
The Reproductive Biology Group at the University of 
Kansas Medical Center hosts the Gilbert S. Greenwald 
Symposium on Reproduction in honor and as a memo-
rial to the life and research career of Gilbert S. Green-
wald, PhD. Professor Greenwald had an illustrious career 
as a Distinguished Professor at the Medical Center and 
as an internationally recognized reproductive biologist. 

Professor Greenwald received his doctorate from the 
University of California at Berkeley, followed by postdoc-
toral 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 research 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 career. 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 University 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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Schedule
WEDNESDAY, OCTOBER 7 WELCOME RECEPTION- 

William Kinsey, PhD Co-Director, CRS
6:00 – 8:00 PM University of Kansas Medical Center—KLSIC Building

Beller Conference Center, Rooms 1005, 1007 and 1009 Northwest Corner of 
39th Street & Rainbow Boulevard, Kansas City, KS, 66160.

THURSDAY, OCTOBER 8 6th ANNUAL GILBERT S. GREENWALD SYMPOSIUM
8:00 – 8:30 AM REGISTRATION AND BREAKFAST

The Intercontinental Hotel, 401 Ward Parkway Kansas City, MO. Salon III
8:30 – 9:00 AM Introductory Remarks – Leslie Heckert, PhD Co-Director, CRS &

Paul Terranova, PhD,  Vice Chancellor for Research

9:00 – 9:45 AM Osborn Address  – Jerome Strauss III, MD, PhD
“PCOS Genes: Relationships to Obesity and Diabetes”

9:45 – 10:00 AM MORNING BREAK

10:00 AM – 11:15 AM Session I: Hypthalamus-Pituitary
Session Chairs -T. Rajendra Kumar, PhD; Michael Wolfe, PhD
Platform Speaker – Stephanie Seminara PhD
“Genes for Puberty:  A Story Told Through Mice and Men” 

Short Presentation – Vargheese Chennathukuzhi, PhD
“HPO axis and development of ovary-neutral selective estrogen receptor 
modulators (SERMs).”

11:15 AM – 12:45 PM Lunch Break & Round Table Meetings With Speakers and Trainees

12:45 – 2:00 PM Session II:  Testis
Session Chair, - Gustavo Blanco MD, PhD 
Platform Speaker  – Alberto Darszon MD, PhD
“Ion channels involved in capacitation and the acrosome reaction in 
mammalian sperm”

Short Presentation – Lesya Holets, PhD
Effect of Gamendazole on expression of Heat Shock proteins HSP70 
and HSP90 in Rat Testis and Primary Sertoli Cells “ 

2:00 – 3:45 PM Poster Session. Salon II
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3:45 – 5:00 PM Session III: Ovary
Session Chair - William Kinsey, PhD.  
Platform Speaker  - Keith Latham, PhD
“Effects of Assisted Reproduction Technologies on Oocyte, Embryo, and 
Cumulus Cell Phenotype” 

Short Presentation – Lane Christenson, PhD
“miRNA-21 is a regulator of LH actions in granulosa cells” 

6:00 PM Banquet – Intercontinental at the Plaza 401 Ward Parkway. Rooftop Ballroom

Introduction & Leslie Heckert, PhD

Presentation: Louis DePaolo, PhD
“The Specialized Cooperative Centers Program in Reproduction and Infertility: 
A Program for Tomorrow’s Science?”
Poster Awards Presentation

FRIDAY, OCTOBER 9 Rooftop Plaza Room

8:30 – 9:15 AM Breakfast

9:15  – 10:30 AM Session IV: Uterus/Placenta
Session Chair - Warren Nothnick, PhD
Platform Speaker – Thomas Spencer, PhD
“Endogenous Retroviruses: From Infectious Elements to Essential Genes”

Short Presentation – Rocio Rivera, PhD
“The epigenetic program of preimplantation mouse embryos is altered by 
assisted reproductive technology procedures.” 

10:30 – 11:30 AM Session V: Male Infertility
Session Chair - Joesph Tash, PhD
Platform Speaker – Ajay Nangia, MD
“MALE INFERTILITY TREATMENT  Where are we now and where are we 
going?” 

Short Presentation – Tatiana Karpova, MD, PhD
“Identification of novel targets of transcription factor Dmrt1”

11:45 AM Adjourn – Thank you for attending!
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MEMBERS: 

ADMINISTRATORS: 

2009 GREENWALD SYMPOSIUM ORGANIZING COMMITTEE:

 T. Rajendra Kumar, PhD 
Associate Professor
Molecular & Integrative Physiology

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

Lane Christenson, PhD
Assistant Professor
Molecular & Integrative Physiology

William Kinsey, PhD
Co-Director, CRS
Professor
Anatomy & Cell Biology

Leslie Heckert, PhD
Co-Director, CRS
Professor
Molecular & Integrative Physiology

Linda Spears
Center for Reproductive Sciences

Stanton Fernald
Imaging Core, ICMCRD

Center for Reproductive Sciences
University of Kansas Medical Center

THE 6TH 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

BALLROOMPREFUNCTION

GUEST
ELEVATORS

ESCALATORS

ROTUNDA

PARKING

COAT
ROOM

WOMEN

MEN
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II

SALON
III

REGISTRATION DESK

Elevators to
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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

Richard Stouffer, PhD
Oregon Health & 

Science
University

Harry Weitlauf, MD
Texas Tech University

Osborn Address

Neena Schwartz, PhD
Northwestern 

University
Banquet Address

2004 Speakers
Sally Camper, PhD

University of Michigan

Thaddeus Golos, PhD
Wisconsin Regional 

Primate
Center

Matthew Hardy, PhD
Population Council

Joy Pate, PhD
Ohio State University

John Robinson, PhD
Ohio State University

Shyamal K. Roy, PhD
University of Nebraska

Osborn Address

2005 Speakers
Robert Braun, PhD

University of 
Washington

Guela Gibori, PhD
University of Illinois at

Chicago
Osborn Address

Susan Fisher, PhD
University of California-

San Fransisco

Fred Karsch, PhD
University of Michigan

John Schimenti, PhD
Cornell University

John Schimenti, PhD
Cornell University

Teresa Woodruff, PhD
Northwestern 

University

Poster 
Competition

Awardees (2006)

1st Place—
Lynda McGinnis

University of Kansas 
Medical Center

2nd Place—
Elizabeth Taglauer

University of Kansas 
Medical Center

3rd Place—
Toshihiro Konno, PhD
University of Kansas 

Medical Center

2006 Speakers
John J. Eppig, PhD

The Jackson Laboratory

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

Barbara J. Lutjemeier
Kansas State University

Cheng Wang
University of Nebraska

Medical Center

2007 Speakers

Symposium History

G S G

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

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, Ph.D.
University of Florida

Gainesville, Fl

Poster 
Competition

Awardees (2008)

Dulce Maroni
University of Nebraska

Medical Center

Stephanie Fiedler
University of Kansas

Medical Center

Tamara Jimenez
University of Kansas

Medical Center

2008 Speakers
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Jerome Strauss III, PhD
Osborn Address
Dean, School of Medicine
Virginia Commonwealth University

“PCOS Genes:  Relationships to Obesity and Diabetes.”
Dr. Strauss’s laboratory has three primary interests: 1) the regulation of steroid hormone 
synthesis in ovary and placenta; 2) polycystic ovary syndrome; 3) the biology of fetal membranes. 

Studies on the control of steroid hormone synthesis are currently focused on the role of proteins that govern the 
uptake of lipoprotein-carried cholesterol from the circulation and proteins involved in the distribution cholesterol 
to and within various intracellular organelles. On-going work explores the role and function of the very low density 
lipoprotein receptor in placental cholesterol metabolism. Work on intracellular sterol transport addresses sterol 
efflux from lysosomes and endosomes, sterol transport through the cytoplasm and intra-mitochondrial sterol 
translocation. Diseases caused by defects in the intracellular trafficking of cholesterol, including Niemann-Pick type 
C disease and congenital lipoid adrenal hyperplasia, serve as models to explore the roles of specific proteins.

Alberto Darszon, PhD
Developmental Genetics and Molecular Physiology
National Autonomous University of Mexico

“Ion channels involved in capacitation and the acrosome reaction in mammalian sperm.”  
Fertilization, a matter of life and death, is an attractive process for studying cellular interactions 
and communication. Although the factors that mediate the sperm-egg dialogue have been 
studied for a century, the detailed molecular mechanisms involved in these events remain 

elusive. There is growing evidence that the regulation of ion transport across the sperm membrane is deeply 
involved in gamete signaling. The group of Dr. Darszon has been studying the ion channels present in sperm 
involved in its fundamental functions: swimming, maturing, undergoing the acrosome reaction and fertilizing the 
egg.

Louis DePoalo, PhD
Branch Chief, NICHD Reproductive Sciences Eunice Kennedy Shriver
NICHD, NIH

“The Specialized Cooperative Centers Program in Reproduction and Infertility: A Program 
for Tomorrow’s Science.” 
Louis V. DePaolo, Ph.D., joined the Reproductive Sciences Branch in 1994, and became its 
chief in 2006. In 1997, Dr. DePaolo established the Contraception and Infertility Research 

Loan Repayment Program, which became the first extramural loan repayment program at the NIH. He also 
established the Specialized Cooperative Centers Program in Reproduction and Infertility Research in 1998 and 
continues to serve as project scientist of this program. Dr. DePaolo received his undergraduate degree in zoology 
from Rutgers College, and his graduate degree in physiology from the University of Maryland School of Medicine. 
Prior to coming to NIH, he was an associate professor in the Department of Physiology at the University of 
Texas Health Science Center in San Antonio, and a member in the Department of Molecular Endocrinology at 
the Whittier Institute in La Jolla, California. His research background is in the neuroendocrine control of female 
reproduction.

2009 Speaker Information
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Keith Latham, PhD
Professor, Biochemistry Professor, Fels Institute for Cancer Research and
Molecular Biology Temple University

“Effects of Assisted Reproduction Technologies on Oocyte, Embryo, and Cumulus Cell 
Phenotype.”
My research focuses on understanding the remarkable properties of the mammalian oocyte, 
which exists as a highly differentiated cell type endowed with the unique capacity for creating 

an embryonic genome from the two terminally differentiated gamete genomes, activating that embryonic 
genome, and regulating its function during much of the preimplantation period.  My research seeks to understand 
these fundamental, life-generating processes at the molecular level, by employing a combination of microsurgery, 
quantitative gene expression analyses, and structural studies. 

Ajay Nangia, MD
Associate Professor Department of Urology
University of Kansas Medical Center

“MALE INFERTILITY TREATMENT  Where are we now and where are we going?” 
Ajay Nangia, MD, has joined the University of Kansas Medical Center as an associate professor 
of urology. Most recently, Dr. Nangia was an assistant professor of surgery at Dartmouth 
Medical School’s urology department.  He also has held positions at Yale University, Cleveland 

Clinic and the University of Pittsburgh.
Dr. Nangia, who has a joint position with obstetrics and gynecology, specializes in andrology, which is the study 
of sexual reproductive medicine.  At KUMC, he will perform microsurgeries, such as vasectomies and vasectomy 
reversals, and treat men’s health issues. More specifically, Dr. Nangia specializes in men’s prostate and sexual health 
by defining issues that men are facing.  He specializes in young adults – those who are normally healthy, but may be 
facing health problems like reproductive issues or spinal cord injuries. Dr. Nangia’s research will be a collaborative 
effort among other researchers at KUMC, such as Joe Tash, PhD, who studies sperm physiology.

Stephanie Seminara, PhD
Assistant Professor of Medicine faculty member of the Reproductive Endocrine Unit 
at Massachusetts General Hospital
Harvard Medical School

“Genes for Puberty: A Story Told Through Mice and Men.” 
Dr. Seminara studies the genetics of idiopathic hypogonadotropic hypogonadism, a disease 
characterized by delay of pubertal development and infertility.

The broad goal of Dr. Seminara’s work is the elucidation of the genes that cause congenital, idiopathic 
hypogonadotropic hypogonadism (gonadotropin releasing hormone [GnRH] deficiency) and the exploration of 
genotype/phenotype correlations for patients with this disorder. Identification of the genes that modify GnRH 
secretion is critical to advance the understanding of normal reproduction. Human “knock out” models of isolated 
GnRH deficiency represent a unique biologic opportunity to identify the gene(s) relevant to GnRH secretion. 
To date, the genetics of idiopathic hypogonadotropic hypogonadism (IHH) has been challenging to elucidate, 
as this condition is characterized by rich clinical and genetic heterogeneity, variable modes of inheritance, and 
association with other anomalies. Selected genetic approaches have highlighted the fact that children of marriages 
between related individuals heterozygous at a given genetic locus have a high probability of being affected due 
to homozygosity by descent. Dr. Seminara and colleagues have used linkage analysis in a large consanguineous 
family with IHH. Their work has uncovered that mutations in a G protein coupled receptor, GPR54, are a cause 
of autosomal recessive IHH. Thus, GPR54, and its ligand, metastin, are critical regulators of the reproductive axis. 
Further genetic studies are underway to elucidate the role of these proteins.
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Lane Christenson, PhD
Assistant Professor Molecular & Integrative Physiology
University of Kansas Medical Center

“miRNA-21 is a regulator of LH actions in granulosa cells.“
Fertility control and infertility (PCOS) are major health concerns for premenopausal 
women.  Research in my laboratory focuses understanding the terminal events (ovulation, 
oocyte maturation, and luteinization) involved as periovulatory follicles differentiate and 

corpora lutea are formed.  Currently, the laboratory is focused on elucidating how LH-induced microRNAs 
regulate ovarian function via post-transcriptional gene regulatory mechanisms.  The laboratory also has a 
series of studies focused on non-invasive assessment of human embryonic quality associated with assisted 
reproductive technologies.

Thomas Spencer, PhD
Professor, Physiology of Reproduction & Texas AgriLife Research Faculty Fellow
Texas A&M University

“Endogenous Retroviruses: From Infectious Elements to Essential Genes.”
Dr. Thomas Spencer is a Professor of Reproductive Biology and Physiological Genomics and 
AgriLife Research Faculty Fellow. He coordinates the team taught graduate level courses 
in Reproductive Biology. His research interests are focused on the hormonal, cellular and 

molecular mechanisms regulating development and function of the uterus and placenta using sheep, cattle and 
mice. These areas are funded by the USDA and NIH.

Rocio M. Rivera, PhD
Assistant Professor
Mammalian Embryology/Developmental Epigenetics
Animal Science Research Center, Division Of Animal Sciences
University of Missouri, Columbia, MO 

“The epigenetic program of preimplantation mouse embryos is altered by assisted 
reproductive technology procedures.“

 The research conducted in my laboratory aims at understanding the mechanisms whereby manipulations of 
embryos during the preimplantation stage (such as those performed during assisted reproductive technologies) 
result in alterations to the epigenome, especially misregulation of imprinted genes.
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Vargheese Chennathukuzhi, PhD 
Assistant Professor Molecular & Integrative Physiology
University of Kansas Medical Center

“HPO axis and development of ovary-neutral selective estrogen receptor modulators 
(SERMs).” 
 Dr. Chennathukuzhi obtained his Ph D in Biochemistry from the Indian Institute of 
Technology, Madras.  After a postdoctoral fellowship at the Center for Research on 

Reproduction and Women’s Health, University of Pennsylvania, Dr. Chennathukuzhi joined the Women’s Health 
Research Institute of Wyeth Pharmaceuticals.  He recently joined the Department of Molecular and Integrative 
Physiology as an Assistant Professor. Dr. Chennathukuzhi’s research interests include contraceptive drug discovery 
and development, novel cancer testis antigens and development of targeted cancer therapies, etiology of uterine 
fibroids and development of potential therapeutics.

Lesya Holets, PhD
Postdoctoral Fellow
Interdisciplinary Center for Male Contraceptive Research & Drug Development 
University of Kansas Medical Center 

“Effect of Gamendazole on expression of Heat Shock proteins HSP70 and HSP90 in Rat 
Testis and Primary Sertoli Cells.“
 I received PhD in Genetics from Ukrainian National Institute of Human Genetics,

Kiev, Ukraine. After Postdoctoral training in Dr. W. Kinsey & Dr. M.Petroff  lab, I joined Dr. Joseph Tash laboratory  
in Department of Molecular and Integrative Physiology  at KU Medical  Center. I am working   on development 
of  non-hormonal oral male contraceptive agents. Research interest:s:  Male reproductive biology; early genes 
regulation changes in testis and primary  Sertoli  cells triggered by Gamendazole.

Tatiana Karpova MD, PhD. 
Postdoctoral Fellow
Molecular & Integrative Physiology
University of Kansas Medical Center 

“Identification of novel targets of transcriptional factor Dmrt1.” 
I received medical degree from Russia State Medical University, Moscow, Russia and PhD 
in Immunology from Gabrichevsky Scientific Research Institute of Epidemiology and 

Microbiology, Moscow, Russia with research focus in human reproduction. Joined Dr. Leslie Heckert laboratory 
in Department of Molecular and Integrative Physiology to perform postdoctoral training, focusing on the 
transcriptional regulation of genes involved in development of Male Reproductive system.
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Titles of Abstracts
SHORT PRESENTATIONS: (1-5)

1. HPO axis and development of ovary-neutral selective estrogen receptor modulators (SERMs).
Vargheese Chennathukuzhi, Molecular & Integrative Physiology University of Kansas Medical Center, Kansas City, KS

2. Effect of gamendazole on expression of heat shock proteins HSP70 and HSP90 in Rat testis and primary Sertoli cells
Lesya Holets1,2, Sudhakar Jakkaraj3,4, Ramappa Chakrasali3,4, Gunda I. Georg1,3,4 and Joseph S. Tash1,2 1Interdisciplinary Center for 
Male Contraceptive Research & Drug Development.2Department of Molecular and Integrative Physiology, University of Kansas 
Medical Center, Kansas City, KS. 3Dept.of Medicinal Chemistry and Institute for Therapeutics,Discovery& Development, University 
of Minnesota, Minneapolis, MN.4Dept. of Medicinal Chemistry, University of Kansas, Lawrence, KS

3. MicroRNA-21 is a regulator of LH actions in granulosa cells
Lane Christenson,  Martha Carletti, Xiaoman Hong, Molecular & Integrative Physiology University of Kansas Medical Center, Kansas 
City, KS

4. The epigenetic program of preimplantation mouse embryos is altered by assisted reproductive technology procedures
Rocio M. Rivera, Mammalian Embryology/Developmental Epigenetics, Animal Science Research Center, Division Of Animal 
Sciences, University of Missouri, Columbia, MO 

5. Identification of novel targets of transcription factor DMRT1
Tatiana Karpova , Daren Rice, Leslie L. Heckert , Department of Molecular and Integrative Physiology, University of Kansas Medical 
Center, Kansas City, KS 

POSTERS: (6-28)
6. Altered micro-RNA expression patterns during the initiation and promotion stages of neonatal diethylstilbesterol-induced 
dysplasia/neoplasia in the hamster uterus. 
Ramesh Padmanabhan1, Isabel R. Hendry1and William J. Hendry1. 1Department of Biological Sciences, Wichita State University, 
Wichita, KS

7. Protein tyrosine kinase signaling during sperm-egg interaction and meiosis resumption.
Lynda K. McGinnis, Jinping Luo and William H. Kinsey. Center for Reproduction Sciences University of Kansas Medical Center. 
Kansas City, KS 66160 USA

8. Micro RNA-21 enhances global translation.  
Martha Z. Carletti and Lane K. Christenson. 1.Department of Molecular and Integrative Physiology, University of Kansas Medical 
Center, Kansas City, KS.     

9. The metabolic role of adiponectin extends to the placenta, and occurs through multiple signaling pathways. 
Emily A. McDonald and Michael W. Wolfe. Department of Molecular and Integrative Physiology, University of Kansas Medical 
Center, Kansas City, KS. 

10. Fetal antigen induces tolerance in maternal CD4+ T cells.
Antoine Perchellet and Margaret Petroff. Department of Anatomy and Cell Biology, University of Kansas Medical Center, Kansas 
City, KS 66160.

11. Fertility defects in the mouse oocyte resulting from loss of Fyn kinase activity.
Jinping Luo, Lynda McGinnis, and William H. Kinsey. Department of Anatomy and Cell Biology. University of Kansas Medical 
Center

12. Molecular Analysis of Testicular Defects in Fshb and Ccnd2 Double Mutant Mice.
Huizhen Wang1, Phillip Stevenson1, Sumedha Gunewerdana 2 and T. Rajendra Kumar1, 3. 1Center for Reproductive Sciences, 
1Department of Molecular and Integrative Physiology, and 2KIDDRC, and 3Pathology and Laboratory Medicine; University of Kansas 
Medical Center, Kansas City, KS 66160.
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13. Bone Morphogenetic Protein 4 as a mediator of estrogen-induced sensory axon plasticity.
Aritra Bhattacherjee and Peter Smith. University of Kansas Medical Center, Kansas City, KS 66160.

14. Loss of microRNA leads to abnormal function and development of the adult mouse uterus.
Lacey J. Luense, Xiaoman Hong, Sara B. Brown, Warren B. Nothnick and Lane K. Christenson. University of Kansas Medical Center, 
Kansas City, KS, 66160

15. Transgenic mouse with augmented expression of the Na,K-ATPase α4 isoform exhibit increased sperm motility.
Tamara Jimenez, Gladis Sánchez and Gustavo Blanco. University of Kansas Medical Center, Kansas City, KS 66160

16. Activin/Nodal signaling regulates the BMP pathway in mouse embryonic stem cells. 
Katherine E. Galvin1,2 and Jay L. Vivian1,2. 1Department of Pathology and Laboratory Medicine and Division of Cancer and 
Developmental Biology, 2Institute of Maternal-Fetal Biology, University of Kansas Medical Center, Kansas City, Kansas.

17. Synergistic activation of Akt by IGF-1 and FSH is correlated with the altered expression of several granulosa cell paracrine 
factors that affect follicle progression or ovulation.
Elizabeth M. Mack, Jacqueline E. Smith, and Jennifer R. Wood. Department of Animal Science, University of Nebraska-Lincoln, 
Lincoln, NE

18. Aff1 function in early development.
Naveen Neradugomma, Emily Travis, Jessica N. Copeland, Katherine Galvin, Daniel Wagner and Jay L. Vivian. 
University of Kansas Medical Centre, Kansas, KS. Rice University, Houston, TX.  

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

20. IGF-1 dependent changes in histone H3 modifications are associated with Akt signaling and the expression of cell survival 
and immediate early genes. 
Zhufeng Yang, Jacqueline E. Smith, Taylor Yaw, and Jennifer R. Wood. Department of Animal Science, University of Nebraska-
Lincoln, Lincoln, NE, USA

21. Sertoli and Granulosa cell-specific Vascular Endothelial Growth Factor (VEGF) loss using pDMRT-1 Cre alters gonadal 
morphogenesis and function. 
Ningxia Lu, Debra T Clopton, William E Pohlmeier and Andrea S Cupp. Department of Animal Science, University of Nebraska-
Lincoln, Lincoln NE.

22. Possible Derivation of Induced Trophoblast Stem Cells (piTSC) from Swine.
Haruyo Matsuyama, Andrei Alexenko, Bhanu Telugu and Toshihiko Ezashi. Genetics Area Program and Division of Animal Sciences, 
University of Missouri, Columbia MO 65211

23. Derivation of Induced Pluripotent Stem Cells from Pig Somatic Cells.  
Toshihiko Ezashi1, Bhanu Prakash V.L. Telugu1, Andrei Alexenko1, Shrikesh C. Sachdev2, Sunilima Sinha1 and R. Michael Roberts1,2. 
Divisions of 1Animal Sciences and 2Biochemistry, University of Missouri, Columbia, MO.

24. LIF-Dependent, Porcine Induced Pluripotent Stem Cells Derived by Episomal, Non-Integrating Vectors.
Bhanu Prakash V.L. Telugu1, Toshihiko Ezashi1, Sunilima Sinha1 and R. Michael Roberts1,2. 1Division of Animal Sciences; 
2Department of Biochemistry, University of Missouri, Columbia.

25. Evolution of the IFNT and their Emergence from IFNW. 
Angela Walker1 and R. M. Roberts1. 1Department of Veterinary Pathobiology, 2Department of Animal Science, University of Missouri, 
Columbia, MO

26. The influence of environmental exposure on asymmetric cytokinesis in the rat embryos.
Gokhan Akkoyunlu1,2, Sara Brown1, Brian K. Petroff1, and David F. Albertini1. 1Department of Molecular and Integrative Physiology, 
University of Kansas Medical Center, 3901 Rainbow Boulevard, Kansas City, KS 66160, USA. 2Department of Histology and 
Embryology, Faculty of Medicine, Akdeniz University, 07070 Antalya, Turkey 
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27. GATA3 is selectively expressed in the trophectoderm of peri-implantation embryo and directly regulates Cdx2 gene 
expression.
Pratik Home1, Soma Ray1, Debasree Dutta1, Illya Bronshteyn2, Melissa Larson2, and Soumen Paul1. 1 Institute 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

28. Signaling mechanism of GPR30-mediated estrogen action on the formation of primordial follicles: involvement of Akt and 
MAPK pathways. 
Cheng Wang1 and Shyamal K. Roy1, 2, Departments of Obstetrics and Gynecology1 and Cellular and Integrative Physiology2, 
University of Nebraska Medical center, Omaha, NE 68198

29. Expression of EBP1 in the hamster ovary during perinatal development. 
Anindit Mukherjee1, and Shyamal K. Roy1,2, Departments of Cellular and Integrative Physiology1,2, and OB/GYN2. 
University of Kansas Medical Center, Kansas City, KS. 
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Abstracts 

SHORT PRESENTATIONS: (1-5)
1. HPO axis and development of ovary-neutral selective estrogen receptor modulators (SERMs).
Vargheese Chennathukuzhi, Molecular & Integrative Physiology University of Kansas Medical Center, Kansas City, KS

Selective estrogen receptor modulators (SERMs) have the potential to treat estrogen sensitive diseases such as uterine leiomyoma and 
endometriosis, which are prevalent in reproductive age women. However, SERMs also increase the risk of developing ovarian cysts in 
this population, a phenomenon that is not seen in postmenopausal women. It is believed that current SERMs partially block estradiol’s 
ability to downregulate gonadotropin-releasing hormone (GnRH) secretion from the hypothalamus thereby interfering with estradiol’s 
negative feedback, leading to increased ovarian stimulation by gonadotropins, and cyst formation. It has been postulated that a SERM 
with poor brain exposure would have less negative effect on the HPO axis, therefore reducing the risk of developing ovarian cysts.  We 
identified and validated an early biomarker for the ovarian liability of SERMs that correlated with brain exposure of the compounds.

2. Effect of gamendazole on expression of heat shock proteins HSP70 and HSP90 in Rat testis and primary Sertoli cells
Lesya Holets1,2, Sudhakar Jakkaraj3,4, Ramappa Chakrasali3,4, Gunda I. Georg1,3,4 and Joseph S. Tash1,2 1Interdisciplinary Center for 
Male Contraceptive Research & Drug Development.2Department of Molecular and Integrative Physiology, University of Kansas 
Medical Center, Kansas City, KS. 3Dept.of Medicinal Chemistry and Institute for Therapeutics,Discovery& Development, University 
of Minnesota, Minneapolis, MN.4Dept. of Medicinal Chemistry, University of Kansas, Lawrence, KS
Discovery of new non-hormonal male contraceptives that are simple to use, reversible and safe could involve men in the family 
planning process. However, rational development of contraceptive agents requires understanding of the molecular mechanisms 
essential for spermatogenesis and sperm maturation. Gamendazole (GMZ) and H2-Gamendazole (H2-GMZ) were recently 
identified as a potent orally anti-spermatogenic agent that causes reversible infertility by disrupting the junctional complexes that 
anchor spermatids to Sertoli cells in the testis. In our previous study we identified HSP90 beta as a novel anti-spermatogenic male 
contraceptive target directly binds H2-GMZ. H2-GMZ down regulates known HSP90 client proteins. Using gene microarray in rat 
testis and primary Sertoli cells, we found rapid changes in the transcription of heat shock protein genes HSP70-3 (10 fold decrease) 
and up-regulation of IL-1 and GRO-1. We investigated the effect on GMZ and H2-GMZ on HSP70 alpha, HSP70-3, HSP90 alpha, 
and HSP90 beta mRNA and protein expression in rat testis and primary Sertoli cells. 70 day-old rats were given single oral dose of 6 
mg/kg GMZ or H2-GMZ. RNA and protein were isolated from testes at 1, 3, 6, 24 hrs and subjected to quantitative real time RT-PCR 
and Western blot appropriately. Effect of GMZ was more rapid than H2-GMZ on HSP70 mRNA in Rat testis. Rapid down-regulation 
of HSP70 alpha and HSP70-3 mRNA (three and five fold, respectively) was observed at 1 hr of GMZ treatment. H2-GMZ decreased 
these genes mRNA level in 6 hrs after animal treatment. HSP90 alpha and HSP90 beta mRNA levels were significant up-regulated 
in 1h of H2-GMZ treatment but dropped in 2-fold compare to untreated control after 6 hrs of H2-GMZ exposure. Since there are 
changes in Sertoli cells structure, function and regulation that occur during testis maturation, we focused efforts on comparing HSP70 
and HSP-90 mRNA and protein levels in primary Sertoli cells from immature (15d) and adult (70d) rats. Primary Sertoli cells were 
cultured in the absence or presence 100 nM H2-GMZ for 0, 30, 60, 90, 180 min and real time RT-PCR was performed. Western blot 
revealed HSP90 protein expression levels in cultured Sertoli cells with 100 or 1000 nM of H2-GMZ for 1, 3, 6, 12, 24 hr. H2-GMZ 
elicited a two-fold down-regulation HSP70-3 and HSP90beta mRNA in Sertoli cells from adult rats in 60 min of exposure. These 
genes levels remained low during the culture. In Sertoli cells from immature rats HSP90beta mRNA increased in one hour of H2-
GMZ treatment. HSP70-3 and  HSP90-beta protein expression mirrors mRNA  levels in primary Sertoli cells treated with H2-GMZ. In 
conclusion, altered expression of conserved heat shock proteins that can protect Sertoli cells from transient stress conditions triggered 
by H2-GMZ support the hypothesis that Sertoli cells may be a target of H2-GMZ contraceptive effect. This research was supported by 
grant U54 HD-HD055763.

3. MicroRNA-21 is a regulator of LH actions in granulosa cells
Lane Christenson,  Martha Carletti, Xiaoman Hong, Molecular & Integrative Physiology University of Kansas Medical Center, Kansas 
City, KS

Luteining hormone (LH) acts on ovarian granulosa cells and induces both ovulation and luteal cell differentiation.  Recently, our 
laboratory and others have demonstrated that microRNA-mediated post-transcriptional gene regulation is necessary for ovulation.  
MicroRNA-21 (miR-21) was identified as one of the three LH-induced miRNAs in murine granulosa cells. Our data indicate that 
miR-21  prevents apoptosis and promotes global translation in cultured granulosa cells.  We have identified elongation factor-2 as a 
downstream target of miR-21.  Lastly, in vivo studies implicate miR-21 blocks ovulation.  Thus, miR-21 is a key regulator mediating 
several of the LH actions in granulosa cells.
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4. The epigenetic program of preimplantation mouse embryos is altered by assisted reproductive technology procedures

Rocio M. Rivera, Mammalian Embryology/Developmental Epigenetics, Animal Science Research Center, Division Of Animal 
Sciences, University of Missouri, Columbia, MO 

Recent retrospective studies have cautioned of an apparent increase in the incidence of loss-of-imprinting (LOI) syndromes in children 
conceived through assisted reproductive technologies (ART).  In the mouse, we and others have shown that manipulations of gametes 
(i.e. superovulation) and preimplantation embryos (i.e. culture and/or transfer) can result in LOI.  Our studies show that embryo 
transfer can induce biallelic expression of several imprinted genes in the extraembryonic tissues of d9.5 concepti.  In that study, a 
superimposed embryo culture treatment caused a more severe misregulation of these genes in the extraembryonic tissues.  In addition, 
culture of embryos resulted in LOI in the fetus.  Further, expression of the repressed allele of two imprinted genes was associated with 
loss of methylation at their imprinting control regions.  Even though a relationship between ART and LOI has been established, the 
cellular and molecular mechanisms involved in this outcome are not known.  We have started conducting studies aimed at elucidating 
how each of theses procedures affect global DNA methylation and the expression of proteins involved in regulating the epigenome in 
oocytes and preimplantation embryos.

5. Identification of novel targets of transcription factor DMRT1
Tatiana Karpova , Daren Rice, Leslie L. Heckert , Department of Molecular and Integrative Physiology, University of Kansas Medical 
Center, Kansas City, KS 
DMRT1 (doublesex and mab-3 related transcription factor 1) is a transcription factor essential for postnatal testis differentiation and 
fertility.  Genetic and expression studies show DMRT1 function is associated with proliferation in germ cells and differentiation 
and maturation of Sertoli cells. While DMRT1’s recognized function is as a required transcriptional regulator of testis function and 
development, the sequences to which it binds in vivo and the genes it directly regulates remain unknown.  To identify such target 
sequences and genes, we employed ChIP Display using chromatin isolated from freshly prepared cells from seminiferous tubules of 
pre-pubertal rats and determined the DNA sequences associated with DMRT1 in vivo. Computational analysis of these sequences 
identified the genes in proximity to the binding sites, which were considered as candidate targets. Transcript levels of potential targets 
were compared between testes of Dmrt1+/+ and Dmrt1-/- mice, revealing marked differences in mRNA levels for candidate genes 
Cdc7 and Bcl-2 that suggested they are positively regulated by DMRT1. Functional annotation of the genes indicates ties to cell cycle 
regulation, which, notably, correlates with the proposed function of DMRT1 in germ cell proliferation.  In summary, ChIP Display has 
identified many in vivo binding sequences for DMRT1 and computational analysis the associated genes.  Subsequent validation studies 
performed thus far strongly support several of these as true DMRT1 targets and thus continued analyses is expected to identify many 
more DMRT1 target genes.  

POSTERS: (6-28)
6. Altered micro-RNA expression patterns during the initiation and promotion stages of neonatal diethylstilbesterol-induced 
dysplasia/neoplasia in the hamster uterus. 
Ramesh Padmanabhan1, Isabel R. Hendry1and William J. Hendry1. 1Department of Biological Sciences, Wichita State University, 
Wichita, KS
Treatment of hamsters on the day of birth with the synthetic estrogen and prototypical endocrine disruptor, diethylstilbestrol (DES), 
results in a 100% incidence of uterine hyperplasia/dysplasia in adulthood and a large proportion of the disrupted organs progress 
to neoplasia (endometrial adenocarcinoma). Further investigation of this pathological phenomenon at the histomorphological level 
determined that, in accordance with the classic two-stage model of carcinogenesis, the neonatal DES exposure event directly and 
permanently disrupts the developing hamster uterus (initiation stage) so that it responds abnormally when it is stimulated with the 
natural ovarian estrogen, estradiol (E2), in adulthood (promotion stage). Our previous investigations of molecular elements involved 
in progression of the disruption/neoplastic process involved analyses of altered gene expression at the mRNA and protein levels. To 
widen that investigation, we performed microRNA (miRNA)-targeted microarray analyses on triplicate sets of uterine RNA extracts 
from 5-day old animals (initiation stage) and from 2-month old animals that were chronically stimulated with E2 (promotion stage).
At the miRNA level, the number of genes whose mean expression levels were significantly (ANOVA, p-value<0.05) different in DES-
exposed vs. control uteri were:
-Initiation Stage/Up-Regulated: 43(8>2-fold; miR-200b, 200a, 429, 29a, 141, 200c, 29b,21)
-Initiation Stage/Down-Regulated: 32(1>2-fold; miR-181a)
-Promotion Stage/Up-Regulated: 29(none >2-fold)
-Promotion Stage/Down-Regulated: 33(1>2-fold; miR-133a)
These results corroborate previous demonstrations at the mRNA and protein levels that progression of the neonatal DES-induced 
disruption/neoplasia process in the hamster uterus involves a spectrum of gene expression alterations. However, the collection of both 
structural and miRNA-coding genes and their manner of altered expression was quite different during the initiation vs. promotion 
stages of the phenomenon.
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7. Protein tyrosine kinase signaling during sperm-egg interaction and meiosis resumption.
Lynda K. McGinnis, Jinping Luo and William H. Kinsey. Center for Reproduction Sciences University of Kansas Medical Center. 
Kansas City, KS 66160 USA

Mouse oocytes fertilized in vivo exhibit localized protein tyrosine kinase (PTK) signaling events in the egg cortex as demonstrated 
by immunofluorescence with an anti-phosphotyrosine antibody (4G10).  In order to detect events that occur during the earliest stages 
of fertilization, the present study used in vitro fertilization to enhance the synchrony of sperm-egg interaction. Oocytes were fixed at 
intervals between 15-120min after addition of capacitated sperm (mpi) and processed for confocal immunofluorescence microscopy.  
Tyrosine phosphorylated proteins (P-Tyr) were evident in the egg cortex underlying attached sperm, suggesting that sperm-egg contact 
triggered PTK signaling in the egg.  P-Tyr was also evident in the egg cortex adjacent to both maternal & paternal chromatin and 
subsequently, propagated throughout the entire egg cortex.  Parthenogenetic activation of oocytes with strontium chloride triggered 
cortical accumulation of P-Tyr proteins similar to fertilization, indicating that sperm were not required for cortical signaling during 
meiosis resumption.  Western blot analysis of eggs with 4G10 antibody detected PTK substrates of 63, 67, 82, and 120 KDa, but 
failed to detect any significant increases in response to fertilization or parthenogenic activation. This failure to detect biochemical 
confirmation of the enhanced P-Tyr signaling observed via microscopy could indicate that fertilization-induced cortical changes 
involved only a small fraction of the total pool of each protein, or that they resulted from concentration of P-Tyr proteins in regions 
of the egg cortex.  Src-family kinase (SFK) inhibitor SKI-606 blocked fertilization-induced accumulation of P-Tyr proteins observed 
by immunofluorescence and specifically reduced the P-Tyr content of bands at 63 and 67 KDa suggesting that SFKs were responsible 
for phosphorylating at least some of the egg cortex proteins.  The focal adhesion kinase (FAK) was also implicated in cortical PTK 
signaling since activated FAK was detected in the egg cortex with a pattern very similar to that of phosphotyrosine.

8. Micro RNA-21 enhances global translation.  
Martha Z. Carletti and Lane K. Christenson. 1.Department of Molecular and Integrative Physiology, University of Kansas Medical 
Center, Kansas City, KS.   
  
Ovarian follicular granulosa cells respond to the ovulatory surge of luteinizing hormone with marked hypertrophy and 
neovascularization to form the corpus luteum.  The rate of growth of the newly formed luteal tissue exceeds that of the most 
aggressive growing tumors, and many of the cellular/ molecular events that occur during this transition are characteristic of 
transformed cells.  We recently identified the “oncomiR” microRNA-21 (miR-21) as upregulated in mouse granulosa cells during 
luteinization.  To determine the function of miR-21, granulosa cells were cultured in the presence of blocking 2’-O-methyl (anti-21) 
and locked nucleic acid (LNA-21) oligonucleotides.  Only the LNA-21 treated granulosa cells under went apoptosis, confirming the 
known anti-apoptotic role for miR-21.  However, both anti-21 and LNA-21 increased elongation factor 2 (EF2) phosphorylation.  
Phosphorylation of EF2 is associated with decreased protein synthesis, and 35S incorporation into granulosa cell protein was 3-fold 
(p<0.05) lower in the absence of miR-21. Additionally, treatment with pre-miR-21 increased global translation 2.5-fold (p<0.05) 
compared to controls.  Since EF2 phosphorylation cannot be directly affected by miR-21, Akt/mTOR (upstream modulators of EF2) 
were examined and also shown to be differentially phosphorylated by both knockdown and overexpression of miR-21.  Ongoing 
studies are identifying the direct miR-21 target(s) that affect these pathways.  In conclusion, miR-21 enhances global translation in 
granulosa cells during luteinization, and this oncomiR may have similar effects in cancer cells.  

9. The metabolic role of adiponectin extends to the placenta, and occurs through multiple signaling pathways. 
Emily A. McDonald and Michael W. Wolfe. Department of Molecular and Integrative Physiology, University of Kansas Medical 
Center, Kansas City, KS. 

Pregnancy represents a crucial time during which maternal energy stores must be mobilized to support the growing fetus, while 
maintaining adequate nutrient availability for metabolic homeostasis of the mother. The hormone adiponectin is known to play 
important roles in mediating physiological responses such as insulin sensitivity and energy substrate utilization. We have previously 
reported that adiponectin can also have a direct effect on trophoblast cells of the placenta, resulting in a drop in endocrine production 
by term primary trophoblast cells. Here we report microarray data demonstrating that adiponectin appears to exert effects on a number 
of genes involved in metabolism and nutrient transport across the placenta. Treatment of primary trophoblasts with adiponectin 
resulted in a drop in expression of genes including insulin-like 4, pappalysin 1 and 2 and low density lipoprotein receptor.  In contrast, 
genes such as insulin-like growth factor binding protein 3 were increased following adiponectin treatment. We hypothesized that 
adiponectin may utilize the AMP-activated protein kinase (AMPK) signaling cascade in the placenta, similar to its actions in other 
biological systems. Indeed, treatment with aminoimidazole carboxamide ribonucleotide (AICAR), an activator of AMPK, decreased 
chorionic gonadotropin β (CGβ) gene expression, similar to what we observe following adiponectin treatment. However, instead of 
AMPK activation, we have observed stimulation of ERK1/2 and Akt phosphorylation following treatment of primary trophoblasts 
with adiponectin. Given our previous data regarding the effect of adiponectin on endocrine gene expression and the microarray data 
presented herein, it is plausible to suggest that adiponectin is a pro-maternal hormone, important in maintaining adequate nutrient 
availability to the mother and preventing over-shuttling of nutrients to the fetus. Such a situation is important for the health of the 
mother during pregnancy, and may be especially critical in instances of malnutrition.
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10. Fetal antigen induces tolerance in maternal CD4+ T cells.
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.  A small percentage 
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.  However, deletion and TCR downregulation were not observed in OVA-bred OT-I mice.  Both CD4+ and CD8+ 
T cells upregulated ICOS expression in the presence of specific fetal antigen, but only CD4+ T cells consistently upregulated the 
inhibitory receptors PD-1 and CTLA-4.  More regulatory T cells were present in OVA-bred than in WT-bred OT-II mice, suggesting 
that fetal antigen specifically stimulates expansion of these cells.  These data indicate 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 grants HD045611 and HD049480.  A. Perchellet is supported by NIH training grant T32HD007455.

11. Fertility defects in the mouse oocyte resulting from loss of Fyn kinase activity.
Jinping Luo, Lynda McGinnis, and William H. Kinsey. Department of Anatomy and Cell Biology. University of Kansas Medical 
Center

Fyn kinase is highly expressed in mammalian and non-mammalian oocytes and has been implicated in the signal transduction events 
during egg activation including calcium signaling, meiosis resumption, and pronuclear congression.  The above experimental studies 
contradict other reports that Fyn-null mice exhibit normal fertility.  Our recent studies (McGinnis 08; kiney 09) demonstrated that 
Fyn-null oocytes exhibited mild fertility defects including defective meiotic spindle organization and defective interactions between 
the spindle and the cortical cytoskeleton and associated organelles.  The purpose of this report is to further examine the basis for 
these defects.  The ability of Fyn-null oocytes to respond to fertilization was assessed through analysis of developmental potential 
and calcium signaling capability. The Fyn-null oocytes were found to incorporate sperm and form pronuclei normally or with a slight 
delay, but a significant number failed to undergo mitosis, being arrested at the late pronuclear stage.  Calcium imaging studies revealed 
that Fyn-null oocytes exhibited an altered pattern of calcium oscillations which was, however, sufficient to initiate meiosis resumption.  
Fyn-null oocytes exhibited differences in IP3R1 distribution and protein tyrosine phosphorylation that may account for the above 
fertility defects.  Interestingly, Fyn-null oocytes were found to overexpress Yes kinase, possibly in an effort to compensate for the loss 
of Src-family signaling capability.   The above studies demonstrate the important functions performed by Fyn kinase in preparing the 
oocyte for fertilization, and highlight the relevance of this signaling pathway to fertility. 

12. Molecular Analysis of Testicular Defects in Fshb and Ccnd2 Double Mutant Mice.
Huizhen Wang1, Phillip Stevenson1, Sumedha Gunewerdana 2 and T. Rajendra Kumar1, 3. 1Center for Reproductive Sciences, 
1Department of Molecular and Integrative Physiology, and 2KIDDRC, and 3Pathology and Laboratory Medicine; University of Kansas 
Medical Center, Kansas City, KS 66160.

Follicle stimulating hormone (FSH) is a mitogen for Sertoli cells. Null males lacking Fshb phenocopy those lacking Ccnd2, a cyclin 
D2-encoding gene. To analyze in vivo interaction between FSH and cyclin D2, we generated double mutants lacking Fshb and 
Ccnd2 by a genetic intercross. In contrast to males lacking either Fshb or Ccnd2 alone, double mutant males lacking both Ccnd2 
and Fshb were severely hypogonadal and infertile. Histological analysis showed variable but progressive loss of germ cells in testes 
of double mutants. In vivo BrdU labeling experiments confirmed profound suppression of Sertoli but not germ cell proliferation 
in double mutants compared to individual mutants at postnatal day 5. Further analyses using specific markers indicated that germ 
cell proliferation was not affected in the adult testis also. Similarly, PLZF immunopositive staining revealed that germline stem cell 
progenitors were normal. Ultrastructure analysis suggested abnormal maturation/differentiation of Sertoli cells that closely parallel 
that of functional marker gene expression in double mutants. Microarray analysis of testicular gene expression profiling indicated that 
distinct signaling pathways were affected in 5d and 42d double mutants compared to those in single mutants. Collectively, our studies 
support the hypothesis that Fshb and Ccnd2 are critical determinants of Sertoli cell proliferation and germ cell maintenance in the 
mouse testis.
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13. Bone Morphogenetic Protein 4 as a mediator of estrogen-induced sensory axon plasticity.
Aritra Bhattacherjee and Peter Smith. University of Kansas Medical Center, Kansas City, KS 66160. 

Remodeling of axonal projections in the adult peripheral nervous system is believed to be widespread, but is poorly understood owing 
largely to the absence of tractable models.  We have recently found that vaginal sensory and autonomic innervation undergoes marked 
estrogen-dependent remodeling; innervation density is high under low-estrogen conditions and reduced at higher titers.  In the present 
study we used this model system to identify factors responsible for adult physiological plasticity.
While both neurons and vaginal target cells express estrogen receptors, target cells appear to take the dominant role in mediating 
estrogen’s actions.  Vaginal submucosal muscle explants or disassociated cell cultures promoted sprouting by co-cultured dorsal root 
ganglion axons, but this effect was abrogated by estrogen pre-treatment.  Microarray analysis of vaginal submucosal muscle explants 
showed that culture with estrogen down-regulated expression of the gene encoding Bone Morphogenetic Protein 4 (BMP4), and this 
validated by RT-PCR.  BMP4 is known to have diverse effects on the nervous system both directly and through modulation of classic 
neurotrophin signaling. To assess whether BMP4 plays a significant role in vaginal smooth muscle-induced dorsal root ganglion 
axonal sprouting, the endogenous BMP inhibitor noggin was added to co-cultures.  Noggin reduced axonal sprouting, consistent with a 
functional role for BMP4.  To determine if the estrogen-induced reduction in axonal sprouting can be overcome by BMP4, the protein 
was added to co-cultures exogenously, and this restored sprouting in the presence of estrogen.
We conclude that estrogen reduces the ability of vaginal smooth muscle to promote sensory innervation by suppressing synthesis of 
BMP4.  While BMP4 is known to play an important role in determining the architecture of the developing peripheral nervous system, 
these findings suggest that this protein is also important in mediating physiological plasticity in some parts of the adult nervous system 
as well.

14. Loss of microRNA leads to abnormal function and development of the adult mouse uterus.
Lacey J. Luense, Xiaoman Hong, Sara B. Brown, Warren B. Nothnick and Lane K. Christenson. University of Kansas Medical Center, 
Kansas City, KS, 66160 

Our laboratory recently demonstrated that conditional deletion of Dicer (a miRNA processing enzyme) in ovarian granulosa cells 
and derivatives of the Mullerian duct (Dicerfl/fl;Amhr2-Cre, Dicer-cKO) led to female infertility.  This was shown to be the result of 
a severe oviductal developmental defect that prevented fertilized embryos from entering the uterus.  While the uterus of Dicer-cKO 
females was also disrupted, as evidenced by shortened uterine horns and reduced numbers of uterine glands, its functional ability to 
establish and maintain pregnancy is unknown.  To test uterine decidualization, sesame oil was injected into one uterine horn of 3.5 
day pseudopregnant mice, while the contralateral horn served as the non-injected control.  Dicer-cKO mice (n=11) failed to exhibit a 
normal decidualization response when compared to wild-type mice (n=7), which exhibited a 3.6-fold increase (p<0.05) in uterine wet 
weight (mg) after body weight (g) correction.  We next completed an embryo transfer experiment, where 5 blastocysts collected from 
naturally mated CD-1 mice on d3.5 (d0.5 = plug) were transferred into each uterine horn of d2.5 pseudopregnant adult female Dicer-
cKO (n=13) and wild-type mice (n=7).  Implantation occurred in 4 of 13 Dicer-cKO recipient females.  Interestingly, all implantation 
sites in the pregnant Dicer-cKO mice were located at the cervical end of the uterine horns and appeared less vascular compared to 
wild-type mice.  Embryos failed to space appropriately in the two Dicer-cKO recipients with multiple embryos.  Histological analysis, 
however, indicated that the uteri of the pregnant Dicer-cKO mice were able to undergo a normal decidualization response with normal 
embryonic development.  Additionally, uteri from aged Dicer-cKO mice exhibited adenomyosis, a condition of abnormal endometrial 
growth within the myometrial layer, which progressively worsened with age.   In conclusion, uterine function in Dicer-cKO mice 
was compromised and miRNA mediated post-transcriptional gene regulation appears to play a significant role in normal uterine 
development and function.

15. Transgenic mouse with augmented expression of the Na,K-ATPase α4 isoform exhibit increased sperm motility.
Tamara Jimenez, Gladis Sánchez and Gustavo Blanco. University of Kansas Medical Center, Kansas City, KS 66160 

The Na,K-ATPase, involved in Na+ and K+ exchange across the plasma membrane of cells, exist as several isozymes that result from 
the association of different isoforms of the catalytic α and the glycosylated β subunits that constitute the transporter. Among the α 
isoforms, α4 has a series of characteristics that are unique. The α4 polypeptide is specifically expressed in male germ cells and it 
predominates in spermatozoa. In addition, it has distinct biochemical properties and it is essential to sperm motility. To establish 
the role of α4 in vivo, we have engineered transgenic mice that express the rat α4 isoform in male germ cells under the protamine-1 
promoter. A fusion construct between rat α4 and green fluorescent protein (GFP), placed at the C-terminus of the isoform was 
prepared (α4:GFP). The construct, placed into the pPrCExV-1 vector, was microinjected into the pronucleus of one-cell embryos, and 
transgenic animals were generated. Expression of the rat α4:GFP transgene was determined by immunoblot and immunocytochemistry 
using anti-α4 and anti-GFP antibodies on sperm samples. The α4:GFP protein was expressed in the spermatozoa and located mainly 
to the flagellum of the cells. This distribution corresponds to that of the native α4 isoform. In agreement with augmented α4 levels 
in the transgenic animals, ATP hydrolytic activity and binding of fluorescently labeled ouabain to α4 were increased. In contrast, 
activity of α1, the other Na,K-ATPase α isoform present in sperm remained unchanged. Animals expressing the α4:GFP transgene 
exhibited a normal testis morphological appearance and had similar fertility than wild type animals. Interestingly, compared to wild 
type spermatozoa, male gametes from α4:GFP mice displayed a higher total percent motility as determined by computer assisted 
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sperm analysis (CASA). Other motility parameters, such as progressive motility, straight line, curvilinear and average path velocities, 
amplitude of lateral head displacement, and hyperactivity were also increased in α4:GFP mice. Altogether, these results supports 
the role of the Na,K-ATPase α4 isoform in maintaining the Na+ and K+ gradients that are necessary for the motility of spermatozoa. 
[Supported by NIH grants HD043044 and U54 HD055763].

16. Activin/Nodal signaling regulates the BMP pathway in mouse embryonic stem cells. 
Katherine E. Galvin1,2 and Jay L. Vivian1,2. 1Department of Pathology and Laboratory Medicine and Division of Cancer and 
Developmental Biology, 2Institute of Maternal-Fetal Biology, University of Kansas Medical Center, Kansas City, Kansas.

Members of the transforming growth factor (TGF)-β superfamily play essential roles in the pluripotency, self-renewal, and 
differentiation of embryonic stem (ES) cells. While bone morphogenic proteins (BMP) maintain pluripotency of undifferentiated 
mouse ES cells, the role of Activin/Nodal signaling is less clear.  Pharmacological, molecular, and genetic methods were used 
to further understand the interaction of these pathways in ES cells.  Treatment of pluripotent ES cells with SB431542, a specific 
pharmacological inhibitor to Activin/Nodal-Smad2 signaling, resulted in a rapid reduction of phosphorylated Smad2 and altered 
the expression of several putative downstream targets.  Unexpectedly, the BMP receptor-regulated Smad1/5/8 showed a delayed 
enhancement of phosphorylation following inhibition of Activin/Nodal signaling. SB431542-treated cells also demonstrated 
significant increased expression of the Id genes, which are known direct targets of BMP signaling and important factors in ES cell 
pluripotency.  Inhibition of BMP signaling decreased the SB431542-mediated phosphorylation of Smad1/5/8 and induction of the 
Id genes, suggesting that BMP signaling is necessary for some of the gene expression changes in response to inhibition of Smad2 
activity.  As inhibition of Activin/Nodal-Smad2 signaling downregulated the expression of the inhibitory Smad7, we examined 
the contribution of Smad7 to the cross-talk between the TGFβ pathways.  Small-hairpin RNA knockdown of Smad7 induced 
phosphorylation of Smad1/5/8 and expression of BMP-responsive gene targets.  Moreover, Smad7 depletion reduced the SB431542-
mediated induction of the Id genes.  We conclude that Activin/Nodal and BMP signaling share an intimate interdependence via Smad7 
in undifferentiated mouse ES cells.

17. Synergistic activation of Akt by IGF-1 and FSH is correlated with the altered expression of several granulosa cell paracrine 
factors that affect follicle progression or ovulation.
Elizabeth M. Mack, Jacqueline E. Smith, and Jennifer R. Wood. Department of Animal Science, University of Nebraska-Lincoln, 
Lincoln, NE

Folliculogenesis and granulosa cell function are regulated by gonadotropin (i.e. FSH and LH) stimulation of cAMP-dependent signal 
transduction.  IGF-1 also regulates follicular development as well as granulosa cell proliferation and steroid production.   The actions 
of IGF-1 are mediated through its interaction with the IGF-1 receptor, and in some cases, requires simultaneous gonadotropin-
dependent signaling.  IGF-1 levels are elevated in obese individuals and obesity is associated with anovulatory infertiliy.  It is our 
hypothesis that IGF-1, alone or in combination with FSH-signaling, regulates the expression of genes in granulosa cells which are 
crucial for follicle and oocyte development.  To test this hypothesis, granulosa cells were isolated from CF-1 mice and maintained in 
the absence or presence of cAMP, IGF-1, or a combination of both.  The mRNA abundance of paracrine factors, transzonal projection-
associated, cell cycle, and steriodogenesis genes were examined using quantitative real-time PCR (QPCR). These gene expression 
experiments showed that IGF-1 modified cAMP-dependent changes in gene expression including Gdf-9, Areg, Ereg, Kitl, and Amh.  
To determine the mechanism for the combined actions of IGF-1 and cAMP on gene expression the activity of Akt and Erk1/2 was 
assessed.  Western blot analysis demonstrated that cAMP alone or in combination with IGF-1 increased Erk1/2 phosphorylation 
while IGF-1 alone had no effect on Erk1/2 phosphorylation.  IGF-1 or cAMP treatment alone also increased Akt phosphorylation. 
Interestingly, the combined treatment of IGF-1 and cAMP resulted in a synergistic increase in Akt phosphorylation indicating cross-
talk between the cAMP and IGF-1 signaling pathways.  Taken together, these data suggest that IGF-1 and cAMP have an additive 
effect on paracrine factor expression due to the synergistic activation of Akt.   Given that these genes are associated with follicle 
growth or ovulation, these data also provide a plausible mechanism for obesity-induced anovulatory infertility.

18. Aff1 function in early development.
Naveen Neradugomma, Emily Travis, Jessica N. Copeland, Katherine Galvin, Daniel Wagner and Jay L. Vivian. 
University of Kansas Medical Centre, Kansas, KS. Rice University, Houston, TX.  

Vasculogenesis and angiogenesis are highly controlled processes that play an important role in embryonic development and tumor 
growth. A better understanding of the regulation of endothelial differentiation will provide methods to modulate angiogenesis-
dependent diseases such as cancer and congenital vascular malformations. Klippel-Trenaunay Syndrome (KTS) is a congenital 
vasculature disease, characterized by capillary malformations. The Aggf1 locus has been implicated in the etiology of this disease. 
Aggf1 has several interesting domains, of which the putative functions remain to be determined. The focus of this project is to 
understand the activity of the AGGF1 gene product in regulating angiogenic-signaling pathways.
 Transient expression of full-length Aggf1 in mouse embryonic stem cells, showed an increase in Nanog expression. Nanog is an 
important transcription factor necessary for maintaining ES cell pluripotency. This result suggest that intracellular Aggf1 may be could 
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be a potential regulator of Nanog. Mouse models for overexpression and KO of Aggf1 are being developed in our lab and will provide 
useful tools to understand the in vivo function of Aggf1, in endothelial differentiation and to develop models of KTS

19. Overexpression of PGF in the early embryo disrupts vascular differentiation.  
Jessica N. Copeland and Jay L. Vivian. Department of Pathology and Laboratory Medicine, 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.  Our 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, 
we developed an in vivo gain-of-function transgenic model.  Embryos with activated PGF in the vasculature display two distinct 
phenotypes which we have 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, and endothelial markers 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.  Completion of this work 
will provide information on cell signals and gene expression changes that direct endothelial differentiation.    

20. IGF-1 dependent changes in histone H3 modifications are associated with Akt signaling and the expression of cell survival 
and immediate early genes. 
Zhufeng Yang, Jacqueline E. Smith, Taylor Yaw, and Jennifer R. Wood. Department of Animal Science, University of Nebraska-
Lincoln, Lincoln, NE

Insulin-like growth factor I (IGF-1) regulates cell proliferation and steroidogenesis in the female reproductive tract. Studies in our 
laboratory have demonstrated that IGF-1 alters the mRNA abundance of CCND1, CDC6, BCL2, and BIM in HeLa cells and CYP11A1 
in granulosa cells.  Given that histone modifications at the gene promoter are associated with changes in gene expression, it is our 
hypothesis that IGF-1 dependent gene expression in HeLa cells is regulated, in part, by changes in histone H3 post-translational 
modifications.  Western blot analysis demonstrated that phosphorylation of histone H3 on serine 10 (H3S10p) was increased by IGF-1 
with maximum phosphorylation at 30 minutes post-treatment. The phospho-serine 10 modification has been coupled to acetylation of 
H3 on lysine 14 (H3S10pK14ac). Western blot analysis confirmed that IGF-1 also increased phosphoacetylation of H3 with maximal 
stimulation at 30 minutes post-treatment.  Both histone H3 phosphorylation and phosphoacetylation have been correlated to increased 
activity of the kinases Erk1/2 and Akt.  Temporal changes in Akt phosphorylation upon IGF-1 treatment mimicked the pattern of H3 
phosphorylation and phosphoacetylation. Conversely, IGF-1 dependent phosphorylation of Erk1/2 occurred after H3 phosphorylation 
and phosphacetylation (60-120 minutes). The H3S10pK14ac modification is associated with the induction of immediate-early 
(IE) gene expression.  QPCR analysis demonstrated that the expression profiles of JUN, IL-6, IL-8 and CASP10 were significantly 
increased at 2-4 hours post-IGF-1 treatment of the HeLa cells. Taken together, these data demonstrate for the first time that IGF-1 
stimulates changes in histone H3 phosphorylation and phosphoacetylation. Furthermore, we have demonstrated a correlation between 
IGF-1 induced H3 modifications, changes in the expression of genes that regulate cell proliferation and apoptosis, and activation of the 
Akt signaling pathway. Thus, this study has identified a novel mechanism for IGF-1 dependent regulation of cell survival which may 
have important implications for the function of the female reproductive tract.

21. Sertoli and Granulosa cell-specific Vascular Endothelial Growth Factor (VEGF) loss using pDMRT-1 Cre alters gonadal 
morphogenesis and function. 
Ningxia Lu, Debra T Clopton, William E Pohlmeier and Andrea S Cupp. Department of Animal Science, University of Nebraska-
Lincoln, Lincoln NE.
Inhibition of VEGF disrupts both testis-specific vascular development and cord formation. Therefore, the objective of the current study 
was to evaluate effects of Sertoli and Granulosa cell-specific production of VEGF isoforms on vascular development and gonadal 
morphogenesis. The Dmrt1 gene is expressed in the indifferent gonad at 10.5 dpc in precursor Sertoli and Granulosa cells. Therefore, 
we used a pDMRT1-cre crossed to a floxed VEGF mouse to determine potential phenotypes in male Sertoli-cell (VEGF-DSert) and 
female Granulosa-cell (VEGF-DGran) specific knockouts. Mice from these crosses had litters and appeared to have one less mouse 
than controls. Reproductive organs were collected from adult mice, and weighed (male: control n=7, VEGF-DSert; n=8; female: 
control n=9, VEGF-DGran n=10). Testosterone and estrogen levels in blood were determined by ELISA. Testosterone in three male 
VEGF-DSert were 10 fold greater than control (12.81 vs 1.18 ng/ml). In VEGF-DSert , the body and testes weights were significant 
smaller than those from the control (body; 28.52+0.48 VS 32.44+1.57 g; testes; 0.1658+0.0064 VS 0.1867+0.0064 g; P<0.05) and 
epididymis, seminal vesicles and prostate also tended to be different (P<0.098). Histological testis sections from two VEGF-DSert 
had a majority of seminiferous tubules at the same stage of spermatogenesis instead of a more random pattern found in controls. 
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For the female group, the weight of ovaries from VEGF-DGran were significantly smaller than that of the control (0.0144+0.0014 
VS 0.0185+0.0012 g, P<0.05). Two VEGF-DGran ovaries had abnormal structures that were neither CL nor follicles. Furthermore, 
the estrogen concentrations in the VEGF-DGran mice were significant lower than those in control (48.83+9.58 VS 91.53+14.75 pg/
mL P<0.05). Therefore, we can conclude from these data that lack of VEGF may alter reproductive organ morphogenesis and impair 
fertility and function in mice.

22. Possible Derivation of Induced Trophoblast Stem Cells (piTSC) from Swine.
Haruyo Matsuyama, Andrei Alexenko, Bhanu Telugu and Toshihiko Ezashi. Genetics Area Program and Division of Animal Sciences, 
University of Missouri, Columbia MO 65211

Recently this laboratory derived porcine induced pluripotent stem cells (piPSC) from fetal fibroblasts via lentiviral transduction of 
reprogramming genes (OSKM). Unexpectedly, ~17 % of the colonies had an unusual phenotype and displayed markers of trophoblast. 
We hypothesize that reprogramming not only generates iPSC but induced trophoblast stem cells (iTSC). Here we have characterized 
the piTSC and developed conditions that appear to maintain a stem cell-like phenotype. Colonies at early passage were cultured either 
in hESC medium (M1), which contains FGF2 and knock-out serum replacement (KOSR), M2 that contains FGF4 and 20 % FBS, and 
M3 (FBS in M2 is replaced with KOSR). All cultures were on MEF feeders. In M2 the colonies were comprised of relatively small 
compact cells that resembled murine TSC, while in M3 the cells were more flattened. M1 provided a mixture of flattened cells and 
loosely attached small cells. RNA was collected at passage 7 to test expression of marker genes for porcine trophoblast, including 
CDX2, IFND, PAG, CYP11, and pluripotency markers (OCT4, SOX2). The M2 medium maintained the two pluripotency markers 
and trophoblast markers, especially CDX2, PAG, and CYP11, whose expression was lost in the M1 and M3 media. Western blotting 
confirmed the expression of OCT4, SOX2, NANOG, and KRT7 protein. Other growth conditions, including supplementing M1 with 
BMP4, have also been tested but do not maintain the TSC phenotype. From these results, it seems that FGF4 plus FBS helps to delay 
differentiation and sustains TSC in a similar manner to that observed with murine cells. Supported by a grant from the Missouri Life 
Sciences Board to TE and HD 21496 from NIH.

23. Derivation of Induced Pluripotent Stem Cells from Pig Somatic Cells.  
Toshihiko Ezashi1, Bhanu Prakash V.L. Telugu1, Andrei Alexenko1, Shrikesh C. Sachdev2, Sunilima Sinha1 and R. Michael Roberts1,2. 
Divisions of 1Animal Sciences and 2Biochemistry, University of Missouri, Columbia, MO.

For reasons that are unclear, the production of embryonic stem cells from ungulates has proved elusive. Here, we describe induced 
pluripotent stem cells (iPSC) derived from porcine fetal fibroblasts by lentiviral transduction of four human (h) genes, hOCT4, 
hSOX2, hKLF4 and hc-MYC, the combination commonly employed to create iPSC in mouse and human. Cells were cultured on 
irradiated mouse embryonic fibroblasts (MEF) and in medium supplemented with knock-out serum replacement and FGF2. Compact 
colonies of alkaline phosphatase-positive cells emerged after ~25 days, providing an overall reprogramming efficiency of ~0.1 %. The 
cells expressed porcine OCT4, NANOG, and SOX2 and had high telomerase activity but also continued to express the four human 
transgenes. Unlike human ESC, the piPSC were positive for SSEA-1 but negative for SSEA-3 and -4. Transcriptional profiling on 
Affymetrix (porcine) microarrays and real time RT-PCR supported the conclusion that re-programming to pluripotency was complete. 
One cell line, ID6, had a normal karyotype, a cell doubling time of ~17 h, and has been maintained through over 220 doublings. The 
ID6 line formed embryoid bodies expressing genes representing all three germ layers when cultured under differentiating conditions 
and teratomas containing tissues of ectoderm, mesoderm and endoderm origin in nude mice. We conclude that porcine somatic cells 
can be reprogrammed to form iPSC. Such cell lines derived from individual animals could provide a means for testing the safety and 
efficacy of stem cell-derived tissue grafts when returned to the same pigs at a later age. Supported by a grant from the Missouri Life 
Sciences Board to TE and HD 21496 from NIH

24. LIF-Dependent, Porcine Induced Pluripotent Stem Cells Derived by Episomal, Non-Integrating Vectors.
Bhanu Prakash V.L. Telugu1, Toshihiko Ezashi1, Sunilima Sinha1 and R. Michael Roberts1,2. 1Division of Animal Sciences; 
2Department of Biochemistry, University of Missouri, Columbia.

It remains questionable whether derivation of authentic embryonic stem cells (ESC) from the inner cell mass (ICM) of pig has been 
achieved successfully despite 20 years of effort. Consequently, the significant gains made utilizing mouse (m) ESC in the field of 
transgenics and regenerative medicine have not been translated to the pig. Recently, several groups, including ours, reported the 
production of induced pluripotent stem cells (iPSC) from swine by reprogramming somatic cells with a combination of four factors 
(OCT4, SOX2, KLF4, C-MYC; OSKM) delivered by retroviral transduction. The piPSC had properties similar to human (h) ESC and 
are likely to advance swine as a model in biomedical research. However, the use of retroviral vectors that not only integrate into the 
host genome but continue to express the reprogramming genes detract from the potential usefulness of such piPSC. Additionally, the 
dependence of piPSC on FGF2 draws parallels to murine stem cells derived from advanced epiblast, so-called ‘epiblast stem cells’, 
that are incompetent for germ-line chimera generation. The objective here has been to develop LIF-dependent piPSC (LIF-piPSC) 
by using non-integrating episomal vectors first described by Thomson’s laboratory. We obtained 15 alkaline phosphatase-positive, 
putative LIF-piPSC colonies from 106 cells on a LIF-based medium supplemented with two inhibitors (2i), one for GSK-3beta and 
another for ERK2. Unlike the cells re-programmed with retoviruses, the LIF-piPSC were FGF2-independent, expressed markers 
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consistent with pluripotency, and, strikingly, resembled mESC in colony morphology, culture characteristics, high telomerase activity, 
and short cell cycle time. Currently, the ability of LIF-piPSC to give rise to teratoma and germ-line chimera is under investigation.   
Supported by Missouri Life Sciences Board Grant (#09-0118).

25. Evolution of the IFNT and their Emergence from IFNW. 
Angela Walker1 and R. M. Roberts1. 1Department of Veterinary Pathobiology, 2Department of Animal Science, University of Missouri, 
Columbia, MO

The Type I interferons (IFN) have major roles in the innate immune response to viruses, which is believed to have led to their rapid 
expansion in gene number.  IFN-omega (IFNW) is the parent group of IFN-tau (IFNT), which diverged approximately 36.5 MYA in 
pecoran ruminants to serve a role in maternal recognition of pregnancy.  The recent sequencing of the Type I IFN locus in Bos taurus 
provided insight into the functional evolution of IFNT. Interestingly, only three IFNT are present in the bovine genome assemblies 
3.1 and 4.0 despite twelve to eighteen bovine IFNT having been previously identified through cDNA library analysis.  The IFNT 
are clustered at the distal end of sub-locus 1 in assembly 3.1 and proximal end of the locus in assembly 4.0. The unique position of 
this proposed progenitor IFNW may have permitted the rapid expansion and evolution of the IFNT subfamily without the restraints 
placed on the internally located, clustered IFNW.  Two pseudogenes and one potentially functional gene, all three of which appear to 
be evolutionary intermediates between IFNW and IFNT, have been identified.  Further insights come from analysis of gene sequences 
outside the open reading frame.  In particular, the emergence of IFNT from IFNW can be traced to the highly conserved upstream 
regulatory regions, which are also found in the single IFNW/T “hybrid” gene and the two pseudogenes with properties intermediate 
between IFNT and IFNW. We speculate that the initial changes in the regulatory regions permitted a protein originally involved 
in innate immunity to switch function, become expressed constitutively rather than in response to infection, and act in a signaling 
capacity during early pregnancy. We also suggest that the divergence of the open reading frames of the IFNT and IFNW occurred 
subsequent to the changes in the upstream control region of the progenitor IFNW gene. 

26. The influence of environmental exposure on asymmetric cytokinesis in the rat embryos.
Gokhan Akkoyunlu1,2, Sara Brown1, Brian K. Petroff1, and David F. Albertini1. 1Department of Molecular and Integrative Physiology, 
University of Kansas Medical Center, 3901 Rainbow Boulevard, Kansas City, KS 66160, USA. 2Department of Histology and 
Embryology, Faculty of Medicine, Akdeniz University, 07070 Antalya, Turkey  

Objective: Lineage allocation in mammalian embryos involves asymmetric cytokinesis during compaction, a defining event in the 
generation of stem cells. The objective of these studies was to evaluate the impact of dioxins on the process of stem cell formation 
in 3.5 day rat embryos obtained from exposed dams. Methods: Embryos were isolated from 3 months old females that had received 
control (DMSO) or 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) treatment from E10 through the time of mating. Three dimensional 
confocal data sets were prepared from embryos labeled for chromatin (H33258), f-actin (rhodamine labeled phalloidin) and tubulin 
(mouse monoclonal anti alpha) to establish nuclear position and patterns of spindle orientation in 8-16 cell embryos. Results: Control 
embryos (n=9) exhibit an equal ratio of central (52%) and eccentric (48%) nuclei with the majority of the latter (>80%) being 
anchored basally by f-actin. At mitosis, the f-actin anchor persists at an anastral basal pole whereas the distal spindle pole is astral 
and linked the apical/outer border of blastomeres. In contrast, embryos from dioxin exposed mothers (n=22) exhibit more eccentric 
nuclei at all blastomere borders (85%) and a decreased fraction are centrally disposed (15%). Mitotic figures from treated embryos 
display monastral spindles that are apically anchored and result in an impairment of asymmetric cytokinesis at compaction yielding 
cells of equivalent sizes. Conclusions: The results show that maternal environmental exposures impact tethering of nuclei by an actin 
dependent polarization that dictates spindle orientation conducive to the biogenesis of embryonic stem cells. Acknowledgments: 
Supported by NIH ES 15878, and The Scientific and Technological Research Council of Turkey-TUBITAK (G.A.).

27. GATA3 is selectively expressed in the trophectoderm of peri-implantation embryo and directly regulates Cdx2 gene 
expression. 
Pratik Home1, Soma Ray1, Debasree Dutta1, Illya Bronshteyn2, Melissa Larson2, and Soumen Paul1. 1 Institute of Maternal-Fetal 
Biology, Department of Pathology & Laboratory Medicine,  2 Transgenic and Gene-targeting Institutional Facility. University of 
Kansas Medical Center, Kansas City, KS 

During early mammalian development, genesis of first two cell lineages, inner cell mass (ICM) and trophectoderm (TE), is dependent 
upon functions of key transcription factors that are expressed in a regulated and spatially restricted fashion.  In this study, we 
demonstrate that, during early mouse development, mRNA expression of transcription factor GATA3 is induced at 4-cell stage 
and is consistently present during pre-implantation embryonic development. Interestingly, at the blastocyst stage, Gata3 mRNA 
is selectively upregulated within the TE lineage and GATA3 protein is abundantly present only in the TE but not in the ICM. 
Using mouse trophoblast stem cells (TS cells) as a model, we found that, knockdown of GATA3 by RNA interference (RNAi) 
downregulates expression of caudal type homeo box 2 (CDX2), a key regulator of the TE lineage. Chromatin immunoprecipitation 
(ChIP) analyses revealed that, in TS cells, GATA3 directly regulates Cdx2 transcription from a conserved GATA motif at the intron 1 
region of the Cdx2 locus. ChIP analyses with mouse blastocysts also detected GATA3 occupancy at the intron 1 of the Cdx2 locus. In 
addition, downregulation of GATA3 in pre-implantation mouse embryos reduces Cdx2 expression and inhibits morula to blastocyst 
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transformation. Our results indicate a novel function of GATA3, in which it is selectively expressed in TE, regulates expression of key 
genes in TE lineage, and is involved in morula to blastocyst transformation.

28. Signaling mechanism of GPR30-mediated estrogen action on the formation of primordial follicles: involvement of Akt and 
MAPK pathways.
Cheng Wang1 and Shyamal K. Roy1, 2, Departments of Obstetrics and Gynecology1 and Cellular and Integrative Physiology2, 
University of Nebraska Medical center, Omaha, NE 68198

We have shown that estradiol (E2) stimulates the formation and development of hamster primordial follicles in vivo and in vitro. A 
part of the E2 action is mediated by GPR30, but the mechanisms are not known. The objective of this study was to investigate whether 
GPR30 signaling during primordial follicle formation involved PI3 kinase or ERK-1/2 pathway. Wortmannin or U0126 suppressed the 
stimulatory effect E2-BSA on primordial follicle formation. PI3 kinase protein was detected in the oocytes of 13-day old fetus (E13), 
but the enzyme appeared in somatic cells on postnatal day 6 (P6). The intensity of PI3K immunosignal increased in the granulosa 
cells of newly formed primordial follicles on P8 and primary follicles on P9. PI3K expression correlated well with the formation of 
primordial follicles, with a higher expression on P8, when the first cohort of primordial follicles appear. The levels of phosphoAkt 
(pAkt) also increased from P7 and reached a peak on P9, suggesting that PI3K action via Akt might be involved in primordial follicle 
formation. pAkt immunosignal was located mainly in the oocytes and in adjacent somatic cells before the formation of primordial 
follicles. After follicle formation, pAkt immunosignal shifted to the granulosa cells of primordial and primary follicles. Similarly, 
higher ERK-1/2 immunosignal was present in the oocytes and adjacent somatic cells, and increased ERK1/2 phosphorylation 
correlated with the appearance of the first cohort of primordial follicles. Treatment of cultured P6 ovarian cells with 10 nM E2 
significantly increased the levels of pAkt and pERK-1/2 within 10 min, while 1 mM E2 had no effect. 10 nM E2 also stimulated 
the phosphorylation of cRaf and MEK. Whereas Wortmannin blocked E2-induced Akt phosphorylation without affecting ERK-1/2 
phosphorylation, U0126 blocked E2-induced ERK1/2 phosphorylation without affecting Akt phosphorylation. Similar phosphorylation 
patterns were observed when cells were exposed to G1, a GPR30 specific ligand. siRNA knockdown of GPR30 significantly reduced 
E2- or G1-induced Akt and ERK1/2 phosphorylation, thus providing additional evidence for a GPR30-mediated action. These results 
together with our previous findings suggest that the mechanisms of E2-regulated primordial follicle formation may involve two 
parallel signaling modalities, and GPR30 mediates a part of the E2 action during primordial follicle formation.  
 
 
29. Expression of EBP1 in the hamster ovary during perinatal development. 
Anindit Mukherjee1, and Shyamal K. Roy1,2, Departments of Cellular and Integrative Physiology1,2, and OB/GYN2. 
University of Kansas Medical Center, Kansas City, KS. 
 
Primordial follicle formation is the first step in ovarian follicular development in all mammals, and the pool determines the lifetime 
quota of oocytes and fertility. Estrogen plays an important role in primordial follicle formation, but the underlying mechanism(s) 
remain undefined. The objective of this study was to determine whether EBP1, an estrogen regulated protein, was expressed in ovarian 
cells during the formation of primordial follicles, and its spatiotemporal expression with relation to estrogen administration. EBP1 
mRNA was expressed in neonatal ovaries. Cloning of the partial nucleic acid sequence of the hamster EBP1 revealed that the nucleic 
acid and derived amino acid sequences were >90% similar to those of the mouse.  EBP1 acts as a corepressor of ERBB3 by binding to 
its juxtamembrane domain and prevents ERBB3 from heterodimerizing with ERBB2 or ERBB4. Western blot analysis revealed that 
EBP1 protein was present in neonatal hamster ovaries from embryonic day 15, but the level was down regulated on postnatal day 8. 
We also localized EBP1, ERBB2 and ERBB3 in neonatal ovaries cells using immunofluorescence histochemistry. Estrogen treatment 
resulted in a decrease in EBP1 protein in the ovary. These results suggest that EBP1 is expressed in neonatal hamster ovaries, and 
estrogen modulates its expression during primordial follicle formation. 
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