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The Reproductive Biology Group at the University of Kansas Medical Cen-
ter hosts the Gilbert S. Greenwald Symposium on Reproduction in honor 
and as a memorial to the life and research career of Gilbert S. Greenwald, 
PhD. Professor Greenwald had an illustrious career as a Distinguished Pro-
fessor at the Medical Center and as an internationally recognized repro-
ductive biologist. 

Professor Greenwald received his doctorate from the University of Califor-
nia at Berkeley, followed by postdoctoral studies at the Carnegie Institute 
of Embryology in Baltimore. He then moved to his first faculty appoint-
ment in the Department of Anatomy at the University of Washington. He 
joined the Departments of Obstetrics & Gynecology and Anatomy at the 
University of Kansas Medical Center in 1961 where he held an endowed 
chair in Research in Human Reproduction. He also served as chair of the 
Department of Physiology at the Medical Center for 16 years (1977-1993).

Professor Greenwald received numerous awards for his outstanding re-
search accomplishments from several scientific societies. Among these is the 
Distinguished Service Award from the Society for the Study of Reproduc-
tion for his work as one of the founding members and early president of 
the Society, as well as Editor-in-Chief of its journal, Biology of Reproduction. 
Professor Greenwald also received the Carl Hartman Award for a career of 
outstanding scientific contributions to the field of reproductive biology.

The National Institutes of Health supported his research for his entire ca-
reer. Professor Greenwald trained more than 50 graduate students and postdoctoral fellows and was instrumental 
in the career development of numerous faculty, including several currently holding leadership positions at the Uni-
versity of Kansas Medical Center and at other academic institutions throughout the world. He was a true scholar, a 
superb mentor, and a generous friend. Professor Greenwald passed away on August 26, 2004.

Gilbert S. GreenwaldGilbert S. Greenwald
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THURSDAY OCTOBER 21 7th Annual Gilbert S. Greenwald Symposium
7:30 – 8:15 AM Registration and Breakfast
8:15 – 8:30 AM Introductory Remarks – Leslie Heckert 

8:30 – 9:30 AM Osborn Address  – Marco Conti, MD
“Regulatory paths leading to ovulation: soma/germ cell interactions”  
Session Chair : Leslie Heckert

9:30 – 9:45 AM MORNING BREAK

9:45 – 10:45 AM Session I: Stephen Krawetz, PhD
“The secret life of sperm: Epigenomics to RNA.”
Session Chair : Gustavo Blanco

10:45 – 11:00 AM Short Presentation: Tamara Jimenez 
“Increased expression of the Na,K-ATPase a4 isoform enhances sperm 
motility in transgenic mice”

11:00 – 12:00 NOON Session II:  Susan Suarez, MS, PhD
“Female control: Sperm transport, storage, hyperactivation, & chemotaxis”
Session Chair : Gustavo Blanco

12:00 – 1:15 PM Lunch Break & Round Table Meetings With Speakers and Trainees

1:15 – 2:15 PM Session III: Romana Nowak, PhD
“The Transmembrane Protein Basigin Regulates Paracrine Interactions in the 
Reproductive Tract” 
Session Chair :  Vargeese Chennathukuzhi

2:15 – 2:30 PM Short Presentation:  Yafeng Dong, PhD
“Prenatal chronic hypoxia induces selective fetal brain injury through 
modified nitric oxide synthase in guinea pig”

2:30 – 4:00 PM Poster Session. Salon II

4:00 – 5:00 PM Session IV: Sergio Ojeda, DVM
“Role of neurotrophic factors in ovarian development.” 
Session Chair :  Peter Smith

5:00 – 5:15 PM Short Presentation: Aritra Bhattacherjee
“Estrogen induces female reproductive tract sensory nerve plasticity by 
modulating BMP4” 

2010 Schedule

2



5:15 – 5:45 PM Judges: Poster Discusstion (Plaza Rooftop Room)

5:45 – 6:30 PM Appetizers

6:30 PM Banquet & Poster Awards Presentation (Rooftop Ballroom)

FRIDAY, OCTOBER 22 Rooftop Plaza Room
8:30 – 9:15 AM Breakfast

9:15 – 10:15 AM Session V: John Davis, PhD
“New Paradigms for Protein Kinase A Regulation of Progesterone Synthesis”
Session Chair :  Brian Petroff

10:15 – 11:00 AM Short Presentation: Jinping Luo, PhD
“Fertile but anything wrong in mouse germ cells losing Fyn kinase”

11:00 – 11:45 AM Session VI:  Gil Mor, MD, MSc, PhD
“Trophoblast immune regulation: infection & inflammation” 
Session Chair :  Margret (Peggy) Petroff

11:45 – NOON Short Presentation: Antione Perchellet, PhD
“Maternal T cell tolerance to the fetus in murine pregnancy”

Adjourn – Thank you for attending!
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MEMBERS: 

ADMINISTRATORS: 

2010 GREENWALD SYMPOSIUM ORGANIZING COMMITTEE:

Gustavo Blanco, MD, PhD
Associate Professor
Molecular & Integrative Physiology

Vargeese Chennathukuzhi, PhD
Assistant Professor
Molecular & Integrative Physiology

Lane Christenson, PhD
Associate Professor
Molecular & Integrative Physiology

Leslie Heckert, PhD
Professor
Molecular & Integrative Physiology

Katherine F. Roby, PhD
Research Associate Professor
Anatomy & Cell Biology

Linda Spears
Center for Reproductive Sciences

Stanton Fernald
Imaging Core, ICMCRD

Center for Reproductive Sciences
University of Kansas Medical Center

THE 7TH ANNUAL
GILBERT S. GREENWALD
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THE INTERNCONTINENTAL
401 WARD PARKWAY
THE COUNTRY CLUB PLAZA
KANSAS CITY MO 64112
816-756-1500 OR 800-957-4654
www.ichotelsgroup.com
Welcome to the Intercontinental Kansas City at the 
Plaza, where you will find impeccable service
and all the luxuries you have come to expect from 
an Intercontinental Hotel. Our luxuriously appointed 
guest rooms and superb meeting facilities are all just 
steps away from the Country Club Plaza entertainment 

district. The Plaza is an outdoor museum of romantic Spanish architecture and European art, boasting more than 
180 stores and distinctive boutiques and an eclectic mix of over two dozen restaurants. Plan your next meeting or 
event at the Intercontinental Kansas City at the Plaza where you will find our 29,000 square ft. of well appointed 
meeting space. Our professional onsite meeting planners will help you ensure every detail exceeds your expecta-
tions.

Hotel Information

WARD PARKWAY
ENTRANCE
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Harry Weitlauf, MD
Texas Tech University

Osborn Address

James Cross, PhD
University of Calgary

B. Anne Croy, DVM, 
PhD

University of Guelph

Mary Hunzicker-Dunn, 
PhD

Northwestern 
University

Feinberg School of 
Medicine

Kevin Osteen, PhD
Vanderbilt University
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Oregon Health & 

Science
University

Neena Schwartz, PhD
Northwestern 

University
Banquet Address

2004 Speakers
Shyamal K. Roy, PhD

University of Nebraska
Osborn Address

Sally Camper, PhD
University of Michigan

Thaddeus Golos, PhD
Wisconsin Regional 

Primate
Center
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Population Council

Joy Pate, PhD
Ohio State University
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Ohio State University

2005 Speakers
Geula Gibori, PhD

University of Illinois at
Chicago

Osborn Address

Robert Braun, PhD
University of 
Washington

Susan Fisher, PhD
University of California-

San Fransisco

Fred Karsch, PhD
University of Michigan

John Schimenti, PhD
Cornell University

Teresa Woodruff, PhD
Northwestern 

University

Poster 
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Awardees (2006)

Toshihiro Konno, PhD
University of Kansas 

Medical Center

Lynda McGinnis
University of Kansas 

Medical Center

Elizabeth Taglauer
University of Kansas 

Medical Center

2006 Speakers
John J. Eppig, PhD

The Jackson Laboratory
Osborn Address

Indrani Bagchi, PhD
University of Illinois-

Champaign

E. Mitchell Eddy, PhD
National Institute of 

Environmental Health 
& Safety

Patricia Hunt, PhD
Washington State 

University

Mark S. Roberson, PhD
Cornell University

Carole R. Mendelson 
PhD

The University of Texas 
Southwestern Medical 

Center

Bruce D. Murphy, PhD
University of Montreal

Poster 
Competition

Awardees (2007)

Damayanti 
Chakraborty

University of Kansas
Medical Center

Barbara J. Lutjemeier
Kansas State University

Cheng Wang
University of Nebraska

Medical Center

2007 Speakers

Symposium History

G S G

David Page, MD
Howard Hughes 
Medical Institute
MIT, Boston, MA
Osborn Address

Jon Levine, PhD
Northwestern

University
Evanston, IL

Ina Dobrinski, M.V.Sc., 
Ph.D.

University of 
Pennsylvania

Philadelphia, PA

John Peluso, PhD
University of 
Connecticut

Farmington, CT

Miles Wilkinson, PhD
MD Anderson Cancer 

Center
Houston, Texas

Nasser Chegini, PhD
University of Florida

Gainesville, Fl

Poster 
Competition

Awardees (2008)

Stephanie Fiedler
University of Kansas

Medical Center

Tamara Jimenez
University of Kansas

Medical Center

Dulce Maroni
University of Nebraska

Medical Center

2008 Speakers
Jerome Strauss III, 

MD, PhD
Virginia Commonwealth 

University
Osborn Address

Alberto Darszon PhD
National Autonomous
University of Mexico 

Louis DePaolo, PhD
Eunice Kennedy Shriver 

NICHD, NIH 

Keith Latham, PhD
Temple University 

 
Ajay Nangia, MD

University of Kansas 
Medical Center 

Stephanie Seminara, 
MD

Massachusetts General 
Hospital, Harvard 
Medical School 

Thomas Spencer, PhD
Texas A&M University

Poster 
Competition

Awardees (2009)

Jessica Copeland
University of Kansas

Medical Center

Pratik Home
University of Kansas

Medical Center 

Emily McDonald
University of Kansas

Medical Center 

2009 Speakers
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Marco Conti, MD. 
Osborn Address
Professor and Director Center for Reproductive Sciences
University of California at San Francisco    
“Regulatory paths leading to ovulation: soma/germ cell interactions”      
Dr. Conti’s research focuses on signal transduction required for germ cell development. Over the past 
15 years, we have charted signaling pathways controlling oocyte meiotic maturation and competence 
for development into an embryo. We have identified critical signals arising in the somatic cells at the 

time of ovulation that are required to establish oocyte developmental competence. Genetic models that disrupt these 
pathways and compromise developmental competence and early embryo development have been established.
Focus of the experiments is on understanding how disruption of developmental competence in these genetic models is 
reflected in the pattern of recruitment of maternal mRNA translation into proteins critical for nuclear reprogramming and 
early embryo development. This strategy has the potential to identify components critical for the epigenetic regulations 
required for early embryo development. The impact of this research program on stem cell research is twofold. These 
studies are relevant to the understanding of the mechanisms controlling cell replication and nuclear reprogramming during 
preimplantation embryo development and lineage specification.
A better understanding of the biochemical mechanisms controlling oocyte maturation is essential for successful development 
of embryonic stem cells into artificial gametes. In addition, they will provide insights into mechanisms necessary for successful 
somatic nuclear transfer critical to the derivation of hESC for therapeutic use.

Stephen Krawetz, PhD
Director, Translational Reproductive Systems
Wayne State University School of Medicine
“The secret life of sperm: Epigenomics to RNA.”  
We have directed our studies toward defining how gene loci are selected for expression by the 
mechanism termed potentiation, i.e., the opening of chromatin domains. Understanding the selective 
expression of our genome is fundamental to achieving the ability to reprogram our genome, the 
ultimate self-help therapeutic. My laboratory is using the endogenous and transgenic human and 
mouse protamine gene clusters as model systems of chromatin mediated differentiation. The 

epigenetic studies that we are pursuing extend from nuclear structure - histone modification to the role of non coding 
RNAs as modulators of gene expression. Determining how these multiple levels of control interact and feedback to the 
genome to modulate chromatin structure and thus transcription is currently being explored at the genome-wide systems 
level. We continue to use and develop state-of-the-art technologies that now include expression and ChIP based microarrays 
alongside deep sequencing using Illumina (GA2) and LS (454). A single experiment now yields over 10,000,000 data points. 
This data rich environment requires us to continually develop novel analysis tools while extending our computational 
capacity. 
The use of pipelining - grid computing and other strategies for high throughput bioinformatic analyses will help draw together 
our understanding of gene expression and chromatin structure. We are beginning to uncover the complex set of processes 
that lead to successful conception and a healthy child. These incorporate both the genetic and epigenetic impactors of the 
fetal onset of adult disease, including the delivery of spermatozoon RNAs at fertilization. This population of RNAs is likely 
to provide an essential component of early paternal genome reprogramming. By understanding the system of chromatin 
structure and how associations with nuclear organizers affect transcript regulation, we will provide a key to unlocking the 
mechanism of genome reprogramming. With the ability to use of one’s own genome, this will certainly help bring self-help 
therapeutics, like gene therapy, from the bench to the bedside.

2010 Speaker Information
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Romana Nowak, PhD
Professor, Department of Animal Sciences
University of Illinois
“The Transmembrane Protein Basigin Regulates Paracrine Interactions in the 
Reproductive Tract”
Dr. Romana Nowak, Research Director of the Center for Uterine Fibroids, served as Assistant 
Professor at Brigham and Women’s Hospital and Harvard Medical School from 1990 to 2000. 
She is now an Associate Professor of Animal Sciences and Obstretrics/Gynecology at the 

University of Illinois. Dr. Nowak received her Ph.D. in Reproductive Biology from the University of Illinois in 1985. 
She has received numerous scientific recognitions and awards and is currently the Associate Editor for Molecular 
Human Reproduction. 
Dr. Nowak also serves on various scientific/medical committees, including the Animal Care and Use Committee 
for the Society for the Study of Reproduction. She is also Chair of the Lalor Foundation Postdoctoral Fellowship 
selection committee and a Reviewer for the USDA Panel for Reproductive Efficiency. She has published over 55 
original scientific articles, has presented at more than 27 meetings, and has given over 26 invited addresses. Dr. 
Nowak is currently funded by the National Institutes of Health, USDA, Cargill Corporation, Ferring Pharmaceuticals, 
and the University of Illinois.

Susan Suarez, MS, PhD
Professor of Biomedical SciencesCollege of Veterinary Medicine
Cornell University
“Female control: Sperm transport, storage, hyperactivation, & chemotaxis”
The basic question that we seek to answer is “How do sperm get to the egg?” We have been 
focusing on how sperm move through the mammalian oviduct (fallopian tube). When sperm 
reach the oviduct, they are trapped and held in a reservoir and stored there until ovulation. 
We have learned that sperm are held in the oviductal reservoir by binding to glycoproteins 

expressed on the surface of the epithelium lining the oviduct. We have identified complementary proteins on 
sperm that cause them to bind to the glycoproteins on the oviductal epithelium. 
Now we are seeking to determine how sperm are kept alive and fertile during storage in the reservoir. When 
sperm are released from the oviductal reservoir, their flagellar beating pattern switches from symmetrical to 
asymmetrical. We have demonstrated that this switch, known as hyperactivation, aids the sperm in penetrating 
mucus in the oviduct and the zona pellucida of the oocyte. Using a high speed imaging system, we determined 
that intracellular calcium is increased in hyperactivated sperm. Further, we found that the calcium interacts with 
calmodulin to activate calmodulin kinase II to switch on hyperactivation. We are now seeking to uncover the 
remaining elements of the signal transduction pathway in sperm that cause hyperactivation. 
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Sergio Ojeda, DVM
Division Head & Senior Scientist Division of Neuroscience
Oregon National Primate Research Center
“Role of neurotrophic factors in ovarian development.”
Sergio Ojeda and his collaborators seek to understand the process by which the brain 
controls the initiation of mammalian puberty. An important goal in their laboratory is 
to gain insights into the molecular and genetic mechanisms underlying deranged sexual 
development, particularly sexual precocity and delayed puberty of cerebral origin.

Ojeda’s team focuses part of its research on molecules responsible for the interactions that occur between 
neurons and glial cells in the hypothalamus, a region in the base of the brain that controls several bodily 
functions, including hormone secretion, reproduction, response to stress, feeding and sex behavior. One group 
of hypothalamic neurons produces luteinizing hormone-releasing hormone (LHRH), a substance that controls 
the secretion of reproductive hormones from the pituitary gland. The investigators are using cellular, molecular, 
genetic and systems biology approaches to identify the mechanisms used by glial cells and neurons to regulate 
LHRH secretion during sexual development.

John Davis, PhD
Professor, director of research & development
University of Nebraska Medical Center
“New Paradigms for Protein Kinase A Regulation of Progesterone Synthesis” 
My research studies the physiological events and molecular mechanisms that regulate the 
cyclical function of the ovary and its pathologies, such as steroid synthesis and ovarian cancer. 
The fertility of humans is steadily decreasing. Many women’s health issues are linked to changes 
in reproductive hormones. Our studies to understand the basic physiological processes that 

regulate the differentiation of ovarian cells and the production of steroid hormones will allow new strategies to 
improve fertility, prevent early pregnancy losses, and develop more effective contraceptives. We also examine the 
possibility that elevated blood levels of highly glycosylated pituitary hormones may contribute to osteoporosis 
during the menopause. 

Gil G Mor, MD, MSc, PhD 
Associate Professor of Obstetrics, Gynecology, and Reproductive Sciences
Yale University School of Medicine
“Trophoblast immune regulation: infection & inflammation”
Gil Mor, M.D., Ph.D. is a Professor of Obstetrics and Gynecology and Reproductive Science 
at Yale University School of Medicine. In his research he examines topics related to the 
immunology of implantation, the role of apoptosis in tissue remodeling and cancer, as well as 
the role of inflammation in cancer formation and progression. At the present time he is the 

Director of the Reproductive Immunology Unit and the Translational Research Program “Discovery To Cure” at 
Yale University.  Dr. Mor is the Editor in Chief of the American Journal of Reproductive Immunology.  Dr. Mor 
is funded by grants from National Institute on Child Health and Human Development and National Cancer 
Institute as well as several pharmaceutical companies and is widely published in the area of immunology and 
reproduction with more than 170 publications and is the editor of a two books on “Immunology of pregnancy” 
and “Apoptosis and Cancer”.  Dr. Mor is recipient of several national and international prizes, including the J. 
Christian Herr Award-from the Society for Reproductive Immunology
Dr. Mor is member of the American Association for Cancer Research, the Society for Gynecologic Investigation 
and the American Society of Reproductive Immunology. He is also Honorary member of several scientific 
societies in South America and Europe.
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Titles of Abstracts

SHORT PRESENTATIONS: (1-5)

1. Increased expression of the Na,K-ATPase α4 isoform enhances sperm motility in transgenic mice.
Tamara Jimenez, Gladis Sánchez, Jeffrey P. McDermott, Anh-Nguyet Nguyen, T. Rajendra Kumar and Gustavo 
Blanco. 
Department of Molecular and Integrative Physiology, University of Kansas Medical Center, Kansas City, KS 
66160, USA.

2. PRENATAL CHRONIC HYPOXIA INDUCES SELECTIVE FETAL BRAIN INJURY THROUGH 
MODIFIED NITRIC OXIDE SYNTHASE IN GUINEA PIG  
Yafeng Dong, Ph.D1,2, Hui Zhou, M.D.1,  Josh Stites, B.S. 1, Kathy Newell, M.D.3,
and Carl P. Weiner M.D., M.B.A.1,2,4
1 Department of Obstetrics and Gynecology; 2 Institute for Reproductive Health and Regenerative Medicine; 3 
Department of Pathology; 4 Department of Molecular and Integrative Physiology. University of Kansas School 
of Medicine,Kansas City, KS, 66160

3.  Estrogen induces female reproductive tract sensory nerve plasticity by modulating BMP4 
Aritra Bhattacherjee, Ph.D 1,2, Peter G. Smith, Ph.D 1,2. 
1.Department of Molecular and Integrative Physiology. 2.Kansas Intellectual and Developmental Disabilities 
Research Center. University of Kansas School of Medicine,Kansas City, KS, 66160.

 

4. Fertile but anything wrong in mouse germ cells losing Fyn kinase
Jinping Luo, William H. Kinsey
Department of Anatomy and Cell Biology, University of Kansas Medical Center

5. Maternal T cell tolerance to the fetus in murine pregnancy.
Antoine Perchellet and Margaret Petroff.
Department of Anatomy and Cell Biology, University of Kansas Medical Center, Kansas City, KS 66160.

POSTERS: (6-28)

6. DMRT1 is involved in Distinct Biological Signaling Pathways in Sertoli Cells and Germ Cells. 
Valentine A. Agbor, 1 Ning Lei,2 and Leslie L. Heckert1 
1 Department of Molecular and Integrative Physiology, University of Kansas Medical Center, 3901 Rainbow 
Blvd. Kansas City, KS 66160

7. Activity of the Na,K-ATPase α4 isoform increases with sperm capacitation to support sperm motility. 
Tamara Jimenez, Gladis Sánchez and Gustavo Blanco, Department of Molecular and Integrative Physiology, 
University of Kansas Medical Center. Kansas City, KS 66160.

8. A role for Autoimmune Regulator (AIRE) in female fertility. 
Susmita Jasti1, Lynda McGinnis1, Bryce Warren1, William H. Kinsey1, Brian K. Petroff2, and Margaret G. 
Petroff1 Departments of 1Anatomy and Cell Biology and 2Internal Medicine, University of Kansas Medical 
Center, Kansas City, Kansas
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9. Developmental Programming: Maternal testosterone excess alters fetal ovarian mRNA and microRNA 
gene expression
Lacey J. Luense1, Vasantha Padmanabhan2, Lane K. Christenson1
Department of Molecular and Integrative Physiology1, University of Kansas Medical Center, Kansas City, 
Kansas and the Department of Pediatrics2, University of Michigan, Ann Arbor, Michigan

10. FSH Glycoform Abundance During the Menstrual Cycle
Monica Rueda-Santos, Vladimir Y. Butnev, William K. White and George R. Bousfield

11. Human Follice Stimulating Hormone Radioimmunoassay. 
Kimberly Taylor, George R. Bousfield, Patrick Tran, and William White. Department of Biological Sciences, 
Wichita State University, Wichita, Kansas.

12. Human FSH Glycoform Binding to FSH Receptors.
Vladimir Y. Butnev, Jeffrey V. May, and George R. Bousfield. Dept. Biological Sciences, Wichita State 
University, Wichita, KS 67260

13. In Vitro Comparative Bioactivities Of Di- And Tetra-Glycosylated Human Follicle-Stimulating 
Hormone (hFSH). 
Jeffrey May, Vladimir Butnev, Caitlin Farrington, George Bousfield. Dept. Biological Sciences, Wichita State 
University, Wichita, KS 67260

14. Characterization of Porcine Follicle-Stimulating Hormone. 
Barbara Fowler, William White, Vladimir Butnev, Kim Taylor, and George R. Bousfield. Department of 
Biological Sciences, Wichita State University

15. Maternal T cell tolerance to the fetus in murine pregnancy.
Antoine Perchellet and Margaret Petroff.
Department of Anatomy and Cell Biology, University of Kansas Medical Center, Kansas City, KS 66160.

16. Trans-epithelial Trafficking by Immune and Umbilical Cord Stem Cells in the Neonatal Porcine Intes-
tine. 
D. Boster1, T. Rathbun1, K. Packthongsuk, D. Boyle2, D. Troyer3, and D. L. Davis1. 1Departments of Animal 
Sciences and Industry, 2Division of Biology, and 3Department of Anatomy and Physiology, Kansas State 
University, Manhattan, KS.

17. Production of Follicle Stimulating Hormone. 
Patrick Tran, Dr. Jeffrey May, Dr. Vladimer Butnev, Kimberly Taylor, William White, Barbara Fowler and 
Victoria Lessley.

18. Overexpression of PGF in the early embryo disrupts vascular differentiation. 
Jessica N. Copeland and Jay L. Vivian. Department of Pathology and Laboratory Medicine and Division of 
Cancer and Development, Institute of Maternal-Fetal Biology, University of Kansas Medical Center, Kansas 
City, KS.

19. Knockdown of microRNA-21 in granulosa cells identifies downstream gene targets that mediate LH 
actions.
J. Browning Fitzgerald, Martha Z. Carletti, Lane K. Christenson.
Department of Molecular and Integrative Physiology, University of Kansas Medical Center, Kansas City, KS. 
66160.

20. Fetal Minor Histocompatibility Antigens are found in Human Placental Tissues and Cord Blood.
Caitlin Linscheid1, Herbert Hodes2, and Margaret G. Petroff1. 1Department of Anatomy and Cell Biology, 
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University of Kansas Medical Center, Kansas City, KS; 2Center for Women’s Health, Overland Park, KS.

21. Placental Development in SMN Δ7 MiceGerialisa Caesar1, Michael Garcia2, Chris Lorson3 and Laura 
Schulz1. 1Department of Obstetrics, Gynecology and Women’s Health, Division of Biological Sciences2, and 
Molecular, Microbiology and Immunology3, University of Missouri-Columbia 65211

22. Tamoxifen rescues the ovarian follicular reserve following exposure to multiple classes of ovotoxic 
drugs including cancer chemotherapy. 
Alison Y. Ting1,2, Joanna Piasecka4, Megan Kreitner3, Brian K. Petroff1,2,3. 1Department of Internal 
Medicine and 2Breast Cancer Prevention Center, 3Department of Molecular and Integrative Physiology, 
University of Kansas Medical Center, Kansas City, KS; 4Department of Animal Physiology, University of 
Warmia and Mazury, Olsztyn, Poland.

23. ESTROGEN REGULATION OF EBP1 EXPRESSION IN PERINATAL HAMSTER OVARIES
Anindit Mukherjee1and S. K. Roy1,2, Departments. of Cellular and Integrative Physiology1 and OB/GYN 2, 
UNMC, Omaha, NE

24. Neuropilin-1 (NRP-1) and Vascular Endothelial Growth Factor A (VEGFA) loss in granulosa cells and 
female reproductive tract reduces ovarian weight, estrogen concentrations and alters ovarian morphol-
ogy
Kevin M Sargent, Vanessa M Brauer, Ningxia Lu, William E Pohlmeier, and Andrea S Cupp. Department of 
Animal Science, University of Nebraska-Lincoln, Lincoln NE

25. Function of GATA Factors During Trophectoderm Development.
Pratik Home1, Biswarup Saha1, Soma Ray1, Debasree Dutta1, Melissa Larson2, and Soumen Paul1
1Institute of Maternal-Fetal Biology, Department. of Pathology & Laboratory Medicine,
2 Transgenic and Gene-targeting Institutional Facility, University of Kansas Medical Center, Kansas City, KS 
66160

26. Progressive obesity alters the metabolic hormone profile and molecular phenotype of the female 
reproductive tract of the Lethal Yellow mouse line. 
Jacqueline E. Smith, Elizabeth M. Mack, Jill G. Kerl, Stetson P. Weber, and Jennifer R. Wood. Department of 
Animal Science, University of Nebraska-Lincoln, Lincoln, NE.

27. Generation of cloned hybridoma cell lines producing monoclonal antibodies against human FSHb. 
Joseph S. Murray, Carrie A. Chambers, William K. White, Vladimir Y. Butnev, Bin Shuai, and George R. 
Bousfield. Department of Biological Sciences, Wichita State University, Wichita, KS 67260.

28. In vitro versus In vivo Effects of NB-DGJ and NB-DNJ as Lead Compounds for Development of Non-
hormonal Reversible Oral Male Contraceptives
Vijayalaxmi Gupta1, 2, Sheri Hild 5, Sudhakar Jakkaraj1, 3, 4, Gunda I. Georg1, 3, 4, Joseph S. Tash1, 2
1U54 Interdisciplinary Center for Male Contraceptive Research and Drug Development, 2Dept. of Molecular 
& Integrative Physiology, University of Kansas Medical Center, Kansas City, KS, 3Dept. Medicinal 
Chemistry, and Institute for Therapeutics Discovery & Development University of Minnesota, Minneapolis, 
MN, 4Department of Medicinal Chemistry, University of Kansas, Lawrence, KS, 5Division of Reproductive 
Endocrinology and Toxicology, BIOQUAL, Inc., Rockville, MD
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Abstracts 

1. Increased expression of the Na,K-ATPase α4 isoform enhances sperm motility in transgenic mice.
Tamara Jimenez, Gladis Sánchez, Jeffrey P. McDermott, Anh-Nguyet Nguyen, T. Rajendra Kumar and Gustavo 
Blanco. 
Department of Molecular and Integrative Physiology, University of Kansas Medical Center, Kansas City, KS 
66160, USA.

The Na,K-ATPase α4 isoform is specifically expressed in male germ cells and is highly prevalent in 
spermatozoa. While selective inhibition of α4 activity with ouabain has been shown to affect sperm motility, 
a more direct analysis of the role of this isoform in sperm movement has not yet been demonstrated. To 
establish this, we have engineered transgenic mice that express the rat α4 isoform fused to GFP in male germ 
cells, under the control of the mouse protamine-1 promoter. We show that the rat α4 transgene is expressed in 
mouse spermatozoa and that it is localized to the sperm flagellum. In agreement with increased expression of 
the α4 isoform, sperm from transgenic mice displayed higher α4 specific Na,K-ATPase activity and binding of 
fluorescently labeled ouabain than wild type mice. In contrast, expression and activity of α1, the other Na,K-
ATPase α isoform present in sperm remained unchanged. Similar to wild type, mice expressing the α4 transgene 
exhibited normal testis and sperm morphology and no differences in fertility. However, compared to wild type, 
sperm from transgenic mice displayed plasma membrane hyperpolarization and higher total and progressive 
motility. Other parameters of motility also increased, including straight line, curvilinear and average path 
velocities and amplitude of lateral head displacement. In addition, sperm from the transgenic mice showed 
enhanced sperm hyperactive motility, but no changes in progesterone induced acrosome reaction. Altogether, 
these results provide new genetic evidence for the role of the Na,K-ATPase α4 isoform in sperm motility, both 
under non capacitating and capacitating conditions. This work was supported by National Institute of Health 
grants HD043044 and HD055763.

2. PRENATAL CHRONIC HYPOXIA INDUCES SELECTIVE FETAL BRAIN INJURY THROUGH 
MODIFIED NITRIC OXIDE SYNTHASE IN GUINEA PIG
Yafeng Dong, Ph.D1,2, Hui Zhou, M.D.1,  Josh Stites, B.S. 1, Kathy Newell, M.D.3,
and Carl P. Weiner M.D., M.B.A.1,2,4
1 Department of Obstetrics and Gynecology; 2 Institute for Reproductive Health and Regenerative Medicine; 3 
Department of Pathology; 4 Department of Molecular and Integrative Physiology
University of Kansas School of Medicine,
Kansas City, KS, 66160

There is growing evidence that chronic hypoxial events during fetal life may postnatally result in diverse 
neurological disorders including cerebral palsy. Nitric oxide plays a major role in adult hypoxial brain 
injury, but its role in chronic hypoxial fetal brain injury, such as that associated with placental dysfunction is 
undocumented.  We demonstrate that chronic hypoxia selectively injures the fetal brain and that the injury is 
differentially associated with altered nitric oxide synthases. The structures found most sensitive to chronic 
hypoxia were the cerebral cortex, hippocampus and thalamic nuclei. Total NO was increased in whole fetal 
brain reflecting increases in both nNOS and iNOS expressions that offset a reduction in eNOS expression. 
iNOS expressions was consistently increased at all injured sites, while the pattern differed among the other 
isoenzymes.  Neither nNOS nor eNOS expressions were altered in the cerebral cortex, while eNOS was 
decreased and nNOS unchanged in the hippocampus.  And in the thalamus, nNOS was increased and eNOS 
unaffected.  Both iNOS and nNOS were identified within ATF3 and GFAP positive cells.  Fetal brain injury 
differed from that reported in the adult in that ATF3, a selective marker of neuronal injury in adults was also 

14



expressed in activated fetal glial cells.  These studies demonstrate that chronic hypoxia injures the fetal brain 
selectively in part by differential regulation of nitric oxide synthase isoenzymes in a specific anatomic and cell 
manner.

3.  Estrogen induces female reproductive tract sensory nerve plasticity by modulating BMP4 
Aritra Bhattacherjee, Ph.D 1,2, Peter G. Smith, Ph.D 1,2. 
1.Department of Molecular and Integrative Physiology. 2.Kansas Intellectual and Developmental Disabilities 
Research Center. University of Kansas School of Medicine,Kansas City, KS, 66160.

Innervation of the female reproductive tract is strongly influenced by hormones.  We have shown previously 
that rising estrogen levels cause depletion of autonomic and sensory nerves within the rat uterus and vagina.  
Hormone-mediated reductions in innervation may play important roles in implantation and pregnancy.  
However, changes in innervation may also lead to clinical pain syndromes such as vulvodynia and vulvar 
vestibulitis, as well as discomfort associated with menopause. 
In the present study, we examined molecular and cellular mechanisms by which estrogen leads to depletion 
of sensory axons in the rat vagina.  We hypothesized that estrogen acts on vaginal tissue to alter the synthesis 
and release of factors that affect axonal integrity, and we performed microarray analysis to identify candidate 
genes.  We found that estrogen down-regulates expression of Bone Morphogenetic Protein 4 (BMP4) in vaginal 
submucosa, and this was validated by RT-PCR and immunoblotting.  BMP4 has well documented effects on the 
developing nervous system but has not been previously implicated in adult hormone-mediated neuroplasticity.
 Immunohistochemical analysis showed that BMP4 is present within vaginal smooth muscle, and that BMP4 
receptors are present in sensory neurons of the dorsal root ganglion. To assess function, we established a co-
culture model consisting of vaginal smooth muscle cells and dorsal root ganglion neurons.  Smooth muscle cells 
induced outgrowth of axons, and this was abrogated by the addition of the endogenous BMP inhibitor noggin or 
a BMP4 blocking antibody. To determine if the estrogen-induced reduction in axonal sprouting can be overcome 
by BMP4, the protein was added to estrogen pretreated co-cultures exogenously, and this restored outgrowth.
We thus conclude that BMP4 is a mediator of estrogen-induced vaginal neuroplasticity. By using genetic 
approaches, it may be possible to manipulate BMP4 status, thus regulating reproductive tract innervation 
independent of hormonal status.  Supported by HD049615.

4. Fertile but anything wrong in mouse germ cells losing Fyn kinase
Jinping Luo, William H. Kinsey
Department of Anatomy and Cell Biology, University of Kansas Medical Center

Fyn kinase is highly expressed in mouse oocytes and spermatozoa. Loss of Fyn kinase causes reduced fertility 
in mice indicated by smaller litter size and shorter reproductive life. Fyn-null females naturally ovulate about 
12.2% immature GV stage oocytes, and all Fyn-null oocytes contain irregular dense inclusions in cytoplasm 
enclosed by a significantly thinner zona pellucida. Detail examination of Fyn-null MII oocytes frequently 
disclosed disorganization of MII oocytes cortex, such as missing microvilli and cortical granule-free zone, 
depolarization of filamentous actin, related to spindle positioning far from oocyte cortex with abnormal 
orientation. These combined defects appear in about 33% of Fyn-null MII oocytes.  In vitro fertilization of Fyn-
null oocytes with wild type spermatozoa resulted in normal rates of spermatozoa fusion and incorporation, but 
much higher rates of unusual incorporation of spermatozoa near meiotic spindle (16%) and failure of pronuclear 
congression (24%). While Fyn-null males mate and produce normal numbers of pups, Fyn-null spermatozoa 
appear defective since 48.4% of cauda epididymal sperm exhibit morphological defects in the head region. 
Artificial insemination studies demonstrated that Fyn-null sperm were only about 15% as effective as wild 
type sperm during in-vivo fertilization. These findings indicate that Fyn kinase is involved in the events of 
developing functional gametes and plays important functions in organization of oocyte cortex and configuration 
of sperm head.
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5. Maternal T cell tolerance to the fetus in murine pregnancy.
Antoine Perchellet and Margaret Petroff.
Department of Anatomy and Cell Biology, University of Kansas Medical Center, Kansas City, KS 66160.

Tolerance of the maternal immune system is believed to be important for successful pregnancy as the fetus 
is semi-allogeneic and may be subject to anti-fetal responses.  We examined maternal T cell tolerance to the 
fetus in mice using a system in which a model antigen, ovalbumin (OVA), is expressed exclusively in the fetus.  
This is achieved by breeding females that lack OVA to transgenic males that ubiquitously express membrane-
bound OVA.  By employing T cell receptor (TCR) transgenic mice specific for either a MHC class I or class 
II-restricted epitope of OVA (OT-I and OT-II, respectively) as mothers, we investigated the fate of fetus-specific 
CD8+ and CD4+ T cells during gestation.  Both CD8+ and CD4+ T cells displayed an activated phenotype in 
the spleen and lymph nodes of OVA-bred OT-I and OT-II mice, indicating their encounter with fetal antigen in 
lymphoid tissues.  Whereas a portion of CD4+ T cells were deleted in the periphery and thymus of OVA-bred 
OT-II mice with evidence of TCR downregulation in the remaining T cells, deletion and TCR downregulation 
were not observed in OVA-bred OT-I mice.  Both CD4+ and CD8+ T cells upregulated the costimulatory 
molecule ICOS in the presence of specific fetal antigen, but only CD4+ T cells upregulated the inhibitory 
receptor PD-1.  More regulatory T cells were present in OVA-bred than in WT-bred OT-II mice, indicating 
that fetal antigen specifically stimulates expansion of these cells.  These data suggest that fetal antigen-specific 
maternal CD4+ T cells are tolerized during gestation by several potential mechanisms, whereas tolerance of 
fetal antigen-specific CD8+ T cells is less effective.  This notion is supported by the observation that fetal 
loss occurred in OVA-bred OT-I, but not OT-II, mice.  This project is supported by NIH grant HD045611.  A. 
Perchellet was supported by NIH training grant T32HD007455.

6. DMRT1 is involved in Distinct Biological Signaling Pathways in Sertoli Cells and Germ Cells.
Valentine A. Agbor, 1   Ning Lei,2  and Leslie L. Heckert1 
1 Department of Molecular and Integrative Physiology, University of Kansas Medical Center, 3901 Rainbow 
Blvd. Kansas City, KS 66160 2Current address: Center for Advanced Biotechnology and Medicine and 
Departments of Pediatrics, UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854
Doublesex and Male abnormal-3 (Mab-3)-related transcription factor 1 (DMRT1) is an evolutionary conserved 
transcriptional factor that is expressed only in the testis, where it is produced in both Sertoli cells and germ 
cells. While deletion of Dmrt1 demonstrated its required role in postnatal testis development and fertility, less 
is known of its cell-specific functions within the Sertoli cells and germ cells. We hypothesized that DMRT1 
participates in distinct signaling pathways in these cells. To elucidate these pathways, Dmrt1 transgenic mice 
(Dmrt1+/-;Tg (♂)   carrying a yeast artificial chromosome transgene, in which the rat Dmrt1 cDNA is directed 
to Sertoli cells by the Wilm’s Tumor (Wt1) locus, were bred to Dmrt1-null mice (Dmrt1-/-(♀) to generate mice 
with specific rescue (Dmrt1-/-;Tg) of DMRT1 in Sertoli cells. Animals were screened by PCR and classified 
into 3 groups based on genotype: rescue (Dmrt1 -/-; Tg), wild type (Dmrt1 +/+) and knockout (Dmrt1-/-). Global 
gene expression signatures and histology were evaluated at P7. Gene expression data sets were mapped into 
prospective pathways using Ingenuity® Pathway Analysis (IPA) software. Analyses of biological pathways 
specific to Sertoli cells or germ cells were assessed by comparing data between each of the genotypes. This 
revealed 22 networks shared by rescue and knockout, 11 networks unique to knockout and 6 networks unique 
to rescue (Score ≥ 3). Data unique to the knockout, which represents DMRT1 in germ cells, showed significant 
representation of pathways involving histidine, tyrosine and phenylalanine metabolisms, 4-1BB signaling 
(T-lymphocytes), germ-cell & Sertoli cell junction signaling and cAMP-mediated signaling (p-value ≤0.05). 
Likewise, the presence of Dmrt1 in Sertoli cells, represented by data unique to the rescue, showed significant 
representation of pathways involved in human embryonic stem cell pluripotency, PI3K/AKT signaling, PXR/
RXR signaling and PTEN signaling (p-value ≤0.05). The approach has provided insight on cell-specific 
pathways influenced by Dmrt1 in postnatal testis differentiation.
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7. Activity of the Na,K-ATPase α4 isoform increases with sperm capacitation to support sperm 
motility. 
Tamara Jimenez, Gladis Sánchez and Gustavo Blanco, Department of Molecular and Integrative 
Physiology, University of Kansas Medical Center. Kansas City, KS 66160. 

The sperm specific α4 isoform of the Na,K-ATPase is essential in maintaining the transmembrane 
Na+ and K+ gradients in the male gamete. Activity of the α4 isoform regulates sperm Na+ levels, 
membrane potential and intracellular pH. In addition, α4 is required for sperm motility. Before they 
can fertilize the egg, spermatozoa need to undergo maturational changes in a process known as 
capacitation. This process is characterized among other events by changes in sperm motility and the 
acrosomal reaction. At present, the importance of α4 in sperm capacitation is unknown. We explored 
this in rat sperm by inducing capacitation of the cells in vitro and studying the function of α4 after 
selective inhibition of the isoform with ouabain. Our results show that the capacitation associated 
increase in total and progressive motility, which sperm normally experience, was blocked by inhibition 
of α4 with ouabain.  Moreover, hyperactive motility, a motility pattern typical of sperm capacitation, 
also decreased after blocking α4 activity. In contrast, acrosomal reaction in capacitated sperm was 
unaffected by inhibition of α4. Activity of α4, measured as the uptake of  86Rb increased during sperm 
capacitation in a time dependent manner. Accordingly, intracellular Na+ levels in the cells decreased. 
In addition, specific labeling of α4 with the fluorescent ouabain indicator, bodipy-ouabain, showed 
an increase in α4 amounts at the sperm plasma membrane. This was confirmed by an increased of 
biotinylated α4 during capacitation.
Altogether, these results show that the Na,K-ATPase α4 isoform is regulated and its activity increases 
during sperm capacitation. This up-regulation of α4 depends on increases of the isoform at the 
plasma membrane of the cells, suggesting that protein translocation mechanisms are involved in the 
process. This regulation of α4 highlights the role of the Na,K-ATPase α4 isoform on the fertility of 
spermatozoa. [Supported by NIH grants HD043044 and HD055763].

8. A role for Autoimmune Regulator (AIRE) in female fertility. 
 Susmita Jasti1, Lynda McGinnis1, Bryce Warren1, William H. Kinsey1, Brian K. Petroff2, and Margaret G. 
Petroff1   Departments of 1Anatomy and Cell Biology and 2Internal Medicine, University of Kansas Medical 
Center, Kansas City, Kansas.  

The discrimination between self and foreign antigens by developing T cells is a hallmark function of the 
immune system, and is established in the thymus during development of central tolerance. Along with 
ubiquitous antigens, many antigens otherwise restricted to peripheral tissues are expressed by medullary thymic 
epithelial cells under the control of the transcriptional regulator AIRE (AutoImmune REgulator). Functional 
deletion of AIRE in mice and humans causes a breakdown of self tolerance and organ-specific autoimmune 
disease. Mice lacking AIRE have been reported to have defects in fertility, but the role of AIRE in mediating 
immune tolerance to female reproductive tissues is not understood. We used AIRE-deficient mice on the Balb/c 
genetic background to evaluate a possible role of central tolerance in female reproduction. Mice lacking AIRE 
exhibited delayed puberty in comparison to wild-type controls. Only 50% of AIRE-deficient mice (n=12) gave 
litters, whereas 100% of wild type females (n=11) delivered litters. Litter size in AIRE-deficient mice was also 
reduced in comparison to controls (4.3 pups vs. 5.8 pups, respectively). Following birth of the first litter, only 
16% of the AIRE-deficient mice delivered a second litter, whereas 90% of the control females delivered 2nd 
litters. To assess whether AIRE influenced ovarian follicular reserves, virgin females were sacrificed at 1, 4, 8, 
12, 16 and 20 weeks of age, and follicles were counted using histochemical techniques. 25% of AIRE-deficient 
mice showed complete follicular loss (n=24), however there was no clear relationship between follicular 
reserves and age. Surprisingly, neither ovulation nor fertilization rates were compromised in AIRE-deficient 
mice. Finally, in an allograph transplant model, AIRE deficient animals and WT controls were engrafted 
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with an ovary from a WT donor under the kidney capsule. 10 days post surgery, AIRE deficient mice had 
reproduced a follicular state unto the grafted ovary in concordance with their own endogenous ovary. WT graft 
controls displayed no follicular loss. In conclusion, deletion of AIRE in mice severely impaired female fertility.  
This may be caused, at least in part, by a loss in ovarian follicular reserves and/or associated inflammation. 
Supported by KUMC Research Institute Lied Pilot Grant and NIH R21HD062879.

9. Developmental Programming: Maternal testosterone excess alters fetal ovarian mRNA and microRNA 
gene expression
Lacey J. Luense1, Vasantha Padmanabhan2, Lane K. Christenson1

Department of Molecular and Integrative Physiology1, University of Kansas Medical Center, Kansas City, 
Kansas and the Department of Pediatrics2, University of Michigan, Ann Arbor, Michigan

Excess in utero testosterone (T) exposure causes reproductive and metabolic disruptions in the adult female 
sheep.  Many of these changes are characteristic of women with polycystic ovarian syndrome (PCOS) and 
include: oligo/anovulation, hypersecretion of LH, neuroendocrine feedback disruption, increased follicular 
recruitment and persistence, insulin resistance and compensatory hyperinsulinemia.  The full extent of T’s 
affects on fetal ovarian gene expression and the mechanisms involved in disrupting fetal ovarian development 
remain unknown.  MicroRNA (miRNA) have been described as critical regulators in organ and tissue 
development, via regulation of cell differentiation, proliferation, and apoptosis.  We hypothesize that in utero 
exposure to excess T alters ovarian mRNA and miRNA gene expression.  Pregnant Suffolk ewes were treated 
with T proprionate (100 mg/twice weekly) or T+flutamide (androgen receptor antagonist, T+F; 15 mg/kg 
BW daily) from d30 to d90 of gestation.  Untreated pregnant ewes served as controls (C).  Fetal ovaries were 
collected on d90 (n=4/group) of gestation and snap frozen.  RNA was isolated from whole ovarian tissue by 
Trizol and RNA was hybridized to sheep mRNA/EST (Agilent) and GeneChip miRNA Array (Affymetrix) 
microarrays.  Additionally, RNA was reverse transcribed and subjected to qPCR to validate differentially 
expressed mRNA and miRNA.  We identified 106 up- and 70 down-regulated (>2-fold) annotated mRNA 
transcripts in T fetal ovaries compared to C ovaries.  Pathway analysis of T-regulated genes identified the 
endocrine system/development/function/lipid metabolism as the top affected gene network.  Maternal T 
treatment also regulated miRNA expression, with 14 up- and 15 down-regulated (>2-fold) miRNAs detected 
in fetal ovarian tissue.  Of the T-regulated miRNAs, 7 exhibited similar expression profiles when androgen 
receptor was blocked in the T+F ovaries.  Bioinformatic analysis indicated that 4 of the T-upregulated miRNA 
(miR-29a, miR-141, miR-192, miR-452) are predicted to target genes in the insulin-signaling pathway.  These 
findings support the hypothesis that disruption of ovarian developmental trajectory by excess gestational 
testosterone treatment may be mediated via changes in microRNA expression.  Studies of specific T-induced 
miRNA and their impact on fetal ovarian development will further our understanding of the mechanisms via 
which these unique regulatory molecules impact ovarian function. 

10. FSH Glycoform Abundance During the Menstrual Cycle
Monica Rueda-Santos, Vladimir Y. Butnev, William K. White and George R. Bousfield

Heterodimeric FSH plays a central role in regulating reproductive cycles. Human FSH beta subunit appears 
to be N-glycosylated in an all-or-none manner, producing two major variants, the classic 4-glycan, tetra-
glycosylated hFSH and a novel, 2-glycan, di-glycosylated hFSH. In receptor-binding assays, the latter is up 
to 25-fold more active than the former. The abundance of these glycoforms as determined by Western blot 
analysis of heterodimeric FSH isolated from individual pituitary glands appeared to vary as a function of age 
and physiological state. Day-to-day changes in urinary hFSH glycoform abundance required a more sensitive 
assay, yet more sensitive antibodies yielded different glycoform ratios. The same glycoform ratio was obtained 
by RFSH20 Western blotting and tandem Superdex 75 gel filtration monitored at both 210 and 280 nm. Gel 
filtration analysis of daily urinary FSH immunopurified from three subjects showed day-to-day variation in 
glycoform abundance. The pattern in a 27-year old woman consisted of low abundance of di-glycosylated hFSH 
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early in the cycle, which changed to higher abundance on day 8, 5 days before the LH surge. In a 43-year old 
woman, di-glycosylated hFSH was high early in the cycle, but progressively decreased until the day of the 
LH surge, when it abruptly rose, then became less abundant for the rest of the cycle. In a third woman, with 
no obvious LH surge, the abundance of di-glycosylated hFSH started low, rose to a maximum on day 12 and 
declined progressively until the last day of the cycle on day 19. These results confirm that day-to-day variations 
in FSH glycoform abundance take place and suggest the pattern of glycoform abundance may contribute to 
age-related changes in fertility. IVF patient-provided residual recombinant hFSH indicated substantial subunit 
dissociation in contrast to stability under laboratory conditions. Supported by P01 AG029531.  287

11. Human Follice Stimulating Hormone Radioimmunoassay.  
Kimberly Taylor, George R. Bousfield, Patrick Tran, and William White.  Department of Biological Sciences, 
Wichita State University, Wichita, Kansas. 

The follicle-stimulating hormone (FSH) radioimmunoassay employed by Core B uses reagents obtained from 
the National Hormone and Pituitary Program.  Separation of bound from free hormone is accomplished by 
polyethylene glycol precipitation.  The assay is affected by high concentrations of serum and urinary proteins.  
Diluting concentrated urine or conditioned medium containing up to 20% serum, eliminated the influence of 
serum. The radioimmunoassay has been beneficial in quantifying the amounts of FSH secreted after subjecting 
a transformed, hFSH-secreting, GH3 cell line to different treatments (Insulin, epidermal growth factor (EGF), 
tamoxifen, forskolin and 17b-estradiol). Only addition of EGF increased production of hFSH by these cells.  
During gel filtration chromatography size differences between human pituitary FSH variants were observed.  
Using the FSH radioimmunoassay to analyze each fraction tube, the pattern of hFSH variants emerging from 
the column was determined.  Subsequent analysis of fractions containing each peak revealed that one was 
mostly tetra-glycosylated FSH, while the other was mostly di-glycosylated FSH. FSH in urine cannot easily 
be detected using a radioimmunoassay.  Two different approaches were taken to concentrate samples of urine 
so that FSH could more easily be detected. The radioimmunoassay results revealed that each approach yielded 
approximately the same amount of FSH, however, the ultrafiltration approach appeared more convenient. 
Supported by NIH grant P01 AG-029531.  

12. Human FSH Glycoform Binding to FSH Receptors.
Vladimir Y. Butnev, Jeffrey V. May, and George R. Bousfield.  Dept. Biological Sciences, Wichita State 
University, Wichita, KS 67260

Classic human FSH possesses both alpha subunit and beta subunit oligosaccharides.  We discovered the a novel 
hFSH variant, possessing only alpha subunit oligosaccharides, which was designated di-glycosylated hFSH. 
Both hFSH glycoforms are secreted by human pituitaries, but until now nobody could separate and purify them 
from pituitary extracts.  Di-glycosylated hFSH exhibited a 10- to 25-fold greater affinity for the FSH receptor in 
three FSH receptor assays that employed pig, rat, and human FSH receptors. Kinetic studies conducted at 37oC 
indicated that the association rate for di-glycosylated hFSH was greater than that for classic, tetra-glycosylated 
hFSH at very early time points in the binding assay. This made use of conventional receptor-binding technology 
inadequate, as later time points indicated similar association rates. An association assay performed at +4oC 
showed that di-glycosylated hFSH bound to FSH receptor at this temperature, while tetra-glycosylated hFSH 
did not.  Saturation binding study of hFSH glycoforms showed that tetra-glycosylated hFSH had two binding 
sites when binding to the receptor, while di-glycosylated hFSH had only one.  The total number of binding 
sites for pituitary hFSH, which is a mixture of both glycoforms, was approximately 5 times higher that the total 
number of the both glycoforms together.
Several approaches were taken to address the technical issue of short-interval binding studies.    Supported by 
the NIH PO1 Grant to GRB, AG029531.
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13. In Vitro Comparative Bioactivities Of Di- And Tetra-Glycosylated Human Follicle-
Stimulating Hormone (hFSH).  
Jeffrey May, Vladimir Butnev, Caitlin Farrington, George Bousfield.  Dept. Biological Sciences, Wichita 
State University, Wichita, KS 67260 

We have demonstrated that hFSH exists as two glycoform variants, a tetra-glycosylated form (hFSH-tetra), 
where both a and b subunits exhibit dual-site, N-linked glycosylation, and a di-glycosylated form (hFSH-di), 
which exhibits only a subunit dual-site, N-linked glycosylation.  Analysis of human pituitaries for FSH suggests 
that in young women, hFSH-di is present at higher levels than hFSH-tetra.  In peri-menopausal women, 
the levels of the two glycoforms are roughly equal.  In clearly menopausal women, hFSH-tetra is present at 
higher levels than hFSH-di.  Owing to the apparent age-related shift from hFSH-di dominance to hFSH-tetra 
dominance, we sought to compare their relative activities in a series of in vitro bioassays.  hFSH-di exhibited a 
10-fold greater receptor binding activity than hFSH-tetra to cultured porcine granulosa cells (pGC).  At equal 
concentrations, hFSH-di exhibited twice the potency of hFSH-tetra in stimulating estradiol-17ß secretion in 
porcine ovarian hemi-follicles maintained in tissue explant culture.  FSH-di exhibited five times the potency 
of FSH-tetra in stimulating progesterone secretion in cultured pGC.  In rat GC cultures, purified hFSH-di was 
4-fold more potent than hFSH-tetra with respect to progesterone secretion.  In preliminary studies, FSH-di 
exhibited increased activity relative to FSH-tetra or a NIH FSH reference preparation in stimulating luteinizing 
hormone receptor mRNA expression in porcine GC as determined by quantitative RT/PCR.  In short, in every 
ovarian-related assay we have examined to date, hFSH-di is consistently more potent than hFSH-tetra (range = 
2-10 fold).  Our results suggest that as women age, they produce a less potent form of FSH.  Moreover, we have 
determined that commercially available hFSH preparations, either of recombinant or menopausal origin, are 
almost entirely composed of hFSH-tetra (Support: NIH Grant P01 AG029531 to GRB).

14. Characterization of Porcine Follicle-Stimulating Hormone.  
Barbara Fowler, William White, Vladimir Butnev, Kim Taylor, and George R. Bousfield.  Department of 
Biological Sciences, Wichita State University
 
Porcine follicle stimulating hormone (pFSH) is commonly used in cattle to induce ovulation for breeding 
purposes. Most commercial pFSH preparations are crude pituitary extracts containing FSH and other hormones, 
which provided highly variable batch-to-batch responses. A company called, AUSA International, marketed 
a pFSH preparation, called SuperOv®, for five years. SuperOv® was characterized by a defined LH/FSH 
ratio that claimed to overcome batch-to-batch variability by limiting the amount of potentially toxic LH in the 
preparation. However, in the summer of the 5th year, a significant percentage of stimulation protocols failed. 
AUSA attributed the failure to heat stress associated with an unusually hot summer. However, it is well known 
that the primary cause for loss of FSH activity in FSH preparations is due to the presence of proteases in these 
generally crude protein preparations. Because refrigerating the reconstituted SuperOv was not emphasized in 
the instructions, a reasonable hypothesis was that proteases could inactivate pFSH in vials of SuperOv exposed 
to warm weather.
Aliquots of SuperOv® were subjected to SDS polyacrylamide gel electrophoresis on a 15% polyacrylamide 
gel containing 1% gelatin gel under non-denaturing conditions. Following overnight incubation at 37°C and 
subsequent Amido Black staining, protease activities were detected the in SuperOv preparation. Phenyl-
Sepharose chromatography was performed to separate the pFSH from pLH and other proteins. Fractions were 
collected, dialyzed, and lyophilized. Examination with protease gel revealed the presence of two proteases in 
the putative pFSH fractions, one migrating at 47 kDa and the other at 17 kDa.  Protease activities have been 
detected in SuperOv preparations, consistent with our hypothesis that FSH degradation may explain the failure 
to stimulate during hot weather. Further experiments will be needed to demonstrate FSH degradation occurs 
under field conditions.
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15. Maternal T cell tolerance to the fetus in murine pregnancy.
Antoine Perchellet and Margaret Petroff.
Department of Anatomy and Cell Biology, University of Kansas Medical Center, Kansas City, KS 66160. 

Tolerance of the maternal immune system is believed to be important for successful pregnancy as the fetus 
is semi-allogeneic and may be subject to anti-fetal responses.  We examined maternal T cell tolerance to the 
fetus in mice using a system in which a model antigen, ovalbumin (OVA), is expressed exclusively in the fetus.  
This is achieved by breeding females that lack OVA to transgenic males that ubiquitously express membrane-
bound OVA.  By employing T cell receptor (TCR) transgenic mice specific for either a MHC class I or class 
II-restricted epitope of OVA (OT-I and OT-II, respectively) as mothers, we investigated the fate of fetus-specific 
CD8+ and CD4+ T cells during gestation.  Both CD8+ and CD4+ T cells displayed an activated phenotype in 
the spleen and lymph nodes of OVA-bred OT-I and OT-II mice, indicating their encounter with fetal antigen in 
lymphoid tissues.  Whereas a portion of CD4+ T cells were deleted in the periphery and thymus of OVA-bred 
OT-II mice with evidence of TCR downregulation in the remaining T cells, deletion and TCR downregulation 
were not observed in OVA-bred OT-I mice.  Both CD4+ and CD8+ T cells upregulated the costimulatory 
molecule ICOS in the presence of specific fetal antigen, but only CD4+ T cells upregulated the inhibitory 
receptor PD-1.  More regulatory T cells were present in OVA-bred than in WT-bred OT-II mice, indicating 
that fetal antigen specifically stimulates expansion of these cells.  These data suggest that fetal antigen-specific 
maternal CD4+ T cells are tolerized during gestation by several potential mechanisms, whereas tolerance of 
fetal antigen-specific CD8+ T cells is less effective.  This notion is supported by the observation that fetal 
loss occurred in OVA-bred OT-I, but not OT-II, mice.  This project is supported by NIH grant HD045611.  A. 
Perchellet was supported by NIH training grant T32HD007455.

16. Trans-epithelial Trafficking by Immune and Umbilical Cord Stem Cells in the Neonatal Porcine 
Intestine. 
 D. Boster1, T. Rathbun1, K. Packthongsuk, D. Boyle2, D. Troyer3, and D. L. Davis1.  1Departments of Animal 
Sciences and Industry,  2Division of Biology, and 3Department of Anatomy and Physiology, Kansas State 
University, Manhattan, KS.

Maternal colostral leukocytes (CL) have been observed to enter the neonatal circulation after ingestion in 
pigs and maternal peripheral blood mononuclear cells (PBMC) also transit the gut after colostrum treatment 
in cattle. Umbilical cord matrix stem cells have shown trophic and cytoprotective roles in various tissues 
and porcine umbilical cord matrix stem cells (PUCs) are relatively nonimmunogenic after initial allogeneic 
transplantation.  Using intestinal explant cultures incubated with labeled cells and confocal microscopy, we 
demonstrated trans-epithelial trafficking of exogenous CL, PBMC, and PUCs below the luminal surface after 
72 h of culture.  For in vivo tracking we orally administered PBMC and PUCs to pre-colostral neonatal pigs and 
tracked their location after sacrifice 8 or 24 hours later.  Both PBMC and PUCs were found in the intestinal wall 
of all samples.  Exposure to 25% acellular colostrum had no detected effect on trafficking and in subsequent 
experiments exposure of PUCs to colostrum decreased viability as revealed by trypan blue staining.  Labeled 
PUCs and PBMC were detected on the surface of the epithelium and in the lamina propria 8 h post treatment 
and PBMC were also in the superficial submucosa.  At 24 h post treatment, PUCs and PBMC were observed on 
the surface of the epithelium, in the lamina propria, superficial submucosa, and deep submucosa and were at the 
apex, intermediate between the apex and the base, or at the base of villi.  Current emphasis is on characterizing 
the transplanted cells within the intestine relative to persistence and location.

17. Production of Follicle Stimulating Hormone.
 Patrick Tran, Dr. Jeffrey May, Dr. Vladimer Butnev, Kimberly Taylor, William White, Barbara Fowler and 
Victoria Lessley. 

Transformed GH3 cells transfected with the human FSHb, LHb and the common α subunits were obtained 
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from Dr. Irv Boime.  Dr. Butnev initially cultured the cells and the cryopreserved aliquots in two-milliliter 
cryogenic vials.  Aliquots of frozen GH3 cells were thawed and grown in T-25 flasks under standard culture 
conditions for three purposes: (a) to develop and maintain a supply of GH3 cells in liquid nitrogen storage 
for future use, (b) to produce FSH on an ongoing basis for FSH glycoform purification, and (c) to test culture 
conditions and additives that might function to regulate the amount of FSH produced and/or the type of 
glycoform produced.  The standard media contained 15% serum, which produces approximately one microgram 
per milliliter.  However, difficulties in the purification process arose.  Experimentation with one-percent Bovine 
Serum Albumin (BSA) showed that the GH3 cells differentiated and still produced FSH, less than that of the 
standard media.  On the other hand, purification difficulties again appeared.  Next, experimentation using just 
the media, with no added protein, caused the GH3 cells to differentiate and produce approximately the same 
amount of FSH, compared to the BSA media.  The purification process of this conditioned media proved to 
be more successful compared to the others.  The issue of increasing FSH production in the protein-free media 
caused experimentation with additives to the protein-free media.  After several trials, epidermal growth factor 
(EGF) added to the media caused the GH3 cells to produce approximately just as much (sometimes significantly 
greater) FSH compared to the standard serum media.  Up scaling production volume past the T-150 flasks was 
achieved with the spinner flask on an air-powered magnetic stir plate.  Western Blots are being performed on the 
purified FSH from the conditioned medias to determine the glycoform and ratio of di- vs. tetra-FSH. 

18. Overexpression of PGF in the early embryo disrupts vascular differentiation. 
Jessica N. Copeland and Jay L. Vivian. Department of Pathology and Laboratory Medicine and 
Division of Cancer and Development, Institute of Maternal-Fetal Biology, University of Kansas Medical 
Center, Kansas City, KS.

The signaling cascades that direct the morphological differentiation of the vascular system during early 
embryogenesis are not well defined.  Several signaling pathways, including Notch and VEGF signaling, are 
critical for the formation of the vasculature in the mouse. Previous studies of Notch signaling demonstrated a 
role for VEGF and TGF-beta signaling as critical downstream effectors of this pathway.  One particular VEGF 
family member, placental growth factor (PGF), had increased expression in the yolk sac of embryos with 
activated Notch signaling.  To further understand the role of PGF during endothelial differentiation, an in vivo 
gain-of-function transgenic model was developed.  Embryos with activated PGF in the vasculature display two 
distinct phenotypes, which have been classified moderate and severe.  Most notably, in both classifications, 
the extraembryonic vasculature of the yolk sac displays remodeling differentiation defects, with few matured 
vessels.  Gene expression analysis of RNA isolated from the yolk sac of transgenic embryos indicated aberrant 
expression in a variety of genes.  In particular, Notch, VEGF, and TGF-beta family members show increased 
expression in the gain-of-function model.  The expression defects in the severe transgenic yolk sac are 
increased to a greater extent than in the moderate phenotype.  The data from this model demonstrates regulatory 
connections between the VEGF and Notch signaling pathways during endothelial differentiation. 

19. Knockdown of microRNA-21 in granulosa cells identifies downstream gene targets that 
mediate LH actions.
J. Browning Fitzgerald, Martha Z. Carletti, Lane K. Christenson.
Department of Molecular and Integrative Physiology, University of Kansas Medical Center, Kansas 
City, KS. 66160.

MicroRNA-21 (miR-21) expression increases in follicular granulosa cells following the ovulatory surge of 
hCG/LH.  In vivo knockdown of miR-21 decreases ovulation rates in mice while loss of miR-21 action in 
cultured granulosa cells (GC) using complementary blocking oligonucleotides induces apoptosis and decreases 
global translation.  The focus of this study is to identify the miR-21 regulated genes that mediate these effects in 
GC.  Briefly, murine granulosa cells were transfected with a locked nucleic acid oligonucleotide complementary 
to miR-21 (LNA-21) or LNA-NS, a non-specific control oligonucleotide.  Total RNA was isolated from 
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granulosa cells 24 h after transfection and RNA was hybridized to 430A 2.0 arrays (Affymetrix) (n=4).  In 
total, 23,227 genes were detected as expressed in murine granulosa cells and of these 2281 were differentially 
expressed (P<0.05) in LNA-21 versus LNA-NS treated cells.  A total of 21 genes exhibited more than a 1.5-fold 
difference, with 13 upregulated and 8 downregulated by LNA-21. Three upregulated transcripts were linked to 
regulation of apoptosis including the WNT1 inducible signaling protein 1 (Wisp1), chemokine ligand 3 (Cxcl3) 
and cation transport-like regulator (CHAC1).  Quantitative RT-PCR confirmed that Wisp-1 (1.7 ± 0.2 versus 
0.8 ± 0.2 fold) and Cxcl3 (4.9 ± 0.7 versus 1.2 ± 0.4 fold) were upregulated in LNA-21 versus LNS-NS treated 
cells, respectively.  Bioinformatic analysis (RNA-22) revealed 2 potential miR-21 binding sites in the 3’UTR 
of Wisp-1.  Western analysis and luciferase assays will be done to confirm if miR-21 regulates protein levels 
of Cxcl3 and Wisp-1 and/or if they are direct targets of miR-21.  Ongoing studies will determine whether these 
targets are direct or indirect and if they are important in mediating LH’s function.

20. Fetal Minor Histocompatibility Antigens are found in Human Placental Tissues and Cord Blood.
Caitlin Linscheid1, Herbert Hodes2, and Margaret G. Petroff1. 1Department of Anatomy and Cell Biology, 
University of Kansas Medical Center, Kansas City, KS; 2Center for Women’s Health, Overland Park, KS.
     
Pregnancy is a unique immunological situation in which the immune system of the mother must accommodate 
a semi-allogeneic fetus.  We and others have previously hypothesized that fetal minor histocompatibility 
antigens may be derived from the syncytiotrophoblast and fetal blood cells and may gain access to the maternal 
immune system via trophoblast shedding and fetal microchimerism, respectively.  However, the presence of 
fetal minor histocompatibility antigens at the maternal-fetal interface has never been systematically examined.  
Here we sought to determine if six known minor histocompatibility antigens could be found in first trimester 
and term placentas and fetal cord blood from uncomplicated term C-sections.  We examined mRNA and 
protein levels of three autosomally-encoded minor histocompatibility antigens, HA-1, HA-8 and BCL2A1, 
and three Y-chromosome-encoded minor histocompatibility antigens, SMCY, DDX3Y and RPS4Y1.  Semi-
quantitative RT-PCR analysis of whole placenta lysate, purified trophoblast cells and fetal cord blood revealed 
that mRNAs from HA-1, HA-8, BCL2A1 and SMCY are expressed in placenta, trophoblast cells and fetal 
cord blood.  Real-time RT-PCR analysis demonstrated that mRNA from the Y-chromosome-encoded antigens, 
DDX3Y and RPS4Y1, was also expressed in placental lysate, purified trophoblast and fetal cord blood.  
The three Y-chromosome-encoded minor histocompatibility antigens (SMCY, DDX3Y and RPS4Y1) were 
detected only in male placenta, purified trophoblast and cord blood samples.  Immunohistochemical staining 
revealed RPS4Y1, HA-8, HA-1 and BCL2A1 protein in placental samples.  Protein expression patterns varied 
significantly amongst the four minor antigens, with HA-1 staining only macrophages and RPS4Y1, HA-8 and 
BCL2A1 staining all of the trophoblast cell sub-types. These results provide new evidence that trophoblast cells 
and fetal blood leukocytes are sources of proteins that could be antigenic to maternal leukocytes, and support 
the hypothesis that maternal lymphocytes could recognize fetal antigens if presented in the context of maternal 
antigen presenting cells.  Supported by NIH R01HD045611 (M.G.P.) and NIH P20RR016475 (J.S.Hunt).

21. Placental Development in SMN ∆7 Mice
Gerialisa Caesar1, Michael Garcia2, Chris Lorson3 and Laura Schulz11Department of Obstetrics, Gynecology and 
Women’s Health, Division of Biological Sciences2, and Molecular, Microbiology and Immunology3, University 
of Missouri-Columbia 65211

Spinal Muscular Atrophy (SMA) is an autosomal recessive neuro-degenerative disease that is the leading 
genetic cause of death in infants. SMA is caused by a loss of survival motor neuron (SMN). Although SMN is 
ubiquitously expressed, SMA is mainly characterized by the loss of motor neurons, which leads to atrophy of 
limbs. Infants with SMA display intrauterine growth restriction. Additionally, in the SMN ∆7 mouse model of 
SMA, mice whose mothers were fed a high fat diet lived 25% longer than those of mothers fed a standard diet. 
The placenta is involved in the transfer of nutrients between mother and fetus and is a major determinant of 
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fetal growth. To determine whether placental development was impaired in the SMN ∆7 mouse, we investigated 
genes involved in placental development and the morphology of placentae from SMN ∆7 versus wild type 
offspring.  We measured relative gene expression of murine trophoblast lineage markers: Hand1 (giant cells), 
tpbpa (spongiotrophoblast) and esx1 (syncytiotrophoblast). We also examined expression of stathmin.  Stathmin 
is involved in trophoblast differentiation and upregulation of stathmin is correlated with the severity of SMA 
disease. Semi-quantitative RT-PCR analyses of E18.5 placenta show there were no significant differences in 
relative gene expression. We examined E18.5 SMN ∆7 mouse placentae stained with hematoxylin and eosin 
under the light microscope. No morphological differences were observed in SMN ∆7 homozygous recessive 
versus the wild type. Taken together, these data suggest that intrauterine growth restriction  is not associated 
with defective differentiation of placental trophoblast cells.

22. Tamoxifen rescues the ovarian follicular reserve following exposure to multiple classes of 
ovotoxic drugs including cancer chemotherapy.  
Alison Y. Ting1,2, Joanna Piasecka4, Megan Kreitner3, Brian K. Petroff1,2,3.  1Department of Internal 
Medicine and 2Breast Cancer Prevention Center, 3Department of Molecular and Integrative 
Physiology, University of Kansas Medical Center, Kansas City, KS; 4Department of Animal Physiology, 
University of Warmia and Mazury, Olsztyn, Poland. 

We discovered a protective effect of the selective estrogen receptor modulator tamoxifen against 
depletion of ovarian follicles by toxic chemicals.  To explore this novel ovoprotective property of 
tamoxifen further, 5 week-old rats received placebo or tamoxifen pellets (5 mg) followed by weekly 
injections of vehicle, 7,12-dimethylbenzanthracene (DMBA; 10 mg) or cyclophosphamide (Cy; 50 
mg/kg).  Following 2 or 4 weeks of DMBA or Cy treatment, respectively ovaries were collected and 
processed for histolological evaluation.  In vitro, ovulated oocytes were incubated with doxorubicin 
(another ovotoxic cancer drug), with or without the active metabolite of tamoxifen, 4-hydroxytamoxifen 
for 24 hours.  We also performed an organ culture experiment.  Postnatal day 4 ovaries were treated 
with DMBA and an active metabolite of Cy (1 µM; 10 µM) with or without 4-hydroxytamoxifen (10 
µM) for 7 days and processed for histolological evaluation.  Follicle populations were classified 
and counted in every 10th section of the ovary obtained from in vivo and organ culture studies.  For 
cultured oocytes, morphological changes indicative of apoptosis were examined.  Both in vivo and in 
vitro studies confirmed that numbers of primordial and total follicles are depleted by DMBA and Cy 
(p<0.05) and this depletion is prevented by tamoxifen.  Doxorubicin induced fragmentation in cultured 
oocytes (p<0.05), an effect that was partially antagonized by 4-hydroxytamoxifen.  In conclusion, we 
have demonstrated a protective effect of tamoxifen against multiple ovarian toxicants including the 
two most worrisome cancer drugs in in vivo and in vitro studies.  Tamoxifen may provide a novel and 
safe molecular shield to the ovary against chemotherapy-induced infertility in young cancer patients.  

23. ESTROGEN REGULATION OF EBP1 EXPRESSION IN PERINATAL HAMSTER OVARIES
Anindit Mukherjee1and S. K. Roy1,2, Departments. of Cellular and Integrative Physiology1 and OB/GYN 
2, UNMC, Omaha, NE 

 Primordial follicle formation is the first step in ovarian follicular development in mammals, and the 
initial pool size determines the lifetime quota of available oocytes and fertility. Estrogen has been 
found to play a key role in the process, however its mechanism of action is unclear. Estrogen is 
known to activate ERBB3 mediated signaling, a known mitogenic pathway. We hypothesized that 
estrogen may be acting by regulating the expression and function of ERBB3 and its repressor EBP1.
The objective of this study was to determine whether expression of ERBB3 as well as its repressor 
repressor of EBP1regulated by estrogen in ovarian cells during follicle formation. We used perinatal 
hamster ovaries for this study. Western blot analysis shows that EBP1 expression is downregulated 
on primordial follicle positive Post-natal day (P) 8 ovaries compared to primordial follicle negative 
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embryonic day (E) 15 ovaries (0.73 ± 0.171 vs. 1.322 ± .359 P < 0.05). ERBB3 expression on 
the other hand is is upregulated. Estrogen treatment on P8 suppresses EBP1 expression after 
4hr and 24hr (0.229 ± 0.130) but a 8 day estrogen treatment, (2 injections on P 1 and P4) do not 
significantly alter EBP1 levels on P8 (0.807 ± 0.194), suggesting that, a rebound of EBP1 expression 
follows the initial suppression of its levels. FSH-antibody treatment on gestation day12 significantly 
upregulates EBP1 expression compared to P8 (P < 0.01) but estrogen injection does not lower its 
levels compared to antiserum treated controls. ERBB3 expression on the other hand is suppressed 
in the antiserum treated group compared to P8 and single estrogen injection on P1 (P < 0.01) and 
double injections on P1 and P4 (P < 0.05) significantly upregulates ERBB3 expressions compared to 
antiserum treated control. These results indicate opposing relationship between EBP1 and ERBB3 
expressions in developing, estrogen treated and estrogen deficient hamsters. Since ERBB3 activation 
is facilitated by EBP1 downregulation, we speculate that estrogen may be playing a critical role in 
ERBB3 activation during primordial follicle formation.  

24. Neuropilin-1 (NRP-1) and Vascular Endothelial Growth Factor A (VEGFA) loss in granulosa cells and 
female reproductive tract reduces ovarian weight, estrogen concentrations and alters ovarian morphology
Kevin M Sargent, Vanessa M Brauer, Ningxia Lu, William E Pohlmeier, and Andrea S Cupp. Department of 
Animal Science, University of Nebraska-Lincoln, Lincoln NE 

Our laboratory has demonstrated that Vascular Endothelial Growth Factor (VEGFA) isoforms regulate follicle 
development. All VEGFA isoforms bind to Kinase Insert Domain Receptor (KDR) but only pro-angiogenic 
isoforms have their signal transduction augmented by binding to a co-receptor, NRP-1. Anti-angiogenic VEGFA 
isoforms cannot bind to NRP-1. Therefore, our hypothesis was that knocking out all VEGFA isoforms would 
impair follicle development while loss of NRP-1 would hinder the ability of only VEGFA pro-angiogenic 
isoforms to regulate follicle development. Both a NRP-1 floxed line and a VEGFA floxed line were mated to 
an Anti-Mullerian hormone receptor-2-cre (Amhr2-cre) line to generate the NRP-1 and VEGFA granulosa/
female reproductive tract-specific (NRP-1-GRT and VEGFA-GRT) knockouts. The Anti-mullerian hormone 
receptor -2 is found throughout the female reproductive tract and focuses cre recombinase activity at granulosa 
cells, oviducts and uterine tissue where NRP-1 expression and expression of all VEGFA isoforms should be 
eliminated. Ovaries plus oviducts, uteri, kidneys and adrenals were collected for histology, organ weight and 
RNA.  In the NRP-1-GRT females, there was a trend for ovarian weights to be reduced in the knockout mice 
compared to controls (0.0093 ± 0.00916 g VS 0.0197 ± 0.00830 g, P<0.08). Estrogen concentrations were 
numerically lower in the NRP-1-GRT females as compared to controls (10.95 ± 3.083 ng/mL VS 15 ± 2.04 
ng/mL). Similarly, VEGFA-GRT ovaries were smaller than controls (0.0108 ± 0.0023 g VS 0.0177 ± 0.0011 
g, P<0.05) and had reduced total body weight (21.137 ± 0.6100 g VS 30.079 ± 1.3168 g, P<0.05) and plasma 
estrogen concentrations (19.804 ± 2.234 ng/mL VS 77.134 ± 13.495 ng/mL, P<0.05). Morphologically, the 
homozygote NRP-1-GRT and VEGFA-GRT knockout ovaries had fewer follicles and more granulosa cells were 
observed with pyknotic nuclei than the controls. There were no differences in kidney weights or uterine weights 
compared to controls with either heterozygous or homozyogous knockouts. Thus far, our data demonstrate that 
knocking out NRP-1 and all isoforms of VEGFA in granulosa cells and in the female reproductive tract results 
in reduced ovarian weight and potentially reductions in ovarian function.  Further experiments are underway to 
determine effects on fertility in NRP-1-GRT and VEFA-GRT females and to determine mechanisms of NRP-1 
actions on female reproductive tract function. This research was supported by NIH/NICHD HD051979.

25. Function of GATA Factors During Trophectoderm Development.
Pratik Home1, Biswarup Saha1, Soma Ray1, Debasree Dutta1, Melissa Larson2, and Soumen Paul1

1Institute of Maternal-Fetal Biology, Department. of Pathology & Laboratory Medicine,
2 Transgenic and Gene-targeting Institutional Facility, University of Kansas Medical Center,  Kansas City, KS 
66160
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Trophectoderm (TE) and inner cell mass (ICM) define the first two cell lineages during early embryonic 
development. TE contains trophoblast stem (TS) cells. In the course of development, TS cells differentiate 
to form different trophoblast cell subtypes, which finally give rise to part of placenta - key to maternal-fetal 
interactions essential for successful pregnancy. GATA2 and GATA3, members of GATA family of transcription 
factors, which are conserved across mammalian species, have been implicated in the transcriptional regulation 
of trophoblast gene expression. We found that both GATA3 and GATA2 are selectively expressed in TE while 
absent in ICM and ICM derived embryonic stem (ES) cells.  When GATA3 is knocked down in preimplantation 
embryo it severely affects TE formation as ~40% embryos fail to form blastocyst after morula stage, indicating 
that GATA3 is important for TE development.  However, GATA2 knockdown had no effect in TE formation. 
Similarly, over expression of GATA3 but not GATA2 induces trophoblast fate in ES cells.  However, 
intriguingly, simultaneous knock down of both GATA2 and GATA3 more severely (~75%) impairs TE 
formation compared to GATA3 single knockdown. Our results indicate that GATA3 and GATA2 might act in a 
redundant fashion during TE development. 

26. Progressive obesity alters the metabolic hormone profile and molecular phenotype of the female 
reproductive tract of the Lethal Yellow mouse line.  
Jacqueline E. Smith, Elizabeth M. Mack, Jill G. Kerl, Stetson P. Weber, and Jennifer R. Wood.  
Department of Animal Science, University of Nebraska-Lincoln, Lincoln, NE.

Maternal obesity has been correlated with anovulatory infertility, embryonic and fetal developmental defects, 
and abnormal fetal programming.  Recent studies suggest that hormones including leptin, adiponectin, 
insulin, and IGF-1 regulate the molecular and cellular phenotype of the female reproductive tract.  To identify 
mechanisms that link these metabolic hormones to abnormalities in female fertility and fetal programming, 
Lethal Yellow (LY) mice were used as a model of maternal obesity.  Female LY mice exhibited a significant 
increase in circulating leptin and insulin levels which matched their significant increase in body weight and 
abdominal fat mass when compared to control, C57BL/6 (B6) females.  Interestingly, circulating IGF-1 levels 
were also increased in 6 week old LY compared to B6 mice which is when body weight and abdominal fat 
mass diverged between the LY and B6 females.  To determine the impact of the altered hormone profile on the 
molecular phenotype of the ovary and uterus, qPCR analysis of gene expression was carried out using granulosa 
cell and whole ovary cDNA, respectively.  Star, Egr-1, and Fshr were differentially expressed in LY compared 
to B6 granulosa cells.  Furthermore, Igfbp2 and Igfbp3 mRNA abundance was increased in LY compared to 
B6 uterus at 6 weeks of age.  To determine how these changes in hormone levels and gene expression affect 
litter size and fetal morphology, 8 week old LY and B6 females were mated with fertile B6 males.  Despite 
differences in the body weight and abdominal fat mass between the LY and B6 dams, there was no difference 
in the number or gross morphology of the embryos.  Taken together, these data suggest a correlation between 
circulating metabolic hormone levels and the molecular phenotype of the female reproductive tract.  Further 
studies will be required to define the full impact of changes in ovarian and uterine phenotype on embryonic and 
fetal development.  

27. Generation of cloned hybridoma cell lines producing monoclonal antibodies against human FSHb.  
Joseph S. Murray, Carrie A. Chambers, William K. White, Vladimir Y. Butnev, Bin Shuai, and George 
R. Bousfield.  Department of Biological Sciences, Wichita State University, Wichita, KS 67260.

Follicle-stimulating hormone (FSH) is a dimeric cystine-knot glycoprotein which binds to a G-protein coupled 
receptor expressed in the gonads to regulate reproduction in mammals.  Monoclonal antibody (mAb) technology 
(initially developed in the 1970’s) is a major tool of modern bio-medicine, including therapeutic mAbs, 
now used to treat human cancers and autoimmune diseases.  Here, initial experiments on the generation of 
hybridoma cell lines producing mAb specific for human FSH are described; including,  the isolation (by PCR) 
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of heavy-chain and light-chain variable (V) genes expressed by these clones.  Interestingly, one clone (mAb 
5G5), generated by immunization with equine (e) FSH, cross-reacted equally with two human FSHb-chain 
peptides representing slightly overlapping locations within the intact molecule, i.e., P3 [a.a. 22-32], and P4 [a.a. 
31-51].  By contrast, control mAbs (INN6 & 463H6) recognized P3 much better than P4.  Since P3 represents 
the region adjacent to the second N-glycosylation site, bN24, these data suggest that 5G5 may recognize an 
epitope near a.a. Y31 & C32 side chains.  The PDB file 1XWD (FSH:FSH-R) was used to model the potential 
epitope; docking the surface of the VL/VH interface of a human mAb, 3HAE.  This model suggests that a scFv 
constructed with the 5G5 VL/VH might preferentially recognize FSH with a free bN24, which would ostensibly 
facilitate interaction of the 5G5 CDR3 loops (particularly VH) with the Y31 side chain implicated by the 
peptide binding data.  (Support:  NIH PO1 Grant; PI, GRB). 

28. In vitro versus In vivo Effects of NB-DGJ and NB-DNJ as Lead Compounds for Development of Non-
hormonal Reversible Oral Male Contraceptives
Vijayalaxmi Gupta1, 2, Sheri Hild 5, Sudhakar Jakkaraj1, 3, 4, Gunda I. Georg1, 3, 4, Joseph S. Tash1, 2
1U54 Interdisciplinary Center for Male Contraceptive Research and Drug Development, 2Dept. of Molecular 
& Integrative Physiology, University of Kansas Medical Center, Kansas City, KS, 3Dept. Medicinal 
Chemistry, and Institute for Therapeutics Discovery & Development University of Minnesota, Minneapolis, 
MN, 4Department of Medicinal Chemistry, University of Kansas, Lawrence, KS, 5Division of Reproductive 
Endocrinology and Toxicology, BIOQUAL, Inc., Rockville, MD

The development of safe, effective and reversible male contraceptive methods is an important goal in expanding 
the current choices that, in practice, fall short in their reliability and effectiveness. Hormonal approaches to 
male contraception are currently in clinical trials, but non-hormonal approaches also need to be developed as 
viable alternatives.  Although, N-butyldeoxynojirimycin (NB-DNJ) is a potent reversible anti-spermiogenic 
oral male contraceptive agent in C57Bl/6J mice, it shows poor or no efficacy in rabbits and humans.  As such, 
it remains a good lead compound to develop new analogues if species specificity can be overcome and potency 
improved. Whether these compounds as part of their contraceptive action, in fact, inhibit their putative enzyme 
targets namely, testis ceramide-specific glucosyltransferase (CGT) and/or glucosidase activity, in vitro is not 
known.  To address this question, we report relative in vivo antispermatogenic efficacy of NB-DNJ and NB-
DGJ (N-butyldeoxygalactonojirimycin) in mice and rats following daily single gavage administration, as 
opposed to mixing the compound in the food as performed in previous studies by others.  We compared their 
anti-spermiogenic efficacy against their biochemical potency as inhibitors of the likely target enzymes in vitro.  
Our studies show that daily single oral administration of 15 mg/kg NB-DNJ and/or 50 mg/kg NB-DGJ over 
35 days resulted in an anti-spermiogenic effect in C57Bl/6J mice. Our in-vitro enzyme assays standardized for 
testicular CGT and glucosidase activity indicated that C57Bl/6J enzyme activity is more sensitive to NB-DNJ 
than the enzyme activity in rats. Rat mating trials showed that NB-DGJ, but not NB-DNJ induced reversible 
infertility.  Both NB-DGJ and NB-DNJ inhibited testicular CGT and glucosidase activity in vitro.  Thus we 
observed that the in vitro effects of NB-DNJ in rat model did not coincide with its effect in vivo.  This raises 
questions whether the target enzyme is not accessible to NB-DNJ in vivo, or there are target enzymes hitherto 
unknown which are affected by iminosugars that explain the contraceptive activity.  Our in vivo studies, rat 
mating trials, and the in vitro enzyme assay results collectively indicate a need to identify contraceptive targets 
for iminosugars other than testicular CGT and glucosidase and the need to determine the relative bioavailability 
of new analogues to the targets in vivo. This research was supported by grant U54 HD055763
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