what the rangeland can support. Unmanaged, the horse population doubles every four
years, which is detrimental for wild horses, wildlife, and rangeland. The BLM is investigating means
of population control for these horses. Currently, no contraceptive vaccine exists capable of inducing
permanent sterility in mares. This study serves as the first half of a two-year project investigating the
effect of vaccination against Bone Morphogenetic Protein 15 (BMP-15) and Growth Differentiation
Factor 9 (GDF-9) on follicular growth and ovulation. These oocyte-specific growth factors were
chosen due to their involvement in the regulation of follicular growth. We hypothesize that
vaccination against these growth factors will prevent ovulation and/or accelerate the depletion of the
oocyte reserve in the horse. For this project, 30 mares were randomly assigned to three groups
(n=10/group). Mares were vaccinated with BMP-15 or GDF-9 peptides and adjuvant, or a control of
phosphate buffered saline and adjuvant. The horses received a primary vaccination and three booster
injections at weeks 0, 6, 12, and 18. Mares were evaluated three days a week during the breeding
season for follicular size and date of ovulation via ultrasound, and receptiveness to a stallion using a
six-point teasing scale. To evaluate the efficacy of the vaccination as a contraceptive, a Student’s Ttest was used to compare the number of ovulations in each treatment. While the GDF-9 group did not
have a difference (P= 0.66) in ovulation rate (10.8 ovulations) when compared to controls (10.0
ovulations), the number of ovulations in the BMP-15 group was decreased (P= 0.02; 5.0 ovulations)
compared to the control group. Of the 10 mares in the BMP-15 group, five mares had two or fewer
ovulations. Therefore, vaccination against BMP-15 did successfully decrease the number of times
mares ovulated during the breeding season, and this number is anticipated to decrease in the
subsequent year of this project. There was no apparent difference in sexual receptiveness for either
treatment when compared to controls. The five mares in the BMP-15 group that ovulated less than
three times appeared to be less receptive to a stallion overall based on their average receptiveness.
Although GDF-9 did not appear to alter ovulation rate in the first year, further research is required to
determine if ovulation rate decreases in the second year. Also, decreased ovulation rates in the BMP15 group showed promise that vaccination against BMP-15 could potentially serve as a contraceptive
for use in controlling wild horse populations.
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3. Maternal Obesity Causes Contractile Dysfunction of Cardiomyocytes in Term Fetal Sheep
Qiurong Wang1,2, Chaoqun Zhu1, Mingming Sun1, Na Hu3, Stephen P. Ford1,2, Peter W.
Nathanielsz1,2, Jun Ren3 and Wei Guo1,2
1Department

of Animal Science, University of Wyoming, 1000 E. University Ave. Laramie, WY,

82071
2Center

for the Study of Fetal Programming, University of Wyoming, Laramie, WY, United States,

82071
3School of Pharmacy, University of Wyoming, Laramie, WY, United States, 82071
BACKGROUND: Maternal obesity (MO), in pregnancy, predisposes offspring to a higher risk of
obesity, heart disease, hypertension, and vascular dysfunction, known as fetal programming.
However, the effect of MO on contractile function of fetal cardiomyocytes has not been studied. We
assessed contractile function in cardiomyocytes of fetuses of MO and control sheep at term.
METHODS: From 60 days before and throughout pregnancy, Rambouillet/Columbia crossed ewes
were fed either 100% of National Research Council (NRC) recommendations (control, n=8) or 150%
of NRC’s recommendations (MO, n=7). At 135 day gestation (Term 150 days), pregnant ewes and
fetuses underwent general anesthesia. The fetal heart was quickly removed and perfused to isolate
cardiomyocytes. Contractile and intracellular Ca2+ properties were evaluated using an IonOptix
system. Analysis by Student’s t-test: p < 0.05.
RESULTS: MO elevated maternal body weight, total heart and cardiac ventricular weights and wall
thicknesses (p < 0.05). Fetuses from MO ewes had greater body weight and left ventricular weight (p
< 0.05). LV and RV cardiomyocytes from fetuses of MO ewes showed increased cell length and
decreased peak shortening. LV cardiomyocytes showed decreased sarcomere length (p < 0.05). MO
disrupted fetal cardiomyocyte intracellular Ca2+ homeostasis, evidenced by increased resting and
peak intracellular Ca2+ levels in LV and RV fetal cardiomyocytes (p < 0.05).
CONCLUSIONS: MO impairs fetal cardiac contractile function. To our knowledge this is the first
study to evaluate functional properties in cardiomyocytes of fetuses of obese mothers and provides
potential mechanism for programming of later life cardiac disease.
This work is supported by the NIH HD070096-01A1 from University of Wyoming.
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4. Effects of maternal fatty acids supplementation on the transcriptome of preimplantation
conceptus in lactating dairy cows
Leticia D.P. Sinedino, Leandro F. Greco, Eduardo S. Ribeiro, Rafael S. Bisinotto, Christopher J.
Martyniuk, William W. Thatcher, Jose E.P. Santos. University of Florida, Gainesville, FL
Maternal nutrition during the periconception period can exert remarkable effects on oocyte
maturation and early embryo development, which in turn may affect pregnancy establishment. Fatty
acids (FA) perform important roles as regulators of biological processes and significant changes in
expression of genes related to FA and lipid metabolism occur as the bovine conceptus develops from
ovoid to filamentous morphology at the preimplantation period. Objective of this study was to
evaluate the effects of maternal FA supplementation on transcriptome of bovine preimplantation
conceptus. Lactating Holstein cows (n = 30) were blocked by parity and milk production between 6
to 10 days postpartum (DPP), and assigned randomly at 14 DPP to one of three dietary treatments:
control (CON, no added fat; n = 10), saturated FA (SFA, added at 2% of dietary dry matter; n = 10),
or essential FA (EFA, containing rumen by-pass linoleic and linolenic acids, added at 2% of dietary
dry matter; n = 10). All dietary treatments were fed until uterine flushing. Cows were subjected to
synchronization of ovulation, and timed artificial insemination (TAI) at 67 ± 2 DPP. On day 15 after
TAI, cows had their uteri flushed to recover conceptuses. Total RNA from filamentous conceptuses
(CON = 8; SFA = 8; EFA = 5) was extracted and subjected to transcriptome analysis using the
Affymetrix GeneChip Bovine. Microarray data were analyzed using Bioconductor software in R.
Biological relevance was interpreted using the gene set enrichment analysis and sub-network
enrichment analysis of the differentially expressed genes (P < 0.05) with Pathway Studio 10.0. Out
of 18,964 annotated genes, a total of 275 genes in EFA and 57 genes in SFA were differentially
expressed (Fold Change ≥ 1.5; P < 0.05) relative to CON. Pathway analyses revealed that some
enriched cell processes in the EFA group are related to embryonic development (e.g. IGFBP1,
PTGS2, LTF, TIMP2, EMB, AGR2, CFTR), uterine development (e.g. TSPO, TRIM25, HNF1B,
FZR1, AMH), and biosynthesis of triacylglycerols (e.g. ACSL5). In the SFA group, processes related
to auditory stimulation, neuronal guidance, and hepatobiliary excretion were enriched. In addition,
65 gene networks were exclusively enriched in EFA and 84 in SFA, whereas 96 were common to
both fat diets. Some of the unique gene networks enriched in EFA are related to membrane fluidity,
lipid modification, storage, and export, fatty acid metabolism, and steroids biosynthesis. In SFA,
exclusive pathways are related to DNA metabolism, nuclear envelope organization, cell
differentiation, podocyte differentiation, tricarboxylic acid cycle, and uterine activity. Common
processes between EFA and SFA involve DNA replication, DNA repair mechanisms, cell cycle,
antigen presentation, and embryonic implantation among others. Collectively, supplementation with
essential FA affected pathways associated with lipid biosynthesis and embryo development; whereas
saturated FA altered pathways related with cell growth and development. Our findings provide
evidence that maternal supplementation with fatty acids modulate gene expression in bovine
conceptuses of day 15, which may affect pregnancy establishment and can be used as an approach to
improve embryonic survival in lactating dairy cows.
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5. Glucose Stimulated Insulin Secretion is Potentiated by Leucine in Late Gestation Fetal
Sheep.
Brit H Boehmer, Laura D Brown, Stephanie R Wesolowski, William W Hay, and Paul J Rozance.
School of Medicine, University of Colorado, Aurora, Colorado, United States.
The fetal β-cell coordinates nutrient supply with the production and release of insulin, an important
fetal growth factor. We previously showed that an exogenous amino acid infusion stimulates basal
and glucose stimulated fetal insulin secretion (GSIS). Leucine potentiates fetal islet GSIS in vitro,
however, the ability of leucine to potentiate fetal GSIS in vivo has not been tested. The objective of
this study was to test the insulin secretory response of late gestation fetal sheep (n = 5) to acute
leucine (LEU) or saline (SAL) infusions. We hypothesized that experimental 90 min leucine
infusions would increase fetal GSIS. At 121 ± 1 dGA, catheters were surgically placed in the fetal
abdominal aorta and femoral vein. Fetuses were infused with LEU (752 µmol/h) or SAL (0.3 mL/h)
for 90 minutes and experimental infusions continued throughout a square wave hyperglycemic
clamp, which measured fetal GSIS. Multiple infusion studies were conducted on each fetus; every 2
to 3 days for 10 days, alternate treatment infusions (LEU or SAL) were given and GSIS was
measured. Blood samples were collected before and after treatment infusions and at -15, -10, 5 10,
15, 20, 30, 45, 60, 75, and 90 min during the hyperglycemic clamp (initiated at 0 min). Data were
analyzed as a repeated measures ANOVA using PROC MIXED (SAS inst. Inc., Cary, N.C.). Basal
leucine concentrations in plasma increased 2-fold (P = 0.02) in LEU but not in SAL fetuses. LEU
fetuses had 24% greater (P = 0.002) basal plasma insulin concentrations compared with SAL fetuses
after experimental infusions. Glucose stimulated insulin secretion increased 33% (P < 0.001) in LEU
compared with SAL infusions. Plasma concentrations of other amino acids, glucagon, IGF1, and
cortisol did not differ after leucine or saline infusions. These results indicate that acute leucine
infusions increase fetal insulin concentrations and potentiate fetal GSIS, similar to our previous
reports showing acute amino acid potentiated GSIS in fetal sheep. This study demonstrates the
capacity of a single amino acid to increase fetal insulin concentrations and may have clinical
relevance in the development of treatment strategies for impaired fetal growth which include leucine
supplementation to increase production of fetal growth factors.
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6. Development of a Mucosal Contraceptive Vaccine
Richard Mauldin and Douglas Eckery. USDA, WS, National Wildlife Research Center (NWRC), Fort
Collins, CO. David Cowan and Giovanna Massei, Animal and Plant Health Agency, Sand Hutton,
York, United Kingdom
Locally overabundant wildlife populations can pose many problems and lethal control measures are
often socially or logistically unacceptable. The use of non-lethal techniques such as contraception
have been successful experimentally, but few techniques are available for field use. Vaccines
targeting gonadotropin releasing hormone (GnRH) such as GonaCon are effective in reducing
fertility. For these vaccines, small peptides (e.g. GnRH) are conjugated to a carrier molecule (usually
a foreign protein) to make the peptide immunogenic. GonaCon also includes Mycobacterium avium,
a globally ubiquitous species which serves as an adjuvant to enhance the immune response. Current
vaccines require injection, which limits their utility for treating wildlife in a landscape setting. A
mucosal vaccine, given in a bait or spray, would improve vaccine utility and ease of use. We
hypothesized that fragmented M. avium (MAF) could act as both carrier and adjuvant, serving as a
platform for mucosal contraceptive vaccines. Our objective was to conjugate either GnRH or a
recombinant GnRH-containing protein to MAF and test their effects on anti-GnRH antibody
production and fertility in young female rats following oral and/or nasal administration.
In cooperation with researchers in the United Kingdom, a series of experiments was performed to test
a suspension of MAF conjugated to a recombinant C4 complement protein containing GnRH. Serum
anti-GnRH antibodies were measured by enzyme-linked immunosorbent assay (ELISA) and fertility
assessed by breeding trials. The initial experiment compared M. avium fragmentation methods
(ultrasonic disruption vs. microfluidization) and conjugate administration route (naso-pharyngeal (50
μg dose-1) vs. oral (500 μg dose-1). There was no difference in antibody response between either
fragmentation method or administration route, and none of the treatments had any effect on fertility.
Microfluidization and oral delivery were used for all subsequent studies. In subsequent experiments,
the effects of trimethyl chitosan (TMC, a bioadhesive immune stimulant), increasing conjugate
concentration (500 μg vs. 2500 μg dose-1 or 2500 μg vs 5000 μg dose-1), and dosing frequency (3x,
biweekly vs. 6x, weekly; or 6x vs 12x over 15 days) on anti-GnRH antibody titers were assessed.
Addition of TMC had no effect. A weekly 2500 μg dose-1 (6x) produced median antibody titers of
over 1:160000 and reduced breeding from 78% (controls) to 40% (treated). No improvement in
antibody response was observed with increased dosing frequencies or conjugate concentrations. In a
parallel study, a MAF-GnRH peptide conjugate (1250 μg dose-1) was administered naso-orally to
young adult female rats 3x biweekly. Fertility was not assessed. Naso-oral conjugate treatment
yielded anti-GnRH titers from weeks 4-14, with a titer of >1:96000. Taken together, these data prove
the hypothesis that M. avium carrier/adjuvant has utility as a contraceptive mucosal vaccine
platform*, and show that MAF-recombinant GnRH or GnRH peptide conjugates given orally can
yield significant anti-GnRH antibody titers resulting in reduced fertility. Importantly, these data
provide the first demonstration of contraception resulting from mucosal vaccine
*U.S. Provisional Patent Application Serial No.62/438,543 Filed: 12/23/2016
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7. Maternal obesity (MO) in the sheep induces differential expression and methylation of genes
regulating lipid metabolism in day 135 fetal liver.
John F. Odhiambo, Adel B. Ghnenis, Peter W. Nathanielsz1, Stephen P. Ford. Center for the Study of
Fetal Programming, University of Wyoming, Laramie, WY, USA.
Developmental programming may have immediate effects such as impaired organ growth at a critical
stage, while other programming effects may only emerge later in fetal or postnatal development.
How this memory of early events is stored and later expressed despite continuous cellular replication
and replacement is poorly understood. Previously, we reported that term fetuses of MO ewes
exhibited elevated serum triglyceride, cholesterol, and adiposity, as well as altered glucose/insulin
dynamics and elevated cortisol. The objective of this study was to evaluate if differential gene
expression and DNA methylation in the fetal liver contribute to the metabolic dysregulation of MO
fetuses. Fetuses of MO ewes (fed 150% of NRC recommendations, n=7) and controls (CTR; fed
100% of NRC, n=7) were collected at necropsy on d135 of gestation. Fetal liver tissue was snap
frozen in liquid nitrogen and stored at -80ºC. RNA was extracted by Trizol® method and purified
using RNeasy® mini kit. RNA-Seq reads were aligned to the Ovis aries v3.1 (Oar3.1) reference
genome using STAR and read counts per gene were generated by HTSeq. Differentially expressed
genes were identified using the DESeq2 package in R. DNA methylation was evaluated by reducedrepresentation bisulfite sequencing. Bisulfite reads were aligned to Oar3.1 using Bismark and
differentially methylated CpG dinucleotides were analyzed by the methylKit package in R. Pathway
analysis was done using the database for annotation, visualization and integrated discovery (DAVID)
v6.7. A total of 810 genes were differentially expressed between MO and CTR fetal liver. Of these,
406 were down-regulated and 404 were up-regulated in MO compared to CTR fetuses. Pathway
enrichment analysis of differentially expressed genes classified the genes into 18 functional related
groups with steroid biosynthesis, extracellular matrix (ECM)-receptor interaction, TGF-β signaling,
ribosome, unsaturated fatty acid biosynthesis, insulin signaling, and fatty acid biosynthesis
occupying the top 7 most enriched pathways, respectively (P<0.05). Further, a total of 43,474 CpG
sites associated with over 6,200 genes were differentially methylated (DM) in the liver of MO
compared to CON fetus. Of these, 20,908 sites were hypermethylated whereas 22,568 sites were
hypomethylated. When the DM sites were evaluated according to location, 26,418 vs. 2,055 sites
were differentially methylated on the gene body vs. upstream (1.5 kb) of the gene promoter region,
respectively. Pathway enrichment analysis classified the differentially methylated genes into 7
functional related groups with biosynthesis of unsaturated FA, FA biosynthesis, phosphatidylinositol
signaling, inositol phosphate metabolism, ECM-receptor interaction, steroid biosynthesis and PPAR
signaling appearing as the most enriched pathways, respectively (P<0.08). Taken together, genes
comprising 7 pathways (Steroid biosynthesis, CEM-receptor interaction, unsaturated FA biosynthesis,
FA biosynthesis, phosphatidylinositol signaling system, inositol metabolism and PPAR signaling
pathway) were both differentially expressed and methylated in the livers of MO compared to the
CTR fetus. These data indicate that MO during gestation induces differential expression and
methylation of hepatic genes that might contribute to programming of hyperlipidemia and adiposity
observed in our ovine MO model and warrant additional studies to provide a complete understanding
of their regulation by epigenetic mechanisms. Supported by NIH HD070096-01A1.
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8. The Balance of ERK and PI3K/AKT/mTOR Signaling is Dysregulated in Prolactinoma.
Allyson Roof1, Tammy Trudeau2, Arthur Gutierrez-Hartmann1,2
Physiology Graduate Program; 2Depts of Medicine and of Biochemistry and Molecular
Genetics; University of Colorado Anschutz Medical Campus, Aurora, CO.

1Integrated

Dysregulation of the signaling pathways that govern lactotrope biology contributes to tumorigenesis
of prolactin-secreting adenomas, or prolactinomas, leading to a state of pathological
hyperprolactinemia. Prolactinomas cause osteoporosis and represent a major cause of infertility in
young women. Dopamine agonists (DAs), the standard therapy for prolactinoma, signal through the
dopamine D2 receptor (D2R) on lactotrope cells to inhibit proliferation and prolactin synthesis.
However, 10-20% of prolactinoma patients are resistant to DAs and require surgical tumor resection.
Dopamine-mediated D2R activation results in ERK stimulation and PI3K inhibition, and
dysfunctional D2R-mediated signaling is thought be the primary mechanism by which patients
become resistant to DA therapies. As such, our work aims to acquire a better understanding of the
role of the ERK and PI3K pathways in lactotrope cells. We have demonstrated that long-term
activation of the Ras/ERK pathway promotes differentiation of the bi-functional somatolactotrope
GH4T2 precursor cell into a PRL-secreting, lactotrope cell phenotype, and not only fails to promote
cell proliferation, but also diminishes tumorigenic characteristics in GH4T2 cells. We have also
shown that the PI3K/AKT/mTOR pathway controls GH4T2 cell proliferation, but is not sufficient to
drive tumorigenesis. When activated by dopamine, the long and short isoforms of D2R inhibit PI3K
and activate ERK signaling, respectively. Expression of one receptor isoform is sufficient to maintain
lactotrope homeostasis in physiological conditions in mice, but signaling from both is required to
prevent pathological lactotrope hyperplasia when challenged with estrogen, suggesting that the
balance of ERK and PI3K signaling is key in maintaining lactotrope homeostasis. To gain a better
understanding of how dual activation of ERK and PI3K pathways may impact lactotrope
homeostasis, we transfected GH4T2 cells with ERK and/or PI3K expression plasmids. We found that
activated PI3K signaling strongly blunted ERK-mediated PRL promoter activity. Upon treatment of
cells with Palbociclib, a CDK4/6 inhibitor, the blunting effect of PI3K was blocked and PRL
promoter activity was restored to that seen with ERK activation alone. An independent experiment
with GH4T2 cells stably expressing a PRL-Luc construct showed that PRL promoter activity was
diminished upon entry into G2. Thus, PI3K signals to CDK4 during cell cycle progression to
antagonize PRL promoter activity. Together, these data establish that ERK and PI3K have
antagonistic actions in lactotrope cells, which is highlighted during cell cycle progression. Finally,
we demonstrate that ERK and AKT are both activated in human prolactinoma. These findings
demonstrate that the balance of ERK and PI3K signaling is important to maintain homeostasis during
physiological lactotrope expansion, and that this balance is disrupted in prolactinoma. Research
supported by NIH R01 CA141201-01A2 and NIH R01 DK46868.
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9. Associations between sexual habits, menstrual hygiene practices, demographics and the
vaginal microbiome as revealed by Bayesian network analysis
Noelle Noyes1, Kyu-Chul Cho2, Jacques Ravel3, Larry J. Forney4, Zaid Abdo1*
The vaginal microbiome plays an influential role in several disease states in reproductive age
women, including bacterial vaginosis (BV). While demographic characteristics are associated with
differences in vaginal microbiome community structure, little is known about the influence of sexual
and hygiene habits. Furthermore, links between the vaginal microbiome and symptoms of bacterial
vaginosis have not been fully elucidated. Using Bayesian network (BN) analysis of 16S rRNA gene
sequence abundances, demographic and extensive questionnaire data, we uncover novel associations
between habits of women and their vaginal microbiome, while reaffirming several previouslydescribed associations. The BN analysis approach shows promise in uncovering complex
associations between disparate data types.
1Department

of Microbiology, Immunology and Pathology, Colorado State University, Fort Collins,
Colorado 80523, USA
2Naver Corporation, Jeong-ja-dong 178-1, Bundang-gu, Seongnam-si, Gyeonggi-do, South Korea
3Institute for Genome Sciences, University of Maryland School of Medicine, Baltimore Maryland
21201, USA
4Department of Biological Sciences, University of Idaho, Moscow, Idaho 83844, USA
*Address correspondence to: zaid.abdo@colostate.edu
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11. Increased Expression of Insulin-Like Growth Factor Receptor in Older Mares May Reduce
Overall Insulin Sensitivity Despite the Presence of Insulin Receptors
Nadya Ashwish1, Elaine Carnevale3, Gerrit Bouma2 and Deborah A. Roess2
1Cell and Molecular Biology Program, 2ARBL and 3Equine Reproduction Laboratory Colorado State
University, Fort Collins, Colorado 80523
We have evaluated the expression of insulin receptor (IR) and insulin-like growth factor receptor
(IGF1R) genes in individual granulosa cells. Expression of these genes in response to various
ligands as well as changes in metabolic activity may result from aging or development of metabolic
disease. We used RT-qPCR to quantify equine IR and IGF1R gene expression in granulosa cells in
response to EGF, IGF-1 and insulin (I). Equine granulosa cells from young (4-9 yrs.) and old (≥ 18
yrs.) mares were aspirated from dominant follicles 30-34 h after induction of follicular maturation,
follicular contents were collected, granulosa cells were separated from tissues debris and RBCs and
placed in supplemented DMEM. Cells were divided into two groups and incubated either without
fetal bovine serum (FBS) or additional glucose (-FBS/-glucose) or with 10% FBS and 30 nM glucose
(+FBS/+glucose) overnight. Cells were treated for 1 hr with either human EGF (1μM), recombinant
human IGF-1 (10nM), or I (100nM). After washing 3x, cells were snap frozen in liquid nitrogen and
stored at -80ºC. RNA was isolated from frozen samples using standard procedures. 600ng of RNA
per sample were used to obtain cDNA which was then used immediately for RT-PCR analysis.
Analysis was performed in 10 µl reactions containing SsoFast EvaGreen Supermix, 0.5 µM gene
specific forward and reverse primer, and cDNA using the Light Cycler® 480 RT-PCR System
(Roche). Fold change between untreated and hormone-treated samples was calculated as 2‾∆∆Ct. SAS
mixed procedure for repeated measures analysis was conducted for these data.
Ct values for IGF1R and IR expression in young and old animals in the presence or absence of %10
FCS and high glucose did not differ significantly. In evaluatingCt values, we observed
significant differences between for young (4-9 years) and old (> 18 years) mares exposed to 10%
FBS and high glucose, particularly for expression of IGF1R. IR gene expression was elevated in
granulosa cells from older animals (-FCS/-glucose) following treatment with I as compared to EGF
IGF1R expression was significantly
and IGF-1 treated cells where IR expression was reduced.
increased approximately 2-fold in cells from older animals (+FCS/+glucose) following treatment
with I and IGF-1. EGF increased IGF1R expression over 6-fold.
Changes in the relative numbers of IR and IGF1R monomers from IR and IGF1R genes are likely to
have significant effects on the distribution of receptors formed from these monomers. Hybrid
receptor formation from IR and IGF1R monomers depends on the relative abundance of the receptor
monomers: a weakly-expressed monomer in the presence of a strongly expressed monomer will most
likely appear in hybrid receptors and the strongly expressed monomer will, in addition, form receptor
homodimers. This will affect cell response to I or IGF-1. While I and IGF-1 bind their respective
receptor homodimers with high affinity, hybrid receptors formed from IR and IGF1R monomers bind
I with low apparent affinity but bind IGF-1 with high affinity Thus when levels of IGF1R monomers
are higher than levels of IR monomers, as may be the case in granulosa cells (+FCS/+glucose) from
older animals exposed to I, EGF or IGF-1, IR monomers are more likely to be assembled into hybrid
receptors. Comparatively large numbers of hybrid receptors would result in reduced I responsiveness
despite the presence of IR.
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13. In vitro activation of bovine primordial follicles as an alternate method for oocyte recovery
for use in assisted reproductive technologies.
Hayley Benham, Rebecca Krisher, Jennifer Barfield. Colorado State University, Fort Collins, CO;
National Foundation for Fertility Research, Lone Tree, CO
Traditional oocyte recovery techniques in cattle are currently unable to utilize primordial follicles as
a source for creating viable oocytes for further use in ART procedures. Manipulation of two specific
pathways associated with primordial follicle activation, HIPPO and PI3K/Akt/PTEN, are involved
with follicle activation in species including mice and humans. Disruption of the HIPPO signaling
pathway stimulates growth factors within the follicle that promote cell growth and proliferation.
Stimulation of the PI3K/Akt/PTEN pathway results in export and inactivation of the transcription
factor Foxo3 from the nucleus, resulting in activation of dormant follicles. The objective of this
experiment was to investigate the ability of a PI3K/Akt stimulator and PTEN inhibitor, combined
with HIPPO pathway disruption via tissue fragmentation, to activate bovine primordial follicles in
vitro. Ovaries from late-term fetal calves were collected at a local slaughterhouse, and ovarian
cortical tissue was dissected to 1 mm thick strips and vitrified. Strips were thawed and further
fragmented into 1mm3 cubes prior to culture. Tissue from three calves was evaluated for evidence of
successful follicle activation. Two treatments were used to understand the difference between the
combined effects of PI3K/Akt/PTEN stimulation and HIPPO disruption, versus HIPPO disruption
only. Tissue in the first treatment group was fragmented and cultured in modified DMEM culture
media containing the PI3/Akt stimulator, 740YP, and the PTEN inhibitor, bpV(pic). Tissue in the
second treatment group was cultured in basic modified DMEM culture media only, to assess the
effects of fragmentation alone. From each individual animal, sixteen 1 mm3 cubes were cut from
each cortical strip. Eight cortical fragments were placed in Millipore inserts and cultured for 48 hours
in 350 μl culture media containing 0.148 mg/ml 740YP and 0.0111mg/ml bpV (pic) or in 350 μl
medium alone. After culture, four pieces of cortical tissue from each treatment were either fixed in
4% paraformaldehyde and embedded in paraffin for histological analysis, or snap frozen for qPCR
analysis.
Tissues from both culture treatments were analyzed and compared to fresh ovarian tissue samples
using quantitative real time PCR to look for differences in expression levels of the following genes
associated with follicular activation: AHR, AMH, ESR1, FSHR, CYP 19, and BMP 15.
Immunohistochemistry was used to determine the localization of Foxo3 in the follicle (nuclear versus
cytoplasmic) after treatment. Foxo3 relocation to the ooplasm is a sign of effective PTEN inhibition.
Therefore, this event can be used as a marker of successful in vitro activation. Determining reliable
methods to manipulate the PI3K/Akt/PTEN and HIPPO signaling pathways is critical for the success
of in vitro follicle activation in the bovine model. The combined use of PI3K/Akt stimulators and
PTEN inhibitors, along with HIPPO signaling disruption is a promising approach to achieve this
goal. In vitro activation of bovine follicles allows for the utilization of a large pool of previously
inaccessible germ cells for future use in assisted reproduction techniques, both in the cattle industry
as well as possible applications in conservation efforts for other species.
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15. Hormonal Regulation of Uterine Blood Flow (UBF) is Hydrogen Sulfide (H2S)-Dependent
Rachael Bok1, Sara Wennersten2, K. Joseph Hurt1
& Gynecology, Division of Reproductive Sciences, 2Division of Cardiology,
University of Colorado School of Medicine Aurora CO

1Obstetrics

Background: Estrogen (E2) increases uterine blood flow (UBF) during the follicular phase and in
ovariectomized sheep and rodents treated with β-Estradiol. In part, this increase in UBF is mediated
by increased eNOS expression and nitric oxide (NO) production in the uterine artery, but other
mechanisms have been proposed. Hydrogen sulfide (H2S) is a small molecule gasotransmitter similar
to NO, is a vascular and uterine smooth muscle relaxant, and has pro-angiogenic activity. We
hypothesized that the primary H2S-producing enzyme, cystathionine-γ-lyase (CSE), mediates UBF
changes in response to E2 and progesterone (P4) administration.
Methods: Virgin C57/BL6 or CSE knockout (CSE-KO) mice were ovariectomized and recovered for
two weeks. We used transcutaneous micro-ultrasound (VisualSonics®) to measure UBF at baseline
and again after two daily injections of 0.01 mL/kg vehicle (sesame oil), or 0.5 mg/kg E2, P4, or
E2+P4. Mice were anesthetized with 1-2% isoflurane in O2 and body temperature was maintained at
37°C while left uterine artery and left renal artery Doppler waveforms were obtained. Peak velocity
(PV) was averaged over three consecutive cardiac cycles, and vessel diameter (D) was averaged from
three color Doppler image measurements. UBF and renal blood flow (RBF) were calculated by
½πPV(D/2)2 and normalized to body weight. Baseline readings were obtained from n=18-20 mice
and then again from n=5 mice for each hormone treatment group; data are expressed as Mean ± SEM
with p <0.05 considered significant.
Results: WT and CSE-KO animals were similar at baseline except that CSE-KO mice were slightly
larger (24.6±1.6g vs 27.3±1.1g; p=0.03). Baseline UBF was similar in WT and CSE-KO animals
(21.6±2.3 mL/min·kg vs 20.3±3.0 mL/min·kg; p=0.20), although CSE-KO uterine artery diameter
was smaller (0.422±0.019mm vs 0.363±0.009mm; p<0.01). RBF at baseline was similar between
groups (28.0±4.1 mL/min·kg vs 23.7±2.7 mL/min·kg; p=0.49). After treatment, we saw no
significant change in UBF or RBF with vehicle administration. E2 injection increased both UBF and
RBF by ~60% in WT animals, but not in CSE-KO mice. In contrast, P4 reduced UBF by ~40% in
WT but not CSE KO mice, and there was no change in RBF for either strain with P4. With E2+P4
injection, the E2 effect was maintained and both UBF (98%) and RBF (49%) increased in WT
animals, but not in CSE-KO mice.
Conclusions: Increased UBF and RBF with E2 or E2+ P4 stimulation is impaired in CSE-KO
compared with WT mice. In contrast, P4 decreased UBF only in WT, and had no effect on RBF in
either WT or CSE-KO animals. This suggests that both the general vascular response to E2 and the
unique uterine response to P4 are influenced by CSE activity. This has important implications for
vascular health in women, successful early pregnancy, and fetal growth. We conjecture that therapies
targeting CSE and H2S production could improve pregnancy and neonatal outcomes.

21

17. Activation of AMPK Reduces Contractile Response in Isolated Murine Uterine Artery.
Sydney L. Coates, Ramon A. Lorca, Colleen G. Julian, and Lorna G. Moore. Division of
Reproductive Sciences, University of Colorado Anschutz Medical Campus, Aurora, CO.
Uteroplacental ischemia is a major contributor to preeclampsia (PreE) and intrauterine growth
restriction (IUGR). The chronic hypoxia of residence at high altitude (HA, >2500 m) raises the
frequency of PreE and IUGR threefold due, in part, to a reduction in the normal pregnancyassociated rise in uterine artery (UtA) blood flow. Our studies in Andean HA populations suggest that
adenosine monophosphate kinase (AMPK) activation plays a role in defending uteroplacental blood
flow and fetal growth under conditions of chronic hypoxia. The goal of this project is to determine
whether AMPK activation alters UtA vasoreactivity and promotes UtA blood flow in mice at high
altitude. The main UtA was collected from gestational day (GD) 17.5 pregnant C57BL/6 mice
gestated at either simulated sea level (SL, n=7 mice, 14 vessels) using hyperbaric chambers or at
Denver altitude (DA, 1600m, n=7 mice, 28 vessels). Vasoreactivity was measured using a smallvessel wire myograph (DMT 610M). UtA viability was confirmed by contractile responses to 60mM
KCl and 10µM phenylephrine (PE) and intact endothelium was confirmed by a relaxant effect of
10µM acetylcholine (ACh). A PE concentration curve (0.1 nM-100 µM) was generated to determine
the maximal PE response and the concentration producing ~75% of the maximal contractile
response. This curve was repeated after incubation with the AMPK activator A769662 (30 µM) to
determine the effect of AMPK activation on contractile response. Increasing concentrations of
A769662 (1-100 µM) were added to sub-maximally contracted vessels, with and without inhibition
of endothelial nitric oxide (NO) synthase by N-nitroarginine methyl ester (L-NAME, 10 µM).
Likewise, increasing concentrations of ACh (0.1 nM-100 µM) were added after a sub-maximal PEinduced contraction, with and without L-NAME (10 µM), to evaluate endothelium-dependent
relaxation. We found that UtA from SL mice were more sensitive to PE-induced contraction than UtA
from DA mice (EC50 = 0.48 vs 1.85 µM in SL vs DA, p<0.0001). Further, activation of AMPK by
A769662 blunted contractile response to PE in both SL (EC50 = 6.61 µM, p<0.0001) and DA UtA
(EC50 = 16.8 µM, p<0.0001), and this effect was more profound in DA UtA compared to SL UtA
(p<0.0001). Treatment with A769662 after contraction with PE induced relaxation in both SL and DA
UtA (EC50 = 13.5 vs 2.95 µM in SL vs DA, n.s.). L-NAME blunted this response (EC50 = 49.0 vs 6.02
µM in SL vs DA, p<0.0001), although the effect of L-NAME compared to control only differed in
DA UtA (p<0.05). SL and DA UtA relaxed similarly to ACh (EC50 = 10.5 vs 27.6 nM in SL vs DA,
n.s.). L-NAME blunted this relaxant response in both SL (EC50 = 319.1 nM, p<0.0001) and DA UtA
(EC50 = 271.9 nM, p<0.0001), with the effect being more profound in SL than DA UtA (p<0.0001).
These preliminary data suggest that AMPK activation is effective in reducing UtA contractile
response, and that this effect is more pronounced at 1600 m than at 0 m, suggesting that the
vasodilator effect of AMPK activation is increased under even moderate altitude conditions. Further
studies will examine the effects of AMPK activation under simulated high altitude conditions using
hypobaric chambers. This research was supported by NIH CHD R01HD088590 and AHA PreDoctoral Award 7PRE33410652.
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19. Maternal Obesity (MO) in Sheep Programs Liver Secretion of Cortisol and Upregulates
Glucocorticoid Receptors and Pro-inflammatory Mediators in the Hearts of Adult Male
Offspring
Adel Ghnenis, John Odhiambo, Ashley Smith, Peter Nathanielsz, Stephen Ford. Center for the Study
of Fetal Programming, University of Wyoming, Laramie, WY.
Chronic exposure of the heart to synthetic glucocorticoids causes hypertension and cardiovascular
dysfunction. We have shown that MO induces fibrosis in the myocardium of both fetal and adult
offspring which was associated with increased concentrations of plasma cortisol. However, the
source of this increased cortisol and the mechanisms of fibrosis induction in MO offspring remain
unknown. We hypothesized that MO induces peripheral synthesis and secretion of cortisol by the
liver predisposing the heart to inflammation and fibrosis. Ewes were assigned randomly to a control
(CTR, 100% of NRC recommendations) or obesogenic (OB, 150% of NRC) diet from 60 days before
conception to term. Lambs from both maternal groups were fed only to NRC recommendations from
weaning until 19 months of age when the male offspring (n = 6/group) were subjected to a 12-week
ad lib feeding challenge, then necropsied At necropsy, jugular venous blood was collected, and heart
and liver samples were snap frozen in liquid nitrogen for later analyses. Cortisol was quantified in
jugular plasma by validated radioimmunoassay. Hepatic protein expression of 11 β -hydroxysteroid
dehydrogenase type 1 (11ß-HSD1) and its co-factor hexose-6-phosphate dehydrogenase (H6PDH),
and 11ß-HSD2 were quantified by western blot. Real-time RT-PCR and western blot were used to
evaluate mRNA and protein expression of glucocorticoid receptors (GR), mineralocorticoid receptors
(MR), and pro-inflammatory mediators (cluster of differentiation (CD) 68, transforming growth
factor beta 1 (TGF-β1), and tumor necrosis factor (TNF-α) alpha) in heart tissue. Data were analyzed
by mixed procedures of SAS. Plasma cortisol of OB offspring was higher (P < 0.05) than that of CTR
offspring (6.16 ± 1.01 vs 3.3 ± 0.9 ng/ml). Liver 11ß-HSD1 expression was increased (P < 0.05) in
OB vs. CTR offspring (0.56 ± 0.04 vs. 0.34 ± 0.04, arbitrary units [a.u.]), whereas H6PDH tended (P
< 0.06) to be increased in OB vs. CON offspring (0.80 ± 0.1 vs. 0.57 ± 0.06, a.u.). Hepatic expression
of 11ß-HSD2 did not differ (P > 0.1) in OB vs. CTR offspring. In the heart, mRNA and protein
expression of GR was increased (P < 0.05) in OB vs. CTR offspring (2.8 ± 0.33 vs. 1.6 ± 0.33, fold
change [FC]) and (0.53 ± 0.07 vs. 0.33 ± 0.07, a.u.), respectively. However, no differences (P > 0.10)
were found in cardiac MR mRNA or protein expression. Further, cardiac mRNA expression of CD68,
TGF-β1and TNF-α were increased (P < 0.05) in OB vs. CTR offspring (3.8 ± 0.66 vs. 1.50 ± 0.56,
11.6 ± 1.65 vs. 2.10 ± 1.65, and 6.00 ± 0.72 vs. 2.60 ± 0.54 FC, respectively). Cardiac protein
expression of CD68, TGF-β1, and TNF-α also tended (P < 0.10) to increase in OB vs. CTR offspring
(1.14 ± 0.08 vs. 0.91 ± 0.08, 0.72± 0.06 vs. 0.56 ± 0.06, and 0.22 ± 0.054 vs. 0.07 ± 0.06, a.u,
respectively). These data provide evidence for MO programming of increased liver cortisol
production in adult offspring with accompanying induction of inflammation and fibrosis in the heart
potentially through increased GR activity. Research supported by NIH HD070096-01A.
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21. Intracellular cAMP Levels in CHO cells Transiently Expressing Yoked hCG-Luteinizing
Hormone Receptors
Guima E. Hadhoud1, Dongmei Zhang2, George Barisas2 and Deborah Roess3
1Cell and Molecular Biology Program, 2Department of Chemistry, 3Department of Biomedical
Sciences, Colorado State University, Fort Collins, CO 80523
The luteinizing hormone receptor (LHR) is a seven transmembrane domain receptor and a member of
the GPCR family. It is located on luteal cells, granulosa cells and thecal cells in females. We have
previously shown that LHR becomes aggregated after binding human chorionic gonadotropin (hCG)
when receptors are expressed in physiological numbers. To determine whether constitutively active
receptors are similarly aggregated, we obtained a genetically modified form of LHR from Dr. P.
Narayan in which hCG is expressed in tandem with the LH receptor. The receptor in this “yoked”
form is constitutively active, presumably because of the fixed proximity of hCG to its LHR binding
site. In initial experiments, we explored whether cAMP levels in CHO cells expressing this yoked
LHR (yhCG-LHR) could be evaluated using flow cytometry and the cAMP reporter ICUE3.
Although flow cytometric evaluation of CFP and YFP emission from the ICUE3 probe following
excitation at 405nm showed that the probe was effective in responding to changes in cAMP levels in
CHO cells expressing hLHR, there was significant cell-to-cell variation in the ratio of CFP
emission/YFP emission. This made a microscope-based method for single cell measurements more
attractive. Cells (+/- yhCG-LHR) were transiently transfected with ICUE3 prior to measurements of
cAMP levels in individual cells. The cAMP level was measured for approximately 7 min prior to
addition of either 50 mM forskolin, 100 nM hCG or saponin and cAMP. After 2 min, the CFP/YFP
emission ratio was measured for an additional 20 minutes. To assess changes in cAMP levels, results
were expressed as the ratio of CFP/YFP emission prior after treatment to that emission before
treatment. In the absence of expressed yhCG-LHR, forskolin increased cAMP in cells expressing
ICUE3. In cells expressing yhCG-LHR, forskolin had only minimal effects on cAMP levels
suggesting that these cells were maximally expressing cAMP. Together these results demonstrate
that this single cell method is useful under conditions where it is desirable to evaluate changes in
cAMP levels in individual, microscopically-selected cells. Co-expression of both the ICUE3 reporter
and either mCherry-tagged human LHR or mCherry-tagged yhCG-LHR can be used to determine
whether changes in cAMP levels are coupled to the LHR aggregation state in single cells,
experiments which are now in progress.
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23. Large RNA sequencing of equine endometrium during maternal recognition of pregnancy
Kristin M. Klohonatz, Angela Canovas, Juan Medrano, Alma Islas-Trejo, Ann M. Hess, Stephen J.
Coleman, Milton Thomas, Gerrit J. Bouma, Jason E. Bruemmer
Colorado State University, Fort Collins, CO, USA; University of California-Davis, Davis, CA, USA
Maternal recognition of pregnancy (MRP) in the horse is a process that remains unknown. During
early pregnancy the equine conceptus and endometrium communicate to attenuate prostaglandin F2α
(PGF) secretion thus sparing the corpus luteum and maintaining progesterone production. The
recognition of a mobile and viable conceptus by the endometrium is critical prior to days 14-16 postovulation (PO). Between days 14-16 PO in the non-pregnant mare, endometrium produces PGF,
which initiates luteolysis. Traditional gene expression analyses have failed to robustly reveal possible
candidates for the mechanism responsible, therefore, we evaluated equine endometrium gene
transcripts via RNA Sequencing during MRP (which occurs around day 12 PO). The objective was to
evaluate endometrial gene expression changes based upon pregnancy status. This experiment utilized
a cross-over design with each mare serving as a pregnant and non-pregnant (non-mated) control
(n=3/day) on days 9, 11, and 13 PO. Pregnancy was confirmed by terminal uterine lavage at time of
endometrial biopsy. Biopsy samples were snap frozen and stored until RNA isolation. Total RNA
was isolated with Tri Reagent. Sequencing libraries were prepared using Illumina TruSeq RNA
Sample Preparation kit and sent to University of California, Berkely, for sequencing by RNASeq.
Sequence reads were mapped and annotated using CLCBio software and expression values for gene
loci and transcripts were summarized as reads per kilobase per million reads (RPKM). In order for a
transcript to be considered for analysis it was present in all three samples from a group with an
RPKM ≥ 0.25. Differential gene expression was analyzed with SAS using student’s paired t-test for
comparing pregnancy status within and across days following calculation and application of the
Benjamini-Hochberg false discovery rate to correct for multiple testing errors (P ≤ 0.05 was
considered significantly differentially expressed). On day 9 there were 1,295 genes and 1,579
corresponding transcripts, on day 11 there were 1,647 genes and 2,010 corresponding transcripts, and
on day 13 there were 1,497 genes and 1,808 corresponding transcripts identified as significantly
differentially expressed. 115 genes and 123 transcripts were differentially expressed across all three
days. Interestingly, on day 9 there were 806 transcripts that were expressed solely in the
endometrium from either pregnant or non-pregnant mares, on day 11, 1,085, and on day 13, 978.
These findings could imply that transcript variants may differ between endometrium from pregnant
and non-pregnant mares as well as over the time of maternal recognition of pregnancy. The RNASeq
data presented are the first to identify differentially or uniquely expressed genes in equine
endometrium during early pregnancy. These results may lead to the identification of pathways
involved in maternal recognition of pregnancy in the mare.
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25. AMPK activation induces vasodilation of myometrial arteries from pregnant women
Ramón A. Lorca, Coleen G. Julian and Lorna G. Moore
Division of Reproductive Sciences, Department of Obstetrics and Gynecology, University of
Colorado Denver, Aurora, CO 80045.
The chronic hypoxia of residence at high altitude (HA, >2500 m or 8000 ft.) reduces uterine artery
(UtA) blood flow during pregnancy, likely contributing to the increased frequency of preeclampsia
(PreE) and intrauterine growth restriction (IUGR). Women with PreE at low altitude also have
reduced UtA blood flow due, in part, to impaired myometrial artery (MA) vasodilation. Evidence
from Andeans, who are protected from HA-associated reductions in UtA blood flow and fetal growth,
suggests upregulation of genes related to AMP-activated protein kinase (AMPK) activation.
Moreover, pharmacological AMPK activation in murine UtA causes profound vasodilation. However,
AMPK activity or its downstream mechanism(s) have not been directly explored in human UtA.
Here, we determined the effect of activation of AMPK on MA vascular responses from pregnant
women at low altitude. We dissected and mounted MA from healthy, term non-laboring women in a
wire myograph and measured the tension developed. MA viability was affirmed by contractile
responses to 60 mM KCl and phenylephrine (PE, 10 nM-100 µM, EC50 = 4.6 ± 0.8 µM, n = 9
subjects, 19 vessels). We applied a submaximal PE concentration (10 µM) and added increasing
concentrations of A769662 (0.3-100 µM), an AMPK activator, before and after blockade of
endothelial nitric oxide (NO) synthase with N-nitroarginine methyl ester (L-NAME, 10 µM).
Activation of AMPK with A769662 induced a concentration-dependent relaxation of MA preconstricted with PE (IC50 = 14.9 ± 6.2 µM, n = 8 subjects, 14 vessels). Blocking NO production with
L-NAME did not significantly affect AMPK-induced vasodilation (IC50 = 36.9 ± 13.7 µM, n = 6
subjects, 9 vessels). We applied acetylcholine (ACh) and bradykinin (BK) at increasing
concentrations (0.1 nM-100 µM) to evaluate endothelial function. Both ACh and BK induced NOdependent relaxation of MA pre-constricted with PE (IC50 = 0.8 ± 0.5 µM, n = 3 subjects, 7 vessels,
and 1.5 ± 1.4 µM, n = 3 subjects, 5 vessels, respectively). Thus, we observed an AMPK-dependent
vasodilation of MA from term healthy, pregnant women, which is largely NO independent. Future
studies are necessary to elucidate the mechanisms by which AMPK activation elicits vasodilation in
MA from women under hypoxic, HA, conditions.
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27. Multigenerational impact of maternal overnutrition/obesity throughout pregnancy in sheep
on metabolic syndrome in grandchildren
Chris L. Pankey, John F. Odhiambo, Ashley M. Smith, Adel B. Ghnenis, Peter W. Nathanielsz,
Stephen P. Ford. Center for the Study of Fetal Programming, Department of Animal Science,
University of Wyoming, Laramie, Wyoming
We previously reported that maternal overnutrition/obesity (MO) throughout pregnancy in the ewe
(MOF0) resulted in decreased pancreatic β-cell numbers and increased perirenal adiposity in late
term fetuses, and hyperphagia, increased adiposity and insulin resistance in female MOF1 offspring
subjected to a bout of ad libitum feeding as adults. Further, when female MOF1 offspring became
pregnant, they exhibited increased blood glucose concentrations from mid to late gestation compared
to control (CTR) F1 offspring even though both groups were fed only to National Research Council
recommendations throughout gestation. MOF1 ewes gave birth to F2 female offspring who like their
MOF1 mothers exhibited increased abdominal adiposity and failed to exhibit the neonatal leptin
surge, seen in CTRF1, thought to set appetite in later life. This study was conducted to determine if
MOF2 offspring exhibited components of the metabolic syndrome when subjected to ad libitum
feeding as adults. After weaning, MOF2 males (n=5), MOF2 females (n=6), CTRF2 males (n=5), and
CTRF2 females (n=6) were fed only to NRC requirements until 19 months of age and then subjected
to a 12-week ad libitum feeding trial. During the feeding trial body weight and jugular venous blood
were collected biweekly. Adiposity was determined before and after the feeding trial using dual x-ray
absorptiometry. Plasma glucose and insulin levels were determined by validated
radioimmunoassay’s, and insulin resistance was determined via the homeostatic model of assessment
for insulin resistance (insulin*glucose/405). Data were analyzed via the PROC MIXED procedure of
SAS. Body weight and % body fat markedly increased (P<0.01) in all F2 offspring during the feeding
trial. MOF2 males became heavier (P<0.01) than CTRF2 males during the feeding trial, weighing
118.3±3.3 kg and 109.4±3.7 kg respectively after the trial, while weights of CTRF2, and MOF2
females remained similar (86.4±3.0 kg, and 86.8±3.0 kg). By week 8, baseline blood glucose
concentrations increased (P<0.001) in MOF2 females but not in CTRF2 males, CTRF2 females or
MOF2 males, (91.2±4.3 vs. 67.6±5.6, 71.8±5.0, and 66.7±5.0 mg/dL respectively), and remained
elevated throughout the remainder of the trial. Similarly, baseline insulin values were similar through
week 6 of the trial, increasing (P<0.05) at week 8 in MOF2 females but not CTRF2 males, CTRF2
females or MOF2 males (58.9±6.9 vs. 30.0±8.5, 33.6±6.9, and 27.6±7.6 μIu/dL, respectively).
Insulin then declined in MOF2 females, and returned to CTRF2 female insulin levels during weeks
10 and 12. The progressive increase of plasma glucose on week 8 of the trial, in association with
increased insulin concentrations in MOF2 females but not CTRF2 females demonstrate a dietinduced increase (P<0.001) in HOMA-IR in MOF2 females, which remained elevated through week
12. The subsequent decline in insulin during weeks 10 and 12 in the face of still elevated glucose in
MOF2 females are consistent with a decrease in glucose-stimulated pancreatic β-cell function in this
group. These data are consistent with the second hit hypothesis where a significant metabolic stress
such as ad libitum feeding may result in reduced pancreatic function predisposing MOF2 females to
hyperglycemia as observed in their MOF1 mothers during the prolonged metabolic stress of
pregnancy. These data suggest a sex difference in response to ad libitum feeding where MOF2 males
exhibit an increased growth rate, while insulin/glucose dysregulation is observed in MOF2 females.
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29. Influence of Fish Oil or Free Fatty Acids Derived from Fish Oil on Luteal Composition of
Long-Chain Fatty Acids
Stacie M. Gantenbein1, Michele R. Plewes1, Patrick D. Burns1, and Richard M. Hyslop2
School of Biological Sciences1 & Department of Chemistry and Biochemistry2
University of Northern Colorado, Greeley, CO 80639
Prostaglandin (PG) F2α is a lipid derived hormone that regulates corpus luteum (CL) lifespan in the
bovine. In the non-pregnant cow, PGF2α is released late in the estrous cycle causing regression of the
CL. However, during early pregnancy, an embryo most control PGF2α secretion, allowing for the
maintenance of the CL and establishment of pregnancy. Unfortunately, viable embryos often fail to
adequately regulate PGF2α, leading to loss of pregnancy. Long-chain polyunsaturated fatty acids have
been reported to influence PGF2α synthesis in several cell types. Additionally, these fatty acids must
transverse the membrane of cells to become incorporated into membrane lipids to become
biologically active. The objective of this study was to examine the influence two different sources of
long-chain polyunsaturated fatty acids have on luteal membrane fatty acid composition. Ovaries
containing a CL (n=3) were collected at a local slaughterhouse and enzymatically disassociated using
collagenase. Luteal cells were cultured in T-75 flasks until ~80% confluency. Once confluent, flasks
were treated with control medium, 0.03% fish oil, or 0.03% free fatty acids derived from saponified
fish oil lipids. Flasks were cultured for an additional 72 h in treated medium to allow for
incorporation of fatty acids into biological membranes. Cells were removed and long-chain fatty
acids were methylated and subjected to gas chromatography. Cells treated with free fatty acids
derived from saponification had increased eicosapentaenoic and docosahexaenoic acid, but did not
differ when compared to controls (P>0.05). However, cells treated with fish oil had greater
incorporation of eicosapentaenoic and docosahexaenoic acid when compared to both control or cells
treated with free fatty acids derived from saponification of fish oil. Results from this study indicate
that fish oil contributed to a greater incorporation of omega-3 fatty acids into biological membranes
of bovine luteal cells.
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31. Variability of telomere length and telomerase activity in liver tissue from adult IVF mice.
Elena Ruggeri, Jue Lin, Dana Smith, Ling Zhang, Elizabeth Blackburn, Annemarie Donjacour, Paolo
Rinaudo.
University of California, San Francisco.
Understanding the long-term safety and health of children conceived by in vitro fertilization (IVF) is
a key question in reproductive health. In the mouse model, IVF has been shown to predispose
offspring to glucose intolerance or hypertension. Further, IVF offspring have a shorter lifespan when
exposed to a stressful diet. Given that telomere shortening has been linked to cellular senescence and
is affected by oxidative stress, diseases, environmental factors, and aging and given that IVF
embryos are exposed to higher reactive oxygen species (ROS) levels, this study evaluated telomere
length and telomerase activity in liver tissue of IVF or naturally conceived offspring. For IVF, two
culture conditions were used: one suboptimal (Whittens medium (WM) and 20% O2) and one
thought to be optimal (potassium-supplemented simplex optimized medium (KAA) and 5% O2 ).
Maintaining proper telomere length is carried out by a telomerase-based pathway or a telomeraseindependent pathway called alternative lengthening of telomeres (ALT) pathway. Telomere length
assay was measured as described by Cawthon and was expressed as the ratio of telomere PCR vs.
single copy gene. Telomerase activity was determined by droplet digital PCR (ddPCR) and the output
was expressed as the number of extended TS molecules/µl of ddPCR reaction. Unpaired t-test with
Welch’s correction was used for assessing differences between samples and an F-test to evaluate
differences in variance. P < 0.05 was considered significant.
We found that females had longer telomeres but higher variation than males. Unexpectedly, livers of
IVFWM had longer telomeres than controls (P = 0.0491), with more pronounced differences in
females. IVFKAA mice had significantly less TA activity than FB (10.9 TA per µg/µL and 28.8 TA per
µg/µL respectively, P = 0.0267). Interestingly, liver from KAA and WM mice had reduced variation
than mice from FB (decreased standard deviation P = 0.0181 and P = 0.0007 respectively). The last
parameter evaluated was the telomerase activity/telomere length (TA/TL) ratio. Reflecting the high
variability in the TA for FB, FB had significantly higher TA ratio (P = 0.0168) and TA ratio
variability versus KAA and WM (P = 0.0109 and P = 0.0004 respectively).
In conclusion, and contrary to our expectations, we found the telomeres to be longer in IVF groups
compared to FB. In our study, TA is not responsible for increase in length. A possible explanation lies
in activation of the ALT pathway that elongates telomeres by using DNA replication following
telomere sister chromatid exchange. Future experiments will further investigate telomeres and
telomerase activity variations in IVF generated samples.
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33. Maternal Obesity Induces Increased Placental Conversion of Maternal Cortisol to
Cortisone Followed by Increased Conversion of This Cortisone to Cortisol by the Fetal Liver
and Perirenal Fat.
Ashley M. Smith, Adel B. Ghnenis, J. Fred Odhiambo, Peter W. Nathanielsz, and Stephen P. Ford.
Center for the Study of Fetal Programming, Department of Animal Science, University of Wyoming.
Elevated maternal and fetal blood cortisol concentrations are seen from mid- to late-gestation with
maternal obesity in the ewe, and have been associated with adverse postnatal health effects on
offspring including hyperphagia, increased weight gain and adiposity, and increased insulin
resistance. Further, this maternal obesity associated fetal cortisol increase occurs in the absence of a
corresponding increase in fetal ACTH release, suggesting the possibility of a nonadrenal source. This
study was conducted to determine the source of this fetal cortisol rise, and whether it was of fetal or
maternal origin. Multiparous ewes were fed either a control (CTR, n=7) diet at 100% Nutritional
Research Council (NRC) recommendations, or an obesogenic (OB, n=7) diet at 150% NRC.
Experimental diets started 60 days before conception and continued through necropsy on day 135 of
gestation. Under isoflurane anesthesia, maternal jugular venous and umbilical venous blood were
collected, and following exsanguination of the ewe and fetus, placental (cotyledonary) and fetal
(liver and perirenal fat) tissues were harvested and snap frozen in liquid nitrogen. A validated
radioimmunoassay was conducted to determine cortisol concentrations in maternal and fetal blood.
Western blots were conducted on fetal liver and perirenal fat as well as cotyledonary tissue to
quantify protein expression of three key genes involved in cortisol metabolism: 1) 11β
hydroxysteroid dehydrogenase 1 (11β-HSD1) which catalyzes the conversion of cortisone to cortisol,
2) hexose-6-phosphate dehydrogenase (H6PD) which generates the NADPH required for 11β-HSD1
to convert cortisone into cortisol, and 3)11β-HSD2 which converts cortisol to cortisone. Group
differences were determined via the MIXED procedure of SAS. At necropsy, cortisol concentrations
were greater in jugular venous blood of OB compared to CTR ewes (79.10±8.57 vs. 19.86±6.78
ng/ml, P<0.001) and in umbilical venous blood of OB compared to CTR fetuses (45.51±5.07 vs.
23.69±5.48 ng/ml, P<0.01). The expression of 11β-HSD2 was higher (P<0.05) in OB cotyledonary
tissue than CTR cotyledonary tissue (0.51±0.045 vs. 0.37±0.04 arbitrary units [au]), while no group
differences were found in cotyledonary tissue expression of 11β-HSD1. In contrast, 11β-HSD1
expression was increased (P<0.05) in both OB versus CTR fetal liver (0.70±0.13 vs. 0.27±0.13 au)
and perirenal fat (1.72±0.17 vs. 1.19±0.17 au). H6PD tended to increase (P<0.10) in the liver of OB
versus CTR fetuses (0.65±0.06 vs. 0.48±0.05 au) and was increased (P<0.05) in OB versus CTR
perirenal fat (0.40±0.03 vs. 0.29±0.03 au). No group differences in 11β-HSD2 expression were found
in either fetal liver or perirenal fat. These data suggest that the increased OB cotyledonary 11β-HSD2
may convert increased maternal cortisol into cortisone before entering the fetal compartment.
Further, the increased circulating cortisone in OB fetuses may then be used to synthesize increased
cortisol concentrations by the fetal liver and perirenal fat. These data provide evidence that maternal
obesity elevates cortisol production through conversion of cortisone to cortisol within the fetal
compartment, which could predispose offspring to metabolic dysfunction in postnatal life. Research
supported by NIH HD070096-01A1.
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35. A Novel Tocolytic Role for Adiponectin Receptor in Obesity Related Preterm Birth
Vibhuti Vyas1, Nathan Anderson1, Rachael Bok1, Theresa Powell2, Thomas Jansson1 and
K. Joseph Hurt1. 1Obstetrics and Gynecology, Division of Reproductive Sciences and 2Neonatology,
Department of Pediatrics, University of Colorado, Aurora, CO.
Background: Obese women have increased risk for preterm delivery (<37 weeks gestation),
however the underlying mechanisms are poorly understood. The circulating levels of adiponectin are
reduced in obese pregnant women. We hypothesized that adiponectin receptor activation inhibits
myometrial contractility.
Methods: AdipoRon, adiponectin receptor (AdipoR) agonist, was used to activate adiponectin
receptors in pregnant and non-pregnant (NP) mouse myometrial strips in a physiologic organ bath.
The effect of AdipoRon on spontaneous and oxytocin-induced contractions was studied. We
determined AdipoRon concentration-response curves (0.1 – 45μM) for mouse myometrial strips from
estrogen-primed NP and pregnant mouse uterus (gestational day [GD] 15 and 18). Moreover,
Adiponectin effects were studied using physiologic concentrations (0.1 - 5µg/ml) on GD15
myometrium. Signaling pathways were investigated using the AMP Kinase (AMPK) inhibitor
Dorsomorphin (50µM). Myometrial strips were flash frozen and homogenized. Western blot (WB)
analysis of AMPK activation was monitored by phosphorylation of AMPK (Thr172). Statistical
significance was established using two-way ANOVA followed by Bonferroni's multiple comparisons
test.
Results: In NP myometrium, AdipoRon inhibited contractions measured as the area under the curve
(AUC), peak height (PH) and cyclic frequency (CF; all p<0.05) of both spontaneous (n=12) and 4nM
oxytocin-stimulated contractions (AUC p<0.05, n=12). AdipoRon inhibited AUC, PH and CF
(p<0.05) of 2nM oxytocin-induced contractions in GD15 and GD18 myometrium (n=12 strips).
Adiponectin also inhibited AUC, PH and CF (p<0.05) of 2nM oxytocin-induced contractions in
GD15 myometrium (n=3 strips). In GD15 and 18 uterine strips, AdipoRon increased AMPK
phosphorylation 2-fold (p<0.001). Dorsomorphin caused a 2-fold inhibition of AMPK in GD15
tissues (n=4 strips) and pretreatment with dorsomorphin did not prevent the inhibitory effect of
AdipoRon on myometrial contractility.
Conclusions: Activation of myometrial adiponectin receptors inhibits both spontaneous and oxytocin
induced contractions in NP and pregnant myometrium, by a mechanism that does not involve AMPK.
We propose that adiponectin functions as a quiescence factor prolonging pregnancy. In maternal
obesity, low adiponectin levels may contribute to the increased risk of preterm birth in these women.
We speculate that these findings may identify novel therapeutic targets to prevent preterm parturition
and improve pregnancy outcomes in obese women.
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37. Comparison of Effects of Cryopreservation Diluents on the Ability of Ram Sperm to
Reduce Resazurin Dye
Jessica Wonderly1, Kalli Koepke2, Brenda Alexander1, Phillip Purdy3
1The University of Wyoming, Laramie, Wyoming
2Laramie Research and Extension Center, Laramie, Wyoming
3USDA ARS National Animal Germplasm Program, Fort Collins, Colorado
Resazurin dye is an effective way to test the metabolism of sperm. As sperm move, they create
metabolic waste which is detected by the dye. Another way sperm are evaluated is by ComputerAssisted Sperm Analysis (CASA). CASA detects motility, progression, curvilinear velocity, lateral
head amplitude, beat cross frequency, and size. For this experiment, sperm characteristics were
evaluated and compared across semen extenders using CASA and resazurin reduction test. Semen
from five rams was collected in January and frozen in liquid nitrogen. Individual ram samples were
cryopreserved using either 300 mM Tris egg yolk glycerol (TEYG), 200 mM TEYG, or skim milk
egg yolk glycerol (SMEY) extenders. After thawing, sperm from each diluent was analyzed using
CASA at 0 and 15 minutes. Sperm metabolic activity was determined using 22 mg of resazurin per
100 mL of diluent and combined with an additional100 μL of diluent. Samples were incubated at
45⁰C for 30 minutes and observed for color change indicating metabolic activity. Sperm frozen in
200 or 300 mM Tris had higher (P=0.04) metabolic activity after thawing than sperm preserved in
skim milk. Sperm motility was similar (P>0.05) at thaw regardless of the extender, but curvilinear
velocity was greater (P=0.04) in sperm extended in 200 or 300 mM Tris at 15 min. Sperm head
movement was greater (P<0.01) for samples frozen with 200 mM Tris extender. Using stepwise
regression to predict time for color change in the resazurin test, at initial testing (time=0),
progression and head size remained in the model (p ≤ 0.002) accounting for ~70% of the variability.
However, after 15 minute incubation, curvilinear velocity was the only factor (P=0.003) in the
regression, explaining 45% of the variability. At initial testing, progression (P=0.011; r2=-0.63) and
curvilinear velocity (P=0.033; r2=-0.55) were negatively correlated to time to color change for the
resazurin dye test. After 15 minutes of incubation, curvilinear velocity (P=0.003; r2=-0.7) and lateral
head amplitude (P=0.050; r2=-0.51) were the only correlated variables. Motility tended (P≤0.09) to
be associated with resazurin results at initial testing and at 15 minutes. Type of cryopreservation
diluent used influences the metabolic activity of sperm at thaw. Resazurin dye test could be used as a
predictor for progression at time. Evaluation of the frozen-thawed semen indicated that 200 mM Tris
is an acceptable extender supporting increased metabolic activity and motility.
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39. Reprometabolic Syndrome Mediates Subfertility In Obesity
SA Black, A Malkhasyan, A Bradford, IE Schauer, K Kuhn, N Santoro
University of Colorado School of Medicine, Denver, CO.
Purpose of Study Studies of multiple measures of reproductive health in obese and normal-weight
women show that reproductive dysfunction and obesity go hand-in-hand. Our previous research has
shown that obese women produce lower levels of estradiol and progesterone, as well as LH and FSH.
However, the data show that the level of gonadotropin releasing hormone (GnRH) produced in obese
women is similar to that produced by normal weight women (NWW). This had lead to the
hypothesis that dysregulation of the pituitary-ovarian axis, specifically lowered sensitivity of the
pituitary to GnRH, could be a possible cause for the observed decrease in fecundability of obese
women.
Aim To investigate whether experimentally controlled high levels of free fatty acids (FFAs) and
insulin in NWW are necessary and sufficient to bring about a transient decrease in pituitary
sensitivity to gonadotropin-releasing hormone (GnRH), similar to that seen in obese women.
Methods Used We will recruit 10 regularly cycling, non-diabetic, normal-weight women, and each
will receive infusions of FFAs and insulin over a period of 6 hours. Pituitary sensitivity will be
assessed by measuring the pulsatility and levels of luteinizing hormone (LH) and follicle stimulating
hormone (FSH) in frequent blood samples taken during infusions, and after a single bolus of GnRH.
Summary of Results Results are pending completion of the study. Women who have completed the
study thus far have shown a decreased LH amplitude and a blunted response to GnRH after the short
term insulin and FFA infusion. These transient changes to the hypothalamic-pituitary axis reproduce
the reproductive phenotype of obesity.
Conclusions If hyperinsulinemia and elevated FFAs are necessary and sufficient experimental
conditions to elicit pituitary dysregulation in normal weight women, we expect to see decreases in
the amplitude, but not frequency, of LH and FSH peaks over time, as we have seen in obese women
and in our pilot studies. We also expect to see decreases in the LH and FSH response to a single bolus
of GnRH.
(Supported by R01 HD087314 to NS and KL2 001080)
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10. Regulation of Stem Cell Genes in Human Trophoblast Cells by LIN28-Let-7-ARID3A/B
Pathway
Asghar Ali, Kimberly C Jeckel, Russell Anthony, Gerrit J Bouma and Quinton A Winger
Animal Reproduction and Biotechnology Laboratory
College of Veterinary and Biomedical Sciences, Department of Biomedical Sciences
Colorado State University, Fort Collins, Colorado
A normal placenta is absolutely essential for a normal pregnancy. Invasion of fetal derived
extravillous trophoblasts into the maternal uterus is a critical and highly regulated step in placental
development. Limited trophoblast proliferation and invasion can result in severe pregnancy related
complications with preeclampsia being the most common in humans. Therefore, investigating the
underlying mechanisms of trophoblast proliferation and invasion is necessary to improve both
diagnosis and treatment of various pregnancy-related disorders. The let-7 miRNA family has 13
members that repress target mRNA through an antisense mechanism. The amount of mature let-7
miRNAs in the cell is controlled by LIN28. LIN28 is an RNA binding protein with two homologues,
LIN28A and LIN28B that work cooperatively and are highly expressed in undifferentiated cells. In
our previous studies, we showed that knocking down either LIN28A or LIN28B by shRNA increases
expression of let-7 miRNAs and decreases cell proliferation. A double knockout (DKO) of LIN28A
and LIN28B was created using Clustered Regulatory Interspaced Short Palindromic Repeats
(CRISPR) Cas9-based genome editing. Human first trimester trophoblast cells (ACH3P) were
infected with lentiCRISPR v2 (Addgene) and Western blot detection of LIN28A and LIN28B was
used to confirm the complete absence of both of these proteins. LIN28A and LIN28B DKO cells
have significantly higher let-7 miRNAs levels compared to ACH3P cells with either LIN28A or
LIN28B knocked out. The DKO cell line was used to investigate the changes in the downstream
targets of let-7 miRNAs. Let-7 miRNA targets ARID3A, ARID3B, KDM4C and IPO-9. IPO-9
imports ARID3A protein from the cytoplasm into the nucleus where it makes a complex with
ARID3B and KDM4C that binds to promoter regions of genes. Through the actions of KDM4C this
complex turns on transcription of genes including the pluripotency genes cMYC, VEGFA, H-RAS and
HMGA2. This study is designed to identify a role for ARID3A/ARID3B in regulating expression of
these stem cell factors in human trophoblast cells. We hypothesize that increased expression of let-7
miRNAs, in the LIN28A and LIN28B DKO ACH3P cells, will target ARID3A/ARID3B and its cofactors KDM4C and IPO-9 and ultimately lead to decreased expression of ARID3A/3B complex
target genes cMYC, VEGFA, H-RAS and HMGA2. Real-time RT-PCR and Western blot analysis
shows that ARID3A, ARID3B, KDM4C and IPO-9 mRNA and protein are all significantly reduced
in the LIN28A and LIN28B DKO ACH3P cells compared to WT cells. Interestingly, LIN28A and
LIN28B DKO ACH3P cells show a significant decrease in cMYC, VEGFA, H-RAS and HMGA2
mRNA and protein. We conclude that the LIN28-let-7 axis regulates the expression of cMYC,
VEGFA, H-RAS and HMGA2 in human trophoblast cells by targeting the ARID3A/B complex. This
study suggests that in addition to the direct targeting of mRNA by let-7 miRNA, let-7s also regulate
global gene expression through regulation of the ARID3A/B complex.
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12. Recombinant human albumin preparations vary in their support of murine embryo
development in vitro, which can be predicted by stem cell exposure
John C. Becker, Jason R. Herrick, Randy Alfano, William B. Schoolcraft, Rebecca L. Krisher
In vitro embryo culture in a defined environment, free of serum or other serum-derived protein
products, is imperative for reproducible research results and consistent clinical outcomes. The
objective of these studies was to investigate recombinant human albumin (rhA) preparations for their
ability to support mouse preimplantation embryo development, and to evaluate the ability of these
rhA preparations to expand stem cell cultures in order to predict embryo response. AlbIX
(Novoenzymes), a commercially available rhA product produced in Saccharomyces cerevisiae
approved for use in human therapeutics, was used as a control. In two experiments, rhA (2.5 mg/mL)
were tested in a protein free sequential culture medium. Different rhA preparations (rhA 5, 6, 8, and
9) were suspended in phosphate buffer; 5, 6, and 8 were also reformulated in a lower phosphate
buffer (RF). In vivo matured (IVO) oocytes were collected from stimulated (5 IU PMSG/5 IU hCG)
outbred CF1 mice, fertilized in vitro and zygotes randomized into medium containing one of the rhA
preparations (28-53/rhA/rep). Blastocyst development was examined on D4 and blastocyst hatching
on D5. For activity analysis in human stem cells, pluripotent human stem cells (hSC; ATCC) were
placed into serum free medium with 2.5 mg/mL rhA and seeded on recombinant human vitronectin
(Peprotech). After one week, cells were counted using a flow cytometer (viable cells e4/cm2). Each
embryo and stem cell treatment was replicated 3 times. Data was analyzed by one way ANOVA;
significance, p<0.01. Preliminary work examined a number of rhA preparations with both good and
poor ability to support mouse embryo development in vitro (for example, D4 blastocyst of total:
AlbIX, 35.8±3.6; rhA6, 38.9±4.6; rhA7, 21.4±4.2). Each of these albumins had distinct analytical
characteristics that could potentially explain the differential response obtained in mouse embryo. To
further expand this functional analysis, these same albumin preparations were subjected to hSC
culture. rhA7 resulted in fewer viable cells (0.38±0.02 cells (e4)/cm2) compared to both AlbIX
(3.56±0.35 cells (e4)/cm2) and rhA6 (2.20±0.15 cells (e4)/cm2), and was similar to the negative
control (0.33±0.04 cells (e4)/cm2). In the first experiment, AlbIX supported improved D4 blastocyst
development (65.3±4.3%) compared to all other rhA tested (rhA5, 40.5±4.5%; rhA5RF, 43.3±4.5%;
rhA6, 43.7±4.6%; rhA6RF, 44.2±4.6%). AlbIX also supported greater D5 blastocyst hatching
compared to rhA5 (34.7± 4.3%) and rhA5RF (42.5±4.5%), but was equal to rhA6 (46.2±4.6%) and
rhA6RF (50.8±4.6%). In the second experiment, AlbIX and rhA9 supported greater D4 blastocyst
development compared to rhA8 and rhA8RF (AlbIX, 60.9±4.7%; rhA9, 60.6±4.7%; rhA8,
40.0±4.9%; rhA8RF, 36.7±4.6%). Taken together, the ability of pluripotent hSC to expand in the
presence of these preparations mimicked embryo culture results, and thus could be used as a
preliminary screening test.
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14. ARID1A-mutated ovarian cancers depend on HDAC6 activity
Benjamin G. Bitler, Shuai Wu, Pyoung Hwa Park, Yang Hai, Katherine M. Aird, Yemig Wang, David
G. Huntsman, Kathleen R. Cho, David W. Christianson, Rugang Zhang
Loss of function mutations of the epigenetic modulator ARID1A, a component of SWI/SNF
chromatin remodeling complex, is present in up to 60% of ovarian clear cell carcinoma (OCCC). In
OCCC, ARID1A and TP53 (p53) mutations are typically mutually exclusive indicating these proteins
functionally overlap. OCCC offers a worse prognosis compared to the other histosubtype of ovarian
cancer. Thus there is an urgent clinical need for improved therapeutic strategies. Clinical
approaches that connect ARID1A status with response remain a challenge. Histone deacteylases
(HDACs) have been reported to be involved in the progression of many types of cancer including,
ovarian. Classically, HDACs function to repress transcription by removing acetyl groups on histone
lysines. Alternatively, HDACs also de-acetylate non-histone substrates, which can alter protein
function and localization. In a small-hairpin RNA (shRNA) screen of HDACs 1-11, we observed that
knocking down HDAC6 selectively inhibits ARID1A-deficient OCCC cells. We uncovered that
ARID1A represses HDAC6 and loss of ARID1A led to increased HDAC6 protein expression.
Importantly, we found HDAC6 activity is essential for ARID1A-deficient cells by negatively
regulating p53’s apoptotic function. We observed that HDAC6 inhibition leads to a significant
increase in apoptosis in ARID1A-mutated cells. In an orthotopic intrabursal xenograft model using
ARID1A-wildtype and deficient OCCC cells, the HDAC6 inhibitor only suppressed primary tumor
growth and tumor cell dissemination in the ARID1A-mutated tumors. These findings suggest that
inhibition of the HDAC6 represents a novel therapeutic strategy for ARID1A-deficient cancers.
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16. Effects of fish meal supplementation on steroidogenic gene expression in bovine
corpora lutea.
Jessica C. Cedillo1, Patrick D. Burns1, Peter E. Graham1, Michele R. Plewes1, Terry E. Engle2, and
Jason E. Bruemmer2
School of Biological Sciences1, University of Northern Colorado and Department of Animal and
Equine Sciences2, Colorado State University
Prostaglandin (PG) F2α is the endogenous luteolysin in domestic ruminants. In the cow, PGF2α is
released in a series of pulses from the uterus late in the estrus cycle that brings about functional and
structural regression of the corpus luteum (CL). The CL secretes the hormone progesterone which is
essential for establishment and maintenance of pregnancy. Regression of the CL at any time during
the first 200 d of pregnancy will lead to abortion. Therefore, an embryo must regulate PGF2α
secretion following mating to prevent regression of the CL. However, embryos often fail to
adequately regulate PGF2α secretion which ultimately leads to loss of the CL and termination of a
pregnancy. The objective of the current study was to determine the effects of fish meal
supplementation on steroidogenic gene expression. Beef cows were stratified by body weight and
randomly assigned to receive corn gluten meal or fish meal supplement (n=3/group). Animals were
individually penned and supplements were fed daily for 60 d. Estrus cycles were synchronized using
PGF2α. At d 10-12 following synchronized estrus, cows were administered four doses of saline (0.25
mL) at 6 h intervals. Saline was infused into the ipsilateral horn bearing the CL and luteal biopsies
were collected at 30 min post-infusion. Tissue was snap frozen in liquid nitrogen and stored at -80⁰C
until qPCR analysis for determination of changes in gene expression. Steady-state mRNA for
steroidogenic acute regulatory protein, 3-beta hydroxysteroid dehydrogenase and side-chain cleavage
enzyme was lower in tissue collected from fish meal supplemented animals (P<0.05). However,
steady-state levels of mRNA for low-density lipoprotein receptor did not differ between
supplementation groups (P>0.10). Fish meal supplementation has been reported to alter PGF2α
receptor lateral mobility in bovine luteal cells. The decrease in steroidogenic gene expression may
be due to the influence of fish meal on lateral mobility of the LH receptor and its ability to increase
steroidogenic gene expression.
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18. AR and KDM1A in Ovine Placenta
Garrett, Hannah1, West, RC1, McWhorter, ES1, Roselli, CE2, Winger, QA1, Bouma, GJ1
1 Department of Biomedical Sciences, Animal Reproduction and Biotechnology Laboratory,
Colorado State University, Fort Collins, CO; 2 Department of Physiology and Pharmacology, Oregon
Health and Science University, Portland, OR
Placental insufficiency is a main contributor in cases of fetal intrauterine growth restriction, which
can lead to health issues at birth and later in adult life. For example, offspring small or large for
gestational age have increased incidence of diabetes, hypertension and heart disease in adulthood. A
fully functional placenta plays a key role in the production of hormones and enzymes which regulate
maternal physiology and fetal development. One of the hormones which is found in maternal
circulation throughout gestation is testosterone. Testosterone is an androgen, which binds to a nuclear
receptor (NR). When this hormone binds the NR it results in the modification of DNA expression. A
family of these transcriptional modifiers are the histone lysine demethylases (KDMs). As their name
implies, histone lysine demethylases remove the methyl groups from the histones allowing for the
opening of the chromatin and easier accessibility by RNA Polymerase II for increased transcription.
It has been found that within prostate cancer cell lines KDMs complex with AR resulting in aberrant
AR expression in cells. Within placental cells, KDM1A have been documented to interact with AR in
the promoter region of the VEGFA gene. Expression of this gene promotes placental angiogenesis. It
is the aim of this study to examine changes in androgen receptor and KDM1A in term ewe placentas
to determine the effect of testosterone exposure on term placentas. The central hypothesis is that term
placentomes from testosterone treated ewes will have increased expression of AR and KDM1A.
Preliminary analysis of protein level amounts in testosterone treated groups, indicates an increase in
both AR and KDM1A. By advancing our understanding of KDM1A and AR function in term
placenta, greater insight will be gained regarding the mechanisms which are necessary for optimal
fetal and postnatal health.
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20. Association of bovine sperm WW domain-binding protein with capacitation status and
head morphology
Raul Gonzalez-Castro, Fabio Amoroso-Sanches, James Graham and Elaine Carnevale
Department of Biomedical Sciences, Colorado State University, Fort Collins, CO, USA
Sperm-borne oocyte-activating factors are critical for oocyte activation. One protein that is
potentially involved in oocyte activation is postacrosomal WW domain-binding protein (PAWP).
PAWP is an evolutionarily conserved protein in mammals, found exclusively in the perinuclear theca
of the sperm head postacrosomal sheath. In human and bovine sperm, high PAWP expression is
positively associated with artificial insemination, IVF and ICSI fertilization rates. We hypothesized
that sperm PAWP content is associated with sperm head morphology and independent of acrosome
status. Our objectives were to analyze PAWP content for sperm with normal and abnormal head
morphology and under conditions conducive for no capacitation (NC), capacitation (C) and inducing
the acrosome-reaction (AR). Frozen semen samples from four fertile bulls were analyzed in
duplicate. Sperm samples were thawed, washed and incubated for 40 min at 37°C in one of three
media formulated to induce: 1) no capacitation, S-TALP without NaHCO3 or BSA; 2) capacitation, STALP with 25 mM NaHCO3, 6 mg/ml BSA and 60 µg/ml heparin sodium; or 3) acrosome reaction,
capacitating medium with 5 µM calcium ionophore A23187. For immunofluorescence, samples after
incubation were washed, fixed, permeabilized, blocked and incubated with affinity-purified rabbit
anti-PAWP antiserum as the primary antibody, following by goat anti-rabbit Alexa-488 as the
secondary antibody (Molecular ProbesTM, Eugene, OR). For DNA detection and acrosome
evaluation, sperm were stained with 1 µg/ml Hoechst 33258 and 1 µg/ml PNA-TRITC (Sigma
Aldrich, St. Louis, MO). PAWP content, acrosome status, and sperm head morphology (normal or
abnormal) were evaluated in individual sperm (n=100 per bull and replicate) by immunofluorescence
and differential interference contrast microscopy. Analyses of variance, least squares means, and
odds ratios, with 95% confidence interval, were performed to determine treatment differences. Four
patterns of PAWP intensity were assigned: optimal (normal), moderate, low and null. Among NC, C
and AR treatments, no differences were observed for PAWP intensity and acrosome status. Within
NC, some sperm had undergone the acrosome reaction; optimal PAWP was observed in more sperm
with intact vs reacted acrosomes (39.0±14.6 and 19.5±3, P=0.04). In C and AR, fewer sperm with
intact acrosomes had low or no PAWP than sperm with reacted acrosomes (C, 3.0±5.4 and 13.3±2.1;
AR, 5.5±3.9 and 0.25±0.5; P<0.03). The percentages of sperm with normal head morphology were
higher (P<0.05) when PAWP intensity was optimal than for all other intensity groups. The proportion
of sperm with optimal and moderate PAWP increased with higher percentages of normal head
morphology, independent of capacitation conditions; which significantly increased the probability of
sperm with desired PAWP content (optimal, 2.1 OR, CI 1.4-3.1 and moderate, 1.6 OR, CI 1.1-2.6). In
conclusion, conditions that induce sperm capacitation or acrosome reactions did not affect relative
PAWP content. However, the presence of head defects was negatively associated with PAWP content
in bull sperm, suggesting that sperm with abnormal head morphology have lower potential to induce
oocyte activation.
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22. GPRC6A and AR in Sheep Placenta.
Natascha Heise, Jenn Russ, Rachel West, Erin McWhorter, Quint Winger, Tod Clapp, Gerrit Bouma.
Animal Reproductive and Biotechnology Laboratory, Department of Biomedical Sciences, Colorado
State University, Fort Collins, CO
The G protein-coupled receptor family C group 6 member A (GPRC6A) is an evolutionary conserved
amino acid-sensing motif linked to an intramembranous 7-transmembrane loop region. In humans
and rodents, it mediates the non-genomic effects of androgens in multiple tissues in the lung,
pancreas, and ovary and testis. The androgen receptor (AR) is a steroid-hormone activated
transcription factor that regulates gene expression. Previous studies in our lab indicated a role for
androgen signaling in the placenta. However, it is unclear if androgen (i.e. testosterone) elicit any
non-genomic responses through GPCR in trophoblast cells. This study focused on the expression of
GPRC6A and AR in the sheep placenta as a first step to further examine the role of androgen
signaling in trophoblast cells. Immunohistochemistry analysis of gestational day (GD) 15 (preattachment) blastocyst and 90 (mid-gestation) placentomes revealed staining for both GPRC6A and
AR in carunclular and cotyledonary tissues. Furthermore, in GD 90 placentomes collected from ewes
exposed to prenatal androgen, both GPRC6A and AR staining intensity appeared to be increased.
Western blots confirmed the presence of increased AR in mid-gestation placentomes. Current
ongoing experiments focus on assessing GPRC6A changes at GD 90 as well. The results indicate that
androgens might elicit non-genomic and genomic responses through GPRC6A signaling in
trophoblast cells of the placenta. Financial support was provided through the College of Veterinary
Medicine and Biomedical Sciences Research Council.
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24. Maternal Infection with Bovine Viral Diarrhea Virus Impairs Thymic Gene Expression in
the
Bovine
Fetus
Katie Knapek, Jeanette Bishop, Hana Van Campen, and Thomas R. Hansen. Animal Reproduction
and
Biotechnology
Laboratory,
Colorado
State
University,
Fort
Collins,
CO.
Bovine viral diarrhea virus (BVDV) infection of bovine fetuses in the first 125 days of pregnancy
results in a persistently infected (PI) animal. PI animals are the main source of BVDV infections in
cattle populations causing significant economic losses to the cattle industry worldwide. The immune
mechanisms that lead to this “immunotolerant” state are not well defined. Fetuses respond to BVDV
infection on day 75 of gestation with an innate immune response by day 82; and then express
interferon-γ (IFN-γ) mRNA in the thymus by day 89, with an upregulation of IFN-γ protein in fetal
blood by day 97; indicating activation of a fetal adaptive immune response. Subsequently, BVDV
titers in fetal blood decreased at least 10-fold; however, BVDV was not completely eliminated and
persisted at low, but significant levels. We hypothesized that in the face of an activated innate
response, there is a defect in the development of the adaptive immune response in BVDV-infected
fetuses. To clarify the steps of the adaptive immune response that might be activated by fetal PI,
total RNA was extracted from uninfected control and BVDV-infected fetal thymuses at day 89, 97,
and 190 of gestation. Genes important in T cell differentiation and development including lowmolecular-weight protein 2 (LMP2), CD4, and CD8 were quantified by qRT-PCR. CD8 and CD4
mRNA concentrations were significantly downregulated (p ≤ 0.05) in BVDV-infected fetal thymus at
14 days post-maternal-inoculation (day 89 of gestation), 115 days post-maternal inoculation (day 190
of gestation) as well as 105 days post-maternal-inoculation (day 90 of gestation). Gene expression of
LMP2, a subunit in the 20S proteasome core implicated in processing foreign proteins to peptides,
significantly decreased (p ≤ 0.05) at days 97 and 190 in PI compared to control fetal thymus.
Persistent BVDV infection may initiate fetal adaptive immune responses, which are not fully
activated over time because of immunotolerance caused by inhibition of antigen processing through
inhibition of the proteasome and antigen presentation/recognition through downregulation of CD8
and CD4 T cells. Longer-term consequences of fetal PI remain to be determined in context of
postnatal impaired immune responses to secondary infections. Supported in part by USDA-AFRI
Grant #2008-35204-04652 and W3112 Reproduction in Domestic Ruminants HATCH project
#1011648 from the USDA National Institute of Food and Agriculture.
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26. Maternal Influenza A Virus Infection, Fetal Growth and Placental Morphology
Erin McWhorter, Hana Van Campen, Janette Bishop, Richard Bowen, Quinton Winger, Candace
Mathiason, Christie Mayo, Gerrit Bouma, and Thomas Hansen, Colorado State University, Fort
Collins, CO
Influenza pandemics are known to cause high morbidity and mortality in pregnant women, leading to
adverse outcomes such as; premature delivery, increased length of hospitalization time, and serious
illness. There is also evidence of lifelong consequences to the fetus including; congenital defects of
the heart, cardiovascular disease, and neurologic/behavioral abnormalities such as schizophrenia.
Though these conditions have been well established, the effects on the developing fetal immune
system, postnatal immune functions and the health of the individual as an adult have yet to be
determined. One proposed mechanism involves direct infection of fetal membranes leading to
apoptosis and placentitis. Placentation in mice is very similar to that of humans in that both form a
hemochorial placenta and differentiation of trophoblasts results in fusion of the progenitor cells,
leading to the formation of syncytiotrophoblast. In mice, these syncytiotrophoblast layers separate
maternal and fetal blood in the labyrinth zone, similar to the the syncytiotrophoblast in the human
chorionic villi which is in direct contact with maternal blood, secrete hormones and are responsible
for nutrient and waste exchange between mother and fetus. Flu infection in the pregnant mouse has
proved useful in demonstrating histologic changes in the placenta, low birth weight, reduced survival
rates and post-natal rate of growth of offspring, neurologic lesions and behavioral changes that mirror
clinical problems observed in humans. Infants at risk for immune-related diseases and neurologic
issues might also be identified at birth and interventions employed to prevent progression to severe
disease. The present experiments test the hypothesis that maternal exposure to flu results in impaired
placental development, leading to fetal intrauterine growth restriction and impaired immune
programming. The objectives for this study were to determine effects of maternal influenza infection
during different gestational ages on fetal growth and placental morphology. Female C57/BL6 mice at
8-12wk of age were bred to C57/BL6 males. Pregnancy was determined via visualization of a vaginal
mucous plug and deemed day 0 of pregnancy. Mice were inoculated with human
(A/California/07/2009 pdm H1N1) influenza virus intranasally at days E3.5, E7.5 or E12.5,
euthanized at E19.5 and necropsy was performed. These stages of pregnancy represented preimplantation/vascularization, and post-implantation stages of placental development. The mice in
this study did not exhibit any clinical signs of disease. There was no change in maternal weights or
litter sizes on day 7.5 or day 12.5 between control and flu-inoculated females. Fetal weights from
E7.5 (p<0.005) and E12.5 (p<0.01) flu- inoculated females were less than sham-inoculated females.
Placental weights from E7.5 flu-inoculated females were less (p<0.05) than sham-inoculated females.
Placental weights from E12.5 flu-inoculated females did not differ from controls. The E7.5 fluinoculated placentae showed decreased spongiotrophoblast layer thickness, decreased laminar
thickness, foci of coagulative necrosis in the spongiotrophoblast layer, and increased focal areas of
mineralization in the labyrinth layer. It is concluded that maternal infection with flu may compromise
placental development and integrity leading to IUGR. Postnatal immune competency and health
consequences of maternal exposure to flu are the focus of future studies.
Supported by NIH/NCATS Colorado STSI Grant Number ULi TR001082 and CVMBS CRC
Interdisciplinary award.
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28. Advanced maternal age is correlated with elevated mitochondrial DNA copy number in
mammalian oocytes.
Rolando Pasquariello, Alison Ermisch, Sue McCormick, William B. Schoolcraft, Jennifer P. Barfield,
Rebecca L. Krisher. Colorado Center for Reproductive Medicine, Lone Tree, CO; State University,
Fort Collins, CO
Maternal aging is thought to play a critical role in oocyte mitochondrial dysfunction. To help unravel
the molecular basis of this phenomenon, we determined mitochondrial DNA (mtDNA) copy number:
1) in mouse after collection of in vivo matured (IVO) oocytes and in vitro produced (IVP) hatching
and fully hatched blastocysts from young (8 wks) and advanced maternal age (AMA, 52-56 wks)
females using the outbred CF1 and inbred BDF1 strains; and 2) in women after collection of
discarded germinal vesicle (GV) oocytes and subsequent in vitro maturation to MII from young (29.9
± 2.2 yrs) and AMA (36.3 ± 1.1 yrs) patients. Mouse oocytes were obtained from the oviduct after
superovulation with 5 I.U. PMSG followed in 48h by 5 I.U. hCG (13-15 h before collection), and
denuding with hyaluronidase. Human GV oocytes, derived from IVF treatment cycles following
ovarian stimulation, were obtained for research with consent. From each patient, a GV oocyte was
collected for analysis and the remaining immature oocytes were in vitro matured (IVM) for 24h, and
mature oocytes with a visible polar body were analyzed. Mitochondrial DNA copy number was
determined in single oocytes and blastocysts using a qPCR based assay for absolute quantification by
comparison to a standard curve obtained by cloning mtDNA regions of the mouse MT-RNR1 or
human MT-COX2 genes. Statistical analysis was performed using Student’s t-test. In hybrid BDF1
mice, IVO AMA oocytes had higher mtDNA copy number than young oocytes (97,803 ± 9,416 and
74,810 ± 6,107, respectively; P < 0.05). Higher mtDNA copy number was also observed in AMA IVP
blastocysts (225,980 ± 16,855) compared to young IVP blastocysts (128,632 ± 13,585; P < 0.0001) in
BDF1 mice. On the contrary, in outbred CF1 mice there was no difference in mtDNA copy number
between young and AMA IVO oocytes or IVP blastocysts. Furthermore, mtDNA copy number was
not different between human AMA (223,573 ± 22,941) and young (212,966 ± 16,666) GV oocytes.
However, AMA IVM MII oocytes had higher mtDNA copy number than young IVM MII oocytes
(179,579 ± 19,494 and 121,654 ± 12,307, respectively; P < 0.001) in the human. Interestingly, GV
oocytes had higher (P <0.05) mtDNA copy number than MII oocytes in both patient age groups.
These results demonstrate that maternal age affects mtDNA copy number in mature oocytes in
humans and BDF1 mice. These differences may be related to cellular stress during the maturation
period, including exposure to reactive oxygen species, suggesting an increased sensitivity of AMA
oocytes. Results in BDF1 IVP blastocysts suggest that these aberrations may persist until the
blastocyst stage and could potentially affect embryo viability. However, this phenomenon appears to
be controlled at least in part by the genetic background of the female, as mtDNA copy number was
not altered in aged oocytes or blastocysts from CF1 mice. This study indicates that women of
advanced reproductive age may be susceptible to anomalies in the molecular mechanisms controlling
mtDNA number during clinical ART.
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30. Effects of Prostaglandin (PG) F2α on Receptor Internalization of the PGF2α (FP) Receptors
in Bovine Luteal Cells
Michele R. Plewes and Patrick D. Burns
School of Biological Sciences, University of Northern Colorado.
Membrane-bound receptors span the plasma membrane allowing for signal transduction, converting
extracellular signals into intracellular signals. Following ligand-induced activation, membrane-bound
receptors are taken into endocytic vesicles, where they are either targeted to lysosome for
degradation or recycled back to plasma membrane. The objectives of the current study were to 1)
determine fate of bFP receptors post-ligation, and 2) determine effect 0.03% fish oil has on receptor
internalization in bovine luteal cells. Bovine ovaries were obtained from a local abattoir and corpora
lutea were digested using collagenase. Cells were plated on cover slides in 6 well-dishes, incubated
in either BSA control media or 0.03% fish oil media, and treated with 10 nM PGF2α for 0, 5, 15, 30,
60, and 120 min. Following treatment with ligand, cells were fixed, and labeled with biotinylated FP
(bFP) receptor and endocytic or endosomal antibody markers. Confocal microscopy was used to
visualize cells and images were analyzed using JACoP plug-in on ImageJ to determine colocalization
of bFP receptors with marker proteins. An arbitrary threshold was set at 10% colocalization to
account for non-specific binding. Results from experiment 1 indicated that bFP receptor is
internalized through clathrin-mediated endocytosis within 5 min post-treatment. Additionally, bFP
receptor is colocalized with early endosomal markers EEA1 and Rab5 (P<0.05). Receptor is
subsequently colocalized with recycling endosomal marker, Rab11a, 30 min post-treatment (P<0.05).
In addition to colocalization with recycling endosomes, colocalization with late endosomal marker
Rab7 was observed 60 min post-treatment and continued 120 min post-treatment (P<0.05).
Incorporation of 0.03% fish oil significantly increased colocalization of bFP receptor with clathrin at
0 min post-treatment when compared to control (P<0.05) and remained unchanged. Early and late
endosomal markers did not reach above threshold throughout treatment of ligand. Colocalization
with Rab11a increased 5 min post-treatment, but decreased to baseline 15 min post-treatment.
Results from this study indicate 0.03% fish oil disrupts endocytosis of bFP receptors in bovine luteal
cells. This disruption in endocytosis may be due to possible disruption on cytoskeleton, preventing
appropriate protein trafficking.
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32. Increased FGF8 Signaling Shifts Cell Fate from Osteogenic to Chondrogenic in the
Developing Skull
Linnea Schmidt, Aftab Taiyab, Trevor Williams
The bones of the cranial vault are formed directly from mesenchymal cells through the process of
intramembranous ossification rather than via a cartilage intermediate. Cranial ossification is a
complex process that is sensitive to regulation by a number of signaling pathways, particularly
Fibroblast Growth Factor (FGF) signaling. Mutations within the pathway are the most common
cause of craniosynostosis, the second most frequent craniofacial developmental abnormality,
characterized by the premature fusion of cranial sutures. Here we examine how ectopic expression
of the FGF ligand Fgf8 in the developing head ectoderm impacts formation of the calvarial bones and
associated sutures. We describe a dose dependent effect of FGF8 on these two processes using two
distinctive mouse models with differing levels of FGF8 expression—Rosa26 FGF8, which
overexpresses FGF8 at low levels and CAG FGF8, which overexpresses FGF8 at higher levels.
Moderate overexpression (Rosa26 FGF8) promotes delayed ossification followed by
craniosynostosis of the coronal suture. Higher overexpression (CAG FGF8) promotes a loss of
ossification and a switch from bone to cartilage formation throughout the skull. Our findings
indicate that mesenchymal cells of the skull are not fated to form bone via intramembranous
ossification but can be forced into a chondrogenic fate via manipulation of Fgf signaling, potentially
via alteration of Wnt signaling. Interestingly, Fgf8 overexpression impairs ossification of
intramembranous, but not endochondral bones. These results have implications for evolution of the
different methods of ossification as well as for therapeutic intervention in craniosynostosis.
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34. Storing Bovine Embryos at 4°C in a Simple Medium
Lia Swanson, James K. Graham, Jennifer Barfield. Colorado State University, Fort Collins, CO
Storing embryos in liquid nitrogen is the most reliable way to preserve valuable genetic material.
Unfortunately, storing genetic material in liquid nitrogen has some draw backs including cost of
maintaining tanks and keeping them full; air transport restrictions; rapid evaporation, of the liquid
nitrogen, if stored incorrectly or if the tank is damaged; and many countries, particularly remote
ones, lack easy access to liquid nitrogen. In addition, the membrane lipid phase change caused by
cooling to liquid nitrogen temperatures can damage or kill embryos. Often, lower pregnancy rates are
observed for cryopreserved bovine embryos compared to fresh embryos, after embryo transfer. An
alternative method for short term embryo storage would at 4°C. Ideta et al. (2013) developed a
medium comprised of medium 199 supplemented with 25mM HEPES and 50% FCS, that maintained
in vivo produced bovine embryos at 4°C for 7 days. Further studies modified this medium with
antifreeze fish proteins to enable 4°C embryo storage for up to 10 days (Ideta et al., 2015). The
objective of this study was to determine if the medium developed by Ideta et al. (2013) and their
methodology would preserve bovine embryos, produced in vitro from oocytes collected from abattoir
ovaries for 7 days. Blastocysts and expanded blastocysts, collected 7 days after IVF, were loaded into
¼ cc straws with the Ideta medium (Ideta et al., 2013). Straws were loaded with 70 µl of medium, an
air bubble, 70 µl of medium containing the embryo, an air bubble, and an additional 70 µl of
medium. The straws were sealed with a plastic plug and then stored in a conventional refrigerator
(4°C) for 1-7 days. The embryos were removed at 24 (n=17), 48 (n=8), 56 (n=8), or 168 (n=9) hrs of
hypothermic storage, expelled from straws, and added to 500 µl of culture medium (475 µl CDM2
and 25 µl of FCS). Embryos were incubated in tri gas (5% CO2, 5% O2, 90% N2) environment at
38.5°C. The embryos were evaluated 24 and 48 hrs after culture, to determine resumption of
embryonic development. Only embryos stored for 24 hrs at 4°C remained viable, at the 24 hr
evaluation as 70% of the embryos had progressed to hatched blastocysts. In vitro produced embryos
stored at 4°C longer than 24 hrs did not survive storage as they were degenerate after a 24 hr check
post plating in the culture medium. This is very different from earlier studies which reported in vivo
produced embryos surviving for 7 or more days (Ideta et al., 2013; 2015). Additional experiments are
needed to determine why in vitro produced embryos did not remain viable after prolonged storage at
4°C.
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36. Characterization of miR-182 and BRCA1 in the human placenta
Rachel West, Erin McWhorter, Gerrit Bouma, Quinton Winger
Currently, the human placenta is thought to express approximately 600 different miRNAs.
Furthermore, there is increasing evidence to suggest that altered miRNA expression leads to placental
pathologies, including preeclampsia. Preeclampsia affects 4-6% of pregnancies worldwide and is still
the leading cause of maternal death in the United States. Better understanding the role of miRNAs
throughout placental development will provide crucial insight into normal placental development as
well as what drives placental pathologies. One miRNA of interest, miR-182, is a prominent oncomiR known to stimulate cell invasion and proliferation in cancer. In the placenta, miR-182 is
reported to be an inhibitor of apoptosis during trophoblast development. Interestingly, miR-182 also
has been identified to be aberrantly upregulated in the placentas of pre-eclamptic women.
MiR-182 indirectly regulates the chromatin modifier HMGA2 by inhibiting the
BRCA1/ZNF350/CTiP repressor complex. In healthy adult tissues, BRCA1, ZNF350, and CTiP form
a complex that binds to the HMGA2 promoter, preventing transcription. However, in many cancers,
miR-182 targets BRCA1, preventing repressor complex formation and allowing for increased
HMGA2 expression. We hypothesize that miR-182 targets BRCA1 during early placentation to
increase HMGA2 expression. HMGA2 and BRCA1 protein were detected in human first trimester
placental tissue using immunofluorescence. HMGA2 is found in the cytotrophoblast layer of the
placenta whereas BRCA1 localizes to the syncytiotrophoblast. This suggests that as cells differentiate
towards the syncytiotrophoblast lineage, BRCA1 becomes expressed and inhibits HMGA2. Using
quantitative PCR, we analyzed endogenous miR-182 and BRCA1 mRNA levels in the human
placental cell lines, ACH-3P and Swan71. We found ACH-3P cells have significantly higher levels of
miR-182 than Swan71 cells. As might be expected, ACH-3P cells had lower levels of BRCA1 than
Swan71. This inverse relationship between miR-182 and BRCA1 in placental cells suggests that
miR-182 does target BRCA1 in human placental cells. Finally, we transfected ACH-3P cells with a
miR-182 mimic, overexpressing miR-182 compared to control cells. We found that by
overexpressing miR-182 levels, we were able to decrease BRCA1 expression, confirming our
hypothesis that miR-182 targets BRCA1 in the placenta to increase HMGA2. This data suggests that
miR-182 and its downstream target, HMGA2, are important for early trophoblast cell proliferation,
invasion, and migration by inhibiting miR-182 in ACH-3P cells.
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38. Mitochondrial function and localization is affected by maternal age and BMI in in vitro
matured human oocytes SEE PDF
Alison F. Ermisch, Sue McCormick, Rolando Pasquariello, William B. Schoolcraft, Rebecca L.
Krisher
Mitochondrial function is impacted by age and diet, yet these effects in human oocytes remain
unknown. The objective of this study was to determine whether maternal age and BMI affect
mitochondrial membrane potential (MMP) or distribution of active mitochondira in in vitro matured
human oocytes. Discarded immature oocytes, derived from IVF treatment cycles following ovarian
stimulation, were obtained for research with consent. After retrieval and partial removal of cumulus
cells, oocytes were matured for 24 hr. A total of 54 mature ooctyes were collected from 17 patients
and one egg donor (age 27-42 yrs; BMI 18.5-29.2). Oocytes were incubated in 10 µM JC-1 for 30
minutes and imaged using confocal microscopy (Olympus Fluoview). Exitation/emission at
λ=590/610 nm determined JC-1 aggregates (high MMP; red); excitation/emission at λ=485/535 nm
determined monomers (low MMP; green). Pixel intensity was measured in four 15x22 µm cortical
regions of each oocyte. To quantify MMP, the ratio of red:green pixel intensity (in arbitrary units) in
each region was calculated, and averaged per oocyte. The distance (µm) of inward dispersion of red
aggregates away from the cortex was also measured in four regions of each oocyte and averaged.
Maturation in vitro, and fertilization and development of cohort oocytes from the same treatment
cycle were recorded. Data were analyzed with one-way ANOVA. Oocytes were grouped based on
maternal age (Young, 27-29 yrs, 3 patients, 20 oocytes; mid-reproductive age, MRA, 30-36 yrs, 6
patients, 17 oocytes; and advanced maternal age, AMA 37-42 yrs, 9 patients, 17 oocytes), as well as
maternal BMI (normal (18.5-24.9), 13 patients, 39 oocytes, overweight (25-29.9), 2 patients, 9
oocytes; and obese (≥30), 3 patients, 6 oocytes). Oocytes from AMA patients had lower (p=0.02)
MMP than those from Young and MRA patients (0.82±0.10; 1.16±0.11; 1.31±0.14, respectively).
Oocytes from obese patients had higher (p=0.01) MMP than normal and overweight patients
(1.55±0.19; 1.02±0.08; 0.92±0.12, respectively). Interestingly, MMP was associated with maturation
success, as oocytes from cohorts with >50% maturation in vitro had higher MMP (p<0.01;
1.21±0.08) than cohorts with less than 50% maturation (0.59±0.07). Oocytes collected from cohorts
resulting in high good quality blastocyst development (>50%) tended (p=0.07) ) to have lower MMP
than those with poor development (1.03±0.08; 1.32±0.15, respectively). Oocytes from overweight
females had a thicker (p=0.03) cortical ring of active mitochondria than those from normal weight
females (7.67±0.38 µm; 5.59±0.30 µm, respectively), while those from obese patients were not
different (5.59±0.48 µm). In summary, low MMP of AMA oocytes may suggest poor oocyte quality
due in part to inadequate ATP production. Additionally, elevated MMP in oocytes from obese
patients, coupled with wider dispersal of active mitochondria, may reflect aberrant fatty acid
oxidation in an environment of nutrient excess. Higher MMP correlated with better oocyte
maturation in vitro, although lower MMP was indicative of good cohort blastocyst development; this
remains to be explored. This study demonstrates that maternal aging and obesity alter oocyte
mitochondrial function, which may affect oocyte competence and viability of subsequent blastocysts
and thereby impact patient outcomes.
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40. Glutathione Supplementation in Cryopreservation and Thawing Media for Bovine
Embryos
Dierdre Logsdon, Courtney Grimm, Hannah Garrett, Lauren Pineda, Jennifer Barfield
Colorado State University, Animal Reproduction and Biotechnology Laboratory,
Fort Collins, CO
During in-vitro embryonic development, embryos endure oxidative stress as a result of exogenous
and endogenous events including, but not limited to, mitotic divisions, exposure to environmental
factors, and manipulation necessary for in-vitro fertilization (IVF) (Sun et al., 2015 Therio 84:71623). During the cryopreservation of oocytes and embryos, cells produce reactive oxygen species
(ROS) because of oxidative stress as they shrink during the freezing process and re-expand when
thawed (Sun et al., 2015). Members of the glutathione enzyme family protect against ROS produced
during in vivo maturation and development (Sun et al., 2015). There is little experimental insight
documenting the effects of GSH supplementation in vitrification and thaw media for bovine
embyros. We hypothesize that supplementation of 1 mM glutathione to the vitrification and thawing
media will result in an increased number of viable post-thaw blastocysts. Embryos were produced
using a standard bovine protocol. Embryos were then vitrified in control media or media
supplemented with 1mM GSH. Then embryos were thawed in media corresponding with vitrification
media as either control or supplemented with GSH. Our group’s preliminary data with an n=54 in the
control group and an n=56 in the test group suggests that GSH supplementation has minimal to no
effect on bovine embryo quality in post-thaw embryo development. Viability of the control group
was 13.25% versus 13.89% viability of GSH supplementation. Most vitrified embryos did not
survive 24-48 hours post thaw. Insight into improving embryo quality post-thaw through the
supplementation of bovine embryo vitrification and thaw media with glutathione can offer
translatable techniques for the cryopreservation of human gametes and embryos.
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