








Cheng Zhang, Guo Liang Xia, and Benjamin K. Tsang. University of Ottawa,
Ottawa, ON, Canada; China Agricultural University, Beijing, P.R. China

Thyroid hormone (T3) is important for normal reproduction function and
dysregulation of TH support is associated with reproductive disorders, including
impaired follicular development. Our preliminary studies indicate that FSH increases
preantral follicle growth in vitro, a response markedly enhanced by T3. However, the
nature of this hormonal interaction is poorly understood. This study is aimed to
improve our understanding on the cellular and molecular mechanisms by which T3
regulates ovarian follicle growth, and specifically on the expression and actions of
intracellular survival and death intermediates in the regulation of granulosa cell fate
and follicle destiny. In the present study, we investigated the possible involvement of
the Src and phosphatidylinositol 3-kinase (PI3-K)/Akt survival pathway in the
regulation of granulosa cell fate. We have demonstrated by Western blot analysis that,
while ineffective alone, T3 markedly enhanced FSH (100 ng/ml)-induced phospho-
Src and phospho-Akt contents in granulosa cells in vitro. Although the expression of
the anti-apoptotic protein Xiap and the pro-apoptotic ligand (FasL) were also not
altered by T3 alone (10-10 to 10-7 M), the presence of T3 significantly increased Xiap
content and down-regulated FasL expression induced by FSH. The effects of T3 were
concentration-dependent, with maximal responses observable at 10-9 M. Interesting-
ly, FSH and T3 together decreased granulosa cell Fas expression, although neither of
the hormone alone elicited a significant response. In addition, addition of the cell
death intermediate ceramide to granulosa cell cultures significantly induced apoptosis
(as determined by TUNEL) which was attenuated by either FSH or T3. The present of
both hormones did not elicit a greater protective effect than either hormone alone.
Taken together, the findings of the present study demonstrate that thyroid hormone
potentiates the cell survival action of FSH through up-regulation of Xiap and down-
regulation of Fas and FasL which is associated with the activation of the Src&PI3K/
Akt pathway (supported in part by grants from the National Natural Science
Foundation of China and the Canadian Institutes of Health Research).

598. Effect of Feed Restriction on Early Avian Follicular Development.
Francisco J. Diaz, Kate Anthony, and Ashley N. Halfhill. The Pennsylvania State
University, University Park, PA, USA

Selection for growth and feed efficiency in meat-type (broiler) chickens has
caused a substantial decrease in reproductive efficiency. In particular, rapid growth in
broiler-breeder hens is associated with severe ovarian dysfunction, including internal
and/or double ovulations and reduced fertility of ovulated oocytes. Consequently,
breeder animals are fed a restricted diet to limit growth and control ovarian
dysfunction. However, the effect of feed restriction on development of small avian
follicles ,0.1 to 1 mm is not known. The objective of this study was to examine
effects of feed (full versus restricted) on gene expression of markers of small follicle
development and on histological changes of the ovarian cortex of young hens prior to
photo stimulation (13 and 16 weeks). These ages were chosen to allow the longest
treatment periods and to avoid the presence of larger gonadotropin responsive
follicles within the ovarian cortex. We also wanted to determine diet-induced changes
in intra-ovarian processes that were independent of gonadotropins. Broiler-breeder
hens (Cobb) were purchased commercially as 1 day-old chicks and fed grower diet
for 2 weeks. From 2-16 weeks, animals were randomly assigned to receive full-fed
(FF) or restricted fed (RF). FF birds had free access to feed at all times, while RF
birds were fed once a day a limited amount of feed according to commercial
management guidelines for weight gain. At 15 weeks, FF birds were more than twice
as heavy as RF birds, emphasizing the extreme effect of feeding treatments and the
tremendous growth potential of these birds. Ovarian cortex was collected from 3-4
animals in each group at 13 and 16 weeks of age and analyzed using qPCR to
measure levels of mRNAs and for morphological examination. Ovarian histological
analysis indicated that there were more activated follicles (.0.1 mm) in sections of
ovarian cortex from FF hens at both 13 and 16 weeks. Throughout the cortex there
were areas containing clusters of small follicles (,0.1 mm) in both FF and RF birds.
These are the smallest identifiable follicles and probably represent the primordial
pool. Interestingly, FF birds contained over twice as many small follicles in these
clusters than RF birds. This suggests greater follicular recruitment or decreased
atresia of small follicles in FF birds. Analysis of previously identified markers of
follicular development in birds revealed significant increases in BMP6 and BMP15
mRNA at 13 weeks and BMP6 and AMH at 16 weeks in samples of cortex from FF
birds. The convertase proteins, PCSK3 (Furin), PCSK5 and PCSK6 process BMP and
other secreted products to their mature form. Both PCSK3 and PCSK5 increased,
while PCSK6 decreased in FF compared to RF birds, suggesting increased biological
secretion or processing of intra-ovarian growth factors in FF birds. Finally, there were
significant increases in two transcription factors, FOXL2 and GATA4 in FF versus
RF hens. These transcription factors are critical for ovarian function in mammals and
our present data indicate they are altered by diet in small follicles. These results
demonstrate a clear diet-induced change in early follicular development analyzed by
histological and gene expression measures. We conclude that overfeeding induces
changes in ovarian function beginning at the earliest stages of follicular development.

599. Meiosis Is Linked with Follicle Progression and Drop in Maternal
Estradiol Levels. Sudipta Dutta and Melissa E. Pepling. Syracuse University,
Syracuse, NY, USA

In mammals, the pool of primordial follicles present at birth represents the total
population of germ cells available to females during their entire reproductive life.
Basic mechanisms underlying primordial follicle formation as well as how these
normal processes are disrupted in reproductive disorders are not well understood.

During mouse embryonic development, oogonia undergo several rounds of mitotic
division followed by incomplete cytokinesis to form germ cell cysts and at
approximately 13.5 days post coitum (dpc) they enter meiosis becoming oocytes.
Oocytes progress through the stages of prophase I of meiosis and arrest in the
diplotene stage beginning at 17.5 dpc. After birth, the germ cell cysts break apart into
single oocytes, some cells in each cyst die by programmed cell death and the
remaining become enclosed by granulosa cells to form primordial follicles. The
processes of diplotene arrest, cyst breakdown and primordial follicle assembly occur
at approximately the same time but their relationship has not been established. By
histological staining of ovaries at various time-points and analyzing their oocyte
nuclear morphology, a correlation has been drawn regarding the progress of meiosis
and the age of ovaries. Previous work demonstrated that treatment of neonatal mice
with estrogenic compounds results in delayed cyst breakdown and primordial follicle
formation suggesting a role for estrogen signaling in oocyte development. Our model
of the effects of estrogen on cyst breakdown is that before birth maternal estrogen
levels are high which prevents the cysts from breaking apart and immediately after
birth there is a drop in estrogen levels which triggers cyst breakdown and primordial
follicle assembly. To test this, levels of estradiol were measured using ELISA or RIA.
Maternal estradiol levels measured so far indicate a drop in serum estradiol levels
corresponding to the time of cyst breakdown. Alternatively, developing ovaries
themselves could produce estradiol and this could affect cyst breakdown. To test this,
fetal and neonatal mice ovaries were grown in organ culture and estradiol levels in the
media measured by radioimmunoassay.

600. Effect of Glucocorticoid Treatment to Induce Insulin Resistance
on Follicle Development and Ovulation. Katherine S. Hackbart, Rudelle K. Meyer,
Pauline M. Cunha, Robb W. Bender, Hemanta K. Shrestha, Patrick G. Kusilek, and
Milo C. Wiltbank. University of Wisconsin, Madison, WI, USA

Polycystic ovary syndrome is a reproductive disorder in women that is
characterized by excessive androgen, anovulation, and polycystic ovaries. Frequently
these women also exhibit insulin resistance. In this work we studied the effect of
glucocorticoid-induced insulin resistance on bovine follicle development and
ovulation. Experiment 1: Cows were given dexamethasone (DEX; 15 mg, i.m.; T1;
n=5) or saline (7.5 ml, i.m.; C1; n=4) once daily. T1 cows received recombinant
bovine somatotropin (rBST; 500 mg, s.q.) at initiation of treatment and 1 week later.
Estrous cycles were synchronized using an intravaginal progesterone (P4) releasing
device (CIDR), PGF2alpha (25 mg, i.m.), and follicular aspiration (ASP) to remove
follicles �5 mm to induce a new follicular wave. Blood was collected and ovarian
structures measured daily. Treatment increased glucose (T1=105.0 mg/dl, C1=57.9
mg/dl; P,0.01) and insulin (T1=118.4 lU/ml, C1=19.1 lU/ml; P,0.01) and
abolished ovulation (T1=0/5; C1=4/4; P,0.01), thereby decreasing P4 concentrations
at days 12 (P=0.01), 14 (P,0.01), and 16 (P,0.01) after ASP. In a subsequent
experiment insulin resistance and anovulation were generated in cows (n=3) treated
with a lower dose of DEX (10 mg) without rBST. Experiment 2: To test the
hypothesis that treatment affected ovulation through LH signaling, cows (n=7) were
utilized in a cross-over design experiment. Cows were given DEX (10 mg, i.m.; T2)
or saline (5 ml, i.m.; C2) once daily. Cows had their reproductive cycles synchronized
with a CIDR, PGF2alpha, and ASP. Seven days after ASP, the CIDR was removed and
6.5 hrs later cows were administered GnRH (200 lg, i.m.). Blood was collected once
daily and at 0, 1, 2, 3, and 4 hrs post-GnRH. Ovarian structures were measured daily.
Treatment increased glucose (T2=85.4 mg/dl, C2=57.5 mg/dl; P,0.01) and insulin
(T2=88.2 lU/ml, C2=21.1 lU/ml; P,0.01) but did not affect LH concentrations
(P=0.735), the production of an LH surge (T2=7/7; C2=7/7) or ovulation (T2=7/7;
C2=7/7) in response to exogenous GnRH, or P4 concentrations (P=0.329). Treatment
decreased estradiol (E2) on days 6 (T2=1.47 pg/ml; C2=2.66 pg/ml; P,0.01) and 7
(T2=1.43 pg/ml; C2=3.05 pg/ml; P,0.01) after ASP. Experiment 3: To test the
hypothesis that treatment abolished ovulation by affecting the positive E2 feedback,
cows (n=8) were utilized in a cross-over design experiment. Treatments (DEX=T3,
saline=C3) and hormone administration were similar to Experiment 2 except that at
12 hrs after CIDR removal, cows were administered E2-17beta (0.5 mg, i.m.). Blood
was collected daily and at 0, 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 hrs post-E2. Cows
underwent ovarian ultrasonography daily. Treatment increased glucose (T3=83.2 mg/
dl, C3=54.9 mg/dl; P,0.01) and insulin (T3=106.9 lU/ml, C3=21.4 lU/ml; P,0.01)
and abolished the E2-induced LH surge, or delayed it such that it was not observed
during the period of blood sampling (T3=0/8; C3=8/8). Treatment decreased
ovulation (2/8) in response to exogenous E2. However, some T3 cows had a late
ovulation (2/8; 4-7 d after E2, past the physiologically relevant time in relation to
exogenous E2). 4/8 T3 cows were anovular throughout the experimental period. C3
ovulation rate was 8/8. We conclude that treating cows with DEX increases
circulating glucose and insulin, decreases E2 at days 6 and 7 of the follicular wave,
and induces an anovular condition which is fully reversible by exogenous GnRH but
only minimally reversible by exogenous E2.

601. Role of Prohibitin in Regulating FSH-Induced Steroidogenesis
During Follicular Development. Qi Wang and Benjamin K. Tsang. Ottawa Hospital
Research Institute, Ottawa, ON, Canada; University of Ottawa, Ottawa, ON, Canada

With the advances in gonadotropin research, treatment of human infertility with
gonadotropin preparations has become a common practice. It plays critical roles in
stimulating ovarian cell proliferation, differentiation and suppressing apoptosis,
which ultimately induces ovarian follicle growth and ovulation. The action of
gonadotropin during follicular development is however complex and is stage-
dependent, thus making optimization of gonadotropin treatment for various ovarian
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disorders often difficult. Prohibitin (PHB) is an intracellular protein important for cell
cycle regulation, apoptosis and cellular differentiation. Ovarian PHB is up-regulated
by equine chorionic gonadotropin (eCG) in vivo. Although PHB prevents cell
apoptosis induced by the alkaloid staurosporine in undifferentiated granulosa cells
(from primarily preantral/early antral follicles), whether the expression and action of
PHB are similarly regulated in differentiated granulosa cells (large antral and
preovulatory follicles) are unknown. We hypothesize that PHB is an important
regulator of granulosa cell fate and plays a role in regulating steroidogenesis during
follicular development. Our objective is to better understand the function and
regulation of PHB during follicular development, especially during FSH-induced
antral follicle growth. Using granulosa cells from eCG-primed immature rats, we
observed that (1) FSH up-regulates granulosa cell PHB expression in a follicular
stage-dependent manner in vitro. (2) Akt content and its phosphorylation are required
for the regulation of PHB by FSH. (3) Exogenous PHB significantly reduces FSH-
stimulated estradiol and progesterone production in granulosa cells. (4) cyp11a1
(p450 side-chain cleavage enzyme) mRNA and protein expression in granulosa cells
are down-regulated by exogenous PHB. (5) The mRNA levels of other steroidogenic
enzymes, such as cyp19 (aromatase) and Steroidogenic acute regulatory protein
(StAR), are also down-regulated by exogenous PHB. Conclusion: This study
demonstrates that granulosa cell PHB is regulated by FSH in a follicular stage-
dependent manner and that PHB regulates FSH-induced steroidogenesis in granulosa
cells. Our findings raise the possibility that the dysregulation of PHB expression and
function may be linked to infertility associated with compromised follicular growth
and differentiation (e.g. Polycystic ovarian syndrome) and that PHB may be a
therapeutic target for the treatment of infertility. Further experiments are required to
test these possibilities.Supported by Canadian Institutes of Health Research (CIHR).

602. Modulation of Ovarian Follicle Maturation in Sprague-Dawley
Rats Chronically Exposed to Diadzein. Benjamin O. Kamin and Monika G.
Baldridge. Carroll University, Waukesha, WI USA

Soy products are becoming increasingly popular due to their potential health
benefits. These soy products contain the isoflavones diadzein, genistein, and glycitein
that belong to a class of non-steroidal compounds called phytoestrogens.
Phytoestrogens are found in a variety of plants, and are particularly abundant in
soy-derived products. These plant estrogens may provide health benefits in some
tissues; however, they may have serious deleterious effects on the developing
reproductive system, particularly the maturing ovary. This study was designed to
determine (1) if chronic exposure to a low or high concentration of pure diadzein
(LDiad, HDiad) exerts negative effects on ovarian follicle maturation in the Sprague-
Dawley rat; (2) if circulating estradiol and progesterone concentrations are altered;
and (3) if estrous cycles are modulated following chronic exposure. Pregnant dams
were treated via subcutaneous injection on gestational days 7-21 with LDiad (0.5mg/
kg/day) and HDiad (5.0mg/kg/day). Once weaned (postnatal day 28) chronically
exposed pups were treated directly for an additional 65 days. Animals were sacrificed
on postnatal day 93 whereby the ovaries were excised, fixed for histology, and
analyzed. The analysis included a count, measurement, and classification of preantral
and antral follicles in the greatest cross-sectional area of the ovary. Blood sera
collected at the time of sacrifice were analyzed for estradiol and progesterone
concentrations via radioimmunoassay. Radioimmunoassay results indicated a
significant difference in estradiol concentration between the control and LDiad
(p=0.011) and HDiad (p=0.021) treatment groups. No significant differences in
progesterone concentrations were noted among the treatment groups (p=0.276). A
decrease in the number of corpora lutea was noted in the HDiad treatment group as
compared to control (p,0.001). In addition, we observed a significant decrease in the
number of antral follicles in the HDiad treatment group (p,0.05) as compared to
control. Modulation of estrous cycles was noted in both the LDiad and HDiad
treatment groups. These data support the hypothesis that diadzein reduces the number
of antral follicles of certain size classes in rats chronically exposed to diadzein
following a perinatal exposure. The results of this study demonstrate the chronic
effects of a soy phytoestrogen, diadzein, on ovarian follicle maturation in the female
Sprague-Dawley rat.

603. In Vitro Oocyte Maturation and Preantral Follicle Growth from
Luteal Phase Baboon Ovary Produce Mature and Fertilizable Eggs. Min Xu,
Ariella Shikanov, Erin Jackson, Susan L. Barrett, Jenny Hirshfeld-Cytron, Sarak E.
Kiesewetter, Lonnie D. Shea, Asgerally T. Fazleabas, and Teresa K. Woodruff.
Northwestern University, Chicago, IL, USA; Michigan State University, Grand
Rapids, MI, USA

Female cancer patients who seek fertility preservation and cannot undergo regular
ovarian stimulation before chemotherapy and/or radiotherapy may choose: 1)
retrieval of immature oocytes followed by in vitro maturation (IVM); 2) ovarian
tissue cryopreservation followed by transplantation or in vitro follicle growth (IVFG).
Oocyte aspiration of the conventional IVM was carried out during the follicular phase
of the menstrual cycle. There was not enough evidence showing that immature
oocytes retrieved during the luteal phase could mature in vitro and be fertilized to
produce viable embryos. While in vitro follicle growth has proved successful in
rodents, further studies on nonhuman primates are required to translate the system to
humans. Our objective was to investigate the meiotic and fertilization ability of
baboon immature oocytes and the effect of fibrin-alginate-matrigel (FAM) and FSH
on baboon preantral follicle growth and oocyte maturation in vitro. COCs were
collected from small antral follicles (1-2 mm) of luteal phase ovaries and classified to
three groups: 1) COCs containing at least three complete layers of compact cumulus

cells (ML-COC); 2) COCs with only 1-2 complete layers of cumulus cells (1L-COC);
3) COCs without one complete layers of cumulus cells (0L-COC). After 46-48 hours
in vitro maturation, the nuclear status of germinal vesicle (GV) oocytes and the
spindle structure of metaphase II (MII) eggs were evaluated by using confocal
microscopy. ICSI was performed to MII eggs from ML-COC group. Embryos were
cultured up to 5 days to evaluate the developmental competence. Preantral follicles
(120-250 lm) were enzymatically isolated, encapsulated in FAM matrices, and
cultured in medium containing 0, 10, and 100 mIU/ml FSH for up to 2 weeks. COCs
were dissected from the cultured follicles, and IVM was performed. Oocyte nuclear
status and spindle structure were evaluated by confocal microscopy. More oocytes
resumed meiosis in the ML-COC group, with 41.6%, 22.8%, and 2.9% MII rates in
ML-COC, 1L-COC, and 0L-COC, respectively. Normal spindle rates were found no
difference between ML-COC and 1L-COC groups. Eight pronuclear (2PN) embryos
were obtained from 32 MII eggs after ICSI; four of them cleaved and two progressed
to 8-cell-morula stage. Baboon preantral follicles cultured in FAM matrices for 2
weeks exhibited FSH dose-dependent increases in follicle size, with more than 60%
of follicles developing to the antral stage. However, exogenous FSH negatively
impacted follicle survival. No compact COCs were obtained from follicles cultured in
100 mIU/ml FSH, while 40%-50% of the oocytes cultured in the absence of FSH
developed at least one layer of compact cumulus cells. After 60 hours IVM, over 90%
of oocytes exhibited GVBD, and MII eggs were obtained with normal spindle
structure. Baboon immature oocytes collected from luteal phase small antral follicles
were matured and fertilized, and underwent future embryo development in vitro.
FAM matrices supported baboon preantral follicle development to the small antral
follicle stage in an FSH-independent manner, producing meiotically competent
oocytes. The current study suggests that IVM of oocyte and in vitro growth of follicle
obtained from luteal phase ovaries may represent additional fertility preservation
options for female cancer patients who face immediate chemotherapy and/or
radiotherapy. This work was supported by Oncofertility Consortium Grants NIH
RL1HD058295 and PL1EB008542, and the Division of Fertility Preservation,
Northwestern University.

604. Regulation of Angiogenin mRNA in Bovine Granulosa Cells
Quantified by Real-Time RT-PCR. Leon J. Spicer, Jennifer L. Dentis, Nicole B.
Fry, Pauline Y. Aad, and J. Alberto Grado-Ahuir. Oklahoma State University,
Stillwater, OK, USA

As the follicle grows, theca and granulosa cells must proliferate and undergo
differentiation while thecal vascularization increases. Based on a previous microarray
experiment where we compared granulosa cell gene expression in cystic and
noncystic follicles, we discovered that granulosa cell angiogenin (ANG) mRNA is
up-regulated in cystic follicles. ANG, also known as RNase5, is a member of the
Ribonuclease A superfamily and a normal constituent of the systemic circulation, but
in some physiological and pathological conditions its levels increase in blood,
promoting neovascularization/angiogenesis. Other angiogenic factors include fibro-
blast growth factor-9 (FGF9) and Indian hedgehog (IHH). The objective of the
present study was to evaluate the hormonal regulation of ANG mRNA bovine
granulosa cells. Four experiments with cultured bovine granulosa cells using sensitive
real-time RT-PCR were conducted. In all experiments, granulosa cells were cultured
for 48 h in 10% fetal calf serum and then treated with various treatments in serum-
free medium for an additional 24 h or 48 h. Medium was changed every 24 h.
Relative mRNA quantification was done using comparative threshold cycle (Ct)
method. Experiment 1 evaluated the effects of 48-h treatment with insulin-like growth
factor-I (IGF1; 100 ng/ml), estradiol (E2; 300 ng/ml) and/or FSH (30 ng/ml) and
found that IGF1, either alone or in the presence of E2, increased (P , 0.05) ANG
mRNA abundance by severalfold. FSH alone had no effect, but FSH blocked (P ,

0.05) the stimulatory effect of IGF1 on ANG mRNA abundance in granulosa cells
from small (1-5 mm) follicles. Experiment 2 evaluated the effect 24-h treatment of
E2, FGF9 (10 ng/ml) and IHH (1000 ng/ml) on ANG mRNA in the presence of FSH,
and found that none of these hormones affected (P . 0.10) ANG mRNA in granulosa
cells collected from either small or large (. 8 mm) follicles. Experiment 3 evaluated
the effect of 48-h treatment of progesterone (P4; 300 ng/ml) in the absence or
presence of E2 and found that P4 had no effect (P. 0.10) on ANG mRNA abundance
in granulosa cells of large follicles. Experiment 4 evaluated the effect of 24-h
treatment of tumor necrosis factor-alpha (TNF-a; 30 ng/ml) on basal and IGF1-
induced ANG mRNA and found that TNF-a completely blocked (P , 0.05) the
IGF1-induced ANG mRNA in granulosa cells from both small and large follicles.
Large follicles had a greater response to IGF1 than large follicles. Alone, TNF-a
reduced basal ANG mRNA abundance in granulosa cells from large but not small
follicles. In summary, our studies indicate that IGF1 stimulates ANG mRNA by
granulosa cells, and that FSH and TNF-a block this stimulatory effect. In contrast, E2,
P4, FGF9 and IHH had no effect on ANG mRNA abundance in granulosa cells.
Granulosa cells from larger more differentiated follicles were more responsive to the
effects of IGF1 and TNF-a. We hypothesize that FSH and TNF-a may regulate the
IGF1-induced increases in ANG production by granulosa cells, which in turn may
contribute to changes in angiogenesis within the theca interna during normal
follicular development as well as during formation of cystic follicles.

605. IKKb Conditional Knockout Mice Manifest an Abnormal Ovarian
Phenotype. Ann E. Drummond, Ileana Kuyznierewicz, and Peter J. Fuller. Prince
Henry’s Institute of Medical Research, Clayton, VIC, Australia

Nuclear factor-jB (NF-jB) designates a family of transcription factors that have
been shown to modulate antiviral, inflammatory and immune responses. Activation
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of NF-jB is dependent on IKKb a component of the IjB kinase (IKK) complex
which promotes degradation of IjB inhibitory proteins and allows nuclear
translocation of NF-jB. Our studies in ovarian granulosa cell tumor cell lines
(COV434 and KGN) indicate that NF-jB signalling is constitutively activated.
Follicle stimulating hormone (FSH) has been reported to increase X-linked inhibitor
of apoptosis (XIAP) expression through NFjB activity in granulosa cells, but beyond
that a role for NFjB signalling in folliculogenesis has not been elucidated. To
establish the significance of NF-jB signalling in the ovary we have created a gonadal
specific IKKb conditional knockout mouse. A transgenic mouse line containing
floxed IKKb alleles (gift of M Karin, UCSD) was crossed with a transgenic line
expressing cre-recombinase under the control of the anti-Mullerian hormone receptor
(AMHR) promoter (gift of M Matzuk, BCM). Female mice resulting will not express
IKKb in granulosa cells and thus cannot activate NFjB signalling. Mice were
assessed at 7 and 15 weeks of age for body, uterine horn and ovarian weights. A
histological assessment of the ovaries was undertaken, serum follicle stimulating
hormone (FSH) and luteinising hormone (LH) levels were measured and vaginal
smears were performed to evaluate estrus cyclicity. Body weight and uterine horn
weights were not different from control mice however ovarian weights were
significantly reduced. Estrus cycles were not significantly different to control
counterparts. The ovaries of 7 week old mice contained follicles of all developmental
stages but corpora lutea were notably absent indicating that these mice were infertile.
The theca cell layer of secondary follicles was indistinct and there was a suggestion
that numbers of each follicle type may be altered with an increase in the number of
apoptotic follicles. Serum FSH and LH levels were elevated from week 7. By 15
weeks of age corpora lutea were present; the fertility of these mice as determined by
breeding studies has yet to be assessed. In summary, the IKKb conditional knockout
mice exhibit a reproductive phenotype which includes delayed ovulation. These
results validate the hypothesis that ovulation is an inflammatory-like response. This
novel model will be a valuable tool for reproductive research; the subtlety of the
phenotype allowing us to tease out the underlying mechanisms and role of NFjB
signalling in reproductive function. Research supported by the NHMRC of Australia
Regkey 494809.

606. Adrenomedullin in the Rat Ovary: Its Production, Interaction
with Endothelin 1, and Actions on Progesterone Secretion During Gestation.
Wai-sum O, Lei Li, and Fai Tang. University of Hong Kong, Hong Kong SAR,
China

Adrenomedullin (ADM), a novel vasorelaxant peptide, was found in human/rat
ovaries and uteri. Plasma ADM level increases in pregnant women and pregnant rats.
Our previous study in Sprague-Dawley rats showed that large antral follicles
(diameter above 900 lm) and newly formed corpus luteum (CL) expressed higher
levels of Adm and one of its receptor activity-modifying protein (Ramp2) than small
antral follicles (diameter of 200-400 lm). EDN is luteolytic and is known to inhibit
progesterone production. The aims of this study was to study the interaction of ADM
and endothelin 1 (EDN1) in follicles and newly formed CL and the action of ADM on
progesterone production in CL during pregnancy. Adult Sprague-Dawley rats were
induced to ovulate by administration of eCG followed by hCG injection. Isolated
large follicles were incubated with ADM/EDN1 for 6 h; newly formed corpora lutea
were also incubated with ADM/EDN1 for 6 h with/without hCG. For the effects of
EDN1, the gene expression of Adm and its receptor components in the large antral
follicles and CL were measured by real-time RT-PCR. For the effects of ADM, the
gene expression of Edn1 and endothelin receptor B (Ednrb) was measured. The
effects of the ADM and CGRP receptor antagonists (hADM22-25 and hCGRP8-37)
were also tested. CL were isolated from early (7-day), mid (12-day), and late (17-day)
pregnant rats and were incubated for 6 h with ADM with or without an ADM or a
receptor antagonist. Progesterone secretion from CL was measured by Enzyme
Immunoassay. EDN1 was found to reduce the gene expression of Adm and Ramp1 in
large antral follicles after 6 h incubation with ADM. ADM treatment upregulated
Edn1 expression levels in large antral follicles. EDN1 also reduced the gene
expression of Adm in the CL with/without hCG. ADM treatment increased Edn1
expression. In the presence of hCG, ADM treatment increased both Edn1 and also
Ednrb expression. ADM suppressed progesterone production from the CL in early
and late pregnancy while enhancing progesterone production in mid-pregnancy,
which correlated well with the greater progesterone production at mid-pregnancy.
The effects of ADM on Edn1 gene expression and progesterone production were
blocked by the CGRP receptor antagonist. One of the roles of ADM in CL during
pregnancy might be the regulation of progesterone production and this may be
achieved via the interaction with END1. Acknowledgement: This work was
substantially supported by a grant from the Research Grants Council of the Hong
Kong Special Administrative Region, China (HKU7736/07M).

607. IGF-I Prevents Fas-Ligand Induced Apoptosis in Granulosa Cells
of Buffalo (Bubalus bubalis) Ovarian Follicles In Vitro. Ravindra P. Janivara,
Sunil K. Patil, Jamuna Kolatalu, Dhanya Joseph, Raghavendra Subbarao, and
Selvaraju Sellappan. National Institute of Animal Nutrition and Physiology,
Bangalore, India; Veterinary College, Bangalore, India

Reproductive efficiency in the water buffalo (Bubalus bubalis) is low and is
associated with delay in attainment of puberty, long inter-calving interval, and higher
incidence of early embryonic mortality. Studies have shown a low germ cell pool and
higher rate of atresia of follicles in the buffalo ovary. Ovarian follicular atresia is
known to occur at all stages (primary, secondary and tertiary) of follicle development.
Fas antigen triggers apoptosis when bound by Fas ligand (Fas-L). Locally produced

intra-ovarian growth factors, especially Insulin like growth factor-I (IGF-I) activate
different intracellular pathways to rescue follicles from apoptotic demise. However,
the apoptotic processes governing ovarian follicular atresia in the water buffalo are
not completely understood and investigation in this direction attains significance in
light of the fact that the atretic rate is very high in this species as compared to bovines.
In the present study, expression of Fas antigen was investigated in the granulosa cells
of the buffalo ovary by immunohistochemistry and the effect of IGF-I on Fas
mediated apoptosis was evaluated in the granulosa cell culture. The buffalo ovaries
for the study were obtained from local abattoir. Expression of Fas antigen was
observed in the granulosa cells of atretic follicles but not in healthy follicles.
Localization of Fas antigen was observed in the granulosa cell membrane as well as
in the cytoplasm. Also, the expression was more pronounced in the denuded cells in
the antrum and cells closer to antrum as compared inner layers. In the long term
granulosa cells culture exposed to three different concentrations (10, 25, and 50 ng/
ml) of Fas-L, the effect of addition of IGF-I (100 ng/ml) was tested, on granulosa cell
viability and function. There was a significant (P,0.05) decrease in cell viability (%)
with increase in concentration of Fas-L (50.9362.24, 40.5662.17 and 32.1560.84 at
10, 25 and 50 ng/ml of Fas-L respectively) as compared to control (62.0060.70). The
viability (%) in the granulosa cells exposed to Fas-L was significantly (P,0.05)
higher in the presence of IGF-I (62.8260.97, 52.1463.31 and 40.1761.16 at 10, 25
and 50 ng/ml of Fas-L as compared to cells exposed to Fas-L alone. Estradiol-
17b(pg/ml) production by the granulosa cells in culture significantly (P,0.05)
decreased with the addition of Fas-L (2.8860.11, 2.5560.03 and 2.4160.15 at 10
ng/ml 25ng/ml and 50ng/ml of Fas–L as compared to control (3.3360.06). The
present study demonstrated that buffalo atretic ovarian follicles expressed Fas and
addition of Fas-L induced apoptosis in granulosa cells. Also it was shown that IGF-I
could rescue granulosa cells from Fas mediated apoptosis. The work was supported
by NAIP/C4/C1056 grants, ICAR, New Delhi, India.

608. A Role for Nuclear Factor Interleukin-3 (NFIL3), a Critical
Transcriptional Repressor, in Down-Regulation of Periovulatory Gene Expres-
sion. Feixue Li, Jing Liu, Misung Jo, and Thomas E. Curry. University of Kentucky,
Lexington, KY, USA

The LH surge induces dramatic increases in periovulatory gene expression to
bring about ovulation. Interestingly, the expression of many of these LH-induced
genes rapidly declines prior to or immediately after ovulation, but nothing is known
about the mechanisms involved in the rapid down-regulation of these genes. In the
present study, we investigated whether nuclear factor interleukin-3 (NFIL3), a
transcriptional repressor, is expressed in the periovulatory follicle and if so, what is
the specific function of NFIL3 in the rat ovary during the periovulatory period. First,
to examine the spatiotemporal expression pattern of NFIL3, ovaries or granulosa cells
were collected at various times after hCG administration from eCG/hCG-stimulated
immature rats (n=3/time point). Real-time PCR analysis revealed that Nfil3 mRNA
expression was highly induced both in intact ovaries and granulosa cells after hCG
treatment. In whole ovaries, Nfil3 mRNA levels were increased approximately 8-fold
at 4 h after hCG and remained elevated through 24 h. In granulosa cells, Nfil3 mRNA
expression was highest at 12 h after hCG treatment. In situ hybridization analysis
demonstrated that Nfil3 mRNA expression was highly induced in theca-interstitial
cells at 4 and 8 h after hCG, localized to granulosa cells at 12 h, and decreased at 24 h
in both theca-interstitial and granulosa cells. Secondly, to determine the functional
impact of NFIL3 expression, granulosa cells or theca cells were infected with an
adenoviral NFIL3 over-expression vector. Next day, the cells were treated with
forskolin plus PMA to induce periovulatory gene expression. As screened using a
DNA microarray and confirmed by real time PCR analyses, over-expression of
NFIL3 inhibited the hCG induction of prostaglandin-endoperoxide synthase 2
(Ptgs2), progesterone receptor (Pgr), epiregulin (Ereg) and amphiregulin (Areg) in
granulosa cells. NFIL3 over-expression in cultured granulosa cells also decreased the
levels of prostaglandin E2 in the conditioned media. In theca-interstitial cells, the
expression of 15-hydroxyprostaglandin dehydrogenase (Hpgd), an enzyme involved
in prostaglandin metabolism, was also inhibited by NFIL3 over-expression. Lastly, to
begin to unveil the molecular mechanism of NFIL3’s action, NFIL3 interaction with
the Ptgs2 promoter was investigated using granulosa cells. Data from luciferase
assays demonstrated that NFIL3 overexpression decreased the induction of the Ptgs2
promoter activity while ChIP analyses indicated that NFIL3 binds to the promoter
region containing the DNA binding sites of CREB and C/EBPb. In summary, hCG
induced NFIL3 expression in theca-interstitial and granulosa cells prior to the
expected time of ovulation. Our findings suggest a novel role for NFIL3 in the
process of ovulation and/or differentiation of the theca-interstitial and granulosa cells
by regulating the expression of Ptgs2, Pgr, Ereg and Areg, all genes known to be
critical in the ovulatory process. For example, the down-regulation of Ptgs2 and
Hpgd would impact the synthesis and turnover of prostaglandins (PGs), resulting in
alterations in levels of PGs. As NFIL3 is known to compete with CREB or C/EBPb,
it is possible that the rapid down-regulation of periovulatory gene expression may
occur through the action of NFIL3 as a transcriptional repressor and competitor of
transcriptional activators such as CREB or C/EBPb. Supported by NCRR P20
RR15592 and HD057446.

609. Estrogen Receptor Subtypes ERalpha and ERbeta May Have
Overlapping Roles in Oocyte Development. Fangjie Tang and Melissa E. Pepling.
Syracuse University, Syracuse, NY, USA

The formation of the pool of functional primordial follicles is critical for
reproduction and is conserved among species. Female primordial germ cells undergo
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incomplete mitotic division and form clusters called cysts. Shortly after birth, the
cysts break down into individual oocytes that become surrounded by somatic pre-
granulosa cells to form primordial follicles. In this process, a subset of oocytes
undergo programmed cell death and only one third of the initial oocytes survives and
represents a life-time pool of oocytes. Estrogen treatment of neonatal mouse ovaries
results in multiple oocyte follicles in adults which are likely cysts that did not break
apart. Supporting this, previous studies have shown that estrogenic compounds can
disrupt cyst breakdown in neonatal mice in vitro and in vivo. However, the regulative
mechanisms of estrogen signaling in this process are still unknown. Estrogen
functions via estrogen receptors (ERs), which are members of the steroid receptor
superfamily. In mammals, there are at least two estrogen receptor subtypes: ER alpha
(ERalpha) and ER beta (ERbeta). And both ERs are present during cyst breakdown
and primordial assembly. However, single knock-outs of either ERalpha or ERbeta
did not affect the cyst breakdown process. These results suggest a more complicated
interaction between estrogen and its receptors. The objective of this study was to
analyze cyst breakdown and primordial follicle development in ERalpha, ERbeta, and
ER double knockout mice. Wild type, ERalpha single knockout, ERbeta single
knockout, and ER double knockout ovaries were collected at PND 7, a time when
most oocytes have completed cyst breakdown. Oocyte survival, cyst breakdown, and
follicle development were assessed via immunochemistry using an oocyte marker and
confocal microscopy. ER double knockout mice had similar oocyte numbers
compared to wild type and ER single knockout mice. However, the double knockout
mice had delayed cyst breakdown compared to wild type and ERbeta knockouts.
Moreover, a larger proportion of ER double knockout oocytes were in advanced
follicle stages and indicating a faster rate of follicle development. These results show
that the estrogen receptor subtypes might have overlapping roles and might
compensate for each other in oocyte development. Further investigation of expression
level of one estrogen receptor in the other knockout strain might provide insight into
the specific function of ERalpha and ERbeta in oocyte development.

610. The BMP Antagonist Gremlin Is Not Essential for Folliculogenesis
in the Mouse. Michelle Myers, Brooke S. Middlebrooke, Robert W. Cook, and
Stephanie A. Pangas. Baylor College of Medicine, Houston, TX, USA

Members of the transforming growth factor beta superfamily are renowned for
their diverse roles in developmental processes, including folliculogenesis. Bone
morphogenetic proteins (BMPs) are regulated by specific BMP antagonists and
gremlin, a member of the DAN family of BMP antagonists, has been implicated in
reproduction. We hypothesized that ablation of gremlin in the ovary would disrupt
BMP antagonism. Gremlin is present in neonatal ovaries and continues to be
expressed throughout folliculogenesis. To investigate the potential role of gremlin
throughout follicle development, we utilized two mouse models, each unique to a
different stage of folliculogenesis: i) mice globally deficient in gremlin (denoted
Grem1-/-); and ii) mice with granulosa cell deletion of gremlin (denoted Grem1 cKO).
Grem1-/- mice die within 24-48 hours of birth with no obvious differences observed
between wildtype and Grem1-/- neonatal ovaries. Additionally, we transplanted
Grem1-/- neonatal ovaries into ovariectomized adult wildtype mice to study later
follicle development in ovaries devoid of gremlin. Transplanted Grem1-/- ovaries
revealed that folliculogenesis could proceed to large antral follicle development,
suggestive that the loss of gremlin did not alter folliculogenesis. These findings were
further confirmed utilizing Grem1 cKO mice, which demonstrated normal ovarian
folliculogenesis and had comparable fertility to control mice. Analysis of other BMP
antagonists in the ovary demonstrates that multiple related proteins are co-expressed
with gremlin. These data suggest that gremlin is not required for folliculogenesis and
loss of Grem1 in the ovary may be compensated by other BMP antagonists. Funded
by a Burroughs Wellcome Career Award in Biomedical Sciences to S.A.P.

611. A Thrombospondin-Mimetic Peptide, ABT-898, Suppresses An-
giogenesis and Promotes Follicular Atresia In Vivo in the Monkey. Samantha A.
Garside, Jack Henkin, Suzanne M. Norvell, Fiona H. Thomas, and Hamish M. Fraser.
Centre for Reproductive Biology, Edinburgh, UK; Abbott Laboratories, Abbott Park,
IL, USA

Ovarian folliculogenesis is regulated by many endocrine, paracrine and autocrine
factors, and as follicular development progresses, increased angiogenesis is essential
to sustain development of the rapidly expanding follicle. Angiogenesis is tightly
regulated by a variety of pro- and anti-angiogenic factors, including vascular
endothelial growth factor (VEGF) and thrombospondin-1 (TSP-1). Aberrant
angiogenesis occurs in a number of pathological conditions, such as polycystic
ovary syndrome (PCOS) and endometriosis, and novel ways of targeting this could
lead to new therapeutics. TSP-1 is an anti-angiogenic factor in many physiological
systems and has been shown to have anti-angiogenic effects on follicles in vitro.
ABT-428898 is an octpeptide mimetic of TSP-1 and we investigated the effect of
ABT-898 on follicular angiogenesis using an in vitro angiogenesis assay, prior to
studying its effects in vivo in the common marmoset (Callithrix jacchus). Intact
preantral/early antral follicles from 21-day-old rat ovaries were cultured for six days
in the presence of ABT-898 (0, 0.1, 1, 10, 100 and 1000nM). At the end of the culture
period, angiogenic sprouting from the follicles was quantified using image analysis.
In a subsequent experiment, the potential of this peptide to inhibit follicular
angiogenesis was investigated in vivo, in marmoset monkeys. The marmosets (n=5)
were treated with 2.5mg/kg ABT-898 twice daily throughout the follicular phase of
the cycle and control marmosets (n=5) were treated with vehicle. On d10 of the
follicular phase, which corresponds to the peri-ovulatory period in controls, all
animals were injected with 20mg bromodeoxyuridine (BrdU) one hour before

removal of ovaries which were fixed, sectioned and stained for haematoxylin and
eosin, CD31, BrdU, CD31/BrdU and caspase-3. Treatment with ABT-898 resulted in
the suppression of follicular angiogenesis, a reduction in endothelial cell proliferation
at the pre- and early antral stages of follicular development and the suppression of
granulosa cell proliferation at early preantral, preantral and early antral stages of
follicular development. In addition to the inhibition of angiogenesis, ABT-898
treatment also resulted in a significant increase in the number of large preantral and
early antral follicles undergoing apoptosis. However, follicle selection and ovulation
were not inhibited by treatment, suggesting that the effects of ABT-898 are stage-
specific. Taken together, these results indicate that the TSP peptide is capable of
having a dual effect by inhibiting follicular angiogenesis and promoting atresia of
antral follicles in vivo, but does not prevent ovulation, as has been observed with
direct VEGF inhibitors. These results suggest that the TSP peptide could be a novel
therapeutic to inhibit abnormal angiogenesis and induce atresia of accumulated
follicles in polycystic ovary syndrome. This research was supported by a Medical
Research Council Ph.D. studentship and a core grant to Medical Research Council
Reproductive Sciences Unit (U.1276.00.002.00006.01).

612. Use of a Lentiviral Platform for Subcellular Localization of
FIGLA, A Key Gene for Female Reproductive Capacity. Ernesto Orozco-Lucero,
Everardo Gonzalez-Rodrı́guez, Eduviges Burrola-Barraza, Felipe A. Rodrı́guez-
Almeida, Moises Barceló-Fimbres, Verónica Moreno-Brito, and Irene Leal-Berumen.
Universidad Autonoma de Chihuahua, Chihuahua, Mexico

During germline establishment and its molecular control, the Figla gene, which
codes a transcription factor, is preferentially expressed in oocytes, and is key for
oogenesis/folliculogenesis, ovarian function, and female fertility. However, the
specific subcellular localization (cytoplasmic or nuclear) of this transcription factor is
unknown. We analyzed the FIGLA protein using the computer programs NucPred,
SubCellProt, and NLStradamus to predict subcellular localization; also, we
established a molecular platform for artificial expression of the murine Figla gene
in cultured 293 FT cells to study its localization directly. This gene was cloned from
mouse ovaries to constitute the vector pCR2.1/Figla, which was used to subclone
Figla, producing the vector pENTR/GFP-Figla, which originated by construction of
pLenti/GFP-Figla through recombination. This lentivector was used for artificial
expression of the Figla gene in cultured 293 FT cells. The transfected 293 FT cells
were analyzed by fluorescence microscopy for protein localization, and then
harvested for characterization through RT-PCR and SDS-PAGE. Restriction, PCR,
and sequence analysis confirmed the veracity of the developed vectors. The RT-PCR
generated Figla, GFP, and GFP-Figla transgenic transcripts from the pLenti/GFP-
Figla-transfected 293 FT cells, and the SDS-PAGE analysis revealed an expected
band of ~52 kDa for the GFP-FIGLA recombinant fusion protein. The pLenti/GFP-
Figla-lipofected 293 FT cells showed nucleoplasmic fluorescence using microscopy
(FITC filter), which is in agreement with the predictions of the programs NucPred,
SubCellProt, (probability � 0.7 and 0.6 of nuclear localization, respectively), and
NLStradamus (absence of classical nuclear localization signal), which strongly
suggested the presence of this protein in both nuclear and cytoplasmic compartments.
In conclusion pLenti/GFP-Figla cellular expression showed necloplasmic localization
of this transcription factor in accord with in silico predictions. This research was
supported by CONACYT, grant 45731, Mexico.

613. Ovarian Follicular Dynamics During Spontaneous and Ovsynch
Synchronized Estrus Cycle in Cyclic Murrah Buffaloes. Inderjeet Singh, Rakesh
Kumar Sharma, Sushil Kumar Phulia, Sudhir Khanna, Dinesh Mahato, and Santosh
Kumar. CIRB, Hisar, India

The present study was carried out to investigate the follicle dynamics during
normal and Ovsynch synchronized cycle in cyclic lactating Murrah buffaloes during
summer season. Sixteen lactating cyclic Murrah buffaloes (Group A, n=7; Group B,
n=9) were scanned on alternate days from the day of oestrus (Oestrus=D 0) with a
real time B-mode ultrasound scanner (Just Vision 200, Model 320A, Toshiba, Japan)
equipped with a convex array multifrequency intraoperative transducer for one
complete oestrous cycle. Group B buffaloes were treated with Ovsynch protocol
(GnRH-PG-GnRH) for synchronization of oestrus and ovulation at random stage of
the oestrous cycle. Buffaloes were not bred during the period of study. The follicular
growth during the oestrous cycle occurred in a wave pattern with predominantly 2
waves (85.7%, n=6) compared to 3 waves (14.3%, n=1) in spontaneously ovulating
buffaloes. The size of ovulatory DF at time of oestrus was 14.3260.43 mm (n=14).
The anovulatory DF attained a maximum diameter of 13.4660.58 mm on day
11.1460.96 of oestrous cycle. In three buffaloes (42.9%), the first anovulatory wave
duration (26.061.15 days) was longer than the oestrous cycle length (22.5760.48
days). The average duration of I and ovulatory wave was 23.1461.14 and
12.8561.06 days, respectively. The first wave emerged on the day of oestrus in
majority of buffaloes (6/7, 85.7%) and ovulatory wave emerged on day 9.7161.02 of
oestrous cycle. Using Ovsynch protocol, majority of buffaloes (8/9, 89%) ovulated
within 24-48 h after 2nd GnRH barring one buffalo that ovulated 24 h before the
GnRH. Out of nine buffaloes, 5 buffaloes returned to oestrus after normal cycle
length of 19-22 days whereas 3 buffaloes returned to oestrus within a period of 10-13
days and one became acyclic. Size of DF at induced oestrus was14.761.01 mm and
12.660.89 mm in normal and short cycle length buffaloes, respectively. Whereas
during spontaneous oestrus the size of DF at oestrus was 15.460.88 mm in these
buffaloes. Only one ovulatory follicular wave was observed in the buffaloes
exhibiting short cycle length (10.6760.33 days) whereas two waves i.e. anovulatory
and ovulatory was observed in buffaloes that returned to oestrus after normal cycle
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length (20.260.49). The anovulatory follicular wave was significantly longer
(21.6061.60 days) as compared to ovulatory wave (13.060.63 days). The
anovulatory DF attained its maximum diameter of 14.0260.49 mm on a mean day
of 10.860.8. In 3/5 buffaloes (60%) of normal cycle length, anovulatory wave
duration was longer than the oestrous cycle length. The study revealed that the
growth of ovarian follicles occurred in a wave pattern with predominantly 2 wave
cycle and the first anovulatory wave generally spread over the whole oestrous cycle
length in buffaloes. Using Ovsynch protocol there is synchrony of oestrus and
ovulation in majority of buffaloes but there are aberrations in the regularity of
oestrous cycle following treatment.

614. Vitamin D3 Regulates Anti-Mullerian Hormone Expression in
Granulosa Cells of the Hen. Jessye Wojtusik and Patricia A. Johnson. Cornell
University, Ithaca, NY, USA

Anti-Mullerian hormone (AMH) is involved in the regression of the Mullerian
ducts in mammalian and avian male embryos as well as the right oviduct in avian
female embryos. AMH expression by granulosa cells has also been demonstrated in
adult hens and mammals and is thought to be involved in the recruitment of follicles
from the primordial pool as well as in regulating FSH sensitivity. We have shown that
AMH expression by the granulosa layer of hens is high in the small growing follicles,
but decreased in the larger hierarchical follicles. The decline in expression of AMH
with increasing follicle size is associated with an increase in expression of the
receptor for FSH (FSH-R) in the granulosa layer, although the mechanism is not
known. In this experiment, our goal was to determine if vitamin D3 (1, 25-
dihydroxyvitamin D3) is involved in regulating expression of AMH in granulosa cells
of the hen. We collected granulosa cells from follicles 3-5 mm and 6-8 mm in size
and cultured them for 24 hours in Medium 199 + 5% fetal bovine serum (n=7). The
medium was removed and Medium 199 + 0.1% bovine serum albumin and vitamin
D3 (at doses of 0, 10, 100 nM) were added. The cells were cultured for another 24
hours, harvested and RNA was extracted for use in quantitative PCR. AMH and FSH-
R mRNA expression were evaluated and all values were standardized to 18S
reactions. There was a significant (p,0.05) dose-related decrease in the expression of
AMH in granulosa cells from 3- to 5-mm and 6- to 8-mm follicles. Additionally,
FSH-R mRNA and cell proliferation were significantly (p,0.05) increased by
vitamin D3 in both groups. Western blot analysis for the vitamin D3 receptor (VDR)
showed doublet bands at the expected size (58 and 60 kDa) in protein isolated from
chicken granulosa layer and intestine. We used this same antibody to visualize the
location of VDR within the follicle with immunohistochemistry and found it
predominantly localized to the nucleus of granulosa cells. VDR mRNA expression in
the granulosa layer was also evaluated using quantitative PCR (n=4). We found an
increased expression of VDR (p,0.05) with increasing follicle size with the highest
expression in the F1 follicle. To determine if vitamin D3 is having a direct effect on
AMH expression we searched for possible vitamin D response elements (VDRE) in
the sequence upstream from the AMH gene. We found several putative VDREs based
on their similarity to known VDREs. In conclusion, our data show that vitamin D3
decreased AMH expression in a dose-related way, concomitant with an increase of
FSH-R. These results suggest that vitamin D3 may have a role in regulation of follicle
selection in the hen. Supported by USDA-NRI-2008-35203-19097.

615. Follicle Size and Volume Is Less Indicative of Development of a
Persistent Follicle In Beef Heifers. Renee McFee, William Pohlmeier, Jacqueline
Smith, Jill Kerl, Racheal Slattery, Debra Clopton, Jennifer Wood, Robert Cushman,
and Andrea Cupp. University of Nebraska-Lincoln, Lincoln, NE, USA; USDA ARS
Roman L. Hruska Meat Animal Research Center, Clay Center, NE, USA

We have established that feeding 0.5 mg/h/d of melengestrol acetate (MGA) for
14 d (, 1 ng/ml of P4) develops persistent follicles with increased follicle size,
follicular fluid volume, theca cell weight, and follicular fluid androstenedione
concentration in mature cows. Therefore, we hypothesized that similar parameters
would be developed in heifers that were 2 years of age or younger. Mature cows and
heifers received either: 1) prostaglandin F2alpha (PG) on d0 and d7 and MGA for 14
d; or 2) GnRH on d 7 and a CIDR for 7 days. On d14, all cows received PG and
CIDRs were removed. Ovariectomies were conducted 36 h post-PG and granulosa
cells, theca cells, follicular fluid, and blood were collected for analysis. Data were
analyzed using proc mixed of SAS with means separation by LSD to evaluate
differences between treatment, age, and follicle status. Interestingly, MGA treatment
did not result in a persistent (P) dominant (DOM) follicle diameter or follicular fluid
volume in heifers (2-years-old or younger) that were as large as the P-DOM in mature
cows. Mature cows had P-DOM and control (C) subordinate (SUB) follicles that were
40% (P , 0.006) and 45% (P , 0.009) larger in diameter than the same follicles in 2-
year-olds. Furthermore, the mean follicular fluid volume of C-SUB follicles was
200% greater (P , 0.05) in mature cows and the mean diameter (P , 0.09) and the
theca cell weight (P , 0.07) of C-DOM follicles tended to be larger in mature cows
compared to the 2-year-olds. No differences were identified between mature cows
and 2-year-olds in granulosa cell pellet weight or in the follicular fluid concentration
of E2 and P4 for any of the follicle types; suggesting that even though the follicles
were not the same diameter they still had characteristic steroid and theca cell weights
of persistent follicles. Gene expression profiles for mRNA of genes involved in
follicle development such as vascular endothelial growth factor A_164 (VEGFA_164)
were also not different between mature cows and 2-year-olds. However,
VEGFA_165B mRNA was more abundant (P , 0.03) in C-DOM follicles from 2-
year-olds compared to mature cows. Furthermore, mRNA levels for both anti-
Mullerian hormone (P , 0.08) and CART prepropeptide (P , 0.03) in SUB follicles

were more abundant in mature cows than in 2-year-olds. Therefore, we can conclude
from these data that follicle size may not be indicative of whether a follicle is
persistent or not, especially in beef heifers. In addition, follicular fluid steroid
hormone profiles and gene expression may be more accurate measures of whether a
follicle is persistent.

616. In Utero and Lactational Exposure of Sprague-Dawley Rats to
Diadzein Disrupts Ovarian Follicle Maturation. Monika G. Baldridge and
Stanislaw K. Miaskowski. Carroll University, Waukesha, WI, USA

The consumption of dietary phytoestrogens, such as isoflavones, has grown
increasingly popular due to their potential health benefits. Of particular interest is the
isoflavone diadzein that is found in a variety of plants, primarily soybeans.
Isoflavones are naturally occurring plant estrogens that may provide health-related
benefits in some tissues; however, they may have deleterious side effects on estrogen-
sensitive reproductive tissue such as the developing ovary. Several studies have
documented that an in utero and lactational exposure to estrogenic chemicals alters
normal reproductive tissue development. This study was designed to determine (1) if
an in utero and lactational exposure to a low or high dose of pure diadzein (LDiad,
HDiad) exerts detrimental effects on ovarian follicle maturation in the Sprague-
Dawley rat and (2) whether estrogen and progesterone concentrations are altered
following exposure. Animals were treated via subcutaneous injection on gestational
days (GD) 7-21 with LDiad (0.5 mg/kg/day) or HDiad (5 mg/kg/day). Female pups
were euthanized on postnatal day 28 (chosen in order to follow the pups’ exposure
through lactation). Following euthanasia, the ovaries were excised, fixed for
histology, and analyzed. The analysis included a count, measurement, and
classification of preantral and antral follicles in the greatest cross-sectional area of
the ovary. Blood samples collected at the time of death were analyzed for estrogen
and progesterone concentrations via radioimmunoassay. No statistical change in
estrogen (p=0.729) and progesterone (p=0.511) concentrations was observed among
the treatment groups. Increased atresia and a decrease in the number of antral and
preantral follicles were observed in the LDiad and HDiad treatment groups
(p,0.001) as compared to control. These data support the hypothesis that diadzein
reduces the number of follicles of certain size classes in rats exposed during the
critical period of development. Atresia of preantral and antral follicles may illustrate
one of the underlying mechanisms by which folliculogenesis is modulated by
diadzein. The results of this study elucidate the effects of diadzein on reproductive
parameters in the female, perinatal Sprague-Dawley rat. The results of this research
may have profound implications for female human reproductive health.

617. Progesterone-Treated Mares Ovulate in Presence of Low Systemic
Concentrations of LH. Eduardo L. Gastal, Melba O. Gastal, Mohd A. Beg, and O. J.
Ginther. Southern Illinois University, Carbondale, IL, USA; Eutheria Foundation,
Cross Plains, WI, USA; University of Wisconsin, Madison, WI, USA

Mares are useful comparative research models for studying ovarian dynamics in
women because of similarities in the number and nature of follicular waves and a
constant relative diameter of the largest follicle between the two species at definable
events throughout the ovulatory wave. Recent (2005 to 2009) temporal and
mechanistic studies have contributed to the understanding of the hormonal changes
during the periovulatory period in mares. However, regulatory mechanisms of
ovulation in mares are not well known, especially, the role of the long secretory
pattern of luteinizing hormone (LH) during the periovulatory period. Progesterone
(P4) treatment for several days during the estrous cycle may depress gonadotropins
concentrations, block follicular development, and induce persistent anovulatory
follicles in several species. The goals of this study were: (1) to test if a high dose of
exogenous progesterone (P4) given during the preovulatory period reduces the LH
surge concentrations and blocks ovulation in mares with single or double dominant
follicles; and (2) to study the effect of P4 treatment on follicle blood flow. Mares with
a growing �25-mm follicle 15 days after ovulation were scanned daily by
ultrasonography. When the largest follicle reached �30 mm and the endometrial
echotexture score was indicative of preovulatory period, mares were randomly
assigned to one of the following four groups (n=8-10 mares/group): single dominant
control (SD); single dominant+progesterone (SD+P4); double dominant control
(DD); and double dominant+progesterone (DD+P4). The treatments involved the
vehicle (3 ml of safflower oil) for the control groups and P4 (150 mg in 3 ml of
safflower oil) for the P4-treated groups. Treatment was given every 12 h for 7 days.
Ovulation of the largest follicle occurred in 100, 38, 100, and 56% of the mares in the
groups SD, SD+P4, DD, and DD+P4, respectively. Ovulation of the second largest
follicle occurred in 44 and 11% in the groups DD and DD+P4. Follicle atresia or
formation of a hemorrhagic anovulatory follicle was the outcome for follicles that did
not ovulate. Plasma LH concentrations but not FSH were significantly (P,0.0001)
inhibited by P4 treatment. Mares in the P4-treated groups ovulated in presence of
very low (7-fold less) concentrations of LH when compared with the controls.
Diameter of the largest ovulatory follicle and estradiol concentration did not differ
among groups. Blood flow in the wall of the largest follicle was less (P,0.04) in P4-
treated groups 3 days after beginning of treatment. In conclusion, the preovulatory
LH surge does not seem to be crucial for ovulation to occur in mares. From a clinical
standpoint, attention should be given to progesterone-based synchronization or
protocols for inhibition of estrous behavior since progesterone-treated mares may
ovulate with very low systemic concentrations of LH. The present findings may also
have implications in human reproductive medicine due to the striking similarities
between mares and women in several aspects of folliculogenesis.
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619. Follicle-Stimulating Hormone Restores Growth in Follicles
Lacking the Aryl Hydrocarbon Receptor. Stacey L. Dehlinger, Isabel
Hernandez-Ochoa, Mallikarjuna S. Basavarajappa, Jackye Peretz, and Jodi A.
Flaws. University of Illinois, Urbana, IL, USA

The aryl hydrocarbon receptor (Ahr) is a ligand-activated transcription factor that
mediates the toxicity of dioxins. The Ahr has also been shown to regulate
physiological functions, including ovarian function. Previous studies have shown that
Ahr-deletion (AhrKO) results in slow growth of antral follicles, which are the
functional units of the ovary. Further, we previously showed that growth of follicles
is slowed in AhrKO antral follicles compared to wild-type (WT) antral follicles
between post-natal day (PD) 30 and 53, times when mice undergo puberty and start
cyclicity. We also showed that growth of follicles in AhrKO ovaries is restored to WT
levels after PD 53, but the reasons are unknown. Since follicle-stimulating hormone
(FSH) promotes follicle growth, we hypothesized that slow growth in AhrKO antral
follicles from PD 30 to 53, when mice undergo cyclicity, is mediated by FSH. To test
this hypothesis, antral follicles from WT and AhrKO ovaries on PD 30, a time when
follicle growth is impaired in AhrKO follicles, were mechanically isolated and
cultured in a-minimal essential media with or without recombinant FSH (rFSH; 0 –
15 IU) for 7 days. Follicle growth was measured every 24 h and presented as percent
change compared to that of day 1. AhrKO follicles treated with 0 and 5 IU rFSH had
decreased growth compared to WT follicles by the end of culture (0 IU rFSH:
WT=142 65.5% change, AhrKO=11762.4% change and 5 IU rFSH:
WT=16968.9% change, AhrKO=13765.9% change; n=3 cultures; p,0.05).
Interestingly, AhrKO follicles treated with 10 and 15 IU rFSH grew in a similar
manner to WT follicles by the end of culture (10 IU rFSH: WT=14569.4% change,
AhrKO=154612.3% change, and 15 IU rFSH: WT=142612.7% change,
AhrKO=166617.3% change; n=3 cultures; p,0.05). Since estradiol mediates
follicle growth, we then compared estradiol production in WT and AhrKO follicles
treated with rFSH. We further evaluated the levels of Cyp19a1 (aromatase) mRNA, a
steroidogenic enzyme that converts androgens to estradiol. Cultured antral follicles
were subjected to RNA and real-time PCR for Cyp19a1. Media samples were
collected from the follicle culture and subjected to enzyme-linked immunosorbent
assays to measure levels of estradiol. AhrKO follicles treated with 5 IU rFSH had
significantly decreased estradiol levels compared to WT follicles (5 IU rFSH:
WT=13564.7461917.99 pg/ml, AhrKO=7414.9561052.18 pg/ml, p=0.048). Ahr-
KO follicles treated with 10 IU rFSH had increased estradiol levels compared to the
WT (10 IU rFSH: WT=7989.0961123.86 pg/ml, AhrKO=32382.69610185.14 pg/
ml, p=0.050). The levels of Cyp19a1 mRNA were significantly higher in the AhrKO
follicles treated with 10 IU rFSH, as well as the follicles treated with 15 IU rFSH
compared to WT follicles (10 IU rFSH: WT=5.5460.62 SQ, AhrKO=10.0360.94
SQ, p=0.029; rFSH 15 IU: WT=3.5860.75 SQ, AhrKO=9.5960.99 SQ, p=0.001).
Collectively, these data suggest that FSH may restore growth in AhrKO follicles by
promoting an increase in estradiol levels. These data further suggest that slow growth
in AhrKO antral follicles between PD 30 to 53 may be mediated by FSH. Support:
NIH HD047275.

620. Expression and Regulation of Kit Ligand During Folliculogenesis
in the Hen. Mila Christen Kundu and Patricia A. Johnson. Cornell University, Ithaca,
NY, USA

The Kit system, composed of Kit ligand (KL) and its cognate tyrosine kinase
receptor, cKit, has been well studied in mammals, but its functions in reproduction of
non-mammalian vertebrates remain largely unknown. Studies have shown that the Kit
system is involved in signaling between the oocyte and somatic cells during the
process of follicle maturation in mammals. In mammalian ovaries, KL is known to be
present solely in the granulosa layer of ovarian follicles; cKit is present in both the
theca layer and the oocyte. Although the pattern of KL expression during follicle
development has been studied in mammals, this has not been examined in the hen.
The unique hierarchical arrangement of follicles in the hen ovary makes it a good
model for the study of folliculogenesis. The objective of our study was to characterize
the expression pattern of KL during follicle maturation and to examine regulation of
KL. The ovarian stroma and the granulosa layer from follicles of various sizes (1, 3,
5, 6-12 mm, F1) were collected from white Leghorn hens (n=4 replicates), and KL
mRNA expression was assessed using quantitative PCR. All values were normalized
to 18S values. We found that granulosa mRNA expression for KL decreased
significantly (P ,0.01) with increasing follicle development, with the highest
expression found in 1 mm follicles and the lowest amount seen in the granulosa layer
from 6-12 mm and F1 follicles. Additionally, western blot analysis confirmed the
presence of cKit (at the expected size of 120 kDa) in the theca layer of 3-5 mm
follicles and in a lysate of whole ,1 mm follicles, suggesting oocyte expression of
cKit. We also examined whether the oocyte (or oocyte factors) affected KL mRNA
expression. In mammals, the oocyte-derived factors BMP15 and GDF9 have been
found to influence KL expression. As a source of oocyte-derived factors, we used
oocyte conditioned medium (OCM). OCM was produced by culturing small (,1
mm) follicles in M199 plus 0.1% BSA for three days, then collecting and filter
sterilizing the supernatant. For these experiments, granulosa cells were collected from
6-8 mm follicles (n=4 replicates) and the cells were dispersed and plated in M199
plus 5% serum for 24 h. Medium was then replaced with M199 plus 0.1% BSA in the
presence and absence of OCM (at 25% and 50% of volume). After another 24 h, the
medium was removed, cells collected and RNA extracted. Quantitative real-time PCR
was used to evaluate expression of KL mRNA, with all values normalized to 18S
expression. OCM caused a dose-related increase (P , 0.05) in expression of KL.
Western blot confirmed the presence of BMP15 and GDF9 in OCM, suggesting that

one or both of these factors, possibly by signaling through cKit, may play a role in
regulating KL expression in the hen. Supported by USDA-NRI-2008-35203-19097.

621. Six Genes, Including the IrxB Cluster (Irx3, 5, 6), Ftm, Fto, and
Fts, Are Required for Germ Cell Progression in Developing Ovaries of Fused
Toes Mutant Mice. Bongki Kim, Youngha Kim, and Joan S. Jorgensen. University
of Illinois, Urbana-Champaign, IL, USA; University of Wisconsin, Madison, WI,
USA

Fused toes mutant mice lack six genes including the entire IrxB cluster, Irx3, 5
and 6, and three other genes, Fto, Fts, and Ftm. Homozygous embryos die early in
development (E10.5-E14.5) because of severe malformation of the developing brain
and loss of left-right asymmetry. Previously, we reported defective follicular
development in Ft mutant ovaries. Wild type and Ft mutant ovaries were harvested
before embryonic death and allowed to develop as a transplant under the kidney
capsule of nude mouse hosts. While the transplanted wild type ovaries supported
maturation of follicles up to the pre-antral stage, Ft mutant ovaries produced follicles
that progressed no further than the primary stage with several retained germ cell cysts.
Furthermore, follicles within Ft mutant ovaries demonstrated disintegration of the
granulosa cell phenotype. Some oocytes within these follicles were able to enter
meiotic division, but most failed to grow in size. Based on these findings, we
hypothesized that the Ft mutation interfered with communication between somatic
and germ cells early on in ovary development to cause defective follicle formation.
To test this hypothesis, we first identified which cell types express the genes within
the Ft mutation and then assessed the affect of the mutation on germ cell maturation
within ovaries harvested at E12.5 and E12.5 plus two days in vitro culture.
Quantitative PCR and immunohistochemistry (IHC) results indicate that all six genes
are expressed within somatic cells of the XX gonad. Despite this finding, somatic cell
markers, Foxl2 and Wnt4, maintained expression suggesting early somatic cell
differentiation was not affected. However, analysis of germ cells at both time points
determined a significant decrease in germ cell numbers due to a defect in germ cell
proliferation without changes in apoptosis. While vasa expression was decreased in
Ft mutant gonads, transcript levels of other factors that have the potential to
contribute to germ cell survival and proliferation within gonads, including sdf, bmp2,
4, 5, 6, 7, were not different. To test whether this defect was inherent to the germ cell
and exclusive to the gonadal environment, we investigated germ cell numbers and
proliferation during hindgut migration at E9.5. Using whole mount IHC, we detected
no difference in germ cell numbers between wild type and Ft mutant embryos
suggesting their development and proliferation was normal up to and through
migration. From these data, we conclude that germ cell development is normal during
early germ cell differentiation and migration; however, once germ cells enter the
gonad, somatic cells harboring the Ft mutation interfere with continued germ cell
development causing a defect in proliferation and progressive follicular failure.

622. Gene Bionetwork Analysis of Ovarian Primordial Follicle De-
velopment. Eric E. Nilsson, Marina I. Savenkova, Ryan Schindler, Bin Zhang, Eric E.
Schadt, and Michael K. Skinner. Washington State University, Pullman, WA, USA;
Sage Bionetworks, Seattle, WA, USA

Ovarian primordial follicles are critical for female reproduction and comprise a
finite pool of gametes arrested in development. A systems biology approach was used
to identify regulatory gene networks essential for primordial follicle development.
Transcriptional responses to eight different growth factors known to influence
primordial follicles were used to construct a bionetwork of regulatory genes involved
in primordial follicle development. Over 1500 genes were found to be regulated by
the various growth factors and a network analysis identified critical gene modules
involved in a number of signaling pathways and cellular processes. A set of 55 genes
was identified as potential critical regulators of these gene modules, and a subnetwork
associated with development was determined. Within the network two previously
identified regulatory genes were confirmed (i.e. Pdgfa and Fgfr2) and a new factor
was identified, connective tissue growth factor (CTGF). CTGF was tested in ovarian
organ cultures and found to stimulate primordial follicle development. Therefore, the
relevant gene network associated with primordial follicle development was validated
and the critical genes and pathways involved in this process were identified. This is
one of the first applications of network analysis to a normal developmental process.
These observations provide insights into potential therapeutic targets for preventing
ovarian disease and promoting female reproduction.

623. Deletion of Smad4 in Oocytes Causes Increased Follicular
Development. Xi Tian, Tianyanxin Sun, Caitlin A. Fitzgerald, Kate J. Anthony,
and Francisco J. Diaz. The Pennsylvania State University, University Park, PA, USA

Several members of the TGF-beta family of secreted products, including GDF9,
BMPs, Activin, and AMH, are critical regulators of ovarian function. These proteins
bind to cell-surface receptor and activate SMAD signaling pathways. GDF9 and
Activin signal through the SMAD2/3 pathway, while BMPs and AMH signal through
the SMAD1/5/9 pathway. Both pathways require cooperative binding to SMAD4, a
central signaling molecule for all members of the TGFb superfamily. SMAD
signaling is critical for follicular development and function and effects on granulosa
cells are well accepted, but direct effects on oocytes have not been described in the
literature. Recently, we have shown that activated (phosphorylated) SMAD1/5/9 and
SMAD2/3 proteins are present in the nucleus of mouse oocytes from primordial to
antral follicles. To investigate further the possible role of SMAD signaling in oocytes,
we have generated mice with oocyte-specific deletion of the Smad4 gene by crossing
mice with a floxed Smad4 allele to mice expressing Cre-recombinase driven by the
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Zp3 promoter. Histological analysis revealed that follicles of all developmental stages
were present on the ovaries of Smad4 mutant mice. Surprisingly, mutant ovaries had
greater number of follicles compared to control littermates at 2 and 4 months of age.
Consistent with an observed increase in follicle number, we observed a 3- to 4-fold
increase in oocyte transcripts that drive follicular development in Smad4 mutant
oocytes collected from 3-week-old mice. These transcripts include Gdf9, Bmp15,
Figla, and Zp3. Thus, SMAD4 signaling in oocytes suppresses positive regulators of
follicular development. In a second experiment examining the role of SMAD
signaling during follicle assembly and activation, newborn ovaries were treated with
an inhibitor of SMAD2/3 signaling (SB431542) for 2 days. Consistent with our
results in the Smad4 mutant animals, ovarian expression of Gdf9, Bmp15, Figla, and
Zp3 mRNA were markedly increased (2- to 3-fold) in ovaries treated with the
SMAD2/3 inhibitor compared to control ovaries. We then treated newborn ovaries for
6 days with A-83, a more potent and specific inhibitor of SMAD2/3 signaling than
SB431542. Normal primary and early secondary follicles were present in control
ovaries cultured in medium only. However, the morphology of ovaries treated with
the inhibitor was striking. Many large apparently activated oocytes were observed in
treated ovaries. However, these large oocytes were surrounded by few granulosa
cells, suggesting a deficiency of granulosa cell proliferation. In summary, loss of
Smad4 in oocytes leads to increased follicular development co-incident with
upregulation of specific oocyte transcripts that promote granulosa cell function,
particularly Gdf9 and Bmp15. Inhibition of SMAD2/3 signaling in newborn ovaries
causes upregulation of oocyte transcripts and oocyte activation, but without an
increase in granulosa cell proliferation. Based on these findings, our working model
is that SMAD signaling acts differently in oocytes versus granulosa cells. In oocytes
SMAD signals suppress oocyte-stimulated follicular development, while in granulosa
cells SMAD activation stimulates proliferation and consequently follicular growth.

624. Effects of Exogenous Luteinizing Hormone on Development and
Acquisition of Ovulatory Competence by Dominant Follicles During the Equine
Anovulatory Season. Stephanie N. Schauer, Christine Briant, Monique Ottogalli,
and Francesc X. Donadeu. The Roslin Institute, Roslin, Midlothian, United Kingdom;
INRA, Nouzilly, France

The natural spring period of transition into the ovulatory season in mares is
characterized by increased follicular growth and the development of up to three
successive dominant-size anovulatory follicles. These transitional follicles are
severely underdeveloped, which has been attributed to low secretion of pituitary
LH. It can therefore be hypothesized that administration of equine (e) LH during a
follicular wave in early transitional mares will promote the development of ovulation-
competent follicles. To test this hypothesis, 14 seasonally anovulatory mares were
used starting in January in the Northern Hemisphere. Once a follicle .25mm was
first identified (early transition) all follicles .15 mm were ablated by transvaginal
ultrasound-guided follicle puncture. When the largest follicle of the ablation-induced
wave reached .20mm, mares were given a subovulatory dose of a purified pituitary
eLH fraction (0.25lg or 1lg eLH/kg, n=3/group) or saline (n=8) i.v. every 12 h and
ovarian activity was monitored by ultrasound daily. Once the dominant follicle
reached a diameter of .32mm, 3000 IU of hCG were administered to induce
ovulation. Some of the mares were also used as ovulatory-season controls (n=5)
during June and July. In these mares, follicles were ablated 10 days after ovulation
followed by i.v administration of saline beginning when the largest follicle reached
20mm and injection of hCG once the follicle reached 32mm. During both seasons,
blood samples were collected daily throughout the experiment for determination of
plasma hormone levels by RIA. Data from transitional mares treated with the two
different LH doses was not significantly different (P.0.8) and was therefore
combined into a single LH-treated group (n=6) for analyses. Data was analyzed by
repeated measures ANOVA and is reported as mean6SEM. Treatment with eLH
during early transitional waves stimulated the growth of the dominant follicle
(Group3Day, P=0.003) with a maximum diameter (day five of treatment) of
32.961.8 mm and 26.461.8 mm in eLH-treated and saline-treated mares,
respectively (P,0.05). Follicle profiles were similar (P.0.9) between LH-treated
transitional mares and ovulatory season controls. Profiles for the largest subordinate
follicle were not affected (P.0.8) either by LH treatment during transition or by
season. However, more follicles .10mm developed during the experimental period
in saline-treated transitional mares (8.060.7 follicles) than in LH-treated transitional
mares (5.260.6, P=0.008) or ovulatory season controls (5.260.6, P,0.001). Double-
dominant follicles did not develop in any mare. Five eLH-treated mares were injected
with hCG and three ovulated (60%), at an average of 5668 h post-hCG. All
ovulatory season controls ovulated and did so at a mean of 5468.6 h after hCG, an
interval similar to that in transitional mares (P.0.1). In addition, an increase in
circulating progesterone levels occurred as expected in the three transitional mares
that ovulated in response to hCG although this increase tended to be of lower
magnitude than that after ovulation in ovulatory-season controls (Group3Day,
P=0.08). These results are consistent with a causal effect of deficient circulating LH
on reduced follicle development during the equine anovulatory season and
demonstrate that exogenous eLH administration can stimulate the development of
dominant follicles and facilitate early ovulations followed by the development of a
functional CL.

625. Mechanical Isolation of Ovarian Preantral Follicles from Cows
Cryopreserved with Dimethylsulfoxide and Sucrose Plus Alpha-Tocopherol.
Carolina R.J. Jimenez and Ciro A.A. Torres. Universidade Federal de Vicosa, Vicosa,
Brazil

In most mammals, 90% of ovarian follicles are preantral and approximately
99.9% of these suffer atresia before ovulation, and 0.1% will ovulate and could be
fertilized or not. The biotech, manipulation of oocytes enclosed in preantral follicles
(MOEFOPA) is characterized as the study of pre-antral follicle (oocyte and its
surrounding cells), isolated from the ovarian environment, involving its in vitro
culture and cryopreservation. The preantral follicles can be collected at any age, stage
of the cycle or even from animals with sudden death, making possible to collect a
large number of preantral follicles. These oocytes enclosed in preantral follicles have
several characteristics which make them less susceptible to cryoinjury than mature
oocytes. They may have more potential to be cryopreserved in situ or isolated from
the ovarian environment. The success of cryopreservation has been shown in mice,
rabbits, sheep, goats, cattle and even in women, thereby increasing this developing
the area in order to achieve a better cryopreservation protocols for their subsequent
isolation and culture. The ovaries from 51 cows were chopped at 5mm3 section
(fragments). The sections were randomly divided into: control (isolated from fresh
ovary) and 8 treatments with in situ vitrification containing the cryoprotectors
dimethyl sulfoxide, sucrose, and/or a-tocopherol. Each treatment suffered two
different thawing process: 1) sucrose and 2) minimum essential medium, in order to
determine if there is interference of the thawing method on each treatment. After
thawing, the fragments were placed in 50-ml tubes with maintenance medium and 5%
of bovine serum albumin before their mechanical dissociation, filtration, in order to
obtain the suspended isolated preantral follicles. The viability of preantral follicles
was examined with Trypan blue, dead and alive, stained or unstained, respectively,
and observed in inverted microscope at 4003. Fifteen hundred live or dead preantral
isolated follicles were analyzed per treatment for a total of 13,500 observed preantral
follicles. The results showed that among the nine treatments the viability of isolated
preantral follicles, after cryopreservation, the control ones, without vitrification,
differed from all cryopreserved treatments, showing that cryopreservation affects the
viability of isolated preantral follicles, but among the vitrification treatments, the
dimethylsulfoxide with sucrose and 10 mM alpha-tocopherol, regardless of the
thawing type, showed the best viability after cryopreservation. This work contributes
to the formation of future female gamete banks, making possible the multiplication of
animals with high livestock value or endangered species, showing that a large number
of viable preantral follicles from the same ovary could be developed and matured in
vitro.

626. Effect of Omega-3 Fatty Acids on the Ovaries of Lactating Dairy
Cows During Ovsynch. Mallikarjun C. Bidarimath, Leslie A. MacLaren, Modou
Camara, Melissa A. Moggy, Alan Fredeen, Kathleen Glover, Catherine Enright, and
David M.W. Barrett. Nova Scotia Agricultural College, Truro, NS, Canada

Feeding fat supplements high in omega-3 long-chain polyunsaturated fatty acids
(PUFAs) have been to shown to increase the reproductive performance of dairy cows.
The objective of the current study was to evaluate the effect of two rumen-protected
n-3 PUFA (fish oil and marine microalgae) supplements on ovarian function of
lactating cows on a pasture-based feeding system during Ovsynch. Eighteen Holstein
cows were blocked for parity and expected date of calving. Cows were assigned
randomly within block to one of three isolipidic dietary treatments, fed from 30 d
before to 100 d after calving. Six cows were assigned to the control supplement
(hydrogenated plant oil; HPO), 6 to the marine microalgae (MA) supplement, and 6
to the fish oil (FO) supplement. The cows were synchronized for estrus and ovulation
during Days 35-68 post-partum. Daily and twice-daily blood sampling and transrectal
ovarian ultrasonography were conducted during the Ovsynch period. A validated
enzyme and radioimmunoassay procedure were used to determine plasma
progesterone and estradiol concentrations, respectively. Cows that calved early in
the pasture season had a longer heat after the 1st Factrel injection than the cows that
calved later in the pasture season (P,0.05). Heat was significantly longer in FO-
treated cows compared to HPO-treated cows after the Lutalyse injection (3.060.5 d
and 0.860.1 d, respectively; P,0.05); however, MA-treated cows did not
significantly differ from HPO- or FO-treated cows. Ovulation was delayed in MA-
treated cows compared to HPO-treated cows after the 2nd Factrel injection (1.660.1 d
and 1.360.1 d, respectively; P,0.05); however, FO-treated cows did not
significantly differ from HPO- or MA-treated cows. No significant differences were
found among treatments for maximum preovulatory follicular size after the 1st or 2nd

Factrel injection. The number of CL in MA-treated cows was higher than in HPO-
treated cows at the time of the Lutalyse (2.260.3 and 0.860.2, respectively; P,0.05)
and 2nd Factrel (2.060.3 and 0.760.2, respectively; P,0.05) injection; however,
cows fed FO had a similar number of CL as the cows fed MA and HPO (P.0.05).
Total luteal volume was not different among the treatments (P.0.05). We concluded
that supplementation with n-3 PUFAs affects ovarian function in lactating dairy cows
during Ovsynch.

627. Global Gene Expression Analyses of Equine Follicle Development.
Somayyeh Fahiminiya, Dave Waddington, Nadine Gerard, and Xavier Donadeu.
INRA, Nouzilly, Centre, France; Roslin, Edinburgh, Scotland, United Kingdom

Follicle development in the mammalian ovary involves the growth of cohorts of
follicles or follicular waves at periodic intervals throughout a female’s reproductive
life. In monovular species only one follicle (dominant follicle) will emerge, through
follicle selection, within each cohort to reach full maturation and become ovulation-
competent, whereas all other follicles (subordinate follicles) of the wave will cease
developing before they can become dominant. The molecular basis of the two key
events during the development of a dominant follicle, emergence through selection
and acquisition of ovulatory capacity, remain largely unknown, particularly in large
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animal species. Like humans, the horse is a monovular species. Moreover, follicle
development patterns during equine reproductive cycles have been shown to be
strikingly similar to that of humans. This, together with the relative large size and
long developmental timeline of equine follicles, make the horse a unique model to
study the development of dominant follicles. The aim of this study was to identify for
the first time the precise gene expression signatures associated with different stages of
dominant follicle growth in the horse. Ovaries were collected from 12 oestrus mares
during a breeding season and follicles were isolated belonging to one of the following
categories (n=5 follicles/category): Early Dominant (ED; the largest growing follicle
of an ovulatory wave once it reached 25 mm in diameter), Late Dominant (LD; the
largest follicle once it reached 33-35 mm) and Preovulatory (PO; the late dominant
follicle 34h after an injection of an ovulatory dose of Crude Equine Gonadotropin).
Granulosa and theca cells were separately collected from each follicle and total RNA
was extracted with TRIzol. RIA measurements of progesterone and 17bestradiol in
follicular fluid together with qPCR analysis of LH receptor in granulosa cells were
used to more precisely establish the developmental status of each collected follicle. In
addition, the expression of genes specific for theca (CYP17A1, BMP7) and granulosa
(CYP19A1) was determined by PCR to rule out cell cross-contamination. A 44K
equine gene expression microarray (Agilent Technologies Inc., CA, USA) was used
separately on granulosa and theca cells by performing one-dye hybridization.
Statistical analysis was performed with a Limma package using a false discovery rate
(q-value ,0.05) to identify differentially expressed sequences between ED and LD
and between LD and PO follicle categories. Differences in gene expression were
found during each of the two follicle category comparisons. Differences were
particularly extensive between LD and PO, specifically, exposure of late dominant
follicles to an ovulatory stimulus resulted in differential expression of 8349
transcripts in granulosa cells and 2338 transcripts in theca cells. In contrast, the
number of transcripts differentially regulated between ED and LD was comparatively
small, 1602 transcripts in granulosa cells and 8 transcripts in theca cells. Further
analyses are currently being performed to identify in detail the specific genes and
cellular pathways associated with each developmental stage. The results of this study,
the first transcriptome analyses of equine follicles, demonstrate that development of
ovarian follicles in mares is associated with profound changes in global gene
expression, particularly in granulosa cells and during the follicular-to-luteal
transition.

628. Differential Expression Patterns of GnRH and GnIH in Ovary of
Mouse During Estrous Cycle. Padmasana Singh, Amitabh Krishna, Rajagopala
Sridaran, and Kazuyoshi Tsutsui. Banaras Hindu University, Varanasi, India;
Morehouse School of Medicine, Atlanta, GA, USA; Waseda University, Tokyo,
Japan

Gonadotropin releasing hormone (GnRH) has now been suggested as an
important intraovarian regulatory factor. Gonadotropin inhibitory hormone (GnIH) a
hypothalamic dodecapeptide, acts opposite to GnRH. GnRH, GnIH and their
receptors have been demonstrated in the gonads. In order to find out the physiological
significance of these neuropeptides in the ovary, we aim to investigate changes in the
abundance of GnRH I and GnIH in the ovary of mice during estrous cycle. GnRH I
and its receptor and GnIH were localized immunohistochemically during different
stages of estrous cycle in the ovary. Relative intensities of these peptides were
estimated from the contralateral ovary using immunoblot followed by densitometry.
The immunostaining of both GnRH I and GnRH I-receptor proteins were mainly
localized in the granulosa cells of the healthy and atretic antral follicles during
proestrus and estrus phases. Granulosa cells located around oocytes or lining antral
cavity and theca cells showed positive immunostaining. Oocytes of the large antral
follicles showed no immunostaining. During diestrus 1 and diestrus 2 phases,
moderate immunostaining was observed in the luteal cells. The immunoblot analysis
showed, intensity of immunostaining of GnRH I decreased gradually from 10.00 h to
14.00 h during proestrus phase. Its expression increased sharply in the evening at
19.00 h of proestrus and remains high during the estrus phase. Subsequently, it
gradually declined during diestrus 1. A sharp increase in the concentration of GnRH I
was found in the afternoon of diestrus 2. The intensity of expression of GnRH I-
receptor increased sharply during gonadotropin surge at 14.00 h on proestrus and
remained high until late evening in proestrus. Subsequently, intensity of GnRH I-
receptor declined during estrus and remained unchanged until early diestrus 1. GnRH
I-receptor expression increased again during late diestrus 1 and remained high during
diestrus 2. GnIH immunoreactivity was mainly observed in the granulosa cells of
large antral follicles during proestrus. Strong GnIH immunoreactivity was observed
in GCs and TCs of the antral follicles during 14.00 h while low immunoreactivity was
observed at 19.00 h of proestrus. Mild GnIH immunoreactivity was observed in the
follicles during estrus phases. During diestrus 1 and diestrus 2 phases, GnIH
immunoreactivity was also mainly observed in the corpus luteum. The immunoblot
analysis of GnIH showed gradual increase from morning to attain a peak at 14.00 h
on proestrus and subsequently it declined sharply to a low level at 19.00 h. The GnIH
concentration showed no significant change from late proestrus until early diestrus 2
phase. Thus, the relative abundance of GnRH I, GnRH I-receptor and GnIH undergo
significant variation during proestrus and thus may be responsible for selection of
follicle and atresia. A significant increase in the concentration of GnIH during late
diestrus 2 coincides with the decline in corpus luteum activity and initiation of
follicular growth and selection. In general, GnRH I and GnIH were found in close
vicinity suggesting functional interaction between these peptides. It is thus,
hypothesized that interaction between GnRH I-GnIH neuropeptides may be involved

in the regulation of follicular development and atresia. This work was supported from
UGC, New Delhi to AK; Ministry of Education, Japan to KT and NIH, USA to RS.

629. Evidence That Low Antral Follicle Count During Follicular
Waves Negatively Impacts FSH-Induced Capacity of Bovine Granulosal Cells to
Produce Estradiol and Anti-Mullerian Hormone (AMH). Danielle M. Scheetz,
Joseph K. Folger, George W. Smith, and James J. Ireland. Michigan State University,
East Lansing, MI, USA

The mechanisms that regulate variation in ovarian function, which may
contribute to infertility, are poorly understood. Previous results from our laboratory
demonstrate that cattle can be phenotyped reliably based on peak number of follicles
� 3 mm in diameter growing during follicular waves, and that young adult cattle of
similar ages with consistently low versus high peak number of follicles during
follicular waves (hereafter called antral follicle count, AFC) have much lower
circulating AMH concentrations and a markedly diminished ovarian reserve (total
numbers of healthy follicles/oocytes in ovaries), but higher circulating FSH
concentrations, greater intrafollicular estradiol concentrations, and greater abundance
of aromatase mRNA in granulosa cells of early growing antral follicles during
follicular waves. Based on these observations, it is hypothesized that the FSH-
induced capacity of granulosa cells to produce estradiol is greater while AMH
production is lower in cattle with low vs a high AFC. To test this hypothesis,
granulosa cells from small antral follicles (3-5 mm follicles) were collected from pairs
of ovaries with low (,15 &ge 3 mm in diameter) versus high (.25 follicles)
numbers of follicles and were cultured in serum-free media containing 10-6M
androstenedione, 2 ng/ml LR3-IGF-1 and 1 ng/ml insulin with increasing doses of
oFSH (0, 0.01, 0.05, 0.1, and 0.5 ng/ml). Media was collected and replaced every 48
h. After 6 d of culture, media was harvested, granulosal cell numbers determined, and
cells collected for RNA isolation. Estradiol and AMH concentrations in media were
determined by immunoassays, and abundance of aromatase and AMH mRNA
determined by real-time PCR. Results demonstrated that granulosa cells from cattle
with low follicle numbers had .80% decrease in estradiol and AMH production and
abundance of mRNAs for aromatase and AMH compared to cattle with high follicle
numbers. Based on these results, it is concluded that FSH action on granulosal cells is
diminished in cattle with a relatively low versus a high number of follicles growing
during follicular waves. Further, the diminished responsiveness of granulosa cells to
FSH in cattle with low follicle numbers may partially explain why circulating AMH
concentrations are also much lower in these animals despite much higher circulating
FSH concentrations during follicular waves. Research supported by USDA-NRI
2004-01697, 2007-01289 to JJI.

630. Cryopreservation Effects On Luteinizing Bovine Granulosa Cells.
Zulma Tatiana Ruiz-Cortes, Felipe Penagos, and Yasser Lenis Sanin. University of
Antioquia, Medellin, Colombia

The corpus luteum (CL) is a transitory endocrine gland responsible for the
gestation maintenance by the synthesis and secretion of progesterone (P4). The in
vitro CL model is a tool to better understand cellular and molecular pathways. The
cryopreservation of granulosa cells will preserve biological material in different
passages useful for research on luteinization, steroidogenesis, luteolysis among
others. The present study is focused on the evaluation of viability of granulosa cells
luteinizing in vitro after cryopreservation. From day 0 and until 72h in culture our
laboratory have already study and published that cells luteinize according to
morphology, LH receptors, leptin receptors and P4 production. Granulosa cells were
purified from abattoir ovaries and cultured on RPMI 1640 serum supplemented
medium under controlled conditions. Cryopreservation was performed 3 days after
cell isolation and culture in 3 groups: control, rapid and slow cryopreservation curves
in 15% DMSO. As response variables, viability (Trypan Blue) and morphology were
evaluated. The rapid protocol of 10 minutes at 08C followed by immediate -808C
preservation for 4 days resulted in 85% viability of cells 24h in culture and conserved
morphology compared to controls with 93.6%. The slow model of 1h at 0 8C, 1h at -
20 8C and finally preservation at -808C for 4 days, resulted in a very low viability and
similar morphology compared to control cells. We suggest that granulosa cells
luteinizing in vitro are resistant to rapid cryopreservation and that this is a useful
model of in vitro CL for further bovine reproductive studies.

631. Rhox Homeobox Gene Cross-Regulation in Granulosa Cells. James
A. MacLean, Raquel M. Brown, Matthew G. Davis, and Kanako Hayashi. Southern
Illinois University, Carbondale, IL, USA

Mammalian ovulation is a complex, hormone-dependent developmental program
in which several events must take place in an ordered progression to ensure that the
oocyte is competent for fertilization. This process requires the coordinated expression
of many genes which must be turned on and off in the right place at the right time for
proper development of the follicle. While the hormone signals from the brain that
initiate ovulation are known, the master control genes which regulate this process are
not well known. Homeobox genes encode DNA-binding proteins that are master
regulators of a myriad of developmental programs. The reproductive homeobox
(Rhox) homeobox genes are expressed in the ovary, placenta, testis, and epididymis,
and thus are good candidates to regulate both male and female reproductive tissue
development and physiology. In this report, we investigate altered expression patterns
of the Rhox cluster during ovulation using an eCG primed, hCG induced
superovulation model in Rhox5-null animals. Rhox5-null female mice do not exhibit
compromised fertility suggesting that another RHOX factor may compensate
functionally. None of the Rhox genes sharing peak expression at 4h post hCG with
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Rhox5 were found to be upregulated in the knockout. Interestingly, loss of RHOX5
resulted in reduced expression of Rhox8 during this window although Rhox8’s and a
lower progesterone-induced peak expression at 8h post hCG. Supported by NIH
HD055268.

632. Gonadotropin-Dependent Regulation of Epiregulin in Equine
Preovulatory Follicles During the Ovulatory Process. Khampoune Sayasith,
Monique Dore, and Jean Sirois. University of Montreal, Saint-Hyacinthe, QC,
Canada

The mammalian ovulatory process is accompanied by a gonadotropin-dependent
regulation of several genes. Little is known about ovarian regulation of epidermal
growth factor (EGF)-like growth factors in non-primate species, including epiregulin
(EREG). The objective of the study is to characterize the regulation of EREG during
hCG-induced ovulation in mares. Follicles during estrus between 0 and 39 h post-
hCG and corpora lutea on day 8 of the estrous cycle were collected, and RNA and
proteins were extracted. Results from semi-quantitative RT-PCR/Southern blot
analyses showed that levels of EREG mRNA were very low in follicles obtained at 0
h but markedly increased thereafter (P , 0.05). Tissue blot analyses revealed that
levels of EREG transcripts were relatively high in muscle but low or undetectable in
corpora lutea and other non-ovarian tissues tested. Analyses performed with
individual preparations of theca and granulosa cells indicated that EREG was
regulated significantly in both cell layers (P , 0.05), with a maximal induction
obtained 33-39 h post-hCG. Immunohistochemistry and immunoblotting confirmed
regulated-expression of EREG protein in both cell types after hCG. Results from
primary granulosa cultures isolated from dominant follicles revealed that levels of
ADAMTS1, PGR, and CTSL2 mRNA were initially low but markedly increased in
response to the treatment with EGF. This treatment had no effect on PTGS2 and
PTGER2 transcript expression. Thus, this study reports the gonadotropin-dependent
regulation of EREG during ovulation in mares and shows for the first time the
stimulation of genes required for the rupture of follicles after the treatment with EGF.

633. Mitochondrial Dysfunction and Apoptosis in Cumulus Cells of
Diabetic Mice. Qiang Wang, Antonina Frolova, Katie Boehle, Erica Schoeller,
Maggie Chi, Tim Schedl, and Kelle H. Moley. Washington University School of
Medicine, St. Louis, MO, USA

Women with poorly controlled diabetes often suffer from reproductive problems,
such as miscarriage and offspring with congenital malformations. Recently, emerging
evidence has shown that oocytes from diabetic mice experience delayed maturation,
abnormal cellular metabolism, mitochondrial dysfunction and meiotic defects. These
changes in the oocyte may be manifested later as developmental abnormalities in
preimplantation embryos and congenital malformations. However, the pathway(s) by
which maternal diabetes exerts its effects on the oocyte remains ill defined. Cumulus
cells are in direct contact with the oocyte via gap junctions and have long been known
to play a nurturing role in supporting oocyte development by providing essential
nutrients to oocytes. We therefore hypothesized that maternal diabetes adversely
impacts the mitochondria in cumulus cells, which may be further transferred into the
oocyte, contributing to poor oocyte quality. To test this assumption, we investigated
mitochondrial status in cumulus cells from chemically induced diabetic mice. Using
transmission electron microscope, we found that mitochondria in diabetic cumulus
cells display small spherical structures with fewer and disarrayed cristae, and a
decreased electron density of the matrix. These ultrastructural defects have been
correlated with mitochondrial fission and metabolic disorders. By MitoPT-JC1 assay,
we revealed a general drop of mitochondrial membrane potential in cumulus cells
exposed to maternal diabetes. Mitochondrial mislocalization was observed in
cumulus cells from diabetic mice, showing a decreased percentage of the perinuclear
distribution relative to control and a corresponding increased proportion of an
aggregated distribution. Quantitative real-time PCR analysis of mtDNA content and
the mRNA levels of several genes implicated in mitochondrial biogenesis
demonstrated a mitochondrial biogenic response in cumulus cells of diabetic mice.
Notably, while mitochondrial biogenesis in diabetic cumulus cells was induced, their
function was markedly decreased as evidenced by the lower ATP and citrate levels.
TUNEL assay showed a significant increase in the incidence of cumulus cell
apoptosis from diabetic mice as compared with controls. Importantly, these apoptotic
cumulus cells from diabetic mice always display a diffuse staining of cytochrome c in
the cytoplasm compared to a punctate distribution pattern in control cumulus cells,
providing evidence that mitochondrial impairments are involved in apoptosis of
cumulus cells induced by maternal diabetes. Some key findings mentioned above
were also confirmed by using the Akita genetic mouse model as a control for the
STZ-induced effects. In summary, molecular, cellular and biochemical analysis
demonstrated structural, spatial and metabolic dysfunction of mitochondria in
cumulus cells of diabetic mice, which lead, at least in part, to apoptosis in diabetic
cumulus cells through the cytochrome c release. These deleterious effects of maternal
diabetes on cumulus cells may disrupt trophic and signaling interactions with the
oocyte, contributing to oocyte incompetence in diabetic females. Research supported
by NIH-UO1 HD044691-03 (KHM) and NIH-R01 GM085150 (TS).

634. GATA6 Depletion Reduces Cyclic AMP-Stimulated IGF1 mRNA
and Free Protein Levels in Luteinizing Porcine Granulosa Cells. Holly A.
LaVoie, Jonathan B. Nguyen, Richard J. Kordus, and Yvonne Y. Hui. University of
South Carolina, Columbia, SC, USA

Ovarian transcription factors GATA4 and GATA6 have been shown to regulate
genes mediating steroidogenesis but few other gene targets have been identified. To

discover other novel targets of ovarian GATA4/6 we coupled RNAi-mediated
knockdown in luteinizing porcine granulosa cells with gene microarray analysis.
RNAi-mediated depletion of GATA4, GATA6, or their combination in granulosa
cells was followed by treatment with cAMP analog, 8-Bromo-cAMP (1 mM; 8Br-
cAMP) for 24 h. Total RNA was subsequently subjected to microarray analyses using
the Affymetrix Porcine Genome Array. Array analyses revealed the mRNA for the
insulin-like growth factor 1 gene (IGF1) was the most highly stimulated cAMP-
responsive target under Control RNAi conditions and was decreased by GATA6 and
GATA4+GATA6 RNAi-mediated depletion. Real-time PCR confirmed IGF1 mRNA
was highly stimulated by cAMP and GATA6 or GATA4+GATA6 knockdown
conditions significantly reduced the amplitude of this cAMP effect by 35-40% (n= 8;
P,0.01). Basal (vehicle treatment) IGF1 mRNA expression was also reduced by
combined GATA4+GATA6 reduction (P,0.05). GATA4 reduction alone did not
affect IGF1 mRNA levels. We also examined mRNAs for IGF binding proteins (BPs)
-2, -3, -4, and -5 and assessed their binding activity by ligand blotting. Treatment with
8Br-cAMP increased IGFBP2 and IGFBP4 mRNA (P,0.05), decreased IGFBP5
mRNA (P,0.05), and did not affect IGFBP3 mRNA under Control RNAi conditions
(n=6). GATA4+GATA6 coreduction increased basal and cAMP-stimulated IGFBP2
and IGFBP4 mRNA levels and decreased mRNA for IGFBP5 (P,0.05). GATA6
reduction also led to increased basal expression of IGFBP4 and decreased expression
of IGFBP5 (P,0.05). GATA4 reduction alone decreased basal IGFBP5 mRNA
(P,0.05). In contrast to effects on IGFBP mRNAs, IGF-1 binding capacity of
IGFBPs 2-5 in concentrated media did not show differences with GATA reduction.
Free IGF-1 measured in concentrated culture medium by ELISA showed cAMP-
stimulated IGF-1 levels were decreased under GATA6 and GATA4+GATA6
knockdown conditions (n=3, P,0.05). In addition, EMSAs utilizing two oligonu-
cleotides containing GATA consensus sequences corresponding to regions of the 5’-
UTR of exon 1 of the IGF1 gene and granulosa nuclear extracts revealed that both
GATA4 and GATA6 could bind the more proximal GATA sequence. The intensity of
protein-DNA complexes with the proximal GATA site oligonucleotide was reduced
by GATA6 knockdown to a greater extent than by GATA4 knockdown. In summary,
GATA6 depletion alone or in combination with GATA4 depletion reduces IGF1
mRNA and its free protein, which may be due to reduced binding of GATA6 to an
enhancer in the 5’-UTR of the IGF1 gene. This study provides the first evidence to
support GATA6 as an ovarian specific transcriptional regulator of the IGF1 gene.

635. Anti-Mullerian Hormone Receptor Type II (AMHR2) Expression
and Activity in Bovine Granulosa Cells. Daniel H. Poole, Olga M. Ocon-Grove,
and Alan L. Johnson. The Pennsylvania State University, University Park, PA, USA

Anti-Mullerian hormone (AMH) produced by granulosa cells is proposed as a
predictor of fertility in several mammalian species. AMH production is positively
associated with the number of healthy growing follicles in ovaries of women, while
recent studies in cattle have demonstrated that serum AMH concentrations are greater
in animals with high, compared to low, antral follicle counts. Additionally, AMH
may be involved in granulosa cell differentiation and follicle selection. For instance,
in rodents, AMH inhibits FSH-induced aromatase activity and luteinizing hormone
receptor expression in granulosa cells. Dimerization of the type II (AMHR2) receptor
with a type I receptor initiates AMH signaling via SMAD1,-5,-8. To date, regulation
of AMHR2 expression in granulosa cells and its role in follicle selection is poorly
understood. We hypothesized that the expression of AMHR2 mRNA in bovine
granulosa cells (bGC) is regulated during follicle development and that AMH can
regulate bGC function. The objectives of the present study were to: 1) compare
AMHR2 expression with other TGFbeta super family type I and type II receptors, plus
related transcription factors, in female reproductive tissues; 2) characterize AMHR2
expression in bGC during follicle development; and 3) examine a role for AMH
signaling in bGC differentiation and proliferation. bGC were isolated from small (5-8
mm), medium (9-12 mm), and large (13-24 mm) antral follicles obtained from dairy
cattle collected at local abattoirs. Following isolation, some bGC were frozen for
RNA analysis. Expression of ACVR1, ACTR2, BMPR1A, BMPR1B, BMPR2,
TGFBR2, WT1, and SF1 was evident in bGC, oviduct, uterus (both fetal and adult)
and liver, whereas AMH and AMHR2 were restricted to bGC and fetal oviduct, while
AMHR2 was also present in fetal uterus. Further analyses revealed that expression of
AMHR2 and its requisite transcription factor WT1 (but not SF1) were greater in small
antral follicles compared to larger antral follicles (p,0.05). In addition, bGC from 5-
8 mm follicles were cultured for 24 h in media containing 2.5% FCS with 0, 10, 25,
or 100 ng/ml rhAMH and/or a maximally effective dose of FSH (100 ng/ml) to
evaluate a role for AMH in bGC differentiation. There was no difference in bGC
AMHR2 expression among treatments (p.0.05); thus, it was concluded that neither
AMH nor FSH directly regulate AMHR2 expression. To evaluate cell proliferation,
bGC were labeled with 2 lM carboxyfluorescein succinimidyl ester and treated 24 h
later with 0, 10, 25, or 100 ng/ml rhAMH, betacellulin (20 ng/ml), FSH (100 ng/ml),
or LH (100 ng/ml). Cell proliferation was evaluated at 24, 48 and 72 h post treatment.
No differences in bGC proliferation were observed at 24 and 48 h; however rhAMH
inhibited bGC proliferation following 72 h in vitro (p,0.05). It is concluded that
bGC express AMHR2, and that AMH can inhibit the proliferation of granulosa cells
from small antral follicles. We propose AMH signaling is abated through the gradual
loss of AMHR2 expression during follicular development, and that the loss of AMH
signaling enhances FSH-responsiveness and the differentiation of bGC. These data
contribute to our understanding the cellular and molecular actions of AMH signaling,
and its predicted role in regulating the ovulation rate in a monovular species.
Supported by NSF IOS-0968784 to ALJ.
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636. PGE2 Receptors in Subpopulations of Primate Granulosa Cells:
Differential Expression During the Periovulatory Interval. Siabhon M. Harris
and Diane M. Duffy. Eastern Virginia Medical School, Norfolk, VA, USA

The midcycle surge of luteinizing hormone (LH) initiates changes within the
follicle which lead to ovulation. The LH surge increases production of prostaglandins
(PGs) by granulosa cells, and PGE2 is a key mediator of LH action within the
periovulatory follicle. Previous studies demonstrated that the four PGE2 receptors
(PTGER1-PTGER4, also known as EP1-EP4) are expressed by granulosa cells. EP
receptors couple to different G proteins to generate intracellular signals. Therefore,
the specific EP receptors expressed by granulosa cells may lead to different
intracellular responses to PGE2 and, ultimately, specialized functions in the process
of ovulation. To determine if subpopulations of granulosa cells within the primate
follicle express distinct subsets of all EP receptors during the periovulatory interval,
cynomolgus monkeys received gonadotropins to stimulate the development of
multiple preovulatory follicles; an ovulatory dose of human chorionic gonadotropin
(hCG) was administered to initiate ovulatory events. Ovulation is anticipated about
40 hours after hCG, so follicular aspirates and whole ovaries were obtained before (0
hour), 24 hours, and 36 hours after hCG administration to span the periovulatory
interval. Granulosa cells from follicular aspirates were separated into cumulus and
mural subpopulations. Frozen ovarian tissue sections were used for collection of
additional granulosa cell subpopulations by laser capture microscopy. EP mRNAs
were quantified by real time PCR. A semiquantitative immunofluorescence
microscopy strategy was used to compare EP protein levels in subpopulations of
granulosa cells. Both cumulus and mural granulosa cells expressed EP2 and EP3
mRNA and protein throughout the periovulatory interval. Cumulus cells expressed
higher levels of EP2 and EP3 mRNA compared to mural cells at 24 and 36 hours after
hCG. While EP1 mRNA levels in cumulus cells increased between 0 hour and 36
hours after hCG, EP1 protein was only observed in mural, but not cumulus, granulosa
cells. EP4 protein was low/nondetectable in cumulus and mural granulosa cells,
despite detectable mRNA throughout the periovulatory interval. These data suggest
that EP2 and EP3 may preferentially regulate the ovulatory functions of cumulus cells
while EP1 may be involved in transducing the PGE2 signal primarily in mural
granulosa cells. To determine if expression of EP receptor subsets may regulate
aspects of follicle rupture, EP expression was compared between mural granulosa
cells near the follicle apex and mural granulosa cells not at the apex. Both apex and
non-apex granulosa cells expressed EP1 protein, with low EP1 protein at 0 hour hCG
and increased EP1 24-36 hours after hCG. However, EP1 protein levels in non-apex
granulosa cells were higher than in apex granulosa cells 36 hours after hCG.
Expression of EP2, EP3 and EP4 were similar between apex and non-apex mural
granulosa cells throughout the periovulatory interval. PGE2 has been implicated in
the process of follicle rupture. Thus, lower expression of EP1 in apex granulosa cells
may be involved in mediating this action of PGE2. Differential expression of the four
EP receptors by subpopulations of granulosa cells may lead to cell-specific responses
to the ovulatory PGE2 signal and contribute to the distinct function of each granulosa
cell subpopulation during the periovulatory interval. This study was supported by
NIH HD054691 and Schering-Plough, now Merck & Co.

637. Androgens Stimulate Aromatase and P450scc in Primary Rat
Granulosa Cells Independently of Follicle Stimulating Hormone. Jill Bennett,
Cassandra Richards, Kimberley Mullen, and Carlos O. Stocco. University of Illinois,
Chicago, IL, USA

It is recognized that follicle stimulating hormone (FSH) induction of aromatase
expression in granulosa cells is potentiated by androgens. Evidence suggests that this
synergism may be mediated by a direct androgenic effect or by estrogenic effects
through androgen conversion to estrogen. Whether androgens have any effect on
aromatase expression independently of FSH is a matter still under debate. In addition,
whether androgens and/or estrogens participate in the regulation of other FSH target
genes such as P450scc and StAR has not been examined. Primary rat granulosa cells
were used to investigate the effect of various steroids on the expression of aromatase,
P450scc and StAR in the absence or presence of FSH. Cells were cultured in defined
medium for 96 hours with increasing concentrations (1, 10 and 100 nM) of estradiol
or testosterone. Results showed a dosage response to testosterone as well as to
estrogen for aromatase. However, a larger induction of aromatase expression was
observed with testosterone treatment when compared to estradiol. Additional groups
were also treated with FSH (50 ng/ml) during the last 48 hours of incubation. As
expected, testosterone synergized with FSH for the induction of aromatase; but, no
synergism was observed between estradiol and FSH. Similar findings were observed
when the expression of P450scc was studied. In contrast, co-incubation of FSH with
testosterone did not increase StAR expression above the levels stimulated by FSH
alone. To gain insights on the mechanism that may mediate testosterone stimulation
of aromatase, cells were treated with androstenedione, dihydrotestosterone, (DHT) a
pure androgen or two metabolites of DHT: 3adiol and 3bdiol. It was found that
androstenedione was equivalent to testosterone in its ability to induce aromatase.
However, DHT, 3adiol and 3bdiol did not stimulate aromatase to the same degree
that testosterone and androstenedione did. Next, we examined whether testosterone
affects the expression of transcription factors known to be involved in the regulation
of aromatase expression such as SF-1 and LRH-1. It was observed that testosterone
stimulates LRH-1 expression in a dose dependent manner but it has no effect on SF-1
levels. To investigate whether these factors mediate the effect of testosterone, cells
were transduced with lentivirus expressing small interference RNA (siRNA) against
LRH-1 or SF-1. Testosterone stimulation of aromatase expression was observed in
cells treated with control siRNA or with anti-SF1 siRNA. However, testosterone

could not stimulate aromatase in the presence of an anti-LRH-1 siRNA. Taken
together these results demonstrated that androgens not only synergize with FSH on
the stimulation of aromatase and P450scc but they may also have a direct effect on
the expression of genes directly involved in the differentiation of granulosa cells.
Research supported by NIH R01HD057110.

638. Potential Roles of Gli1 and Gli2 Transcription Factors in
Specification and Development of Theca Cells in the Mouse Ovary. Chang Liu
and Humphrey H-C Yao. University of Illinois, Urbana-Champaign, IL, USA

Theca cells are critical components of ovarian steroidogenesis as they synthesize
androgens, which are subsequently converted to estrogens by the granulosa cells. In
addition to their roles in normal ovary development, theca cells are implicated in
pathological conditions of the ovary such as polycystic ovary syndrome. Despite their
importance in the ovarian development, the source of theca cells and the mechanism
by which they are specified remain a mystery in ovarian biology. By studying the
differentiation of mouse Leydig cells, the male counterparts of theca cells, we have
obtained information that could be applied to theca cells. Specification of the Leydig
cells in fetal testes requires activation of the Hedgehog (Hh) pathway that consists of
transcription factors Gli1 and Gli2. We first investigated whether Gli1 and Gli2 mark
the potential theca cell precursors in the ovary. At birth, the expression of Gli1 was
present only in the mesonephric tubules that connect to the rete ovarii of the ovary
whereas the ovary was devoid of any Gli1-positive cells. Between birth and postnatal
day 3 (PD3), Gli1 expressing cells gradually spread from mesonephric tubules into
the interstitium of the ovary. By PD6, when the putative theca cells appear, Gli1-
positive cells were found to surround the developing follicles outside of the granulosa
cell layer. In the adult ovary, Gli1 expression was detected specifically in the theca
layer. These findings suggest Gli1-positive cells from the mesonephros could be
precursors of theca cells. To test this possibility, we cultured newborn ovaries with or
without mesonephros attached. We found that, in the absence of the mesonephros, the
Gli1 positive cells in the ovary were significantly decreased. Gli2, also a component
of the Hh pathway, often displays an expression pattern overlapping with Gli1 in
many tissues including the theca layer of adult ovaries. However, when we performed
a time course analysis of Gli2 expression in the ovary, we found a pattern completely
different from that of Gli1. Gli1 expression was never detected in the fetal ovaries
whereas Gli2 expression was found in the fetal ovary as early as embryonic day 14.5.
The expression of Gli2 exhibited a network-like pattern surrounding the germ cell
nests. In the adult ovaries, Gli2 became positive in the theca layers, overlapping with
Gli1. In summary, based on the interstitial pattern of expression, we speculate that
Gli1 and Gli2 mark different populations of theca cells progenitors. Different time
frame of expression and cellular distribution between Gli1 and Gli2 further suggest
the presence of complicate mechanisms in theca cells specification and differenti-
ation. The importance of the mesonephros to Gli1 expression in the ovary reveals an
unexpected role of the mesonephros in theca cell development. We are currently
investigating whether Gli1- and Gli2-positive cells represent two different
populations of theca cells and their functional significance in theca cell development.
This study was supported by NIH-HD046861 and HD059961.

639. Luteinizing Hormone Contributes to Androstenedione Production
by Regulating Nuclear Movement of Steroidogenic Factor 1 (SF-1) in Bovine
Theca Cells. Chiaki Murayama, Hitoshi Miyazaki, Akio Miyamoto, and Takashi
Shimizu. Obihiro University of Agriculture and Veterinary Medicine, Obihiro, Japan;
University of Tsukuba, Tsukuba, Japan

During follicular development in bovine ovary, androstenedione (A4) that is
essential for estrogen production in granulosa cells is produced in theca cells. A4

production in theca cells is regulated by steroidogenic acute regulatory protein
(StAR) and CYP17. In addition, steroidogenic factor 1 (SF-1) and DAX-1
transcription factors contribute to the expression of genes associated with A4

production. Although luteinizing hormone (LH) plays an important role in A4

production in theca cells, whether LH involves in the increase in A4 production by
enhancing StAR and CYP17 via SF-1 is unknown well yet. Therefore, we examined
whether LH affect the manner of intra-cellular SF-1 when theca cell produced A4 at
high levels by LH. Theca cells were isolated from large follicle (10-15 mm diameter)
in bovine ovary obtained slaughterhouse. Theca cells were seeded in 12-well or 6-
well culture plate for 13105 cell/well or 43105 cell/well, respectively, in medium
containing 5% FCS, and cultured for 24 h at 378C in 5% CO2, 95% air. After 24 h of
culture, the culture medium was replaced with serum-free medium supplemented with
0 or 50 ng/ml LH (high LH), and the culture performed for 24h. After culture, the
media was replaced with fresh medium (1% FCS) supplemented with 0 and 2.5 ng/ml
(low LH) every 48 h for 6 days. We divided culture treatment into four groups as
follows; 1) control, 2) low LH alone group, 3) high LH alone group, and 4) high LH
+ low LH group. The concentration of progesterone (P4) and A4 in culture medium
each 48 h were analyzed by enzyme immunoassay (EIA). Total RNA was extracted
from theca cells and the mRNA expressions of StAR and CYP17 were analyzed by
the real-time PCR. The total protein expressions of SF-1 and DAX-1, and those
expressions in cytoplasm and nuclear fractions of theca cell were analyzed by
Western blotting. Intra-cellular localization of SF-1 and DAX-1 were visualized by
using confocal microscopy with fluorescence immunostaining. The interaction
between SF-1, and StAR and CYP17 promoter regions were shown by chromatin
immunoprecipitation (ChiP assay). A4 production in theca cells at 48 h of culture
were stimulated by low LH alone. The expression of StAR and CYP17 genes in theca
cells with treated low LH alone were significantly higher than in control group, and
the high levels maintained throughout culture period. The total protein expression of
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SF-1 and DAX-1 in theca cell in all groups showed a constant level throughout
culture period. In nuclear fractions of theca cell, protein expression of DAX-1 did not
change by low LH alone, whereas those of SF-1 are stimulated by low LH alone but
not high LH alone and high LH + low LH group. Low LH alone enhanced the
binding of SF-1 to the promoter regions for star and CYP17 than in other groups.
These results suggested that low LH alone induces the movement of SF-1 to nuclear
of theca cell, and consequently the expression of StAR and CYP17 genes were
induced in theca cells. Such sequential mechanism is associated with the increase in
A4 production in theca cells. Taken together, our data indicated that low LH, but not
high LH, may be a necessary factor for A4 production in theca cells during follicular
development in bovine ovary.

640. Involvement of EGFR and Smad2/3 Activation in FSH-Induced
Porcine Oocytes-Cumulus Cell Complex Maturation. Eva Nagyova, Radek
Prochazka, Lucie Nemcova, Antonella Camaioni, Alzbeta Mlynarcikova, Sona
Scsukova, and Antonietta Salustri. Institute of Animal Physiology and Genetics,
Libechov, Czech Republic; University of Rome Tor Vergata, Rome, Italy; Institute of
Experimental Endocrinology, Bratislava, Slovakia

It has been shown that the activation of both EGF receptor and SMAD2 and
SMAD3 in mouse cumulus cells is essential for their preovulatory maturation. In the
present study we investigated whether these changes are also required for the final
differentiation of pig cumulus cells. Porcine oocyte-cumulus complexes (OCCs) were
stimulated in vitro with FSH in the absence or in the presence of the following
inhibitors: AG1478 (an EGFR tyrosine kinase inhibitor), SB431542 (a specific
inhibitor of SMAD2 and SMAD3 activation) and SIS3 (a specific inhibitor of
SMAD3 activation). We found that EGFR inhibitor AG1478 completely blocked
FSH-induced cumulus expansion by preventing hyaluronic acid production and its
incorporation within the extracellular matrix. In addition, in the presence of AG1478,
most of FSH-stimulated OCCs were in germinal vesicle stage (GV) and did not
mature. Conversely, AG1478 did not affect the stimulation of progesterone synthesis
by FSH. In agreement, EGF was unable to stimulate progesterone synthesis by OCCs
cultured in vitro. The SB431542, that inhibits the activation of SMAD2 and SMAD3,
only partially inhibited cumulus expansion by slightly decreasing both total
production and matrix accumulation of hyaluronic acid. Surprisingly, SIS, that
inhibits only SMAD3, produced an inhibitory effect higher than SB431542. A
divergent effect of the two inhibitors was observed on steroid synthesis: FSH-induced
progesterone synthesis increased in the presence of SB431542 and decreased in the
presence of SIS. Both inhibitors did not affect the induction of oocyte meiotic
resumption promoted by FSH. These results suggest that in pig, like in mice, FSH
stimulates cumulus cells to produce EGF that acting in an autocrine way induces the
formation of the expanded matrix and the signaling for oocyte meiotic resumption.
The results also suggest that SMAD2 and SMAD3 activation is required for optimal
stimulation of hyaluronic acid and proteins involved in the organization of this
polymer in the pig OCC matrix. Finally, FSH stimulation of progesterone synthesis
seems to be independent from EGF, while it appears to be counteracted by SMAD2,
but not SMAD3 activation, thereby suggesting that specific SMAD2 signaling
pathway is probably indispensable to prevent luteinization of cumulus cells.
Supported by grant GACR 523/08/0111 and VEGA 2/0153/08.

641. Effects of Nonylphenol on the Production of Progesterone by Rat
Granulosa Cells. Han-Wei Lin, Cai-Yun Jian, Yu-Chen Chang, Wei-Ju Huang, Ru-
Lian Hsu, Chi-Hong Ho, and Paulus S. Wang. National Yang-Ming University,
Taipei, Taiwan; Hsin-Sheng College of Medical Care and Management, Taoyuan,
Taiwan; Taipei Veterans General Hospital, Taipei, Taiwan

Nonylphenol (NP) is a metabolite of detergent. The estrogenic effects and acute
toxicity of NP causes disturbance in reproductive system. It has been reported that NP
inhibits testosterone synthesis in male gonads, while the effects on progesterone
release from female ovarian cells are unclear. In the present study, the effects of NP
on steroidogenesis of progesterone in rat granulosa cells were examined both in vitro
and in vivo. Immature (3-week old) female rats were intraperitoneally injected with
pregnant mare serum gonadotropin (PMSG, 20 IU). After 48 hrs, the PMSG-treated
rats were sacrificed and granulosa cells were collected from rat ovaries. The
granulosa cells were cultured in 24-well plates (105 cells/ 0.5 ml) for 48 hrs, then
treated with NP (4.3 lM, 12.8 lM, 43 lM ), in the presence or absence of human
chorionic gonadotropin (hCG, 0.05 IU/ml) for 2 to 24 hrs to evaluate the NP effects
on progesterone steroidogenesis. The levels of progesterone in medium were
measured by radioimmunoassay, and the protein expressions were detected by
western blotting. The data indicated that NP stimulated production of progesterone
via a dose-dependent manner, especially for 2, 4 and 8 hrs, while treatment of NP for
24 hrs decreased progesterone release. Treatment of NP for 16 and 24 hrs prevented
the stimulatory effects of hCG. We also gave the immature female rats gavage of NP
with daily dose of 0, 50, 100 and 200 lg per kg body weight of NP for 7 days. The
progesterone levels were raised following administration of 100 lg NP. Stimulation
with hCG and 8-bromo-adenosine cyclic monophosphate (8-Br-cAMP) showed
similar trends. MAPK/ERK kinase (MEK) inhibitor PD98059 did not affect
progesterone as compared with vehicle treatment. Expressions of steroidogenic
acute regulatory (StAR) protein were enhanced with 100 lg of NP. Moreover, gavage
of NP (100 lg /kg/day) during 21-day pregnancy increased progesterone production
of the female puppies’ granulosa cells compared with those treatment without NP.
These data suggested that NP directly stimulated StAR protein expression and
affected the synthesis and production of progesterone in rat granulosa cells via
activation of cAMP pathway.

642. Expression of Matrix Metalloproteinase 10 (Mmp10) During the
Periovulatory Period. Lauren McCord, Eunsil Park, Misung Jo, Matts Brannstrom,
and Thomas E. Curry. University of Kentucky, Lexington, KY, USA; Goteborg
University, Goteborg, Sweden

The matrix metalloproteinase (MMP) family is comprised of proteolytic enzymes
that remodel the extracellular matrix (ECM). These MMP members reflect vast
biological roles, including the extensive remodeling associated with follicular rupture.
Mmp10, a member of the stromelysin MMP sub-family, has been shown to be highly
expressed in numerous cancer types and to correlate with inflammatory responses.
However, little is known about the role of Mmp10 in the ovary. In the present study,
Mmp10 expression was analyzed in the periovulatory rat ovary, in vitro cultured rat
granulosa cells and human periovulatory granulosa cells. In the periovulatory rat
model, follicular stimulation was initiated in immature female rats (21 days old) by
pregnant mare serum gonadotropin hormone (PMSG). Forty-eight hours after
stimulation by PMSG, rats were then injected with human chorionic gonadotropin
(hCG) to induce ovulation. In this experimental model, ovulation occurs at
approximately 14 to 16h following hCG administration. Thus whole ovaries were
collected at 0, 6, 12 and 24h after hCG to determine changes in Mmp10 mRNA
throughout the periovulatory period. For rat granulosa cells, ovaries were collected
48h following PMSG injection; granulosa cells were then isolated and cultured in the
absence or presence of hCG for 0, 9, and 24h. Ovaries and granulosa cells were
frozen for analysis of Mmp10 mRNA expression. To analyze Mmp10 mRNA
expression in human granulosa cells, granulosa cells were first collected from patients
undergoing elective surgery at different periovulatory periods (preovulatory, early
ovulatory and late ovulatory phase groups). Surgery was performed on the patients at
the preovulatory phase, prior to the LH surge, without the administration of hCG. The
remaining patients received an injection of 250 ug hCG to mimic the endogenous LH
surge and underwent surgery after varying lengths of time following hCG injection:
early ovulatory phase 12 to �18h and late ovulatory phase .18 to �34h. Granulosa
cells were frozen and Mmp10 mRNA expression analyzed by microarray profiles. For
the rat, RNA was isolated from ovaries or granulosa cells and quantitative Real-Time
PCR analysis was carried out. Administration of hCG induced the expression of
Mmp10 in the rat ovary prior to ovulation at 6h post-hCG and expression remained
elevated through 24h post-hCG. In cultured granulosa cells, Mmp10 expression
increased in both control (untreated) and hCG treated cells after 9h of culture before
declining to 0h levels after 24h of culture. The observation that Mmp10 mRNA
increases independent of hCG hormonal stimulation suggests the stress of cell
isolation and/or culture induces Mmp10. Based on the induction of Mmp10 observed
in the rat ovary, a microarray experiment was conducted to determine the expression
in the human. Mmp10 expression increased 150-fold between the pre- and late
ovulatory phase in human granulosa cells. Thus the increase in Mmp10 prior to
ovulation in human granulosa cells is similar to findings in the rat ovary indicating an
increased expression of Mmp10 mRNA after hCG stimulation. In summary, these
results suggest that the induction of Mmp10 prior to ovulation, in both the rat model
and human granulosa cells, may reflect a role of Mmp10 in both the late stages of
follicular growth as well as the breakdown of the follicular wall during the
periovulatory process.

643. Human Ovarian Expression and Localization of Tissue Inhibitor
of Metalloproteinase 3 (TIMP3) During the Periovulatory Period. Katherine L.
Rosewell, Feixue Li, Matts Brannstrom, and Thomas E. Curry. University of
Kentucky, Lexington, KY, USA; Goteborg University, Goteborg, Sweden

Alterations in the interaction between the follicle and the matrix must occur
before follicular rupture and ovulation can take place. Such interactions are controlled
in part by the delicate balance between the matrix metalloproteinases (MMPs) and
their inhibitors (TIMPs). We hypothesize that the TIMPs would increase prior to
ovulation in order to keep MMP activity in check to provide localized degradation at
the apex and prevent wholesale destruction of the follicle wall. In the present study
we focused on expression and localization of TIMP3, which is the only TIMP bound
to the extracellular matrix, during the periovulatory period in the human. Follicles
were collected from patients undergoing elective surgery at different stages of the
ovulatory process. Patients were divided into four groups (preovulatory, early
ovulatory, late ovulatory, and post-ovulatory phase). Surgery was performed at the
preovulatory stage without administering hCG. The remaining women received an
injection of 250 lg hCG (Ovitrelle, s.c.) when the diameter of their dominant follicle
was �14mm and � 20mm on trans-vaginal ultrasound. These patients had surgery
during the following time intervals after hCG-injection; early ovulatory phase 12h to
�18h, late ovulatory phase .18h to � 34h and the postovulatory phase 44h to 70h.
For the localization studies, the intact follicle with the apical orientation was
embedded and processed for immunohistochemistry (IHC) using a TIMP3 antibody.
For the quantitative studies, the follicle was bisected and the granulosa and theca cells
separated and collected for real time PCR. Real time PCR analysis for Timp3 mRNA
in granulosa and theca cells revealed a significant increase in Timp3 gene expression
in granulosa cells from the early to the late ovulatory stage (n=5). Thecal Timp3
expression was constitutive across the periovulatory period. TIMP3 protein was
localized by IHC to the granulosa cells and theca cell layers. In the preovulatory
follicle there was positive staining in the granulosa cells, no staining in the theca. In
the early ovulatory stage there was positive staining in both the granulosa and theca
interna. The staining was most intense in the granulosa and theca cells; interna and
externa of 2 follicles which were in the late ovulatory group. There was staining of
TIMP3 in the lumen of some of the blood vessels and it was particularly intense in
one early ovulatory follicle that had a large vascular bed surrounding the follicle.
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Several primordial follicles were seen in the sections and these were positively
stained by the TIMP3 antibody. By using human follicles collected throughout the
periovulatory period, we have been able to validate our hypothesis that Timp3 gene
expression increases as the follicle progresses toward ovulation. We have shown that
localization of TIMP3 protein appears first in the granulosa cell layer and then
steadily accumulates in the granulosa-thecal layers as ovulation approaches. This
localization places TIMP3 in the appropriate cellular layer to control the degradation
of the follicular wall by the MMPs.

644. Effect of the Luteinizing Hormone Surge on the RNA Expression
of Granulosa Cells During Final Maturation of the Bovine Follicle. Isabelle
Gilbert, Claude Robert, Steph Dieleman, Patrick Blondin, and Marc-Andre Sirard.
Laval University, Sainte-Foy, QC, Canada; Utrecht University, Utrecht, Netherlands;
L’Alliance Boviteq, Saint-Hyacinthe, QC, Canada

During the mono-ovulatory estrus cycle, FSH and LH play an important role for
growth, selection and dominance of the preovulatory follicle. The dominance of a
follicle is characterized by the acquisition of luteinizing hormone (LH) receptors on
granulosa cells (GC) and the transfer of its dependency for follicle-stimulating
hormone (FSH) to LH. The LH surge induces profound changes in GC functions,
which must be modified in a precise chronological order. These changes ultimately
lead to the release of the matured oocyte during the follicular rupture at ovulation. On
a transcriptional level, the gene expression cascades induced by this hormone, which
lead to ovulation, are complex and still poorly understood. The objective of this study
is to determine how the gene expression profile of GCs is modulated by the LH surge.
The estrus of thirty animals were synchronized, they were then stimulated with FSH
and finally the LH surge was induced by gonadotropin releasing hormone injection
on day 14.5. Three different groups of GCs were collected by ovariectomy; (1) 2 h
before the induction of the LH surge, (2) 6 h and (3) 22 h after the LH surge. The
RNA of the different GC groups was extracted, amplified, labeled and hybridized on
a microarray slide. A bovine oligonucleotide-spotted microarray (24K) was used to
profile all known protein-encoding transcripts. The results obtained from the
microarray data analysis showed that most transcripts were present in every type of
GC studied. However, candidates were found to be preferentially expressed in only
one of the GC states. Moreover, an unsupervised hierarchal clustering indicates that
the overall GC expression of 2 h pre-LH and 6 h post LH correlate more closely than
with the 22 h post LH, which is consistent with the endogenous ovarian physiological
functions as GCs undergo extreme changes in order to achieve their luteal role. To
understand the effect of LH on granulosa cell gene expression, transcripts fluctuating
at the 6h post-LH stage were analyzed using pathway analysis software. Globally, the
representation at 6 h post LH indicates that the follicles expresses genes involved in
cell-to-cell interactions (like PTP4A3, THBS1, PPAP2B), in the inflammatory
response (like B4GALT1, THBS1, TRAF3IP2) and in lipid metabolism modifica-
tions (like ACSL3, CYP51A1, FADS2). In conclusion, our goal is to put these
follicular events in the context of oocyte developmental competence as it is gradually
acquired during follicular growth and maximized during the last stages of follicular
maturation.

645. Effect of FSH and its Glycosylation Variants on Proliferation,
Steroid and Inhibin Production in a Human Ovarian Granulosa-Like Tumor
Cell Line (KGN). Nazareth Rosana Loreti, Griselda Irusta, Luz Andreone, Veronica
Ambao, Marta Tesone, and Stella Campo. Centro de Investigaciones Endocrinolog-
icas, CEDIE-CONICET, Buenos Aires, Argentina; Instituto de Biologia y Medicina
Experimental, IBYME-CONICET, Buenos Aires, Argentina

KGN is a steroidogenic human ovarian granulosa-like tumor cell line that
expresses functional FSH receptor; in these cells steroid production is stimulated by
FSH. This glycoprotein is released from the pituitary gland as a mixture of
glycosylation variants that act on the target cells inducing different biological
responses in vitro and in vivo. The aim of the present study was to determine the
effect of recombinant human FSH (rhFSH) and its glycosylation variants on
proliferation and estradiol (E2), progesterone (P4), monomeric (Pro-alphaC) and
dimeric inhibin (inhibin A and B) production. Preparative isoelectrofocusing was
used to isolate rhFSH charge analogues in a pH range of 2.6-7.5. Two preparations
were obtained by combining pH 3 to 4 (more acidic/sialylated, AC) and pH 5 to 7
(less acidic/sialylated, BA) fractions. Concanavalin-A chromatography was used to
isolate rhFSH glycosylation variants on the basis of glycan complexity. Two
preparations were obtained: unbound rhFSH isoforms (UB) bearing complex, highly
branched carbohydrate chains and firmly bound rhFSH isoforms (FB) bearing hybrid
type oligosaccharides. Cells were cultured on 24-well plate treated with or without
rhFSH or its glycosylation variants (20 ng/mL) for 24h or 72h; E2 and P4 (24h) were
determined by RIA and inhibins (72h) by specific ELISAs. [Methyl-3H]- thymidine
incorporation was used as a measure of proliferative activity (24h). Under basal
conditions KGN cells were able to produce E2 in the presence of androstenedione
(100nM), P4 in the absence of a steroidogenic substrate (25-OH-Cholesterol), Pro-
alphaC and inhibin A. Inhibin B was not detected. There was a direct correlation
between basal P4 production and cell density. This condition did not affect either E2

or inhibin production. rhFSH significantly stimulated the production of E2, P4, Pro-
alphaC, inhibin A and the incorporation of thymidine. Less acidic/sialylated rhFSH
was more biopotent to stimulate the production of E2 and inhibins than its more
sialylated counterpart. Progesterone production was not significantly affected by the
degree of sialylation of the hormone. UB isoforms showed lower biopotency to
stimulate steroids and inhibin production when compared to FB isoforms. These
glycosylation variants, bearing hybrid type oligosaccharides, exerted a potent

stimulatory effect on E2, P4, Pro-alphaC and inhibin A production. These results
suggest that the degree of sialylation as well as the complexity of carbohydrate chains
present in rhFSH molecules may be considered as additional factors that differentially
regulate KGN cells function. (Supported by CONICET, PIP 5479 and FONCYT,
BID-1728 OC/AR PICT 2004, N8 25365, Argentina)

646. Methoxychlor and Methoxychlor Metabolite HPTE Regulate
Estrogen Receptors Expression in Rat Ovarian Granulosa Cells In Vitro.
Craig N. Harvey and Mehmet Uzumcu. Rutgers University, New Brunswick, NJ,
USA

The sensitivity of the ovary to endocrine disrupting compounds (EDC) has
become an area of increased interest in reproductive biology. Methoxychlor [1, 1, 1,-
trichloro-2, 2,-bis-(p-methoxyphenyl) ethane; MXC] is a weak estrogenic organo-
chlorine pesticide that induces reproductive dysfunction. The major metabolite of
MXC, 2,2-bis-(p-hydroxyphenyl)-1,1,1-trichloroethane (HPTE), is not only a
stronger estrogen receptor a (ERa) agonist, but also acts as an estrogen receptor b
(ERb) antagonist. We have shown that transient fetal and neonatal exposure to MXC
reduces the levels of ERb and cytochrome P450 (CYP) 11A1 protein in the adult
ovary. HPTE inhibits steroidogenesis by down-regulating CYP enzymes (CYP11A1
and CYP19A1) in follicle-stimulating hormone (FSH)-induced granulosa cells (GC)
in vitro. Studies have shown that there is a close regulation between ER signaling
pathways and expression of members of estrogen-metabolizing CYPs family,
including CYP 1A1 and 1B1 in various tissues types. The objective of this study was
to determine if MXC or HPTE regulates ERa, ERb, CYP1A1 and CYP1B1
expression in GC. To this end, GC were cultured in a serum-free media with FSH and
treated with MXC or HPTE (10 lM) for 48 h. The expression levels of ERa, ERb,
CYP1A1, and CYP1B1 were measured using quantitative reverse transcription-PCR.
Both MXC and HPTE significantly inhibited Eb expression in the GC (n�5, P,0.05)
while FSH did not stimulate ERb expression. In contrast, FSH stimulated ERa
expression, which was inhibited by both MXC and HPTE (n=4, P,0.001). In
addition, HPTE induced CYP1B1 (n=4, P,0.05) while no effects were observed on
CYP1A1 by MXC or HPTE. Both MXC and HPTE inhibited ERa and ERb, whereas
only HPTE stimulated CYP1B1, implying that the modulation of estrogen-
metabolizing CYPs requires a stronger estrogenic effect. These results suggest that
modulation of CYPs is associated with inhibition of ERs in the ovary, which may
have a role in MXC-induced ovarian dysfunction and female infertility. Supported by
ES013854, ES005022, and Bristol Myers Squibb.

647. WITHDRAWN.

648. The Nuclear Receptor Nr5a2 Coordinates Ovulation and Female
Fertility in Granulosa Cells of Different Stages of Follicle Maturation in Mice.
Kalyne Bertolin, Raj Duggavathi, Jan Gossen, Kristina Schoonjans, and Bruce
Murphy. Universite de Montreal, St-Hyacinthe, QC, Canada; McGill University, St-
Anne-de Bellevue, QC, Canada; Organon, Oss, The Netherlands; Ecole Polytech-
nique Federale de Lausanne, Lausanne, Switzerland

The nuclear receptor Nr5a2 (liver receptor homolog-1) is expressed in the ovary,
exclusively in granulosa and luteal cells. Germline ablation of Nr5a2 causes embryo
lethality, while conditional disruption beginning with the primary follicle stage by
means of Nr5a2-floxed and Amhr2Cre/+ mice results in failure of ovulation and
luteinization. We hypothesized that Nr5a2 modulates the events leading to
development of a preovulatory follicle and its consequent ovulation in a temporal
sequence. To test this, granulosa-specific mutants (hereafter characterized as
Nr5a2gc-/-) were generated by crossing Nr5a2-floxed mice with mice expressing the
Cyp19-Cre, thereby excising Nr5a2 at the antral (tertiary) follicle stage. Similar to
Amhr2-Cre driven disruption of Nr5a2, no litters were born to Nr5a2gc-/- females,
while Nr5a2gc+/+ females were fertile (six-month breeding trial; n = 5 per genotype).
In contrast to Amhr2-Cre driven disruption of Nr5a2, the pattern of estrous cyclicity
and serum progesterone appeared to be normal in Nr5a2gc-/- mice compared to
Nr5a2gc+/+ mice (n = 5). Likewise, ovarian morphology indicated that antral follicles
were present but that cumulus expansion was distinctly absent in Nr5a2gc-/- follicles.
In further contrast to Amhr2-Cre driven disruption of Nr5a2, Nr5a2gc-/- ovaries in our
study had corpus luteum-like structures that appeared to be comprised of luteinized
theca cells surrounding degenerating granulosa cells. Entrapped oocytes were found
within these structures. Thus, it was apparent that interdiction of Nr5a2 expression
using Cyp19Cre/+ in antral follicles enabled further maturation of follicles than did
excision by Amhr2 Cre/+. It also allowed the development of a luteal-like structure in
the absence of ovulation. We conclude that Nr5a2 differentially regulates ovarian
folliculogenetic and ovulatory processes in granulosa cells of small and antral
follicles. Supported by CIHR grant FRN 11018.

649. A Role of the Catalytic Activity of Protein Kinase CK2 During
FSH Stimulated Estradiol Biosynthesis in Rat Granulosa Cells. Kerri S.
Kluetzman, Barbara A. Weaver, and James A. Dias. Wadsworth Center, Albany,
NY, USA

Activation of the human follicle stimulating hormone receptor (hFSHR) by its
cognate ligand, follicle stimulating hormone (FSH), induces maturation of ovarian
follicles, resulting in generation of mature eggs and production of estrogen and
progesterone. Canonical cAMP mediated protein kinase A (PKA) defined signaling
pathways are known to regulate these processes. However, divergent pathways are
also at play in FSH mediated FSHR function. We hypothesized that coordination of
these divergent pathways may involve adapter proteins which are associated with the
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occupied FSH:FSHR forming a signaling complex or signalosome. We have
previously demonstrated that protein kinase casein kinase 2 (CK2) co-immunopre-
cipitates with hFSHR. However, a role for CK2 in FSH action has not previously
been evaluated. To determine the effect of CK2 catalytic activity on FSH induced
granulosa cell function, the specific CK2 inhibitor tetrabromocinnamic acid (TBCA)
was used at 10lM. Primary rat granulosa cells derived from DES treated rats were
stimulated with hFSH in the presence and absence of TBCA. cAMP, progesterone
and estradiol were measured at 1 hr, 48 and 96 hr respectively. TBCA did not affect
FSH induced total cAMP production (P=0.4098) when cells were treated with FSH in
the presence of 1nM 3-isobutyl-1-methylxanthine (IBMX). Moreover, progesterone
production was unaffected by TBCA (P=0.7143). Unexpectedly, TBCA almost
completely blocked estradiol production (P=0.0002) in these cells. The effect of
TBCA was also evaluated in HEK-293T cells, which were transiently transfected
with hFSHR. TBCA had no effect on total cAMP production (P=0.4935) when
IBMX was present. Internalization of 125I-hFSH in HEK-293T cells transiently
transfected with FSHR was also unaffected by pre-incubation with TBCA
(P=0.2355). Several important observations have been made. First, it is clear that
cAMP is necessary but not sufficient for full estradiol production. Second, there
appears to be a key regulatory point of estradiol production, which requires CK2
catalytic activity. Future studies will aim at understanding how the catalytic activity
of protein kinase CK2 coordinates with the FSHR signalosome and is necessary for
granulosa cell estradiol production. Understanding this process could provide for a
better understanding of ovarian responsiveness to gonadotropin stimulation as well as
develop targets for estrogen dependent disease and cancer. Supported by HD18407.

650. Adiponectin, Resistin, and Glucose Transporters During the
Periovulatory Interval in Rhesus Macaques. Rebecca Brogan, Catherine
VandeVoort, Muraly Puttabyatappa, and Charles L. Chaffin. Loyola University
Maryland, Baltimore, MD, USA; California National Primate Research Center,
University of California, Davis, CA, USA; University of Maryland School of
Medicine, Baltimore, MD, USA

Adiponectin and resistin are part of the adipokine family of hormones produced
and secreted by adipose tissue. Circulating adiponectin is associated with increased
adiposity and can promote glucose uptake, possibly via increased expression and/or
activation of glucose transporters. In addition, a role for adiponectin in reproductive
function has been put forth to include effects on ovulation and steroidogenesis.
Resistin, in contrast, may be more closely linked to inflammation, although there is
some evidence that resistin is associated with insulin resistance. The goal of this study
was to examine intra-follicular and serum concentrations of adiponectin and resistin
during the periovulatory interval in rhesus monkeys undergoing controlled ovarian
stimulation (COS), as well as determine the expression of adiponectin receptors
during granulosa cell luteinization. Adult females were treated with recombinant
human follicle-stimulating hormone for 7 days and follicles were aspirated before (0
hr), 3, 6, 12, and 24 hr after ovulatory bolus of hCG. Follicular fluid and serum levels
of adiponectin and resistin were measured by ELISA before (0 hr) and 24 hr after
hCG. Adiponectin decreased (p,0.05) 24 hr after hCG treatment while serum levels
remained unchanged. In contrast, follicular fluid levels of resistin were unchanged
after hCG, while serum concentrations increased 24 hr post-hCG. The mRNA
expression of adiponectin and adiponectin receptors (AdipoR) I and II were analyzed
using RT-PCR. Adiponectin mRNA was not detectable in granulosa cells at any time
point. However, AdipoRI expression was increased transiently 3 hrs after hCG (5.5-
fold, p,0.05), while AdipoRII mRNA was elevated 3 and 6 hrs after hCG treatment
before returning to 0 hr levels (6- and 23-fold, respectively; p,0.05). Granulosa cells
isolated prior to hCG in vivo were cultured with FSH or FSH+hCG +/- adiponectin
(0-25 lg/ml). In the presence of FSH only, adiponectin increased progesterone levels
(0 lg/ml adiponectin: 1.7 ng/ml 60.2; 5 lg/ml: 2.0 6 0.3; 25 lg/ml: 8.9 6 0.7).
Similarly, hCG markedly increase progesterone over FSH alone (7.7-fold; p,0.05),
although adiponectin did not further increase progesterone. Adiponectin did not alter
the mRNA expression of glucose transporters (GLUT) 1, 2, or 4, but in the presence
of hCG, dose-dependently increased GLUT3 mRNA (p,0.05). These data confirm
and quantify the presence of adiponectin and resistin in the luteinizing primate
follicle, as well as the dynamic expression of adiponectin receptors. Importantly, the
lack of granulosa cell expression of adiponectin mRNA indicates a complex origin
for follicular adiponectin. A limited local role for adiponectin through its increased
receptors may facilitate glucose uptake by luteinizing granulosa cells. Supported in
part by NIH HD043358 (CLC) RR00169 (CNPRC) and RR13439 (CAV).

651. Expression of PDGFs and Their Receptors in the Fetal and Adult
Sheep Ovary. Peter R. Smith, Laurel Quirke, Jennifer L. Juengel, and Peter R. Hurst.
AgResearch Invermay, Mosgiel, New Zealand; University of Otago, Dunedin, New
Zealand

Platelet derived growth factors (PDGFs) and their receptors are key regulators of
cell growth and angiogenesis, especially during fetal development. In rodents and
humans, expression of PDGF mRNA was observed in specific ovarian compartments
and the addition of PDGF to follicles in culture increased their size and enhanced the
transition from primordial to primary follicles. Differences in the pattern of PDGF
expression were noted depending on the species or age studied. However the effect of
follicular health on expression has not been examined in depth. The objectives of this
study were to determine the cell specific gene expression of PDGF ligands (PDGFA,
B and C) and their receptors (PDGFRA and B) during ovarian and follicular
development in sheep. Ovaries were collected from fetuses on days 55, 75 and 95 of
gestation and from ewes at 4 weeks, 10 months, 2 years and 8 years of age and

examined using in situ hybridization. During fetal life, PDGFA expression was
sometimes associated with the vasculature and extra ovarian rete. Consistent
expression was noted in the surface epithelium and in oocytes in both ovigerous cords
and formed follicles. No expression was observed in granulosa cells of formed
follicles or connecting rete. Fetal expression of PDGFB was similar to PDGFA at
days 55 and 75; however no expression was apparent in the rete and by day 95
expression was largely confined to the surface epithelium. Expression of PDGFC was
concentrated in the surface epithelium and cells surrounding the vasculature, with
little or no expression observed in oocytes, follicles or in cells of the rete system.
Postnatally, PDGFA and B were expressed in oocytes at all stages of follicular
development from primordial to large antral follicles and in granulosa cells from the
primary stage. Granulosa cell expression of PDGFC was evident in large preantral
and small antral follicles. Thecal expression was not apparent until the large preantral
stage and was initially restricted to PDGFB. At antral stages PDGFB was expressed
predominantly in the theca interna while PDGFA was expressed in both theca interna
and externa. PDGF receptors were not expressed in follicles until after antrum
formation with PDGFRA expression in both theca interna and externa while
PDGFRB expression was limited to theca interna. In general, atresia resulted in
decreased expression of PDGFA and B in granulosa cells, increased expression of
PDGFA and B in the thecal layers, increased expression of PDGFC in the granulosa
and the appearance of PDGFC expression in the thecal layers. Only PDGFA
expression was consistently noted in components of the ovarian rete system.
Expression of PDGFA, B and C and PDGFRA and B was apparent throughout the
CL, with receptor expression often associated with the vasculature. Cells associated
with the vasculature showed expression of PDGFA, B and C, as well as PDGFA and
B. Changes in expression patterns at different stages of follicular development along
with changes associated with follicular atresia are consistent with a role for these
factors in regulation of follicular development.

652. Temporal Expression Pattern of Genes Involved in Steroidogen-
esis, Cell Cycle, and Mtor-Signaling in the Ovarian Somatic Cells During
Follicular and Luteal Growth. Anitha Kalaiselvanraja and Raj Duggavathi. McGill
University, Ste-Anne-de-Bellevue, QC, Canada

Mammalian target of rapamycin (Mtor) is a master regulator of cellular processes
including cell-cycle, protein synthesis, transcription and apoptosis in response to
nutrient and metabolic signals. Since follicular and corpus luteum (CL) growth
involves integration of numerous nutrient and growth-factor signals within follicular
and luteal microenvironment, Mtor is a potential candidate for the molecular hub of
such integration. Recent studies indicate that Mtor may play a role in the regulation of
granulosa cell proliferation. However, the potential roles of Mtor in granulosa-luteal
differentiation and steroidogenesis have not been studied. Thus, the objective of our
study was to assess temporal relationship among the expression pattern of genes
involved in Mtor pathway, granulosa cell proliferation and steroidogenesis. We used
superovulation of immature mice and laser microdissection to collect granulosa and
luteal cells at specific stages of follicular and CL growth. The expression pattern of
cell cycle (Ccnd2 and Cdkn1b), steroidogenic (Cyp19a1, Star and Cyp11a1) and
Mtor-pathway (Mtor and Rptor) gene was analyzed by real-time PCR. The expression
of Cyp19a1, Ccnd2 were high during follicular growth and low during CL growth;
that of Star, Cyp11a1 and Cdkn1b was low during follicular growth and high after
ovulation induction through CL growth. This pattern of expression reflected
granulosa cell proliferation and estrogen synthesis during follicular growth, and
luteal cell differentiation and progesterone synthesis during CL growth. As expected,
the expression of Mtor and Rptor was high during follicular growth. Surprisingly, the
expression of Mtor increased after ovulation during CL growth, in correlation with
that of Cyp11a1 and Cdk1nb). These results indicate that in addition to granulosa
cells proliferation, Mtor may also play a significant role in luteal cell steroidogenesis
and maintaining their cell-cycle inhibition. Supported by NSERC Discovery Grant.

653. WITHDRAWN.

654. Structural Changes in Basement Membranes in the Gonad of the
Frog Rana rugosa During Sex Differentiation. Masahisa Nakamura, Tomohiro
Saotome, Tomoko Isomura, Tatsunori Seki, and Yoriko Nakamura. Waseda
University, Tokyo, Japan; Tohoku University, Sendai, Japan; Nihon University,
Matsudo, Japan

The sex of vertebrates is determined by either chromosomal factors (GSD) or
environmental factors. In mammals, an individual having two X chromosomes is
female, whereas one having an X and a Y is male. Sry on the Y chromosome acts as a
developmental switch, initiating a pathway for the testicular differentiation. In some,
but not several other species of vertebrates such as fish and reptiles, sex determination
does not merely depend on the combination of the sex chromosomes alone, but is
influenced by environmental and social factors, in particular temperatures (TSD). The
determinants in GSD and TSD that initiate sexual differentiation in vertebrates may
differ from each other. Of interest, similar morphological structures are observed
among the testes and ovaries of vertebrates. Thus, whichever system GSD or TSG
each species in vertebrates employs, vertebrates probably share common downstream
mechanisms for the formation of the testis and ovary. However, structural changes in
gonads during sex differentiation have not been examined in details in any species of
vertebrates. Then, we examined the changes in gonadal basement membranes during
sex differentiation in the frog R. rugosa using an antibody to its laminin component.
Immunohistochemical staining showed that the first sexual dimorphism appeared in
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testicular cords and ovarian cavities in differentiating gonads of tadpoles at very early
developmental stages. During development, as the testis enlarged, testicular cord
partitions appeared to form by invagination of the testicular epithelium. Ovarian
cavities also increased in volume. Laminin-positive basement membranes initially
surrounded a partial surface of oocytes close to the ovarian cavity, and fully covered
growing oocytes by St. X. Laminin-reactive signals were present in somatic cells
outside seminiferous tubules in the testis and outside oocytes in one-year old frogs.
BrdU-labeling revealed that the number of dividing germ cells increased continuously
in male gonads but increased in females only up to St. V, declining at St. X and
thereafter. The number of proliferating germ cells declined when the basement
membranes had fully covered the oocytes. Taken together, these findings suggest that
the first sexual dimorphism in the gonad of R. rugosa first appears as a structural
change in the basement membranes. In addition, the basement membrane on the
surface of oocytes may affect their proliferation in this species.

655. Thyroid Autoantibodies and Thyroid Stimulating Hormone (TSH)
in Recurrent Miscarriages; Implication of the Number of Abortion. Myunghee
Kim, Hyunjeong Jeoung, Heesun Lee, Dachung Chung, and Sungil Roh. Gangseo
Mizmedi Hospital, Seoul, Korea

The association of thyroid autoimmunity to miscarriages is an interesting issue.
Many studies show the significant positive association between the presence of
thyroid autoantibodies and abortion. Most of them are focused on the group of
women with history of 3 or more consecutive pregnancy losses. Since 2008, ASRM
(American Society of Reproductive Medicine) extended the definition of recurrent
pregnancy loss from 3 or more to 2 or more failed pregnancies. As this new broad
meaning is applied, it calls for the quest for the different implications in the number
of abortion related to thyroid autoantibodies and TSH. In this aspect it is needed to
compare the incidence of thyroid autoantibodies and TSH level in recurrent
miscarriage patients according to the number of miscarriages. In this study, we
retrospectively analyzed the data of a total of eighty-four women with recurrent
miscarriage history in community-based fertility clinic. Data were divided into two
groups according to the number of abortion. One is the group of 2 consecutive failed
pregnancies. The other is the group of 3 or more consecutive failed pregnancies.
Thyroid autoantibodies including antithyroglobulin antibody and antimicrosomal
antibody and the level of TSH are compared between two groups. Thyroid
autoantibodies are present in 8 of 51 patients (15.7%) with two miscarriages history
and 8 of 33 patients (24.2%) with three or more miscarriages history (P=0.398). TSH
level was 2.24mU/L in two miscarriage group and 2.12mU/L in 3 or more
miscarriage group (P=0.077). The incidence of high TSH over 2mU/L is 24 of 51
patients(47.1%) vs 11 of 33(33.3%) patients in each group(P=0.260). In conclusion,
these observations show that thyroid autoantibodies and serum TSH are not
significantly different in the miscarriage patients depending on the number of
abortions In sight of this result, it can be suggested that thyroid autoantibody and
TSH screening has the similar implication in the group of two miscarriages compared
to the group of 3 or more miscarriages. This hypothesis should be verified in further
randomized prospective studies and the research extended to clinical outcome is
needed for better management of recurrent miscarriages in the future.

656. Local Administration of Medicinal Plants in Treating Leucor-
rhoea: An Ethnographic Case Study from Nakla Upazila in Sherpur District of
Bangladesh. Md. Ariful Haque Mollik. Peoples Integrated Alliance, Dhaka,
Bangladesh

Bangladesh is an over populated country. Most of the people of Bangladesh are
illiterate, superstitious, and underprivileged. Because of high cost of allopathic
medicine, traditional medicine plays a vital role in providing primary health care to
the people of Bangladesh. Leucorrhoea denotes a thick, whitish vaginal discharge,
which can result from inflammation of the vaginal mucosa or can arise due to various
diseases including sexually transmitted diseases. Leucorrhoea is highly prevalent
amongst the rural women of Bangladesh. They usually rely on traditional health
practitioners, who administer various decoctions prepared from medicinal plants to
treat this ailment. The objective of this present study was to conduct an
ethnopharmacological survey amongst the traditional health practitioners in Nakla
upazila of Sherpur district, Bangladesh to collect information on medicinal plants
used to treat leucorrhoea. An open-ended semi-structured questionnaire was used in
collecting field information. In-depth information regarding medicinal plants type,
preparation of medicines, ailments for which they are used, dosages, and side effects
if any, were obtained from the traditional health practitioners. Medicinal plant
specimens as collected from the traditional health practitioners were identified at the
Bangladesh National Herbarium. A total of thirty-one medicinal plants were found to
be used by the traditional health practitioners. These medicinal plants [with parts used
given in parenthesis] included Excoecaria bicolor [whole parts], Hemidesmus indicus
[root], Miscanthus sinensis [flower], Commelina benghalensis [whole parts],
Calotropis procera [leaf, flower, gum, root], Codiaeum variegatum [leaf], Carica
papaya [fruit, seed], Blumea lacera [stem, leaf], Pandanus odorus [leaf], Vitis
vinifera [fruit], Hygrophila auriculata [whole parts], Aristolochia indica [seed, root],
Terminalia belerica [fruit, seed], Swertia chirata [whole parts], Abrus precatorius
[root bark], Citrus acida [fruit, seed, leaf], Aloe barbadensis [leaf], Vitex negundo
[whole parts], Plantago ovata [seed], Cocos nucifera [fruit juice], Ocimum
gratissimum [whole plant], Achyranthes aspera [root, seed], Linum usitatissimum
[seed, leaf], Ficus racemosa [fruit, leaf], Nigella sativa [seed], Euphorbia royleana
[whole plant], Saraca indica [flower, leaf], Terminalia arjuna [fruit, bark],
Saccharum officinarum [stem juice], Bixa orellana [seed, fruit], and Litsea liyuyingi

[whole parts]. It was noted in this ethnopharmacological survey that the patients were
quite satisfied with treatment by the traditional health practitioners. Since most rural
women are not able to afford allopathic medicinal treatment, traditional health
practitioners play a vital role in providing the necessary health care to treat
leucorrhoea. It is expected that gathering of these medicinal plants information can
lead to further scientific studies and discovery for newer drugs. Project support
received in part by the Peoples Integrated Alliance, Bangladesh and Biogene Life
Care, Bangladesh.

657. Abortive-Prone Matings Alters the Expression of A2V-ATPase in
Mouse Spleen. Mukesh Kumar Jaiswal, Christina Kwong, Alice Gilman-Sachs,
Gerard Chaouat, and Kenneth Beaman. Rosalind Franklin University of Medicine
and Science, North Chicago, IL, USA; INSERM U 782, Hospital Antoine Beclere
Pavillon Jean Dalsacs, Clamart (Paris), France

The a2 isoform of vacuolar ATPase (A2V-ATPase) has immunosuppressive
effects and is in part responsible for the survival of the fetal allograft. Pregnancy
brings vital changes in the maternal environment that comprises reversible
modifications of immune cells in response to both systemic and local mediators
and signals. The spleen can be a useful organ to determine the systemic affects of
pregnancy on multiple cell populations, including those of the immune system. By
taking the well studied, allogeneic abortion prone (maleCBAX femaleDBA) model
and other syngeneic and allogeneic mating models, the effects of pregnancy on
murine immune cells of the spleen were studied. We assessed the expression of A2V-
ATPase in the spleen of different mating combinations on different days of
pregnancy. Our data shows that the splenic A2V-ATPase gene expression increased
from day 8 to 16 in maleBALB/cXfemaileBALB/c and maleCBA XfemaleBALB/c
matings established as successful pregnancy controls. However, in abortion prone
mating (maleCBAX femaleDBA) its expression was similar as the successful
pregnancy controls on day 8 and then decreased significantly on later days of
pregnancy. Additionally, administration of LPS at different days of pregnancy
significantly decreased the expression of A2V-ATPase in spleen. We also assessed
the surface expression of A2V-ATPase on splenic lymphocytes at different days of
pregnancy by using flow cytometry. We show that the expression of A2V-ATPase in
CD4+ and CD8+ cells was significantly lower in both abortive prone mating as well
as in LPS-administrated condition as compared to successful pregnancy controls on
days 12 and 16 of pregnancy. Together, these findings indicate that the lower
expression of A2V-ATPase corresponds with the dynamic changes in spleen cell
populations of abortion-prone matings. This supports our hypothesis that A2V-
ATPase participates in the establishment of a unique immune milieu that helps the
fetus to survive and develop in the uterus until parturition. This research was
supported by Clinical Laboratory, Rosalind Franklin University of Medical and
Science.

658. High Affinity Binding of PSP94 to Human Immunoglobulin
Suggests Its Possible Role in Sperm Function. Smita D. Mahale, Dhanashree D.
Jagtap, Deepak N. Modi, Mukesh Kumar, and Bhakti R. Pathak. National Institute for
Research in Reproductive Health, Mumbai, India; Bhabha Atomic Research Centre,
Mumbai, India

Prostate secretory protein of 94 amino acids (PSP94) is one of the most abundant
proteins from prostatic secretions and a major constituent of human seminal plasma.
It has also been referred to as beta-microseminoprotein and protein homologues to
this have been reported in other species. The exact role of this protein in prostate
pathphysiology or sperm function has not been unequivocally established. We had
earlier reported that PSP94 has the ability to bind to human IgG. The aim of the
present study is to delineate the molecular interaction of PSP94-IgG and to
understand its possible role in sperm function. Ability of human IgG and its sub-
domains to bind to PSP94 was monitored by ELISA. Kinetics of this interaction was
measured by surface plasmon resonance (SPR) technique. Recently solved X-ray
crystal structure of PSP94 (PDB 3IX0) by our group was used to model the structure
of PSP94-IgG complex. Binding kinetics of PSP94-IgG interaction revealed high
affinity binding of IgG to PSP94. This interaction was found to be through the Fab
domains of IgG. In-silico molecular modeling of PSP94-IgG complex showed that
amino and carboxyl terminal beta strands of PSP94 to be most plausible region
involved in IgG interaction. To understand the significance of PSP94-IgG interaction
in sperm function, in-vitro experiments were carried out. The results reveal that
PSP94 is able to prevent the binding of IgG to human spermatozoa suggesting that
PSP94 present in seminal plasma might have an important role in-vivo, in protecting
spermatozoa from immune attach in the female genital tract. Research supported by
grant from Department of Biotechnology, Government of India and Indian Council of
Medical Research (SDM).

659. The Progression of Experimental Autoimmune Orchitis Coinci-
dences with Increased Levels of Testicular IL-1 Family Members. Mahmoud
Huleihel, Masaood Ganaiem, Stefan Binder, Mahmoud AbuElhija, Eitan Lunenfeld,
and Andreas Meinhardt. Ben-Gurion University, Beer-Sheva, Israel; Justus-Liebig-
University Giessen, Giessen, Germany

Orchitis is characterized by inflammatory infiltrates in the testicular interstitium
and is associated with focal or total impairment of spermatogenesis eventually
leading to male infertility. Cytokines are considered to play a major role in the
maintenance of normal testicular function. Under normal conditions, members of the
Interleukin-1 (IL-1) family are expressed at basal levels in different types of testicular
cells. During inflammation several cytokines are increased in the testis potentially
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leading to disturbed testicular function. IL-1Receptor antagonist knock out (IL-1Ra
K/O) mice show elevation of IL-1alpha and IL-1beta levels in testicular tissue and
impaired male fertility. The aim of this study is to investigate the expression levels of
IL-1 family members (IL-1alpha, IL-1beta and IL-1Ra) in the testis during the
progression of experimental autoimmune orchitis (EAO) in mice and to localize their
production. A model for murine EAO was established. In brief, testes of adult wild
type (WT) BALB/c mice (12 weeks old) were homogenized, mixed with complete
Freund’s adjuvant and injected subcutaneously in tail, neck and foot pad of Balb/c
wildtype mice. Pertussis toxin (20lg/ml) was used as a co-adjuvant. In adjuvant
control group testis homogenate was replaced with saline. Sham-treated animals were
injected with saline only. At day 0 (untreated group), 20, 30, 40, 50 and 70 days after
the first immunization mice were sacrificed, testes were weighted and either fixed in
Bouin solution for histology assessment or homogenized for cytokine measurements.
A scoring system reflecting the severity of EAO was developed based on
examinations of hematoxylin-eosin stained paraffin sections. IL-1alpha, IL-1beta
and IL-1Ra levels in the testes were measured using specific ELISA for each
cytokine. The cellular localization of IL-1 in the testis of the EAO and control groups
was determined by immunofluorescence staining. In the EAO model, testicular
weight of the WT-EAO-mice was significantly decreased after 50 days compared to
control group (p,0.001). Testes showed severe morphological changes such as germ
cell sloughing, disruption of spermatogenesis and Sertoli-cell-only-syndrome as well
as massive interstitial cell infiltration. Based on the histoscore, the disease
progression was subdivided into five stages and the animals were grouped
accordingly. ELISA measurements revealed higher levels of IL-1alpha, IL-1beta
and IL-1Ra in EAO mice starting with gradual increase from day 30 after the first
immunization compared to control groups. At day 70 differences between EAO and
adjuvant control culminated and EAO mice displayed ca. 3-fold higher levels of the
respective cytokines. EAO histology scores tended to coincide with the increased
cytokines levels. Compared to the adjuvant control groups, testis sections of EAO-
mice showed increased expression levels of IL-1alpha, IL-1beta, IL-1Ra and IL-1
receptor 1 (IL-1 R1) using immunofluorescence, which was particularly evident in
the interstitial area. Increased staining of IL-1 R1 was also detected in the
seminiferous epithelium. Members of IL-1 family are involved in the development of
experimental autoimmune orchitis and may play a crucial role in the onset and
progression of the disease.

660. A Potential Immune Deviating Pathway that Protects Human
Sperm and Aggressive Tumor Cells. Gary F. Clark, David R. Lee, Erma Z.
Drobnis, Durwood E. Neal, and David E. Lafrenz. University of Missouri, Columbia,
MO, USA

The possibility exists that malignant tumor cells employ the same immune
deviating pathways that are used to protect immune privileged sites. Glycoproteins
associated with human sperm and seminal plasma express Lewis x and Lewis y
carbohydrate sequences presented on N-glycans in a very unusual polyvalent fashion
(poly-Lewis x/Lewis y type N-glycans). This observation is relevant because previous
studies carried out with variants of the human gastric pathogen Helicobacter pylori
confirm that lipopolysaccharides bearing Lewis x and Lewis y sequences bind to the
dendritic cell-specific lectin designated DC-SIGN and trigger a signal transduction
cascade that diverts the adaptive immune response directed against these variants.
Therefore the addition of Lewis x and Lewis y sequences to glycoproteins present in
sperm and seminal plasma glycoproteins could play a major role in inhibiting Th1
responses directed against autoantigens present in human semen. The Lewis y
sequence is also a very well established human tumor associated carbohydrate antigen
that is highly upregulated on .70% of all human cancers of epithelial origin but not on
normal adult tissues with the notable exception of the male reproductive system. Until
recently, the glycoproteins and the glycan types that carry Lewis antigens on
aggressive tumor cells were unknown. A recent study confirmed that the major carrier
of Lewis x and Lewis y sequences on human MCF-7 breast cancer cells is CD98hc. An
intriguing linkage is that these sequences are also associated with poly-Lewis x/Lewis
y type N-glycans that are similar to those found on human sperm and in seminal
plasma. In this study, lectin affinity chromatography of human seminal plasma
glycoproteins was employed to isolate the major glycoprotein carriers of Lewis x and
Lewis y sequences within this fluid. A major band of 75 kDa glycoprotein with the
same MW as CD98hc in MCF-7 cells was identified. Minor bands were also detected
at 125 and 150 kDa. Glycoproteomic and functional analyses are now underway to
determine the identity of these glycoproteins, define their glycosylation state, and
analyze their immunological activities. It is well established that human seminal
plasma also contains copious amounts of transforming growth factor-b. (TGF-b) and
prostaglandin PGE2, two other very potent immunomodulatory factors. Therefore
immune privilege in the human male reproductive system could rely primarily on the
coordinated expression of these factors and Lewis x and Lewis y sequences in
combination with physical boundaries like the blood:testis barrier. Many metastatic
tumors express precisely this same combination of factors and Lewis antigens but lack
any physical barrier. The absence of such barriers could enable tumor associated
antigens to easily escape from malignancies and evoke adaptive responses, unlike
autoantigens at immune privileged sites. These observations are consistent with the
hypothesis that aggressive tumor cells employ the same immune deviating pathways
that are used to protect human sperm in the human male reproductive system. These
results are also consistent with the eutherian fetoembryonic defense system
hypothesis. (This investigation was supported by a Pilot Study Fund from the
Institute of Clinical and Translational Science at the University of Missouri-Columbia,

the Breeden-Adams Foundation and the Mission Enhancement Program in
Reproductive Biology and Medicine funded by the state of Missouri.)

661. Lymphocyte Subsets in the Primate Testis: Implications for
Studies of Local Cellular Immunity. Mark P. Hedger, Richard D. Hayes, Stefan
Schlatt, Robert I. McLachlan, and Moira K. O’Bryan. Monash University,
Melbourne, VIC, Australia; Kings College, London, United Kingdom; University
Münster, Münster, Germany; Prince Henry’s Institute for Medical Research,
Melbourne, VIC, Australia

The frequency and types of lymphocytes that appear within a tissue are an
indication of local immunological conditions. Although immune cells and immune
responses in the testes of experimental rodents have been well-studied, the human and
non-human primate testis has received much less attention, and baseline quantitative
data are lacking. The question as to whether immunological studies in the rodent
testis can be considered representative of the human needs to be considered, because
such studies are frequently extrapolated to the human testis under assumptions that
may or may not be completely justified. Lymphocyte subsets were identified and
quantified in Bouin’s-fixed paraffin-embedded adult human and rhesus or
cynomolgus monkey testes, using a panel of anti-human antibodies and routine
stereological methods. Significant numbers of cells expressing the specific T cell
marker CD3 were observed within the interstitial tissue (excluding vascular profiles),
but not the seminiferous epithelium, of normal human and monkey testes (0.7 - 2.6 x
103/mg tissue). No B cells (CD19+) were observed. Two antibodies against the
natural killer (NK) cell marker CD56 (Leu-19), or neural cell adhesion molecule (N-
CAM), gave strikingly different results. An antibody directed specifically against the
mature 140 kDa isoform of N-CAM that is expressed by NK cells labelled a number
of interstitial cells in the human testis (1.0 - 2.8 x 103/mg tissue), which were clearly
distinguishable from either Leydig cells or macrophages based on their characteristic
morphology and nuclear diameter. Using an antibody that recognises several alternate
N-CAM splice variants, however, this molecule also was found to be expressed on
the surface of human Leydig cells, Sertoli cells and early germ cells. Frequency of
cells expressing the circulating Fc receptor cIII (CD16) in the human testis was more
than one order of magnitude lower than the CD56 staining, indicating that most
testicular NK cells or macrophages do not express this marker. Relatively few
interstitial tissue cells in the monkey testes (, 10/mg tissue) were labelled by the NK
cell antibodies examined, although it remains to be established whether this indicates
that NK cells are absent, or that the N-CAM marker is not optimal for this species.
These data indicate that the interstitial tissue of the mature primate testis normally
contains significant numbers of lymphocytes (T cells and NK cells). The numerical
density of the major lymphocyte subsets in the human testes was similar to that
observed in the adult rat in previous studies, suggesting that the rat is a suitable model
for studying testicular cellular immune responses.

662. Infection with Flock House Virus Induces Oocyte Destruction in
Drosophila. Travis C. Thomson and Joshua Johnson. Yale School of Medicine, New
Haven, CT, USA

Environmental factors including nutritional availability are well understood to
control oocyte production in Drosophila. Based on reports in the literature of
deleterious effects on ovary function during periods of viral infection, we
hypothesized that infection with Flock House Virus (FHV) would result in altered
egg chamber development, and possibly degradation. We have shown that when
wild-type Canton-S flies are injected with FHV, mid-stage egg chambers (stage 8/9)
are destroyed due to rapid tissue remodeling. This effect was found to be dependent
upon the concentration (established as plaque forming units using S2 cells) of virus
injected. As early as 12 hours post-infection, posterior egg chamber follicle cells
(PFC) invade and phagocytose enclosed oocytes in a process that we have termed
Virus-Induced Somatic Oocyte Destruction, or VISOD. Using whole-mount
fluorescence immunostaining of FHV particles in situ, we determined that FHV is
present at high levels in cells throughout the ovary, including follicle cells engaged in
oocyte phagocytosis. Mated infected flies thus lay significantly fewer embryos than
PBS-injected controls. We are now engaged in a screen for genes required for VISOD
induction. As seen in a model of chemical insult (Rapamycin ingestion), flies
heterozygous for the epithelial polarity genes discs large and merlin fail to activate
oocyte destruction as seen in wild-type flies, suggesting that epithelial remodeling is
crucial for the process to begin. Similarly, genes involved in innate immunity and
autophagy were found to rescue oogenesis during infection. We hypothesize that the
induction of oocyte loss in response to viral infection is conserved in mammals,
potentially in women.

663. Brucella canis Seroprevalence in Stray Dogs from a Humane
Animal Shelter in "Centro de Bienestar Animal-La Perla," Medellin,
Colombia, 2008. Carlos Andres Giraldo-Echeverri, Jhon Didier-Ruiz, Laura
Lopez, and Juan Chica. Universidad de Antioquia, Medellin, Columbia; Universidad
CES, Medellin, Colombia

Brucella canis is the main causal agent of reproductive illness in dogs. Its
zoonotic potential and worldwide distribution makes the infection a serious threat. In
Colombia, the bacterium has been isolated from pet dogs, kennel dogs, and human
beings. The objective of this study was to determine the frequency of Brucella canis
infection in stray dogs sheltered at the Animal Welfare Center of "La Perla" in
Medellı́n (Colombia). In June 2008, blood was collected from 221 dogs and their sera
tested by the rapid slide agglutination test with 2-beta-mercaptoethanol. Seroconver-
sion was observed in 221 dogs (6.78% prevalence), and did not differ between age or
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sex groups. These results highlight the role of the stray dogs population as a reservoir
and potential source for the transmission of Brucella canis to the domestic population
and humans. This research was funded by the University CES

664. Simple Protocol to Cryopreserve Bovine Endometrial Epithelial
Cells. Yasser Lenis Sanin, Juliana Bedoya, and Zulma Tatiana Ruiz-Cortes.
University of Antioquia, Medellin, Colombia

The bovine endometrium is a high specialized tissue composed by epithelial
endometrial cells (EPEC) the main prostaglandin F2alpha (PGF2alpha) producers and
by stromal endometrial cells. The isolation and culture of EPEC cell biotype is an
important model for the study of cellular and molecular events that occur during
luteinization and/or pregnancy recognition. Our laboratory has already standardized
the EPEC cultured during 32 days. The objective of this study is to characterize an
EPEC primary culture protocol after cryopreservation. Uterus from abattoir were 48C
transported and processed. Isolated EPEC were centrifuged and seemed in 24 well
dishes at 600.000 cells/mL of supplemented RPMI-1640 medium. Cells were divided
in 2 treatments: control and rapid cryopreservation method of 10 minutes at 08C
followed by immediate -808C in 15% DMSO at 11 and 23 days in culture. After 4
days cryopreservation, cells were thawed and re-seemed as described before.
Cryopreserved cells presented conglomerates and pseudopodia cytoplasm prolonga-
tions after 9 days in culture characteristic presented in control at days 3-4. At day 11
in culture preserved EPEC presented a very low confluence compared to control
value. At day 23, an important increase in confluence of cells post-cryopreservation
was observed, indicating a time depending cells recuperation. We propose a simple
EPEC cells cryopreservation protocol followed by a minimum of 20 days incubation
period as a model of viable bovine endometrial cells. Further researches on functional
(PGF2alpha production) features are necessary.

665. Study of Transgenic Efficiency in Different Spermatogenic Stages
and Cycles in Mice. Xiangyang Miao and Xin Zhang. Institute of Animal Sciences,
Beijing, China

In the past 30 years, the research and application of transgenic technology in the
gene expression of animals has achieved remarkable advancement in both
experimental and applied biology. Microinjection, retrovirus-mediated gene trans-
duction and the culture of embryonic stem cells are traditional methods of producing
transgenic animals. However, these methods have limitations in the application of
transgenic animals. In this study, an exogenous gene was transferred into germ cells
of male mice to study the efficiency of transgenic mice in different spermatogenic
stages. The green fluorescence protein expression plasmid (pIRES2-EGFP) and
liposomes were mixed and injected into the testes and epididymis of mice. The
intratesticular mice were then allowed to mate with females at days 7, 16, 30, 42, 84,
126, 168 and 210th after infection. Polymerase chain reaction (PCR) and Southern
blots were applied to identify transgenic mice. The percent of positive transgenics
was 6.82%, 0, 56.86%, 42.86%, 17.78%, 12.50%, 10.87%, 4.65% by PCR analysis
and 6.82%, 0, 47.06%, 34.69%, 13.33%, 8.33%, 6.52%, 2.33% by Southern blot
analysis at days 7, 16, 30, 42, 84, 126, 168 and 210, respectively. GFP was expressed
in transgenic positive mice and visualized by fluorescence imaging and microscopy
(488nm). The comparison of the efficiency of producing transgenic mice at different
spermatogenic stages can provide an important foundation for efficient production of
transgenic animals by testes-mediated gene transfer. This work was supported by a
grant from The Major Science and Technology Program of Breeding of New
Varieties of Genetically Modified Organisms (2009ZX08008-004B, 2008ZX08008-
003), the National High Technology Research Development Program of China (863
Program) (2008AA10Z140) and the Innovation Research Foundation of CAAS
(No.2004-CAAS-1).

666. Caffeine Inhibits Aging of Mouse Oocytes: The Efficiency and
Recoverability. Jing-He Tan, Zhen-Hua Zhang, Yi-Liang Miao, Dong Han, De-
Qiang Miao, Jun-Zuo Wang, and Si-Yu Zhang. Shandong Agricultural University,
Tai’an, China

Inhibiting oocyte aging is important not only for healthy reproduction but also for
the success of embryo techniques including cloning by nuclear transfer. Functional
and morphological changes observed with oocyte aging include an increased
susceptibility to activating stimuli, a decrease in the maturation-promoting factor
(MPF) activity, abnormal distribution of cortical granules and abnormal development
after activation/fertilization. However, changes in the MPF activity remain to be
correlated with other aging alterations. Furthermore, while caffeine has been found to
inhibit aging of in vitro matured (IVM) porcine oocytes by dephosphorylating T14
and Y15 of CDC2A, the conclusion must be confirmed in other species and in the in
vivo matured (IVO) oocytes as well. We wanted to study the efficiency and
recoverability of caffeine inhibition on aging of mouse oocytes. Freshly matured
mouse IVO and IVM oocytes were cultured in CZB medium supplemented with
different concentrations of caffeine for 6 or 12 h before examined for activation
susceptibility, MPF activity or spindle and cortical granule morphology. Oocytes for
controls were cultured for the same period in CZB without caffeine. Some of the
caffeine-treated oocytes were cultured for 6 h in CZB without caffeine to observe
recoverability. The results showed that caffeine prevented aging of both IVO and
IVM mouse oocytes by maintaining MPF activities. However, while 1-mM caffeine
efficiently inhibited aging of the IVM oocytes, aging of IVO oocytes was not
prevented until caffeine concentration increased to 8-mM. When IVO oocytes that
had been inhibited for 6 h with 6-, 8- or 10-mM caffeine were cultured in absence of
caffeine, rates of activation increased with culture time and reached the same level as

in control oocytes by 6 h of culture. While oocytes inhibited with 6-mM caffeine
developed into blastocysts at a similar rate as the control oocytes, oocytes inhibited
with 8- or 10-mM caffeine showed decreased blastocyst rates after recovery culture
and activation. The activation competence of IVM oocytes was also recoverable but
they could not develop into blastocysts after caffeine treatment. Laser confocal
microscopy revealed that spindle morphology and cortical granule distribution were
affected after IVO oocytes were treated with 8-mM caffeine for 12 and 6 h,
respectively; however, while spindle morphology was recovered, cortical granule
distribution were unrecoverable after recovery culture. It was concluded that caffeine
recoverably prevented aging of both IVO and IVM mouse oocytes by maintaining
their MPF activities, but protocols must be optimized according to oocyte types to
increase the recoverability after inhibition. This study was supported by grants from
the National Basic Research Project of the China Ministry of Science and Technology
(Nos. 2006CB944003 and 2007CB947403) and the China National Natural Science
Foundation (Nos. 30771556 and 30972096).

667. A Comparison Between HTF and SOF as Extenders for Freeze-
Drying Tomcat Sperm. Luis Carlos Oña Magalhães, Cely Marini Melo, Mateus José
Sudano, Daniela Martins Paschoal, Ana Izabel Silva Balbin Villaverde, Fernanda da
Cruz Landim-Alvarenga, and Maria Denise Lopes. UNESP, Botucatu, Brazil

As an alternative method to preserve spermatozoa, many groups have been using
the lyophilization technique. Attempts to freeze-dry spermatozoa are not new. The
objective of the present study was to test whether Human Tubal Fluid (HTF) and/or
Synthetic Oviductal Fluid (SOF) are able to protect tomcat sperm cell nucleus and
thus be used as extenders for the freeze-drying process. Sperm-rich fraction from
ejaculates collected using an artificial vagina was divided into two aliquots. Aliquots
were then added with either HTF or SOF having a final concentration of 2x103

sperm/mL. Aliquots were then put into 2.0mL Cryogenic Vials, being 0.5 mL the
maximum volume per vial in order to aid the freeze-drying process. Vials were kept
at 48C for 60 minutes, then kept in N2 vapor for 8 minutes, and finally plunged into
N2. Samples were then taken to the freeze-drying machine in order to obtain a stable
product and remove the liquid fraction. With a view to analyzing DNA integrity it
had been used acridine orange, and to analyze membrane integrity it had been used
the association of 5,5’,6,6’-tetrachloro-1,1’,3,3’-tetraethylbenzimidazolyl carbocya-
nine iodide (JC-1), Pisum sativum agglutinin conjugated with fluorescein
isothicyonate (FITC-PSA), and propidium iodide. Both media (SOF and HTF)
showed that they may be used as freeze-drying extenders since they both somehow
protected the sperm cells’ DNA (84.5% and 86.2% of DNA integrity for HTF and
SOF media, respectively) despite the fact that they both showed extensive cell
membrane and acrosome damages, when analyzed via epifluorecense microscopy.
However, SOF was considered of better performance due to the fact that sperm cells
were easier to isolate for the intracytoplasmic sperm injection (ICSI) procedure when
samples were reconstituted. Samples that used HTF as media for both freeze-drying
procedure and reconstitution required the use of Vortex followed by the use of
Pasteur pipettes because sperm cells were strongly bonded. Bearing in mind the fact
that both media would provide a defined extender for freeze-drying, the SOF medium
needed less effort to be handled if compared to the HTF because sperm cells were
easier to separate from one another. Cells that were immersed in HTF needed extra
care since they required vortexing and pipetting to separate spermatozoa from one
another. This reserach was supported by CAPES.

668. Canine Frozen Spermatozoa Using Trehalose and Raffinose in
Skim Milk Based Extender. Tomoyoshi Asano, Yasuyuki Abe, Yoshinori Suwa,
and Hiroshi Suzuki. Obihiro University of Agriculture and Veterinary Medicine,
Obihiro, Japan; Yamagata University, Yamagata, Japan; Hokkaido Guide Dogs for
the Blind Association, Sapporo, Japan

Cryopreservation of canine spermatozoa offers potential exchange of genetic
material, and thus may lead to improvement in the breeding management programs
used to produce working dogs. In particular, in guide dog colonies, application of
transcervical artificial insemination using frozen canine semen is anticipated to assist
with meeting the demand for adequate supply of guide dogs for the blind. Egg yolk is
the most commonly used compound in canine semen extenders for protection of
spermatozoa from cold shock and disruption during the freezing and thawing process.
However, due to a recent outbreak of avian influenza and its triggering of growing
concern throughout the world, transportation of frozen or chilled semen exposed to
egg yolk has become extremely difficult. Thus, it is an urgent matter to develop a
novel semen extender without egg yolk for use in freezing of canine spermatozoa. As
an alterative compound to egg yolk, skim milk seems to be especially suitable as a
semen extender in canine species, since a skim milk extender is the most commonly
used extender for mouse and goat sperm. We preveously reported that the skim milk/
glucose-based extender without egg yolk was effective on the motility and fertilizing
capacity of canine spermatozoa frozen-thawed. In this study, we further examined the
optimal concentration of glucose, trehalose and raffinose in skim milk extenders to
improve the sperm motility after frozen and thawed. The optimal concentration of
glucose, trehalose and raffinose were 0.3 M, 0.2 M and 0.2 M respectively, and the
mean percentages of motile frozen-thawed spermatozoa in skim milk/trehalose-based
extender (74.3% 6 7.04 %) or skim milk/raffinose-based extender (70.9% 6 10.2
%) were significantly higher than that of skim milk/glucose-based extender (59.6% 6

8.63 %) or egg yolk extender (53.7% 6 9.28 %). To examine the fertilizing capacity,
frozen spermatozoa with skim milk/raffionse-based extender was transcervically
inseminated into a recipient bitch and its conception was admitted by echography and
radiography. These data indicate that canain frozen spermatozoa using raffinose in
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skim milk based extender may contribute to exchange of genetic material and
efficient production of companion and working dogs, such as guide dogs for the
blind.

669. The Possibility of Storage at Room Temperature for Freeze-Dried
C57BL/6J Mouse Sperm. Yosuke Kawase, Naoko A. Wada, and Kou-ichi Jishage.
Chugai Research Institute for Medical Science, Nagano, Japan

Freeze-drying mouse sperm is a low cost, easily transportable method of
maintaining genetic material. We previously reported that freeze-dried mouse sperm
must be kept at lower than -808C for long-term preservation (Kawase et al., 2005).
Moreover, a pressure of 0.37 hPa at primary drying significantly improves both the
rate of development to the blastocyst stage (Kawase et al., 2007) and the number of
live term fetuses from internationally air-transported freeze-dried mouse sperm.
Hence, we now consider freeze-drying mouse sperm to be a practical and for
transportable method for the storage of mouse gene resources. However, storing the
samples at such low temperatures over a long period of time has the risk of technical
difficulties (e.g. power failure) and requires a relatively high initial investment; it is
essential to assure against such risks. Therefore, we examined the stability over time
of freeze-dried C57BL/6J mouse sperm having undergone a temporary temperature
rise and transported at room temperature (RT). We analyzed freeze-dried sperm DNA
fragmentation using sperm chromatin structure assay (SCSA) ( Kawase et al., 2009)
of freeze-dried sperm after storage at RT for 0, 1, 3, 5, 7, 14 and 28 days and
determined the developmental rate to the blastocyst stage of embryos from ICSI using
sperm freeze-dried after storage at RT for 0, 5 and 14 days. DNA fragmentation index
(DFI) values storage at RT for 0, 1, 3, and 5 days were 4.3%, 6.3%, 5.1% and 6.8%,
respectively, and no sperm DNA fragmentation was found. However, we did find
sperm DNA fragmentation at 7 days (8.6%), 14 days (15.1%) and 28 days (31.2%).
The rate of development to the blastocyst stage of embryos from ICSI using sperm
freeze-dried after storage for 0 and 5 days at RT was 60% (63/105) and 58% (53/91),
respectively, and 38% (41/108) when stored for 14 days. There was no difference in
the DFI and the rate at which embryos developed to the blastocyst stage between
storage for 0 days or for 5 days at RT. We concluded that freeze-dried sperm can be
exposed to RT for up to 5 days without affecting the rate of development to the
blastocyst stage found with sperm kept at RT with no storage. After 14 days of
storage at RT, the embryos from ICSI were able to develop to the blastocyst stage;
however, sperm DNA fragmentation increased. Therefore, the functional integrity of
freeze-dried C57BL/6J sperm was retained when exposure at RT was limited to 5
days. The freeze-dried sperm sustained transportation at RT for 14 days without loss
of reproductive potential and thus assures against much of the risk of storing and
transporting freeze-dried sperm. We suggest that freeze-drying sperm become more
widespread as an effective method of maintaining gene resources.

670. A Follicle-Stimulating Hormone Agonist Promotes Follicular
Development During Controlled Ovarian Stimulation in Rats and Macaques.
Pieter Verbost, Ruud Vande Lagemaat, and Mary Zelinski. MSD, Oss, The
Netherlands; Oregon National Primate Research Center, Beaverton, OR, USA

Recent developments in gonadotropin therapy for follicular stimulation/ovulation
induction in infertile women include creating recombinant gonadotropins with longer
half-lives in vivo, or orally active gonadotropin mimetics to replace daily injections
currently required. The compound Org 210071-0 is a low molecular weight, FSH-
receptor agonist based on in vitro characterization in CHO cells carrying the FSH-
receptor and growth of mouse follicles in culture. This study determined the efficacy
of Org 210071-0 (FSH agonist) to stimulate growth and maturation of multiple
preovulatory follicles and their enclosed oocytes in rats and rhesus monkeys in vivo.
Female rats (n=6/group) received recombinant human (rec-h)FSH (0.5 lg/kg sc, bid
on cycle day A1 and A2, once on pro-estrous morning) or various doses of Org
210071-0 (sc or orally) along with a GnRH antagonist (ganirelix, 40 lg/kg sc, same
dosing scheme as FSH) and rec-h luteinizing hormone (LH) (0.2 lg/kg sc, same
dosing scheme as FSH). Human chorionic gonadotropin (hCG, 75 U/kg sc, proestrus
afternoon) was given to induce ovulation. Beginning at menses, rhesus monkeys
(n=5/group) received either rec-hFSH (30 IU, IM bid) or Org 210071-0 (6 mg/kg, SC
sid every other day for 4 days) until follicles �4 mm in diameter were observed with
ultrasound. A bolus of hCG (1000 IU, IM) was given 27 h prior to follicle aspiration
to determine oocyte maturation as well as fertilization and embryonic development in
vitro. In rats, 0.3 mg/kg Org 210071-0 given sc stimulated follicle growth to the same
extent as rec-hFSH (0.5 l/kg sc) based on ovulation rate (stimulation to 350% and
300% of placebo, respectively). When Org 210071-0 was given orally, the hCG-
stimulated ovulation rate following 3 mg/kg (3 times/day) or 1.5 mg/kg (6 times/day,
was similar to rec-hFSH (340% stimulation) in 2 and 3 out of 6 animals, respectively.
In macaques, the interval required to achieve multiple follicular growth was longer
(P,0.05) with Org 210071-0 (1761 days) relative to rec-hFSH (961). The
percentage of follicles .4 mm was similar between Org 210071-0 (2267) compared
to rec-hFSH (3066). In both groups, serum estradiol increased steadily during
treatment; levels were greater (P,0.05) in rec-hFSH (9256210 pg/ml) than FSH
agonist (5286267 pg/ml) on the day of hCG administration. Of the total cohort, the
percentage of germinal vesicle-containing oocytes retrieved from rec-hFSH (863)
was less (P,0.05) than FSH agonist (35610). In rec-hFSH, the percentage of
oocytes resuming meiosis to metaphase I (6166) was greater (P,0.05) than FSH
agonist (3869). However, similar percentages of metaphase II oocytes were retrieved
in rec-hFSH (1668) and FSH agonist (962). A greater percentage of oocytes
fertilized in rec-hFSH (68610) compared to FSH agonist (21614). Blastocysts

developed in 4/5 animals in rec-hFSH, and 2/5 in FSH agonist. In summary, a FSH-
mimetic induced multiple follicular development in rats when given sc and orally,
and in macaques when given sc. Although less effective than rec-hFSH, mature
oocytes capable of fertilization and embryonic development in vitro were obtained in
macaques following Org 210071-0. A higher dose of Org 210071-0 may be required
in primates to achieve results equivalent to those of rec-hFSH. Whether this FSH
agonist is orally active in primates is under investigation. Thus, development of FSH-
mimetics for the treatment of infertility in women is feasible.

671. Influence of Nutrition on Fitness and Reproduction in Male Black-
Footed Ferrets. Rachel Moreland Santymire, Shana R. Lavin, Paul Marinari, and
Julie Kreeger. Lincoln Park Zoo, Chicago, IL, USA; USFWS, Carr, CO, USA

The endangered black-footed ferret (Mustela nigripes; BFF) is a species that was
rescued from the brink of extinction when the last 18 individuals remaining were
brought into captivity to begin a breeding program. Over 20 years later, more than
6,500 individuals have been produced. This population, however, has experienced a
recent decline in normal sperm (NS; 50% to 25%), which may be linked to inbreeding
depression and/or a change from a manually prepared rabbitmeat diet to a
commercially available horsemeat diet. Because nutrition can be a limiting factor
for reproductive success, we investigated its potential role in the observed fitness
decline in the BFF population. Here we examined the role of vitamin (vit) E and
selenium (Se), which are antioxidants that can promote sperm viability by eliminating
reactive oxygen species. We also investigated vit A, which can decrease the
absorption of vit E from the intestine. Our specific objective was to determine the
effects of two commercially available diets (horse- and beef-based) and of dietary vit
E and whole carcass supplementation on serum vit E, A and Se, dental health and
semen quality. Black-footed ferrets (n=55 males) were randomly assigned to one of
five diet treatments (n=11/treatment): 1) horsemeat diet (control); 2) horsemeat diet +
vit E (400 IU/kg DM) daily; 3) horsemeat diet + whole carcass (2 hamsters/week); 4)
horsemeat diet + vit E daily + whole carcass; and 5) beef diet. Blood was taken prior
to and 6 months after the diet change and both blood and diets were analyzed for vit
E, A and Se concentrations. Diets were also analyzed for proximate analysis and fatty
acid profiles. Electroejaculates were collected monthly from males throughout the
breeding season (Feb-May) and evaluated for for sperm concentration, sperm motility
index (SMI; includes % motile and forward progression) and NS. Additionally, males
were paired with females during the breeding season to assess the effect of diet on
fecundity. The beef and horsemeat diets had comparable vit E and Se concentrations
and all diets met most nutrient requirements for small carnivores; however, the
horsemeat diet was excessive in vit A and the beef diet was deficient in vit A. Blood
Se and vit A concentrations were comparable among treatments. Vit E
supplementation increased serum vit E; serum vit E was lower (P,0.001) in BFFs
fed the horsemeat diet without vit E supplementation as compared to the other
treatments. The addition of whole carcass reduced tartar and gingivitis. Seminal
results demonstrated: 1) no effect of diet on sperm concentration; 2) beef diet and
both carcass treatments had improved (P,0.001) SMI over the horsemeat control
group; and 3) horsemeat diet supplemented with vit E had the lowest (P,0.001) NS.
No significant difference in successful pairing and/or in the number kits/litter was
determined among diet treatments. In conclusion, the high concentrations of vit A in
the horsemeat diet could compete with vit E which may elicit pro-oxidative effects
and reduce reproductive success in this endangered species. The addition of whole
carcass and vit E may improve overall BFF health. Additionally, increased inbreeding
over time may also be attributing to the declining seminal quality and should be
further investigated. Successful reproduction is important to BFF survival; therefore,
it is important to monitor and adapt management practices.

672. Application of Equine Epididymal Sperm. Cely M. Melo, Frederico
O. Papa, Eduardo G. Fioratti, Luis Carlos O. Magalhaes, and Marco A. Alvarenga.
Sao Paulo State University, Botucatu, Brazil

Freezing epididymal sperm is a method to preserve germplasm from animals with
not only high genetic potential but also endangered species. In the equine some
owners have chosen this freezing possibility in cases of either severe illness or death
of stallions. Some studies have been evaluating the fertility of equine epididymal
sperm. However, the commercial application has not been described. The aim of the
present study was to compare the fertility of samples obtained from ejaculate and
epididymal cauda in an equine commercial artificial insemination program. A stallion
aged 8-years-old that would be euthanized due to a large wound caused by Pythiosis
was used. The samples from the ejaculate of a commercial program were frozen with
INRA 82 extender associated with 2.5% of dimethyformamide and 2.5% of
methylformamide. Epididymal samples were obtained from retrograde flushing. The
epididymides were recovered during routine castration. A 200 lL pipette tip was
attached to a 20 mL syringe and epididymal tails from both testicles of each colt were
flushed using 40 mL of a skim milk based extender (Botu-Semen, Biotec, Botucatu,
Brazil). The samples were centrifuged at 6003g/10 min. The supernatant was
discharged and the pellet resuspended with Botu-Crio. The straws were maintained at
58C for 20 min followed by another 20 min at 6 cm above liquid nitrogen before
immersion. Two straws from each group, in each pool, were used for analysis. After
thawing at 468C for 20 seconds, the samples were analyzed by CASA (HTM-IVOS
12), and plasma membrane integrity (PMI) using fluorescent probes: CFDA and PI.
Five inseminations using semen from ejaculate were performed with 2 straws
containing 1003106/straw. The epididymal samples were evaluated by CASA. Total
(TM), progressive motility (PM), and percentage of rapid cells (RAP) after
centrifugation were 77%, 25% and 52%, respectively. The frozen-thawed values
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for TM, PM, RAP and PMI were 77%, 27%, 44% and 52% respectively. Three
inseminations using equine epididymal frozen semen were performed using 2 straws
containing 1003106/straw. The straws from the ejaculate were evaluated immediately
before the insemination and presented 60% of total motility. No pregnancy was
observed in the ejaculate samples. However, all mares became pregnant with
epididymal semen. Seminal plasma can be detrimental to sperm motility and viability
of equine semen. Similar results were obtained when the samples from the epididymis
were incubated with other extenders such as Sperm and Fert-Talp, even for subfertile
stallions. This result indicates that frozen of epididymal sperm is an option for those
stallions that have died, being the last chance to preserve the germplasm from
valuable animals. More studies using lower doses have to be developed aiming to
optimize the use of epididymal frozen semen using different technologies, such as
artificial insemination and intracytoplasmatic sperm injection. Acknowledges:
Financial support FAPESP, Proc No. 2008/57504-2.

673. Mitochondrial Distribution During Swamp Buffalo (Bubalus
bubalis) Oocyte Maturation, Fertilization, and Preimplantation Embryo
Development In Vitro. Ming Zhang, Xingjie Zhuang, Yi Huang, Yaping Duang,
Yangqing Lu, and Kehuan Lu. Guangxi University, Nanning, China

Mitochondria are the most important organelles in the cytoplasm. Moreover,
adenosine triphosphate (ATP) generated by mitochondria is the main resource of
energy for oocyte maturation, fertilization, and preimplantation embryo development.
In order to clarify the mitochondrial distribution in swamp buffalo oocytes and
preimplantation embryos, swamp buffalo oocytes were collected from follicles,
cultured for different times (0 h, 6 h, 12 h, 18 h, 24 h) in maturation medium. And
oocytes matured in vitro were fertilized and cultured for reaching the bastocyst stage.
Then, buffalo oocytes and preimplantation embryos stained with mitochondrion-
specific fluorescence dye JC-1 and observed by a confocal laser scanning
microscope. Mitochondrial distribution were found using JC-1 fluorescence: 0 h,
mitochondria diffused throughout the cytoplasm in most of oocytes which covered
multilayered cumulus oophorus; 6 h, there were no differenes from 0 h in the
morphous; 12-18 h, the majority of mitochondrial aggregation transfered gradually to
chromatin and kept some distance from the germinal vesicles(GV); 24 h, larger
mitochondria were formed and clustered to the inner cytoplasm. Furthermore,
mitochondria were also observed in the first polar bodies; Mitochondrial aggregation
around the nuclei during 2-cell and 4-cell stage; during 8-cell stage and spherical
embryonic stage, mitochondria were translocated to the inner cytoplasm and the
nuclei. Mitochondria clustering were located trophectoderm and in inner cell during
blastocyst stage. The results indicate that the mitochondrial distribution might
dramatically change and mitochondria might play an important role during immature,
mature swamp buffalo oocytes, and preimplantation embryo development. Therefore,
researches on the changes of distribution and function of mitochondria during
maturation of oocyte and primplantation embyo development will be helpful to
understand reproductive physiology and assisted reproductive technology. This study
was supported by the Guangxi Department of Science and Technology (0815008-2-
4) and National Key Technology R&D Program, the People Republic of China
(2008AA101004).

674. Exogenous DNA Uptake of Boar Spermatozoa by a Magnetic
Nanoparticle Vector System. Tae-Shin Kim, Choon-Keun Park, and Dong-Seok
Lee. Kyungpook National University, Daegu, Republic of Korea; Kangwon National
University, Chuncheon, South Korea

The sperm-mediated gene transfer method is applicable to transgenesis in many
species that use spermatozoa for reproduction recently, which has been shown
various results. In the current study, we show that transgenic porcine embryos can be
efficiently produced by employing a simple transfection method that uses magnetic
nanoparticles (MNPs). The complexes formed between plasmid DNA and MNPs
were bounded on ejaculated boar spermatozoa at a higher efficiency compared to
methods using DNA alone or lipofection. Using confocal microscopy, rhodamine
fluorophore-labelled MNPs were detected on external surfaces of the spermatozoa
membrane, which were bounded on zona pellucida of in vitro maturated oocyte
during in vitro fertilization. Electron microscopy revealed that clusters of MNPs were
detected in inside of plasma membrane and nucleus of the spermatozoa head.
Additionally, we found that magnetofected boar spermatozoa could be fertilized with
oocytes in vitro and that the resulting gene of green fluorescent protein was detected
in fertilized eggs by genomic PCR analysis. Taken together, these results suggest that
MNPs can be used to efficiently introduce a transgene into embryo via spermatozoa.
This work was supported by a grant (Code# 20070401034015) from BioGreen21
Program, Rural Development Administration, by the Korea Science.

675. Improved Sperm Cryopreservation in the Critically Endangered
Przewalski’s Horse (Equus ferus przewalskii) Using Different Cryoprotectants.
Budhan S. Pukazhenthi, Francesca Lapiana, Luis Padilla, Jenny Santiestevan, Marco
Coutinho da Silva, Marco Alvarenga, and David Wildt. Smithsonian Conservation
Biology Institute, Front Royal, VA, USA; Smithsonian Conservation Biology
Institute, Washington, DC, USA; The Ohio State University, Columbus, OH, USA;
São Paulo State University, São Paulo, Brazil

There are approximately 500 critically endangered Przewalski’s horse living in
nature, and fewer than 1,500 managed in ex situ collections worldwide. Because the
contemporary population was derived from only 14 founders, genetic management is
a priority. The ability to preserve and transport gene diversity could be enhanced
through the use of frozen-thawed sperm and artificial insemination. Our aim was to
assess cryotoxicity of amides (methylformamide, MF; dimethylformamide, DMF)

and glycerol (G) and its effects on sperm cryosurvival. Objectives were to evaluate:
1) toxicity of MF, DMF, MF + DMF versus G; and 2) effects of three cryodiluents,
EQ (Lactose-EDTA + 20% egg yolk + 4% G), Botu-Crio (Base Medium + 20% egg
yolk + 1% G + 4% MF; Biotech-Botucatu, Brazil) versus INRA-F (INRA 96 + 2%
egg yolk + 2.5% MF + 2.5% DMF) on total motility (TM), progressive motility (PM)
and acrosomal integrity (AI). Electroejaculates from four Przewalski’s stallions were
evaluated for TM, PM and AI. Ejaculates were diluted 1:2 with warm INRA 96,
centrifuged and the supernatant discarded. For Study 1, sperm pellets were
resuspended in INRA 96 and sub-divided into 16 aliquots. Cryoprotectants G (0,
4, 8 and 16%), MF (0, 2.5, 5 and 10%), DMF (0, 2.5, 5 and 10%) and equal
concentrations of MF + DMF (0, 2.5, 5 and 10% total) were added to respective
tubes, cooled in a water jacket and incubated at 48C for 24 h. Aliquots were re-
warmed (378C) and assessed at 0, 4, 12 and 24 h for TM, PM and AI. For Study 2,
washed sperm pellets were resuspended in EQ, Botu-Crio or INRA-F at room
temperature, loaded in straws (0.5 ml), cooled to 48C and placed over LN2 for 15 min
before being plunged into LN2. Straws were thawed at 378C (30 s), stored at 258C
and evaluated for TM, PM and AI at 0, 2, 4 and 6 h. Data were analyzed using
ANOVA. Significance was defined as P,0.05. All stallions produced ejaculates with
good initial TM (~71.4%), PM (~61.5%), AI (~88.4%) and low proportions of
morphologically normal spermatozoa (~14.7%). In Study 1, although TM and PM
declined over 24 h, AI remained unaffected by all cryoprotectants. Spermatozoa in
10% MF or a combination of 5% each of MF and DMF exhibited a significant
(P,0.05) decline in TM and PM compared to 10% MF or 16% G. In Study 2,
cryopreservation in INRA-F or Botu-Crio improved (P,0.05) post-thaw TM
compared to EQ. At 6 h post-thaw, TM was higher (P,0.05) in INRA-F and
Botu-Crio compared to EQ. Immediately after thawing, PM was unaffected in Botu-
Crio, but declined (P,0.05) in INRA-F and EQ. At 6 h post-thaw, INRA-F and Botu-
Crio maintained higher (P,0.05) PM compared to EQ. Cryopreservation had no
effect on AI in EQ, but resulted in a decline (P,0.05) in INRA-F and Botu-Crio
compared to Raw. At 6 h post-thaw, although AI in INRA-F and Botu-Crio was
lower (P,0.05) than Raw, the proportion of AI spermatozoa was similar among
INRA-F, Botu-Crio or EQ. Date demonstrated that: 1) Przewalski’s horse
spermatozoa tolerate a variety of cryoprotectants during liquid storage; 2) glycerol
protected AI but compromised TM during cryopreservation; and 3) cryopreservation
in diluents containing amides provided optimal post-thaw sperm viability and
longevity.

676. Optimization of Nonviral Methods to Produce Transgenic
Common Marmoset (Callithrix jacchucs) Embryos. Ikuo Tomioka, Akiko
Shimada, and Erika Sasaki. Central Institute for Experimental Animals, Kawasaki,
Japan

The common marmoset (Callithrix jacchus) is a non-endangered New World
primate that is native to Brazil. Marmosets offer many advantages compared with
other laboratory primates for studying reproductive biology: they are the only
anthropoid primates that routinely ovulate multiple oocytes per ovarian cycle, have a
short gestation period and reach sexual maturity at around 1 year of age. Moreover, it
is possible to synchronize the ovarian cycle, and efficient protocols for
superovulation have been developed over the last few decades. Last year, we
successfully generated the first transgenic primates able to pass on a foreign gene to
their offspring. We used self-inactivating lentiviral vectors to introduce the foreign
gene, but lentiviral vectors have a number of drawbacks as gene transfer vectors,
including limited insert size (8 kb) of the transgene, and the risks involved in using
viruses. Hence, we compared two nonviral methods to introduce foreign genes into
marmoset embryos, namely, transgene injection into the pronucleus of embryos
(pronucleus gene injection method) or transgene injection into oocytes at the same
time as intracytoplasmic sperm injection (ICSI-mediated gene transfer method). We
constructed the gene of monomeric red fluorescence protein (mRFP) carrying CMV
promoter named CMV-mRFP and used it at a concentration of 5 ng/ll in both
methods. Oocytes at the germinal vesicle stage were collected by follicle aspiration
and cultured in Waymouth medium containing 5% fetal bovine serum, 1% insulin-
transferrin- selenium, 100IU/ml FSH, 0.5mM sodium pyruvate, 10mM sodium
lactate, 4mM hypotaurine, and 1mM glutamine. After 25 to 30 hours of culture, in
vitro matured oocytes were subjected to ICSI-mediated gene transfer or in vitro
fertilization. The day after in vitro fertilization, the CMV-mRFP gene was introduced
into the pronucleus of fertilized embryos. Embryos with the CMV-mRFP gene
introduced by both methods were cultured in ISM1 medium until the 8-cell stage
followed by incubation in ISM2 medium after the 8-cell stage. With the pronucleus
injection method, the CMV-mRFP gene was introduced in a total of 214 embryos at
the pronucleus stage and 23% of embryos (50/214) developed to the 16-cell stage.
Seventy-two percent (36/50) of the 16-cell stage embryos expressed mRFP
fluorescence. In contrast, a total of 202 oocytes were subjected to the ICSI-mediated
gene transfer method and 91% (183/202) of embryos formed pronuclei. Fourteen
percent (25/183) of embryos that formed pronuclei developed to the 16-cell stage
embryos, and 28% (7/25) of the 16-cell stage embryos expressed mRFP fluorescence.
In summary, the pronucleus gene injection method is more suitable for producing
transgenic embryos of common marmosets than ICSI-mediated gene transfer in terms
of high developmental ability of embryos in vitro and high transduction efficiency of
foreign genes in the 16-cell stage. Non-human primates are valuable experimental
animals as a model for human disease and regenerative medicine. With the recent
development of reproductive technologies including the present study based on the
common marmoset, this species has many advantages for studying reproductive
biology and should lead to a surge of interest among biological researchers.
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677. Effects of Delipidation with Forskolin During In Vitro Culture of
Bovine Embryos and Recipient Synchronization on Pregnancy Rates. Moises
Barceló-Fimbres, Alfredo Anchondo-Garay, Esther López-Franco, Sara Garcı́a-
Quiñonez, Javier Antillón-Ruiz, Felipe A. Rodrı́guez-Almeida, and George E. Seidel.
Universidad Autonoma de Chihuahua, Chihuahua, Mexico; Colorado State
University, Fort Collins, CO, USA

Cryotolerance of in vitro produced embryos can be improved by reduction of
lipid droplet accumulation by microsurgery or chemical delipidation. We previously
determined that forskolin caused delipidation during culture of bovine embryos;
however, pregnancy rates were not evaluated; also, we hypothesized that thawing
embryos and culturing them in vitro for 10 h in order to transfer only the expanded
blastocysts could result in improved pregnancy rates. Recent research has shown that
synchronization with a 5 day CO-synch plus progestagen protocol results in higher
pregnancy rates after artificial insemination than a 7 day protocol; however, these
protocols have not yet been compared for embryo transfer. The aim of this
experiment was to evaluate pregnancy outcomes of delipidated, frozen-thawed-
cultured in vitro produced embryos vs. in vitro and in vivo controls, as well as the two
estrus synchronization protocols mentioned above. Oocytes were collected from
slaughterhouse ovaries, matured, fertilized, and the resulting embryos cultured in
vitro by standard procedures in a chemically defined medium. Day 0 of culture was
~18 h after the onset of IVF. At 6.0 days of culture, half of morulae were exposed to
10 lM forskolin, and the rest served as controls. At 7.5 days after fertilization,
embryos were conventionally frozen with ethylene glycol. Also, in vivo produced
embryos were collected nonsurgically from superovulated cows, and cryopreserved
conventionally. Recipients were assigned to two synchronization protocols: 5 (n=59)
or 7 day (n=56) CO-synch plus progestagen plus 400 IU equine chorionic
gonadotrophin on the day of CIDR removal; embryos were transferred nonsurgically
7 days after the last GnRH injection. Recipients were assigned to 4 embryo
cryopreservation treatments: 1) in vivo produced control (n=29), 2) in vitro produced
control (n=21), 3) in vitro produced plus forskolin (n=36), 4) in vitro produced plus
forskolin, plus thawed in the laboratory and cultured for 10 h, and only transferring
expanded blastocysts (n=29; ~70% expanded). Pregnancies were evaluated at 41 days
post GnRH by ultrasonography by detecting an amniotic vesicle or live fetus. Data
was analyzed by Proc GenMod, using 1 for pregnant and 0 for nonpregnant.
Pregnancy rate with the 5 day synchronization protocol was not different (P . 0.05)
from that obtained with the 7 day protocol (27.1 vs. 23.2%, P . 0.1). There was an
effect (P , 0.05) of cryopreservation treatment on pregnancy rates; in vivo control
41.4%a, in vitro plus forskolin plus 10 h culture 31.0a,b in vitro plus forskolin
16.7%b,c, and in vitro control 9.3%c (means without common superscripts differ, P ,

0.05). There was no interaction (P . 0.1) among treatments. In conclusion, 5 day
CO-Synch + progestagen treatment was similar to 7 day, and in vitro treatment of
embryos to delipidate them with forskolin plus 10 h of culture post-thaw was similar
to the in vivo control, and could be an alternative to improve pregnancy rates.
Research supported by PROMEP, SEP, Grant UACH-PTC-087.

678. Superovulated Oocytes from Mature Mice Are of Better Quality
Than Oocytes from Prepubescent Mice. Sadie L. Murdie, Shannon L. Byers,
Michael V. Wiles, and Robert A. Taft. The University of Maine, Orono, ME, USA;
The Jackson Laboratory, Bar Harbor, ME, USA

Reproductive technologies such as in vitro fertilization (IVF) are integral
processes for preserving and rederiving mouse (Mus musculus) strains. Superovu-
lation is a crucial step for successful IVF and entails administering pregnant mare
serum gonadotropin (PMSG) followed by the administration of human chorionic
gonadotropin (hCG) 48 hours after PMSG administration to induce the growth and
ovulation of a large cohort of follicles. Typically, prepubescent females are
superovulated to produce oocytes for IVF as oocyte yield is often greater and more
consistent than in mature females, which are often asynchronous in estrous stage and
respond dissimilarly to superovulation. While the yield of oocytes from prepubescent
females is greater, it is not clear how the quality of oocytes from prepubescent
females compares to the quality of oocytes from mature females. In this study, the
quality of oocytes from prepubescent C57BL/6J females was compared to the quality
of oocytes from mature C57BL/6J donors in their capability to develop embryos and
produce live offspring. Two groups of females at approximately 3 and 12 weeks of
age were superovulated using 5.0 IU of PMSG and 5.0 IU of hCG. Thirteen hours
post hCG administration, females were euthanized via cervical dislocation and
oocytes were collected. IVF was performed using fresh sperm from C57BL/6J males.
The resulting presumptive zygotes were cultured overnight in IVF medium and two-
cell stage embryos were collected the following morning. Embryos were surgically
transferred into one oviduct of 0.5 dpc pseudopregnant CByB6F1/J females (10
embryos per female). Animals were euthanized 15-18 days post transfer and the
number of fetuses or resorption sites was counted and classified. Prepubescent donors
ovulated more oocytes than mature donors, with the mean of 29 and 18 oocytes per
female respectively (P,0.05). The mean fertilization rate was 71% for both groups.
The proportion of live fetuses was greater (P,0.05) when using mature rather than
prepubescent oocyte donors (61% and 47% respectively). Conversely, the proportion
of resorption sites was greater (P,0.05) when using prepubescent rather than mature
oocyte donors (29% and 17% respectively). There was no difference (P.0.05) in the
proportion of dead fetuses, which were 0.7% and 1.1% for prepubescent and mature
oocyte donors, respectively. Furthermore, 24% and 21% of the embryos from
prepubescent and mature oocyte donors, respectively, were unaccounted for (not
significantly different, P.0.05). In conclusion, even though prepubescent females
produce increased numbers of oocytes in comparison to mature females, they have a

decreased ability to produce live offspring. Hence these results suggest that the
oocytes from mature females are of better quality than those from prepubescent
females, and should be utilized as oocyte donors for IVF to increase the yield of live
offspring. Research supported by NIH grant RR001262.

679. 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 G. Gupta, Sheri Hild, Sudhakar Jakkaraj, Gunda I.
Georg, and Joseph S. Tash. University of Kansas Medical Center, Kansas City, KS,
USA; BIOQUAL, Inc., Rockville, MD, USA; University of Minnesota, Minneapolis,
MN, USA

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.

680. Recovery of Multiple Ovulation Products via Uterine Flushing of
Superovulated Rhesus Macaques. Stephanie M. Nichols, Lynette Gierbolini, Janis
A. Gonzalez-Martinez, and Barry D. Bavister. Caribbean Primate Research Center,
University of Puerto Rico, Sabana Seca, Puerto Rico

Superovulation is defined as the induction of multiple ovulation products
(oocytes or embryos) and is an invaluable tool in animal breeding and assisted
reproduction. This technique works efficiently in domestic and rodent models,
however, it has not been successful in primate species. The rhesus macaque is an
excellent translational model for human reproductive issues. Like the human, the
rhesus monkey is monovular, which translates into the collection of perhaps 1
embryo after mating or A.I. in every 3 natural cycles. It would facilitate research in
early embryo development if rhesus monkeys could be induced to provide multiple
embryos after superovulation, mating and uterine flushing. Females, which had been
previously tested for ease of cervical cannulation, underwent superstimulation and
superovulation (rhFSH, LH, hCG) and natural mating. On Days 4 and 5 following
presumed conception, flushing of the uterus was performed to recover ovulation
products (unfertilized oocytes or developing embryos). To date, 56% of attempted
flush cycles (10/18) resulted in the collection of ovulatory products for a total of 10
unfertilized oocytes and 16 embryos in varying degrees of development (4-cell to
blastocyst). Of these 10 successful cycles, 2 cycles only produced 1 ovulation product
(1 blastocyst found in each) and 8 resulted in multiple ovulation products
corresponding to multiple sites of ovulation on the ovaries examined through
laparoscopy. One particular cycle resulted in the collected of 1 unfertilized oocyte, 1
8-cell embryo and 5 blastocysts. Another cycle resulted in the collection of 4
blastocysts. This report provides the first substantial evidence that it is possible to
superovulate non human primates for the collection of multiple in vivo produced
embryos for research. However, at present, success is sporadic and further work is
needed, including hormone profiling to assess individual female response to
exogenous hormones, to improve rates of embryo recovery. Nevertheless, this result
offers proof of principle that rhesus monkeys can produce multiple ovulations in each
cycle. Embryos resulting from these cycles will provide an excellent model for
establishing normal primate embryo characteristics, as well as providing the basis for
embryonic stem cell lines from gold standard in vivo produced embryos compared to
their in vitro produced counterparts.

681. Effects of Assisted Reproductive Technologies and/or Fat-Based
Hypercaloric Diet on Cardiovascular Performance in Mice. Rocio Melissa
Rivera, Sarah Rose Huffman, Guiling Zhao, and Luis A. Martinez-Lemus. University
of Missouri, Columbia, MO, USA
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Children conceived by the use of assisted reproductive technologies (ART) can
account for as high as 3.9% of all births in some countries. ART may be affecting
cardiovascular health in children conceived through these procedures. For example, it
has been demonstrated that children conceived through these technologies have
altered systolic and diastolic blood pressure. Similarly, in mice, an association exists
between ART and a raised systolic blood pressure. Our study aims at determining
outcomes of method of conception on cardiovascular parameters after birth. We
produced mouse embryos by ART and will determine their cardiovascular health
during early adult life (6-8 weeks) as compared to pups born after natural conception.
We added a nutritional challenge to the mother in order to determine if high fat diets
would affect the developmental competence of growing oocytes and/or affect the
uterine environment which would result in offspring with abnormal cardiovascular
health. Briefly, CF1 females were divided in two groups and fed either a high-
(~35%) or low-fat diet (~5%; HFM or LFM, for high-fat and low-fat mother,
respectively) for at least three weeks prior to and during the experimental period.
Females were further divided in two groups, ART group and natural conception
group (NCG). NCG was mated and left undisturbed to give birth and rear their pups.
Male and female pups were separated at weaning and fed a HF or LF diet (HFO and
LFO, O = offspring) until 6-8 weeks of age at which time they underwent analyses of
cardiovascular parameters. The ART group received an injection of 5 IU of eCG
followed 44 h later with 5 IU of hCG and mating. Two-cell embryos were collected
and cultured in either KSOM augmented with amino acids or Whitten’s medium in an
atmosphere of 5% O2, 5% CO2, and 90% N2 or 5% CO2 in air, respectively.
Blastocyst-stage embryos were transferred to the uterus of pseudopregnant CF1
females that had been eating either the HF or LF diets. Surrogate mothers continued
to eat their respective diets until pups were weaned. At weaning, pups were divided
into groups same as for the NCG group. In all, we expect to analyze 8 possible
permutations for the NCG group and 32 for the ART group. To date, 33% (12/36) of
embryo transfers resulted in analyzable litters (i.e. those with enough pups to separate
by sex and diet). Interestingly, any ART combination in which embryos from HFM
were transferred to HF surrogates (6 transfers) did not yield any litters that survived
more than a few hours. We have started to determine the effects of fat-based
hypercaloric maternal and/or offspring feeding on offspring cardiovascular
performance by measuring; 1) mean systemic blood pressure in anesthetized animals
via carotid catheterization and 2) vasomotor responses to topical norepinephrine (10-8

to 10-5 M), acetylcholine (10-8 to 10-5 M), sodium nitroprusside (10-7 to 10-4 M) and
calcium-free solution in isolated resistance arteries. Thus far we have analyzed a set
of the NCG controls. Results show differences in body weight at the time of analyses
between the LFM/LFO vs.HFM/HFO (P , 0.004) and LFM/LFO vs. LFM/HFO (P
, 0.08) treatments. Further, blood pressure values show differences between groups.
Weight and blood pressure differences are further differentiable by sex. Our results
are consistent with the hypothesis that ART and intrauterine environment have
profound consequences on the subsequent cardiovascular health of adult offspring.

682. Immunological Genetic Identity among Cloned Dogs with the
Same Genetic Background in MHC Class II DLA-DQA1 and DLA-DQB1. Ji
Eun Kim, Hyun Ju Oh, Jung Eun Park, Min Jung Kim, So Gun Hong, Goo Jang, and
Byeong Chun Lee. Seoul National University, Seoul, South Korea

The canine major histocompatibility complex (MHC) is dog leukocyte antigens
(DLA), which is known to be the most polymorphic genetic system in canine species.
Although many cloned dogs have been produced, there was no research about genetic
identity of MHC among cloned animals. Recently in Lee’s group, two cloned beagles
(BG1, 2) were produced by somatic cell nuclear transfer (SCNT) using fetal fibroblast
3 (BF3). Also, four transgenic cloned beagles (Ruppy 1-3, 5) were generated using
transgenic BF 3 infected Red fluorescent protein (RFP) gene. We hypothesize that
non-transgenic (BG1, 2) and transgenic (Ruppy 1-3, 5) cloned beagles derived from
identical donor cell have same genetic characteristic except for RFP gene insertion in
immunological site of genome. Thus, the aim of this study is to confirm the
immunological identity of DLA class II in cloned beagles produced using same
nuclear donor cell. Genomic DNA was extracted from blood of BG1, BG2, and
Ruppy 1, 2, 3 and 5. Forward and reverse primers used for DLA-DQA1 and DQB1
respectively were DQAF: 5’-TAAGGTTCTTTTCTCCCTCT-3’ and DQAR: 5’-
GGACAGATTCAGTGAAGAGA-3’ DQBR: 5’- CTCACTGGCCCGGCTGTCTC-
3’ and DQBR: 5’-CACCTCGCCGCTGCAACGTG-3’. Polymerase Chain Reaction
(PCR) products were purified, sequenced directly using the Big Dye Terminator kit.
Sequencing analysis was performed on an automated 3730xl DNA analyzer. In
experiment 1, sequence of DLA-DQ alpha 1(DQA1) and DLA-DQ beta 1(DQB1)
exon 2, hypervariabel region, was compared in BG1 and BG2. Experiment 2 also
compared the sequence of DQA1 and DQB1 among Ruppy 1, 2, 3 and 5.
Experimental 3 compared sequence of DQA1 and DQB1 among all cloned dogs
(BG1, BG2 and Ruppy 1-3, 5). As a result, BG1 and BG2 have same allele for DQA1
and DQB1 as we expected. They share DQA1*00101 and DQB1*02901 in
experiment 1. In experiment 2, Ruppy 1, 2, 3 and 5 also have identical DQA1*00101
and DQB1*02901 allele. No discrimination between transgenic dogs and cloned dogs
was seen in DQA1 and DQB1 Allele in experiment 3. DQA1, DQB1 allele was
identified as *00101 and *02901 in all dogs. We provided the allele identity of
DQA1and DQB1 in cloned beagles, which can be used as preliminary data for
immunological related studies. In conclusion, transgenic cloned dogs despite of being
inserted red fluorescent protein genes in their nuclear DNA were immunologically
compatible with non-transgenic cloned dogs. We demonstrated that cloned beagles
produced using identical nuclear donor were immunologically compatible. This study
was financially supported by KOSEF, SNU foundation (Benefactor; RNL BIO),

Nestle; Purina PetCare, and the Korean MEST, through the BK21 program for
Veterinary Science.

683. Developmental Potential of Hybrid Arabian Tahr X Goat
Embryos Produced In Vitro and Implanted into Domestic Goat Recipients.
Anas M.K. Idris, Hetalkumar Shukla, Hind Abdalla Arabi, and Shri Singh.
Management of Nature Conservation, Department of the President’s Affairs, Al
Ain, UAE

The Arabian Tahr is one of the endangered species found entirely in the
mountains of United Arab Emirates and Oman. Assisted reproductive technologies
(ARTs) such as in vitro fertilization and embryo transfer could play essential role in
saving the population of endangered species. Identifying suitable surrogate mothers
will be one means of increasing the population of the Arabian Tahr through assisted
reproduction. The objective of the present study was to investigate the ability of Tahr
sperm to fertilize goat oocytes in vitro, and the developmental potential of the
resulted hybrid embryos. Oocytes were obtained from ovaries of slaughtered
domestic goats and in vitro matured in TCM (with fetal calf serum, FSH, LH, Na-
pyruvate, estradiol and cysteamine) in a humidified atmosphere of 5% CO2 and 398C.
Matured oocytes were in vitro fertilized with frozen-thawed or fresh Tahr sperms
collected by electro-ejaculation at a concentration of 1-2 x 106 sperm/ml. Fertilized
oocytes were cultured in SOF medium and cleavage was checked 44 h post
insemination. Over 70% and 55% cleavage rates were obtained with fresh and frozen
sperms, respectively. When the hybrid embryos (2 to 4-cell stages) were surgically
transferred into 4 domestic goats, pregnancy was established in 3 goats as indicated
by progestin level in fecal samples and by ultrasound examination at 2 months of
pregnancy. Our results confirmed that Arabian Tahr’s sperms are capable of
fertilizing the domestic goat’s oocytes in vitro, and that pregnancy could be achieved
when the resulted hybrid embryos are transferred into domestic goats. This finding is
crucial for us in our effort to produce a hybrid offspring that can be used as surrogate
mothers to propagate the Arabian Tahr.

684. WITHDRAWN.

685. Functional Mechanism of WNT7A in Ovarian Carcinomas. Shin
Yoshioka, Sophia Ran, Horoshi Okuda, James A. MacLean, Mary E. McAsey,
Kounosuke Watabe, and Kanako Hayashi. Southern Illinois University, Carbondale,
IL, USA

The WNT system is known to play an important role in the regulation of
developmental events where they govern cellular proliferation and differentiation.
WNT signaling plays a key role in the normal embryonic development of the ovary as
well as normal follicular development and ovarian function. Abnormal activation the
WNT/beta-catenin signaling pathway has been associated with ovarian tumorigen-
esis. It is likely that the WNT signaling pathway is involved in ovarian cancer
development via multiple, diverse mechanisms such as gene mutations and changes
in pathway components such as extracellular inhibitors and nuclear transcription
cofactors. To date, the ligand partners associated with WNT signaling have not been
examined in ovarian cancers. The present study investigated the potential role of
WNT7A in the ovarian carcinomas including its functional mechanisms. Although
WNT7A has not been detected in normal ovary, WNT7A became abundantly
expressed in ovarian malignant tumors, and patients had worse overall survival rate in
the group with high expression of WNT7A. Frizzled receptors (FZDs), co-receptors
(LRPs), WNT inhibitors and antagonists (DKKs and SFRPs) were also detected in
ovarian carcinomas. To determine whether WNT7A activates the canonical
CTNNB1-TCF/LEF and/or the non-canonical JNK signal transduction pathways in
ovarian tumors, SKOV3 cells, which do not express WNT7A, were transfected with
the TOP-FLASH reporter or pFR-Luc reporter with pFA2-c-Jun, then overexpressed
WNT7A. The activity of the TOP-FLASH reporter was significantly stimulated by
cells transiently transfected with WNT7A (6.2-fold). WNT7A significantly activated
JNK by a 2.3-fold induction of luciferase activity compared with control cells.
Overexpression of WNT7A stimulated the expression of MMP7 (8.8-fold), MMP9
(2.4-fold) and CDH1 (5.2-fold) in the SKOV3 cells compared to control. MMP7
promoter activity was conferred by 237 bp 5’-flanking sequence which contains 2-
TCF binding sites. Further, stable overexpression of WNT7A in SKOV3 cells
increased cell adhesion and migration. The directional cell migration decreased by
60% in WNT7A knocked down SKOV3.ip1 cells, which are highly expressed
WNT7A, using siRNA. Therefore, these results suggest that WNT7A is a critical
regulator of ovarian tumorigenesis and progression via the canonical WNT/b-catenin
and/or non-canonical JNK pathway. Supported by ACS-IL 139038.

686. Evidence That Bcl2 Protein Is Dispensible for Perinatal Oocyte
Survival. Robin L. Jones and Melissa E. Pepling. Syracuse University, Syracuse,
NY, USA

The mammalian ovarian lifespan is determined at the time of birth through a
delicate balance of oocyte survival and apoptosis, and the mechanism by which these
germ cells die is not understood. It is our hypothesis that c-kit signaling regulates
Bcl2 family proteins to effect oocyte death or survival. In order to test this, we began
by determining if the Bcl2 protein was important for germ cell survival. Previous
studies have demonstrated that overexpression and deletion of Bcl2 altered the
primordial follicle pool at postnatal days (PND) 9 and 42, however no studies have
been conducted to identify the effect of Bcl2 on the pool of follicles at earlier time
points. To elucidate the effects of Bcl2 on the number of oocytes and formation of
primordial follicles, we examined oocyte specific Bcl2 over-expressing mice with an
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insertion of the human bcl-2 gene fused to the c-kit promoter. Wild-type FVB mice
without the transgene were used as the control strain. Eight ovaries from the c-kit/bcl2
overexpressing mice, and eight ovaries from wild-type control mice were harvested
and fixed overnight at PND 1, 4 ,7 and 9. All ovaries were stained with the oocyte
marker, STAT 3, and propidium iodide to visualize germ and somatic cells within the
ovary. Ovarian whole mounts were analyzed via confocal microscopy for number of
germ cells, number of oocytes in cysts and number of oocytes in primordial, primary
and secondary follicles. Overall, no significant differences were found for cyst
breakdown, oocyte numbers or follicle development at PND 1, 4, 7 or 9. It does not
appear that the overexpression of Bcl-2 has any affect on cyst breakdown, follicle
development or cell death. This may be due to a redundancy with other anti-apoptotic
Bcl2 family members such as Bcl-x, which has been shown to be expressed in the
neonatal ovary by immunohistochemistry and RT-PCR. Moreover, overexpression of
the protein may not be able to rescue the dying oocytes, producing no new phenotype
in the ovary. It is also possible that cell death is not dependent on the Bcl2 intrinsic
apoptotic pathway. To further clarify the role of Bcl2 protein in oocyte death, bcl2
knockout models were used to test the effects of abrogation of the bcl2 gene on
oocyte death and follicle development. Ovaries were stained with STAT-3 and
propidium iodide and labeled with their genotype for analysis. Eight wild-type,
heterozygous and homozygous null mice were obtained at PND 1, 4 and 7 and the
ovaries were analyzed by confocal microscopy. As in the overexpressing models,
knockout of bcl2 did not affect cyst breakdown, follicle development or oocyte
numbers. This data, like the overexpression data, shows that Bcl2 may not have a role
in oocyte cell death or in follicle formation. We hypothesize that in the absence of
Bcl2, other proteins in this family may substitute for its function in preventing cell
death. More work is needed on the inhibition of Bcl2 in conjunction with inhibition
of other family members to see if this is the case. Future work will examine the
importance other Bcl2 family proteins and the effect of c-kit stimulation on their
activity.

687. Indirect and Direct Effects of Increased Androgen Exposure In
Utero on the Ovine Fetal Ovary. Kirsten Hogg, Alan S. McNeilly, and W. Colin
Duncan. University of Edinburgh, Edinburgh, United Kingdom; Center for
Reproductive Biology, QMRI, Edinburgh, United Kingdom

Exposure of a female monkey fetus to increased androgen concentrations in utero
results in an adult phenotype that is remarkably similar to polycystic ovary syndrome
(PCOS) in women. Similarly in an ovine model, fetal androgenization leads to
hormonal, metabolic and ovarian features reminiscent of PCOS. We hypothesized
that the enlarged polyfollicular ovarian phenotype was a consequence of the
hormonal and metabolic changes and that androgens had no direct effect on fetal
ovarian structure or function. We therefore investigated the in utero effects of
androgens on the fetal sheep mid-gestation ovary to establish whether specific early
ovarian changes are present. We studied: 1) The effects of indirect exposure to
testosterone propionate (Tp) after maternal administration compared with exposure to
Tp using direct fetal injection and 2) The effects of Tp on: a) fetal ovarian
morphology, cell proliferation and germ cell volume; b) the expression of fetal
ovarian androgen receptors (AR); c) the functional status of ovarian cells by the
expression of the SLIT/ROBO pathway, reported to be involved in cell migration,
cell death and ovarian development and also steroid regulated, and d) the
differentiation of ovarian cells by their expression of inhibitor of differentiation
(Id) transcription factors. Pregnant Scottish Greyface ewes were injected intramus-
cularly with Tp (100mg in vegetable oil) or vehicle control (C) twice weekly from
d60 of gestation, and fetal ovaries were collected on d70 (C n=3, Tp n=6) or d90 (C
n=6, Tp n=8). In a second cohort of sheep a single dose of Tp (20mg) or vehicle
control was administered directly into the flank of the fetus at d60 under ultrasound
guidance and fetal ovaries were collected at d70 (C n=4, Tp n=8). Ovarian
morphology, assessed by histology, was not altered following indirect (maternal) or
direct (fetal) androgen exposure. In addition a quantitative immunohistochemical and
stereological analysis for ovarian cell proliferation (Ki67 immunostaining) and germ
cell volume (Oct4 immunostaining) revealed no significant effects of Tp. Although
AR mRNA expression was similar in each group, nuclear AR immunostaining was
increased in fetally exposed d70 ovaries when compared with controls (P,0.05),
whereas this did not occur in maternally exposed d70 or d90 ovaries. Functionally
qRT-PCR analysis demonstrated a significant decrease in ROBO1 expression
(P,0.05) in these d70 fetally treated ovaries with a parallel, albeit not quite
significant, decrease in both SLIT2 and SLIT3. These changes were not seen after
indirect maternal administration of androgen. However maternal treatment was
associated with an up-regulation of the inhibitor of differentiation 1 protein (Id1) in
the d90 fetal ovary. These findings suggest that although androgenization in utero has
no clear morphological or structural effects on the mid-gestation fetal ovary, early
exposure to sex steroids may lead to functional changes that impact on ovarian
development. These changes may differ after direct fetal androgen exposure giving
further evidence that some of the fetal effects of maternal androgen exposure are
mediated by products of placental metabolism such as estrogen. In conclusion, fetal
ovarian development is vulnerable to alterations in the local environment and this
might directly impact on post-natal ovarian function and the ovarian phenotype.

688. Effects of Ovarian Steroids on Gastrointestinal Motility in
Ovariectomized Rats. Wei-Ju Huang, Cai-Yun Jian, Han-Wei Lin, Full-Young
Chang, and Paulus S. Wang. Hsin-Sheng College of Medical Care and Management,
Taipei, Taiwan; National Yang-Ming University, Taipei, Taiwan; Taipei Veterans
General Hospital, Taipei, Taiwan

Many women have the problems in gastrointestinal (GI) tract including nausea,
vomit, abdominal distension, heart-burn, constipation and diarrhea. These clinical
observations have led to speculation about the possible roles of several hormones on
Gl function such as human chorionic gonadotropin (hCG), estrogen, progesterone
(P4) and oxytocin. However, the current conclusions from the studies about sex- and
pregnancy-related alterations in gastric emptying and Gl transit are based on indirect
evidence, and the role of female steroid hormones is unclear. The purpose of this
study is to examine the effect of ovarian steroid hormones on gastric emptying, Gl
transit, and the cyclooxygenase (COX-2) expression in GI tract under the
administration of estrogen and P4 in ovariectomized (Ovx) rats. The diestrus rats
were used as normal control. After ovariectomy, rats were divided into several
groups. Ovx rats were s.c. injected with sesame oil (group 1), estradiol benzonate
(EB, 10 lg/ml/kg, group 2), progesterone (P4, 20 mg/kg, group 4), or EB plus P4
(group 4). After administration for 7 days, rats were fasted 16-20 hrs before GI
experiment. Our results showed that diestrus rats have slower gastric emptying than
that in Ovx rats. Ovarian steroid hormones have different effects on the GI motility, in
which estradiol delayed emptying but P4 stimulated it. Moreover, when combined
treatment with oxytocin, the stimulatory effect of P4 on gastric emptying was
attenuated. COX-2 expression was decreased under treatment of EB, P4, or EB plus
P4. We concluded that the gastric emptying delayed by estrogen was at least in part
via the decreased expression of COX-2 although the stimulatory effect by P4 was
irrelevant. We suggest that the results will be helpful to understand the GI problems
and their action mechanisms under normal or during the pregnancy in women.

689. p53 Directs the Role of Smads in Ovarian Cancer Growth and
Metastasis. Roshan Ahmed, Joanna E. Burdette, and Kari Inoue. University of
Illinois at Chicago, Chicago, IL, USA

Ovarian cancer is the most lethal genealogical malignancy due to the fact that is
undetectable in early stages and is only caught in women after metastasis has
occurred. Eighty percent of ovarian cancers have p53 mutations, which are also
associated with primary tumor size, serous stage III cancers, and abnormal
accumulation of p53 protein, suggesting that p53 mutant cancers gain metastatic
properties. Additionally there is interplay between the transforming growth factor
beta (TGFbeta) pathway and p53 such that TGFbeta affects cell proliferation,
apoptosis, and metastasis. Cooperation between Smads, the downstream transcription
factors of the TGFbeta pathway, and tumor suppressor p53 has been documented.
Mutations in both TGFbeta signaling and p53 cause aberrant cell behavior, disease,
and cancer, making their interaction critical to the understanding of cancer
progression. The role of TGFbeta in cancer changes as the disease progresses; in
the early stages TGFbeta suppresses tumor growth; however, after tumor formation
TGFbeta promotes metastasis. Our hypothesis is that TGFbeta signaling prevents
tumor progression in ovarian cancer p53 wild-type cell lines, while p53 mutants
exhibit TGFbeta-dependent migration, proliferation, and tumorogenesis. To deter-
mine the role of p53 in the TGFbeta pathway, a panel of seven ovarian cancer cell
lines was chosen based on p53 status (OVCA420, HEYC2, OVCA433 - p53 wild-
type; OVCA432, OVCAR3 - p53 mutant; SKOV3, OVCAR5 - p53 null).
Proliferation, apoptosis, and protein expression were measured in these cell lines
after stimulation with TGFbeta (10ng/ml) and Activin (20ng/ml). Luciferase assays
were performed to determine the ability of the cells to elicit a Smad-dependent
transcriptional response after TGFbeta and Activin ligand stimulation. All cell lines
responded to TGFbeta portraying that all elements of the pathway are present
including an activated Smad2/3 and Smad 4. In response to TGFbeta, p53 wild-type
ovarian cancer cells, unlike p53 mutants and nulls, are arrested in G1, suggesting
coregulation between p53 and p21 expression. p15 acted as a negative control for
cyclin-dependent kinase inhibitors as it was not regulated in a TGFbeta/p53-
dependent manner. Known tumor suppressor and anti-invasion protein Maspin,
shown to mediate BRAt in breast cancer, was absent in mutant p53 cell lines
suggesting a gain-of-function that could account for increased metastatic properties
from mutant p53 in the presence of TGFbeta. MapK/Erk expression was also
upregulated only in p53 wild-type cell lines indicating that MapK pathway might
encourage p53 phosphorylation and promote p53/Smad interaction. Re-expression of
p53 in the null SKOV 3 cell line reinstated that both p21 and MapK/Erk expression
are regulated by p53. We have identified p53 as a modifier of Smad signaling that
encourages cell cycle arrest in its wild-type form as opposed to the mutant and null
forms. Mutant p53 cell lines have shown a gain of function in the loss of tumor
suppressor Maspin, which is also known to be anti-invasive in breast cancer. Further
studies will help determine whether the loss of Maspin accounts for increased
metastasis in p53 mutants and whether Mapsin expression is TGFbeta dependent.
Eventually this research will reveal whether p53 is the molecular switch that triggers
TGFbeta-induced invasion and tumor progression in ovarian cancer.

690. Equine Ovarian Aging and Differential Control of Gene Expres-
sion. Juliano C. Silveira, Elaine M. Carnevale, Quinton A. Winger, and Gerrit J.
Bouma. Colorado State University, Fort Collins, CO, USA

Reproductive aging in mares and women coincides with a decrease in follicle
numbers, generating cycle irregularities and decreased oocyte quality. The horse is a
good model to study reproductive aging and oocyte quality, as follicular waves and
hormone profiles are very similar between mares and women. Oocyte competence is
dependent on synchronized events, with communication between the oocyte and
somatic cells contributing to development and competence of the oocyte.
Furthermore, follicular fluid (FF) provides an important environment of oocyte
development and serves as a reservoir for products from surrounding cells. Our
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overall goal is to identify factors associated with oocyte quality using the aging mare
as a model. MicroRNAs (miRNAs) are non-coding small RNAs that regulate gene
expression and function, and play a role in female reproductive function and fertility.
Cathepsin beta (CTSB), a lysosomal cysteine proteinase involved in a variety of
cellular processes including apoptosis, has recently been correlated with low oocyte
quality and competence in bovine. CTSB mRNA is a predicted target of miRNA 186
(mir-186). We postulated that mir-186 and CTSB expression could correlate with low
oocyte quality in mares. To test this hypothesis, CTSB expression was determined in
cumulus cells (CC) of young (good oocyte quality) and old (poor oocyte quality)
mares. In addition, expression of miRNAs (including mir-186) was examined in FF
and CC. Ovarian follicles from 22 young (4-12 years old), and 18 old (�20 years old)
mares were aspirated at three different time points (deviation (23-25mm), mid-estrus
(30-33mm prior to des/hCG), and pre-ovulation (35mm 32-34hs after des/hCG). CCs
were collected and processed for RNA and miRNA isolation. FF was collected in a
separated tube, centrifuged and RNA was isolated using TRI-Reagent BD.
Quantifiable cDNA templates for real time PCR were generated using qScript
cDNA Synthesis Kit for mRNA and QuantiMir miRNA cDNA kit for miRNA. Real
time PCR analysis of CTSB in CC demonstrated a significant (P,0.05) increase in
expression in CC from old mares. A miRNA expression profiling screen in pre-
ovulatory FF identified 38 miRNAs with differential expression (2 fold or higher)
between young and old mares. Twelve miRNAs had a fold change �4 between the
two groups, and 4 miRNAs were significantly different (p�0.05) between young and
old. Expression of mir-186 in CC and FF from young and old mares was not
significantly different (P=0.09, and P=0.07 respectively). These results: 1) Indentify
CTSB as being significantly higher expressed in CC from old mares, suggesting it
plays a role in decreased oocyte quality observed in old mares. 2) Demonstrate the
presence of differentially expressed miRNAs in FF, which could serve as novel
diagnostic tool to assess oocyte quality. Further studies are needed to establish a
direct correlation between miRNA function and oocyte quality. Supported by
benefactors for Preservation of Equine Genome (PEG) and the Cecil and Irene Hylton
Family Foundation.

691. Novel Glycogen Synthase Kinase 3beta Inhibitors Induce Apo-
ptosis in Ovarian Cancer. Tyvette Hilliard, Amanda Muehlbauer, Irina Gaisina,
Arsen Gaisin, Franck Gallier, Alan Kozikowski, and Joanna Burdette. University of
Illinois, Chicago, IL, USA

Ovarian cancer is the most lethal gynecological malignancy among US women.
Paclitaxel/carboplatin is the current drug therapy used to treat ovarian cancer, but
most women develop drug resistance and recurrence of the disease arises which leads
to death within 5 years. Combination therapy or alternative strategies are of great
importance. A possible target is glycogen synthase kinase 3beta (GSK3beta), which
is a protein that is overexpressed in serous ovarian cancer. Recent studies have shown
that GSK3beta inhibitors (GSKi) are known to induce apoptosis in pancreatic cancer
cells, and can destabilize p53, which may promote cellular death in response to DNA
damaging agents, much like chemotherapy. Inhibitors of GSK3beta, a downstream
kinase in the Wnt signaling pathway, were evaluated as a probable drug therapy using
serous ovarian cancer cell lines. A series of maleimide-based GSK3beta inhibitors
were synthesized and then tested in vivo and in vitro using SKOV3 and OVCA432
ovarian cancer cell lines. From a panel of 10 GSKi, the GSKi 9ING41, was found to
be the most effective in vivo and in vitro for slowing ovarian cancer cell growth.
9ING41 induced apoptosis as indicated by DAPI positive nuclear condensation, DNA
laddering, and TUNEL analysis. Activation of caspase-3 and cleaved PARP, as
depicted using western blot analysis on ovarian cancer cells, indicated that the
mechanism for apoptosis is through caspase activation. Additionally, GSKi
significantly downregulated phosphorylation of the alpha and beta subunits of
GSK in the OVCA432 cell line, reduced the levels of cyclinD1, and inhibited
phosphorylation of the downstream target glycogen synthase. An in vivo xenograft
study using SKOV3 cells was completed to test the efficacy of two commercial
inhibitors, LiCl and SB216763 compared to 9ING41. Tumor progression was
hindered by 9ING41 in vivo and phosphorylation of downstream molecules including
the beta subunit of GSK and phosphorylated glycogen synthase was blocked. The
non-selective commercially available GSK3beta inhibitor, LiCl, was not able to
induce apoptosis completely in vitro or significantly reduce tumor growth in vivo.
Novel GSK3beta inhibitors were shown to be more potent than commercially
available inhibitors by reducing tumor growth by the induction of apoptosis.
Therefore, GSK3beta inhibitors alone or in combination with existing drugs may
provide an alternative treatment strategy to serous ovarian cancers.

692. MicroRNAs in Endometrioid Ovarian Cancer Target the Ephrin
Receptor Signaling Pathway. Paola Alexandra Arias, Chad J. Creighton, Zhifeng
Yu, Preethi H. Gunaratne, Matthew L. Anderson, Martin M. Matzuk, and Shannon
M. Hawkins. Baylor College of Medicine, Houston, TX, USA

MicroRNAs are small, single-stranded RNA molecules that regulate translational
repression. Our group and others have shown that microRNAs play important
functional roles in epithelial ovarian cancer, specifically clear cell and serous
histotypes. To explore the role of microRNAs in endometrioid ovarian cancer, we
preformed deep sequencing in primary tumors. Our microRNA and gene expression
profiling show that endometrioid tumors cluster separately from serous tumors. When
we compared the expression of these differentially expressed microRNAs in
endometrioid tumors with short-term cultures of normal ovarian surface epithelium,
we discovered 81 microRNAs were significantly differentially expressed with a fold
change of 2.0. Using genome wide gene expression data from the controls and the

endometrioid tumors, we performed in silico microRNA-mRNA targeting analysis.
Pathway analysis revealed that a significant number of our targeted genes were
involved in Ephrin receptor signaling. Ephrin receptors are receptor tyrosine kinases.
Numerous studies have shown that increased EphA2 expression correlates with
angiogenesis and poor prognostic outcomes in patients with ovarian cancer. We have
found that a small number of microRNAs in endometrioid ovarian cancer diversely
target a pathway in which several elements are clinically important in ovarian cancer.
The project described was supported by Award Number R01CA060651 from the
National Cancer Institute, National Institutes of Health 5K12HD050128 Women’s
Reproductive Health Research Program, and the Ovarian Cancer Research Fund.

693. Adenosine 5’-Monophosphate-Activated Protein Kinase Regulates
5 alpha-Reductase mRNA Expression in Ovarian Granulosa Cells. Pradeep P.
Kayampilly and K.M.J. Menon. University of Michigan Medical School, Ann Arbor,
MI, USA

Ovarian follicular growth and functions are regulated by FSH, insulin and other
paracrine factors through an array of signaling molecules. Pathophysiological
conditions such as hyperandrogenism and hyperinsulinemia adversely affect the
normal progression of follicular growth resulting in anovulation. Increased levels of 5
alpha reduced metabolites of androgen seen under these conditions further exacerbate
the impairment of follicular growth. In the present study we examined the molecular
mechanisms involved in the regulation of 5 alpha reductase, the enzyme that converts
androgens to their 5 alpha reduced metabolite in granulosa cells. Insulin increased 5
alpha reductase activity in human granulosa-like tumor cell line (KGN) and primary
cultures of rat granulosa cells in a dose and time dependent manner. Since insulin has
been shown to regulate AMP Kinase activity, the possible role of this enzyme on
insulin-mediated activation of 5 alpha reductase was examined. KGN Cells were
grown in DMEM-F12 media with 10% FBS until 80% confluency and prior to the
addition of test substances, they were maintained for 12 h in serum free media. The
cells were then treated with the AMPK inhibitor (compound C, 20 lM) for different
time intervals up to 6 hours, total RNA was isolated and expression of 5 alpha
reductase mRNA was measured using real time PCR. The results showed that
inhibition of AMPK significantly (p,0.05) increased the 5 alpha reductase mRNA
expression in a time dependent manner. Since reduction of AMPK activity resulted in
an increase in 5 alpha reductase mRNA expression, the effect of AMPK activation by
the pharmacological agent AICAR on the expression was examined using KGN cells
after 4 hours of treatment. Real time PCR analysis of 5 alpha reductase showed that
AMPK activation significantly (p,0.05) reduced the 5 alpha reductase mRNA
expression. Inhibiting the ERK mediated signaling pathway using specific inhibitor
(U0126, 10 lM) significantly reduced the compound C-mediated increase in 5 alpha
reductase mRNA expression whereas mTOR inhibition with Rapamycin (100 nM)
did not have any effect. These results were then confirmed using primary cultures of
rat granulosa cells. Cells were treated with AMPK activator (AICAR) or inhibitor
(compound C) for 4 hours and mRNA expression of 5 alpha reductase was analyzed.
As in the case of KGN cells, activation of AMPK reduced the 5 alpha reductase
mRNA expression whereas AMPK inhibition produced stimulatory effect. Taken
together, these results suggest that under hyperinsulinemic conditions, AMPK
mediates the action of insulin on 5 alpha reductase mRNA expression in granulosa
cells (supported by NIH Grant HD-38424)

694. Caspase 3 Expression in Equine Granulosa Cells and Oocytes in
Young and Old Mares. Bernardo L. Rodrigues, Juliano C. Silveira, Jason E.
Bruemmer, Gerrit J. Bouma, Elaine M. Carnevale, and Colin M. Clay. Colorado State
University, Fort Collins, CO, USA

Age-related infertility is a multifactorial process, involving depletion of the
follicular reserve, hormonal dysregulation and anatomical and histological changes.
The change in balance between pro-survival and pro-apoptotic factors within the
ovary of aged females has been demonstrated. Cross-talk between the oocyte and
surrounding cells is essential for follicular development and oocyte maturation, and
the viability of all cell types is of utmost importance. Apoptosis is a highly conserved
process of programmed cell death, essential for a variety of physiological
mechanisms. In the ovary, apoptosis begins during fetal life and continues after
birth, occurring during every reproductive cycle with follicular atresia. Apoptosis can
be initiated either by the germ cells or the follicular cells, and the fate of the follicle
relies on the balance between factors promoting cell proliferation, growth,
differentiation or death. This process is tightly regulated and requires a sequential
activation of multiple caspases. Caspase 3 (CASP3), an effector caspase, has been
identified in the ovary of several species and is considered the main effector caspase
involved in granulosa cell apoptosis, but conflicting evidence exists for its role in
germ cell apoptosis. The number of apoptotic granulosa cells is negatively correlated
with pregnancy rates after in vitro fertilization treatment in women. Evidence of
apoptosis in the oocyte has been suggested as one of the reasons for poor oocyte
quality and lower fertility in aged mice. Moreover, an active form of CASP3 has been
identified in human oocytes that failed to cleave after fertilization. Therefore, we
postulated that aged mares would have increased CASP3 expression, which is
correlated with increased granulosa cell apoptosis, when compared to young mares.
The objectives of this study were to 1) demonstrate CASP3 expression in equine
granulosa cells and oocytes, and 2) compare CASP3 mRNA levels between young
and old mares as an indicator of apoptosis. Pre-ovulatory follicles (�35 mm) from
young (,10 years; n=10) and old (�20 years; n=11) mares were aspirated 30-36
hours post hCG administration, using a transvaginal ultrasound-guided technique.
Oocytes and granulosa cells were separated from each and RNA was isolated using
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PicoPure RNA isolation kit. Qscript cDNA synthesis kit was used to generate cDNA
templates for oocyte and granulosa cells. Primers were designed based on the equine
sequence, and confirmed by product sequencing. Real time PCR analysis was
performed using the LightCycler480 PCR system, and TUBULIN and GAPDH were
used as normalizer genes for oocyte and granulosa cells, respectively. CASP3
expression was detected in oocytes and granulosa cells, but there was no difference
(p.0.30) in mRNA levels between young and old mares. This suggests that apoptosis
mediated by CASP3 in granulosa cells and oocytes does not play a role in the reduced
fertility of oocytes from old mares. However our samples only represent cells from
pre-ovulatory follicles after induced maturation by hCG. Thus, further studies are
required to evaluate CASP3 expression at different follicular stages, as well as the
active form of CASP3 protein, in addition to other members of the caspase family in
order to elucidate the involvement of apoptosis as a mechanism of age-related
infertility in the mare. This work was supported by the Cecil and Irene Hylton Family
Foundation.

695. Production of a Cloned Cashmere Goat Derived from a Champion
with High Quality Cashmere. Guangpeng Li, Chunling Bai, Xia Wu, and Li Zhang.
Inner Mongolia University, Hohhot, China

Cashmere is a fiber obtained from the Cashmere goat, which is the goat’s fine soft
downy winter undercoat and is good in commercial quality and quantity. The Inner
Mongolia cashmere goat is a local dual purpose breed with a long history, it adapts
well to the desert and semi desert pastures. A local championship cashmere male
goat, down yield is 465 g, fine fibre diameter is 14.6 lm and 45 mm length, from a
cashmere goat breeding center was selected for the cloning. An ear tissue was
collected from this championship and cultured to cell lines. Oocytes were aspirated
from the goat ovaries collected a local slaughterhouse and matured for 22 hr. The
somatic cells were transferred to the enucleated oocytes and the fused reconstructed
embryos were cultured in SOFaa media. The cleavage rate and blastocyst
development were 84.6% and 24.8%, respectively. Transfer of 129 2- to 4- cell
stage embryos to the oviducts of 14 recipient goats resulted in 21.4% pregnancy (3/
14). Two of the pregnancies aborted around 40 to 60 days, and one was naturally
delivered with a birth weight of 3.1 kg. He grows rapidly to 4.5 kg and 24 kg at 10
and 60 days after birth. Six months later, the clone grows up to 54 kg, which was
significantly higher the average growing rate. The cashmere wool has a tendency to
be high growth and high quality. Funding: This work was supported by the National
High-Tech Research and Development (863) Program (No.2007AA100505;
2008AA10Z159), Chang Jiang Scholars Program of Ministry of Education, China.

696. Ultrastructure of Human Prostate Cancer Shows Two Types of
Stem Cells: Morphological Features Similar to Motile and Non-Motile Cells.
Sinha Akhouri. University of Minnesota, Minneapolis, MN, USA

Metastasis is responsible for about 90% of human deaths from cancer, including
prostate cancer (PCa). PCa stem cell (CSC)/progenitor (putative) stem cells have
localized CD 133/CD44 in fresh frozen and/or formalin-fixed, paraffin-embedded
radical prostatectomy tissue sections at light microscopic levels. Our objective was to
establish ultrastructural features of stem cells by transmission electron microscopy
(TEM). We used paraformaldehyde and glutaraldehyde for fixation and Epon-
embeding prior to making thin sections for TEM as detailed before. Electron
micrographs showed two types of CSC/PS cells located near the basal portion of
prostatic acini in addition to basal cells adjacent to the basal lamina. At the EM level,
one type of stem cell showed numerous plasma membrane foldings at the leading
edge, but not at the trailing edge, whereas the other type did not show similar
modifications. For this abstract, we have designated CSC/PS cells with membrane
foldings as motile-type stem cell and cells without membrane foldings as non-motile-
type stem cell. In addition, motile-type stem cells had relatively elongated nuclei,
peripheral and elongated mitochondria, relatively few strands of endoplasmic
reticulum and some ribosomes, but essentially no secretory granules and vesicles.
Non-motile-type stem cells had relatively oval nuclei, relatively few mitochondria,
ribosomes and occasional granules. Both types of cells appeared as undifferentiated
cells. Basal cells had ’spindle’-shaped nuclei which were parallel to the basal lamina
and cytoplasmic organelles which were similar to the non-motile-type stem cell.
Acinar cell nuclei were elongated along the baso-luminal axis and the cytoplasm
contained numerous secretory vesicles and granules. These cells usually reached the
acinar lumen. We suggest that motile-type stem cells probably migrated from acini to
prostatic stroma and beyond whereas the non-motile-type cells remained in acini as
did the basal cells. Localization of CD133 by immunefluorescence and immunoper-
oxidase did not show two types of stem cell. This study was conducted on
Institutional Review Board approved protocol and supported by the Minneapolis
Veterans Affairs Medical Center. There is no conflict of interest.

697. The Use of Metaphase I Equine Oocytes for Intracytoplasmic
Sperm Injection and Nuclear Transfer Techniques. Claudia B. Fernandes, Liani
G. Devito, Lilian R. Martins, Ieda D.P. Blanco, Joao F. Lima-Neto, Patricia M.
Tsuribe, and Fernanda da Cruz Landim-Alvarenga. FMVZ-USP, Sao Paulo, Brazil;
FMVZ-UNESP, Botucatu, Brazil; Endogin, Bauru, Brazil

The acquisition of metaphase II oocytes from living or dead mares is still one of
the major constraints to the success of biotechnologies, such as Intracytoplasmatic
Sperm Injection (ICSI) and Nuclear Transfer (NT). Compared with other species, in
vitro maturation (IVM) rates is considered low for equine oocytes, the reasons for this
failure may be linked to technical difficulties in the collection of oocytes, low
competence of used oocytes and a change in the biochemical cascade involved in

meiosis resumption. Therefore, the objective of this experiment was to increase the
disponibility of equine oocytes comparing the use of Metaphase I (MI) and
Metaphase II (MII) oocytes in NT and ICSI procedures. Equine oocytes were
classified according to whether the granulosa cells were expanded or compacted.
After 24 hours of IVM the oocytes were striped and used for ICSI and NT
procedures. For ICSI, the frozen-thawed sperm was selected into the micropipette
injection according to its progressive movement, and MI or MII oocytes were fixed in
the holding micropipette with its polar body (PB), if present, positioned at 6 or 12
hours and the sperm was injected. For the enucleation in NT, the portion of cytoplasm
containing the metaphase plate or metaphase plate and first PB was positioned
between 3 and 6 hours for removal and immediately, small and circular fibroblasts
were selected, individually aspirated into the micropipette injection, and inserted
directly into the recipient cytoplast. The oocytes in MI and MII submitted to ICSI or
NT successfully, were incubated for one hour in a controlled atmosphere until the
time of artificial activation performed with ionomicine (8 minutes) and 6DMAP (4
hours). After this period, oocytes were cultured in controlled atmosphere for 72 h.
Nuclear de-condensation was evaluated using Hoescht 33342 in a inverted
microscopy equipped with a fluorescent lamp and analyzed through ANOVA. The
percentage of oocytes with de-condensed nucleus at 72 h of culture were significantly
higher (p=0.033) for the MII (30% and 33% for expanded oocytes in ICSI and NT
procedures; 35% and 50% for compacted oocytes in ICSI and NT procedures) versus
MI (7% and 20% for expanded oocytes in ICSI and NT procedures, 12% and 22% for
compacted oocytes in ICSI and NT procedures). There was no interaction of any kind
among other factors. Studies in other species, indicate a low response to the increase
of calcium during MI oocyte artificial activation. In contrast, the presence of high
levels of MPF in MII enucleated oocytes, induce nuclear envelope breakdown of the
transferred nucleus, resulting in efficient nuclear reprogramming. These dates
corroborate with the results obtained in this experiment. Although, in horses, the first
PB is often shifted from the expected position in relation to the metaphase plate,
decreasing the percentage of successfully enucleated MII oocytes, acceptable rates of
nuclear de-condensation were obtained only in MII oocytes, independently of the
cumulus cells classification. Therefore, in this research MII oocytes showed higher
rates of nuclear de-condensation, during ICSI and NT, when compared to cytoplast
derived from MI oocytes. However the use of MI oocytes was successfully described
previously and this is the second report on the use of these oocytes in horses.
Consequently, more studies should be done to clarify these conflicting results.
Financial supported by FAPESP-SP, Brazil.

698. Effect of Melatonin on the Gene Expression of Differentiation in
Mouse Embryonic Stem Cells. Yeong-Min Yoo and Eui-Bae Jeung. Chungbuk
National University, Cheongju, Republic of Korea

Embryonic stem (ES) cells are pluripotent cell lines derived from the blastocyst-
stage of mammalian embryos. These unique cells are characterized by their capacity
for prolonged undifferentiated proliferation in culture, with the potential to
differentiate into derivatives of all three germ layers. Additionally, these cells
closely resemble theirs in vivo counterparts, providing a stable in vitro model of
embryo growth and development that functions as a tool by which specific cell
signaling systems can be investigated. Therefore, mouse ES cells constitute a
versatile biological system, which has facilitated major advances in the fields of cell
and developmental biology. Though melatonin has a wide variety of biological
functions, its effects on the ES cells is still unknown. In this study, we examined the
effects of melatonin pharmacological concentrations (100 or 200 lM) on the
proliferation and differentiation of ES cells (ES-E14TG2a cell line) using an in vitro
culture system. We found that melatonin at pharmacological concentrations affected
morphology and expressions of phospho-ERK in 200 lM melatonin and phosphor-
Akt in 100 lM of melatonin. Melatonin treatment (100 or 200 lM) increased Bcl-2
expression and suppressed Bax expression as well as phospho-GSK alpha and beta.
The POU (N-terminal to homeobox) domain containing the transcription factor Oct4,
HMG (high mobility group) domain containing the transcription factor Sox2, the zinc
finger transcription factor Zfp206 and the zinc finger gene REX-1 (Znf42) are all
important for cellular pluripotency and pre-implantation development. Their
expression regulates ES cell differentiation that control a set of genes expressed
very early in development. In this study, melatonin (100 lM) treatment influenced
the Oct4 and REX-1 expressions in 1 day, but did not significantly in 2 and 3 days.
Also, Sox2 and Zfp206 expressions did not change in 1 to 3 day of melatonin
treatment. Taken together, melatonin at pharmacological concentrations may affect
morphology and expressions of phospho-ERK and phosphor-Akt, but not influence
the expressions of Oct4, REX-1, Sox2, and Zfp206.

699. Stem Cells Prevent Radiation Exposue-Induced Ovarian Follicu-
lar Depletion. Shiow-Chwen Tsai and Chien-Chen Lu. Taipei Physical Education
College, Taipei, Taiwan; Mackay Medicine, Nursing, and Management College,
Tapei, Taiwan

Ovarian failure is commonly caused by aging, autoimmune disease, menopause,
and cancer therapy. We used a radiation exposure model in the ovary to test the
hypothesis that stem cells are helpful for ovarian regeneration after injury.
Prematured female Sprague Dawley rats were divided into three main groups, such
as sham-operated control, radiation plus PBS, and radiation plus immortalized human
bone marrow stromal cells (stem cells) groups. Radiation (4 Gy) exposure were
performed on 10 AM, the Hoechst 33342 (H33342, 1 lg/ml Hosch) prestained stem
cells or PBS were injected into rat ovaries immediately. Then, in the afternoon of the
same day, and 7, 14, 21, and 28 days after radiation exposure, equine chorionic
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gonadotropin (eCG) was given intra-peritoneally to initiate folliculogenesis. Sixty
hours after eCG injection, animals were then killed. The ovary gland was weighed,
and ovarian folliculogenesis, and vascular neogenesis were evaluated by hematox-
ylin-eosin staining (H&E staining) and immunofluorescence staining. Fluorescence in
situ hybridization (FISH) was employed to detect human-specific X chromosomes
and evaluate the differentiation of stem cells in the ovary. In order to study the
associated mechanisms of improved folliculogenesis after radiation exposure, the
mRNA expression of luteinizing hormone receptor (LHR), steroidogenic acute
regulatory protein (StAR), and cytochrome P450 side chain cleavage (P450scc) were
measured by Northern blot. The expression ofStAR specifically were evaluated by
Western blot. Results of H&E staining indicated that ovarian size was smaller and
that the rate of folliculogenesis was lower in radiation exposure animals, but both
recovered after stem cell treatment. Based on FISH data, the stem cells migrated into
the ovary and differentiated into the theca cells, granulosa cells, corona radiata cells,
and vascular endothelial cells. The stem cells increased von Willebrand factor (vWF)
expression in the ovary compared with the sham-operated or radiation exposure plus
PBS groups. The colocalization of stem cells and vWF or CD31 expression meant
stem cells injected into the ovary and became vascular endothelial cells. The mRNA
levels of LHR, StAR, P450scc were significantly decreased in the radiation exposure
plus PBS group, but treatment with stem cells restored mRNA levels of LHR, StAR,
and P450scc as compared to the sham-operated group. The StAR protein expression
was also recovered by stem cells treatment in the radiation exposure ovaries. These
results suggest that stem cells might be helpful for ovarian regeneration after injuries
by promoting vascular neogenesis and steroidogenesis.

700. Generation of Putative Induced Pluripotent Stem Cells from
Adult Canine Fibroblast by Three Factor Reprogramming (Oct3/4, Klf4, and
Sox2). Sehwon Koh, Shengdar Tsai, Steve Bischoff, Natasha J. Olby, and Jorge
Piedrahita. North Carolina State University, Raleigh, NC, USA

Pluripotent stem cells such as embryonic stem (ES) and iPS cells can give rise to
derivatives of all three germ layers and thus have great potential for clinical
applications related to regenerative medicine. Unfortunately, isolation of ES cells
requires availability of embryos. Moreover, it is not possible to genetically match ES
cells and patients resulting in immune rejection. iPS cells, in contrast, can be
generated from somatic cells from the patients being treated, solving the issue of
genetic match and availability of embryos. In mice and humans, it has been shown
that embryonic and adult fibroblasts can be reprogrammed by introducing four
transcription factors, Oct3/4, Sox2, Klf4 and c-Myc. The oncogenic transcription
factor, c-Myc, however, hinders clinical application of iPS cells. Here we report the
derivation of putative iPS cells from adult canine fibroblast without using c-Myc. The
VSV-G pseudotyped retroviruses containing three transcription factors (hOct3/4,
hKlf4, hSox2) were produced and transduced into lung fibroblasts isolated from a 3-
year old dog. The transduced cells were seeded onto gamma-irradiated 50/50 mixture
of SNL and L-Wnt3a feeder cells and cultured in DMEM containing 10% FBS and
1mM VPA for 7 days. The media was then replaced with DMEM containing 20%
knockout serum replacement(KSR), non-essential amino acid (NEAA, 100 lM) and
mono-thioglycerol (MTG, 0.15 mM) with zbFGF2 (10 ng/mL) until day 14. At day
15, Wnt3a conditioned ES media supplemented with leukemia inhibitory factor (LIF)
and three chemical inhibitors (3 lM CHIR99021, 0.5 lM A-83-01, 5 lM
kenpaullone; 3i ES media) was introduced. A few granulated colonies appeared at
day 14 and ES-like colonies were picked day 21 postinfection, expanded and
analyzed as described below. Canine iPS cells isolated from adult lung fibroblast
were very similar to dog ES cells in morphology and alkaline phosphatase (AP)
expression. The morphology and AP expression was maintained in 3i ES media. The
putative iPS cells also expressed stage-specific embryonic antigen (SSEA)-1 and
SSEA-4. The expression of SSEA-4 was higher than SSEA-1, consistent with what is
seen in dog ES cells. Both RT-PCR and immunocytochemistry (ICC), showed that
the isolated cells express the pluripotency markers, Oct3/4, Sox2 and Nanog.
However, the viral transcription factors transduced in the iPS cells were not
completely silenced. Spontaneous differentiation by withdrawal of LIF led to
formation of embryoid bodies (EB) composed of cells representative of all three germ
layers as confirmed by detection of cells positive for desmin and vimentin
(mesoderm), GFAP, nestin and TuJ1 (ectoderm) and alpha-fetoproten (AFP;
endoderm). Similar results were seen by directed in vitro differentiation. At present
we are determining whether the isolated cells can give rise to complex teratomas after
injection into nude mice. To summarize, we were able to directly isolate pluripotent
cells from cultured adult somatic cells by using three transcription factors without c-
Myc. The isolated dog putative iPS cells have similar morphology and marker genes
expression to dog ES cells. Availability of stable canine iPS cells would have
significant implications for regenerative medicine in both veterinary and human
clinical applications. This work was funded by a grant to JP and NO from the Center
of Comparative Medicine and Translational Research, North Carolina State
University.

701. Production of Transgenic Cloned Miniature-Pigs with Membrane-
Bound Human Fas Ligand (FasL) by Somatic Cell Nuclear Transfer. Ki Myung
Choi, Dong Il Jin, Seung Pyo Hong, Ji Yeon Yoo, Soo Hyun Kim, Young Chul Park,
Yun Jin Yun, Kwang Wook Park, Jae Young Heo, and Jae Goo Seol. MGEN Inc.,
Seoul, Korea; Chungnam National University, Daejon, Korea; Sunchon National
University, Sunchon, Korea

The miniature pig is regarded as a better organ donor breed for xenotransplan-
tation than other commercial pig breeds because the size of their organs is similar to

that of humans. The cell-mediated xenograft rejection, including NK cells and CD8+
CTL, is a major obstacle for successful pig to human xenotransplantation. The
cytotoxicity of human CD8+ CTL and NK cells against pig cells is highly detrimental
and mediated at least in part by the Fas/FasL pathway. To prevent this cell-mediated
xenocytotoxicity, we generated a membrane-bound form of human FasL (mFasL) as
an inhibitor of CTL and NK cells cytotoxicity that cannot be cleaved by
metalloproteinase producing a putative soluble form FasL. To improve efficiency
of transgenic miniature pig production, we analysed the effect of breed difference
between donor cell-breed and oocyte-breed on pregnancy and delivery rate,
respectively. Cloned porcine embryos derived from transgenic miniature pig donor
cells containing transgene were transferred to domestic or miniature recipient pigs.
Pregnancy rate was higher in miniature pig recipients compared with domestic pig
recipients. However, delivery rates were higher in domestic pig recipients than in
miniature recipients. The domestic and miniature recipients produced one healthy
transgenic pig, respectively. In cytotoxicity assay using transgenic clonal cell lines
and transgenic pig’s ear cells, the rate of CD8+ CTL-mediated cytotoxicity was
significantly reduced in transgenic pig’s ear cells (31.2 6 11.59%) compared to
normal minipig fetal fibroblasts (72.5 6 8.42%). This result indicated that grafts of
transgenic pigs expressing membrane-bound human FasL could control the cellular
immune response to xenografts, and create a window of opportunity to facilitate
xenograft survival. This research was supported by the BioGreen 21 Program
(#PJ004200201003), Rural Development Administration, Republic of Korea.

702. Basic Fibroblast Growth Factor Promotes Proliferation of
Chicken Primordial Germ Cells via MEK/ERK Signaling Pathway. Jae Y.
Han. Seoul National University, Seoul, South Korea

Long-term maintenance of avian primordial germ cells (PGCs) in vitro is
beneficial for understanding the biology of PGCs and their application to avian
transgenesis. In the present study, we investigate the effects of various combinations
of LIF, SCF, and bFGF on the survival and proliferation of PGCs under feeder-free
conditions. Proliferation of PGCs was observed in medium containing bFGF, which
increased cell numbers in a dose-dependent manner. Moreover, after withdrawal of
bFGF for 24 h during culture, mitotic cell populations decreased, while numbers of
apoptotic cells increased. Subsequent characterization confirmed that the cultured
PGCs maintained expression PGC-specific markers, telomerase activity, and normal
migrational activity. Subsequently, we also investigated the molecular mechanisms
supporting PGC proliferation and found that bFGF activates mitogen-activated
protein kinase kinase/extracellular-signal regulated kinase (MEK/ERK) signaling, a
major pathway for cell survival. Also, microarray analysis showed that the expression
of a total 133 transcripts was altered by bFGF withdrawal, these changes being
reversed by subsequent administration of bFGF. Our results show that bFGF induces
PGC proliferation in vitro by activating MEK/ERK signaling and regulating
downstream genes that may be important in inducing PGC proliferation. This
research was supported by a grant from Easybio System Co. and from the World
Class University (WCU) program (R31-10056) through the National Research
Foundation of Korea funded by the Ministry of Education, Science and Technology.

703. Cryopreservation of Cultured Mouse Spermatogonial Stem Cells.
Yong-An Lee, Byung-Gak Kim, Bang-Jin Kim, Ki-Jung Kim, Yong-Hee Kim, and
Buom-Yong Ryu. Chung-Ang University, Anseong-si, Korea

Spermatogonial stem cells (SSCs) are a documented as source for maintaining of
spermatogenesis and for multipotent stem cells. Thus, the preservation of SSCs is
great interest of studying for production of transgenic animal and multipotent adult
stem cells. A number of culture methods what are able to preserve undifferentiated
state and effectively product a large number of SSCs were developed already, but it
have to cost much money and a lot of effort. Therefore, an essential prerequisite for
the future widespread application of SSCs is the development of efficient
preservation methods to facilitate their storage and we have studied cryopreservation
of pure SSCs. Testis cells for SSCs culture were collected from a pup transgenic
mouse line C57BL/6-TgEGFP that was bred into DBA/2 background (designated
Green) and SSCs from the collected cells purified via Magnetic Activated Cell
Sorting (MACS) technique with anti-Thy-1 antibody after enzymatic digestion using
0.25% trypsin and 7mg/ml DNase 1. Subsequently, they were cultured under serum-
free conditions consisted with mitotically inactivated STO cell feeders and growth
factors including GDNF(10ng/ml), GFRa1(75ng/ml) and bFGF(1ng/ml). After 4
weeks of initiation of culture for the obtaining highly purified SSCs were collected by
trypsinisation and they were suspended in a cryopreservation medium, which
contains 10% dimethly sulphoxide(DMSO) and 10% fetal bovine serum(FBS)
without other supplement or with other supplement such as 50mM Trehalose and
Sucrose. Aliquots of 1ml cell suspension, containing 5 x 105 SSCs, were transferred
to 1.5ml cryovials, placed in a freezing container, and frozen at -808C for 1 day, after
which the cryovials were plunged into liquid nitrogen for 6 days. After a week, the
cryovials were thawed in a water-bath at 378C volume of 10 ll were stained with
Tryphan blue solution for check of survival rate, 5ml of MEM alpha was added drop-
wise. After washing by centrifugation, the cells were cultured during 7 days for
comparing of proliferation ability with non-cryopreserved SSCs. The proliferation
ability was measured by cell count after 7 days and compared with non-cryopreserved
SSCs that were cultured from 5 x 105 SSCs. Cryopreserved SSCs with
cryopreservation medium are shown survival rate of only 73 6 6.4%, and they
proliferated to 4.7 6 0.3 x 105 cells after culture during 7 days. When supplement
was added to freezing media, there are shown survival rate of 86.4 6 2.1% in
Trehaolse, and 91.1 6 0.36% in Sucrose. And the cells number increase to 6.05 6
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0.22 x 105 and 6.25 6 0.2 x 105 cells respectively after culture for 7 days. In
conclusion, both Trehalose and Sucrose help to increase survival rate and
proliferation ability of SSCs after cryopreservation. Therefore, the result of current
studies will be beneficial for long term-preservation of SSCs. This study was
supported by a grant of Stem Cell Research Center (SC-5140), Healthcare technology
R&D Project (A084318), Ministry for Health, Welfare & Family Affairs, and
BioGreen 21 Program (No. 20070401034012), Rural Development Administration,
Republic of Korea.

704. Generation of Cloned Red Deer by Somatic Cell Nuclear Transfer
from Ear Fibroblast Cells. Wei Sun, Jianguo Wang, Wenzhong Zhou, Shujiang
Liu, Liming Zhang, Rongfeng Li, Jitong Guo, and Xihe Li. Inner Mongolia Mengniu
Reproductive Biotechnology Co., Ltd., Hohhot, China; Inner Mongolia University,
Hohhot, China; China Agricultural University, Beijing, China; Inner Mongolia
Jianyuan Deer Industry Group, Chifeng, China

Since the birth of somatic cell cloned sheep in 1996, more than 16 mammalian
species have been successfully cloned from various types of somatic cells, which
include red deer that were cloned from multipotent antler stem cells and their
differentiated progeny. Populations of wild red deer in China are generally declining
although they were never close to extinction. Therefore, the feasibility of red deer
cloning from adult ear cells was investigated for rescue of the wild red deer. Red deer
fibroblast cells were isolated from ear biopsy of an adult male. The cells were frozen
and stored in liquid nitrogen at passage 5. Red deer oocytes were isolated from the
ovaries collected at an abattoir and matured in vitro for 19-22h in Tissue Culture
Medium-199 supplemented with 10% fetal calf serum, 10 lg/mL follicle-stimulating
hormone and luteinizing hormone, and 1 lg/mL of estradiol-17beta. The matured
oocytes were enucleated, and then the fibroblast cells thawed and directly
microinjected into the perivitelline space of enucleated oocytes. The couple of
oocyte-fibroblast was fused in fusion medium containing 0.3 M mannitol, 0.1 M
Mg2+, 0.1 mM Ca2+, 0.5 mM Hepes and 0.01% Polyvinyl alcohol by two electrical
pulses of 1.7-1.8 kV/cm for 25 lsec and activated by exposing in 5 lM ionomycin
for 5 min followed by 2mM 6-dimethylaminopurine for 4 h. After activation, the
reconstructed embryos were cultured in synthetic oviductal fluid medium at 38.58C
under 90% N2, 5% CO2 and 5% O2. Two morulae or blastocysts developed at day 6
from the cloned embryos were surgically transferred into a synchronized recipient red
deer. In result, 710 oocytes were collected and 64.0% of the oocytes were matured in
vitro. After fusion and activation, 146 embryos were successfully reconstructed and
115 embryos developed into 2-cell stage in vitro. Out of the 2-cell embryos, 19
morulae and 48 blastocysts were obtained at day 6. Three of 11 recipients transferred
with 12 blastocysts and 10 morulae were pregnant and three cloned fawns were born
in 2009. These results indicated that red deer can be cloned by the similar way as
bovine somatic cell nuclear transfer.

705. Proteomic Analysis of Rabbit Embryonic Stem Cells Derived from
Fertilized and Parthenogenetically Activated Embryos. Jyh-Cherng Ju,
Payungsuk Intawicha, Shih-Han Wang, Ya-Jeng Shie, Neng-Wen Lo, and San-
Yuan Huang. National Chung Hsing University, Taichung, Taiwan; Tunghai
University, Taichung, Taiwan

Rabbit embryonic stem (rES) cells have been established from different sources
of embryos, however, understanding regarding their gene and protein expressions is
still limited. In this study, we aimed to determine the proteomics profiles of the
fertilized embryo-derived and parthenote-derived ES cells, designated as f-rES and p-
rES cells, respectively. Protein analyses using 2-DE and LC-MS/MS on the
differentiated fibroblasts and undifferentiated f-rES and p-rES cells were performed.
Collectively, the expression levels of one hundred and seventy-nine spots differed
significantly among these three cell types (P,0.05). Of those differentially expressed
spots, 66% were identified as known sequences to GenBank and 34% were unknown.
Of the known proteins identified, 11% are the nuclear proteins, 3% membranous
proteins and the rest of 86% reside in cytoplasmic compartment as cytoskeletal,
mitochondrial, endoplasmic reticulum, and cytosolic proteins (14%, 7%, 11% and
41%, respectively). These proteins were also categorized based on their biological
functions involved in energy and metabolic pathways (25%), cell growth and/or
maintenance (24%), protein metabolism (11%), protein folding (10%), signal
transduction (6%), regulations on nucleobase, nucleoside, nucleotide and nucleic
acid metabolisms (4%), and other processes (20%). As few as 10 proteins were
observed expressing in both f-rES and p-rES cells. Among them, 5 proteins
(cytoplasmic ezrin, cofilin-1, a-4a, a-actin and nuclear lamin-B1) were found to
express exclusively in f-rES, 2 (vimentin and b-actin) in fibroblast, and 12 in p-rES
cells. Our results demonstrated a differential proteomic profiling and revealed some
novel key proteins in specific rabbit cell types. This analysis provides insights into
rES cell biology and would invite more in-depth studies toward rES cell applications.

706. Derivation of Putative, Metastable Induced Trophoblast Stem
Cells from Pigs. Haruyo Matsuyama, Toshihiko Ezashi, Bhanu Prakash V.L.
Telugu, Andrei P. Alexenko, and R. Michael Roberts. University of Missouri,
Columbia, MO, USA

Authentic trophoblast stem cells (TSC) have been produced from blastocysts and
ectoplacental cone of the mouse, but not from other species. Here we report the
generation of trophoblast cells with stem cell-like properties during attempts to
produce induced pluripotent stem cells (iPSC) from porcine embryonic fibroblasts
(PEF) by lentiviral delivery of re-programming genes, OCT4, SOX2, KLF4, and c-
MYC. Approximately one-fifth of the colonies that formed after the re-programming

steps displayed an unusual phenotype consisting of a mixed population of cells.
These colonies also tend to appear a week earlier than the "true" iPSC colonies. They
consisted of cells of different sizes, including ones with a more flattened, epithelial-
like morphogy than standard iPSC, and were not uniformly positive for alkaline
phosphatase. After extended culture on the standard human (h) embryonic stem cell
(ESC) medium (DMEM-F12, 20% Knock-out serum replacement supplemented with
4 ng/ml hFGF2) normally employed for maintenance of iPSC, regions of the colonies
often developed epithelial "dome-like" structures that lifted-off of the substratum to
form floating spheres. Several features of the phenotype of these cells indicated a
close similarity to trophoblast rather than iPSC, so that they were tentatively named
"induced trophoblast stem cells" (iTSC). Global gene expression profiling on porcine
Affymetrix microarrays and routine RT-PCR performed on RNA from the iTSC and
the cogenerated iPSC, as well as the parental PEF, revealed that the iTSC were a
distinct cell grouping. Specifically, there was an up-regulation of transcription factors
associated with trophoblast in the mouse, e.g. GATA2, PPARG, MSX2, DLX3, ETS2,
HAND1, GCM1, CDX2 & TEAD4, of genes required for steroid biosynthesis, such as
CYP11A1, and of some unique porcine trophoblast markers, e.g. PAG6 &10, IFND,
IFNG, & IL1B. There was also partial but not complete down-regulation of OCT4 and
SOX2 compared to iPSC. Interestingly, the "early" iTSC formed non-metastasizing
tumors resembling teratomas in immunocompromised mice. These "teratomas" were
uniform in cross section and consisted primarily of layers of epithelial cells plus some
areas of striated muscle. They expressed CDX2, plasmin/trypsin Kunitz inhibitor, and
PAG, indicating they were initiated from a source of stem cells with trophoblast
potential. Upon extended passage, however, the putative iTSC cells lost CDX2, as
well as OCT4, expression, suggesting that the TSC network was unstable under
prevailing culture conditions. We then examined whether culturing the early passage
cells in a medium that supports mouse TSC, i.e. containing 20% FBS and 25 ng/ml
FGF4, would preserve their stemness and stabilize their phenotype. The TSC medium
provided continued expression of CDX2 over extended passage numbers and a more
homogeneous type of colony comprised of compact, relatively flattened cells. The co-
production of iTSC with iPSC during re-programming suggests that expression of the
same stemness genes that induce a pluripotent phenotype can also induce trophoblast.
Possibly, relative levels of ectopic expression of these genes influence what gene
network for stemness predominates. Supported by Missouri Life Sciences Board
Grant 00022147 and NIH grant HD21896.

707. Profiles of Pluripotency and Differentiation Factors in In Vitro-
Fertilized Embryos and Their Reprogramming in Cloned Embryos: A Special
Perspective to Embryonic Genome Activation in Bovine. Daulat Raheem Khan,
Nathalie Peynot, Laurence Gall, Severine Degrelle, Jean-Paul P. Renard, and
Veronique Duranthon. INRA, Jouy en Josas, France

The advances in direct reprogramming of mouse and human somatic cells,
through the ectopic expression of defined transcription factors, have emphasised the
role of pluripotency transcription factors in nuclear reprogramming. In fact these
transcription factors work in close association with each other, resulting in
transcriptional activation or suppression of their downstream targets-other pluripo-
tency and differentiation genes. There is no study, so far, which describes the
expression profiles of these transcription factors and their targets in normal bovine
embryos. Nuclear transplantation (cloning) depends upon the remarkable properties
of the oocyte, which "reprograms" a differentiated nucleus into an embryonic state.
However, cloning efficiency is afflicted with low success rate. In order to better
understand the process of nuclear reprogramming much attention has been given
towards the oocyte compartment of cloned embryos. However, the effect of different
cell types as well as effect of different cell lines of the same cell type is documented
in full term development potential of cloned embryos. Moreover, the studies done so
far have focused on the blastocyst stage which is a much later stage of development.
In the above perspective we hypothesized that the acquisition of a proper gene
expression of pluripotency and differentiation factors by the cloned embryos could
indicate an appropriate nuclear reprogramming. However, these factors must first be
profiled during the preimplantation stages of control (IVF) embryos. We supposed
that the earliest estimation of nuclear reprogramming could be done as early as
immediately after embryonic genome activation (EGA). In fact EGA is a key event in
embryonic development which is marked by a shift from maternal to embryonic
transcriptional control by activation of embryonic transcription machinery. The
timing of EGA is species specific and is 8-16 cell stage in bovine. Therefore, bovine
morula (first stage after EGA) seems to be a potential landmark for a precocious
estimation of reprogramming. In this context the objectives of our study were a) to
chart the expression profiles of important pluripotency and differentiation
transcription factors during preimplantation stages of in vitro fertilized (IVF) bovine
embryos and b) a precocious estimation of the nuclear reprogramming by comparing
the expression profiles of cloned morulae to that of IVF morulae with a special
perspective to observe the effect of donor cell nucleus on cloning efficiency. This
study for the first time, to best of our knowledge, gives profiles of pluripotency
factors: OCT4, SOX2, NANOG and STAT3, as well as differentiation factors: HESX1,
NODAL, ISL1, ZIC3 and MEIS1 through quantitative RT PCR in bovine. We
analysed six preimplantation stages of IVF embryos including immature and mature
oocytes, 4 cell, 8 cell, morula and blastocyst. Moreover, to explore the
reprogramming of these factors after nuclear transfer, the cloned morulae derived
from two donor cell lines with history of different term development potentials (1.8%
vs. 12.7%) were analysed in comparison with donor cells and IVF morulae. This
study reveals that the EGA is an important phase which involves both: the silencing
of genes of differentiation and the activation of genes of pluripotency: a significant
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phenomenon for normal embryonic development. In addition, cloned morulae from
both cell lines have undergone significant reprogramming by this stage.

708. Telomere Length Did Not Differ Between Blastocysts Produced by
SCNT or IVF in Bovine, Ovine, and Mouse. Pablo Bermejo-Alvarez, Chih-Jen Lin,
Inchul Choi, X. Cindy Tian, Keith Campbell, and Alfonso Gutierrez-Adan. INIA,
Madrid, Spain; University of Connecticut, Storrs, CT, USA; University of
Nottingham, Sutton-Bonington, United Kingdom

In somatic cell nuclear transfer, an overall epigenetic reprogramming must occur
to abolish the somatic cell expression profile and to establish a new embryo-specific
expression profile. The epigenetic reprogramming involves processes such as DNA
methylation, histone modifications, X-chromosome inactivation and adjustment of
telomere length. Telomere length is thought to be established during early
preimplantation development, and thus, an incomplete telomere lengthening during
this period may lead to long term effects, such as cellular premature ageing.
Currently, there is no consensus about the possible effect of SCNT on telomere
length. Discrepancies among studies may be caused by the analysis in fetal or adult
tissues, as telomere length differs greatly among different adult cell types and within
the same cell type in different stages of aging or maturation, as occurring for
lymphocytes and epidermal cells. To avoid this skew, we analyzed by qPCR the
telomere length at the blastocyst stage, when telomere length is thought to be
established, in embryos produced by IVF or SCNT in three species: bovine, ovine
and mouse (B6D2F1). SCNT was carried out with fetal fibroblasts in the bovine and
ovine and with cumulus cells in the mouse. For each species, 10 blastocysts per group
were snap frozen individually and stored at -808C until analysis. The samples were
digested with 8 ll of a 100 lg/ml proteinase K solution in water at 558C overnight.
After digestion, proteinase K was inactivated at 958C for 10 min. Two ll of the
digested sample were used in each qPCR, which was carried out with specially
designed primer sequences to amplify the telomere region or with primers designed
for 18S rRNA gene. To avoid dimmer interaction during the fluorescence acquisition
in the qPCR, CXR fluorochrome (Promega) was used as double stranded DNA
staining. Average telomere length was calculated according to the comparative CT
method. The DCT value was determined by subtracting the CT value for the
multicopy gene 18S, to correct the telomere copy number to relative telomere amount
the total DNA present in the sample. Calculation of DDCT involved using the highest
sample DCT value (i.e. with the sorthest telomere) as a constant to subtract from all
other DCT values. Fold-changes were determined using the equation 2-DDCT.
Statistical analysis was carried out by ANOVA. No significant differences were
found between blastocysts produced by IVF or by SCNT within each specie
(mean6SEM; Bovine: IVF:160.01, SCNT:1.1260.14; Ovine: IVF:160.37,
SCNT:1.1360.52; Mouse IVF:1.2360.24 SCNT:160.21). In conclusion, SCNT
can efficiently restore the correct telomere length in bovine, ovine and mouse
blastocysts.

709. Directed Neuronal Specification of Porcine Induced Pluripotent
Stem Cells. Toshihiko Ezashi, Bhanu Prakash Telugu, and R. Michael Roberts.
University of Missouri, Columbia, MO, USA

A recent goal of this laboratory has been to create porcine pluripotent stem cells,
i.e. ones capable of differentiating into all cell types of the body thereby expanding
the potential use of swine as a biomedical model for studying human disease as well
as cells that might be easily modified by gene knock-in/knock-out technologies.
Importantly, pig is a potentially useful model for studying human pathologies due to
similarities in organ size, immunology and whole animal physiology between the two
species. If the safety and efficacy of stem cell transplantation is to be tested in an
animal model before being applied to humans, the pig would likely be a species of
choice. The ability to derive porcine (p) iPSC lines from a particular outbred animal
and conduct tissue transplantation on the same pig later and follow the success of the
transplant over the course of months or even years would be a particularly valuable
advance. We have recently created piPSC from embryonic fibroblasts and primary
umbilical cord mesenchyme by a similar strategy used for the mouse and human,
namely ectopically expressing reprogramming genes (OCT4/SOX2/MYC/KLF4) in
somatic cells. The piPSC phenotypically resemble human embryonic stem cells
(ESC), express the typical gene and surface antigen markers of ESC, proliferate
continuously in culture, possess high telomerase activity, form embryoid bodies (EB)
and teratomas, where they are able to differentiate along the three main germ line
lineages. The present aim has been to demonstrate that piPSC can be directed to
differentiate towards neuronal endpoints by using protocols based on those used
successfully with human ESC. The piPSC, ID6, grown on a MEF feeder were
mechanically detached and formed EB were cultured in ES cell medium containing
knockout serum replacement but lacking FGF2 for 4 days. The EB were cultured
following two days with serum free medium supplemented 0.1 mg/ml transferrin, 5
lg/ml insulin, 20 nM progesterone, 0.1 mM puterescine, 30 nM sodium selenite and
2 lg/ml heparin. The EB were then collected in the same medium and allowed to
settle on dishes plated to which they attached and formed a flattened cell mass within
48 h. The cells differentiated into typical neuronal rosettes by d 9 in the same
medium, which had a radially-organized columnar morphology and expressed
transcripts for the neuroectodermal transcription factors, PAX6 and OTX2. These
experiments demonstrate that the porcine iPSC line, ID6, is capable of being directed
along a neuronal lineage by cues that work successfully on human ESC and iPSC,
raising the possibility to achieve controlled differentiation of this same kind of cell
along additional lineages. They provide confidence that porcine iPSC may soon be
employed to provide tissue grafts that can be matched genetically to recipients and

tested for their safety in transplantation. Supported by Missouri Life Sciences Board
Grant 00022147 and NIH grant HD21896.

710. Germ Cell Specification from Murine Embryonic Stem Cells: A
Model for the Identification of Irreversible Meiotic Commitment. Dori C.
Woods and Jonathan L. Tilly. Vincent Center for Reproductive Biology/Harvard
Medical School, Boston, MA, USA; Massachusetts General Hospital, Boston, MA,
USA

Despite evidence indicating that differentiating mouse embryonic stem cells
(mESC) can generate oocytes and follicle-like structures in vitro, fertilizable oocytes
have not been produced. Unlike endogenous primordial germ cells (PGC), which
have the innate ability to form oocytes that initiate and progress through meiosis,
mESC-derived germ cells exhibit many meiotic abnormalities and fail to progress
through prophase. As such, isolation of early stage (pre-meiotic) ESC-derived germ
cells may prove useful for identifying key processes that lead to meiotic commitment
and progression. Although the timing of meiotic entry in embryonic ovaries in vivo
has been well characterized, the molecular events associated with irreversible meiotic
commitment are not well defined. Induction of stimulated by retinoic acid gene 8
(Stra8) is associated with the early onset of meiotic commitment, and has been
previously used to isolate male germ cells from mESC cultures. In the present study,
we combined a dual reporter system with germline specification by mESC to identify
two distinct populations of Stra8-positive germ cells that differ in their degree of
commitment to meiosis. To track germ cells, we used a karyotypic XX mESC line
derived in our lab from transgenic mice expressing green fluorescent protein (GFP)
driven by a fragment of the mouse Oct4 promoter in which the epiblast-specific
proximal enhancer has been inactivated (TgOG2 or DPE-Oct4-Gfp). When
undifferentiated, TgOG2 mESC are GFP positive (GFP+). Following initiation of
differentiation by removal of leukemia inhibitory factor (LIF) and mouse embryonic
fibroblast (MEF) feeder cells, TgOG2 mESC were transiently transfected with a
DsRed2 expression vector under control of the murine Stra8 promoter. In the
continued absence of LIF and MEF, the level of GFP gradually decreased such that
comparatively few GFP+ cells remained detectable after 5 days; however, DsRed2-
expressing cells became identifiable by fluorescence microscopy 5 days after the
induction of differentiation. Subsequent isolation by fluorescence-activated cell
sorting (FACS) revealed two distinct DsRed2-expressing cell populations: one that
was GFP+ and one that was GFP-negative (GFP-). The sorted populations were re-
plated separately and while the DsRed+/GFP- population remained quiescent,
DsRed+/GFP+ germ cells actively proliferated and maintained high levels of GFP
expression. These findings indicate that mESC-derived Stra8+/Oct4- germ cells
commit to meiosis and lose replicative capacity; however, there is a subset of Stra8-
expressing germ cells that continue to express Oct4 and retain high proliferative
potential. In light of recent evidence indicating that Stra8 binds to DNA and exhibits
transcriptional activity, we hypothesize that irreversible meiotic entry is a
transcriptionally defined event regulated by Stra8 in those germ cells that repress
Oct4 expression. (Supported by Ruth L. Kirschstein National Research Service
Award F32AG034809 to D.C.W, NIH MERIT Award R37-AG012279 to J.L.T, and
Vincent Memorial Research Funds).

711. Mice Cloned from Induced Pluripotent Stem Cells. Shaorong Gao,
Zhaohui Kou, Lan Kang, Ye Yuan, Yu Tao, Jing He, Tong Wu, and Yu Zhang.
National Institute of Biological Sciences, Beijing, China

Differentiated somatic cells of various species could be reprogrammed into
induced pluripotent stem cells (iPSCs) by ectopically expressing a combination of
several transcription factors which are highly enriched in embryonic stem cells
(ESCs). The generation of iPS cells in large animals has raised the possibility of
producing genetically modified large animals through nuclear transplantation
approach. However, it remains unknown whether iPSCs could be used for generating
cloned animals through somatic cell nuclear transfer (SCNT). Here, we show the
successful production of viable cloned mice from inducible iPSCs through SCNT
approach, and the efficiency is similar to using ESCs derived via normal fertilization.
Furthermore, the cloned mice are fertile and can produce second-generation
offspring. These efforts strengthened the possibility of utilizing iPSCs to generate
gene modified large animals for pharmaceutical purposes in the future.

712. Efforts Towards Isolation of Feline Embryonic Stem Cells. Tatiana
S. Rascado, Joao F. Lima-Neto, Mateus J. Sudano, Daniela M. Paschoal, and
Fernanda da Cruz Landim-Alvarenga. UNESP, Botucatu, Brazil

The domestic cat can be used as a biological model for humans, due to
similarities in some disease and genetically transmitted conditions. Embryonic stem
cells may complete nuclear reprogramming more efficiently than somatic cells and,
therefore, are potentially useful for increasing interspecific cloning success. The
objective of this study was to establish an effective method of isolation of the inner
cell mass of cat embryos aiming to test the ability of the ICM to attach to the culture
dish and to form embryonic stem cell colonies. Moreover, the ideal density of feline
embryonic fibroblast feeder layer was studied. Domestic cat oocytes were matured,
fertilized and cultured in vitro until the blastocyst stage. The inner cell mass was
isolated by two different methods, the immunosurgery and mechanical isolation, and
transferred to a monolayer of chemically inactivated cat fibroblasts with 10 lg/mL
mitomicin C in two different densities. The base culture media was DMEM/F12
supplemented with 20% fetal calf serum, non essentials amino acids, glutamine, LIF,
fibroblast growth factor-2, beta-mercaptoethanol and antibiotics. To the immunosur-
gery, the embryos were incubated in Tyrods acid solution, after they were incubated

ABSTRACTS

160



in anti cat IgG (1:10 dilution) and then they were incubated in complement from
guinea pig (1:10). The group of ICM isolated by mechanical isolation (n=15) using a
scapel blade shown high rates of attachment to the culture dish (95%) while the group
of ICM isolated by immunosurgery (n= 15) shown 50% rates only. Culture was
performed in a 5% CO2 in air incubator at 38.58C. However until now no good
colonies were formed. The densities of inactivated fibroblasts tested were 250,000
cells/well (2 cm2) and 140,000 cells/well. The higher density was harmful because the
fibroblast detached of the culture dishes after the first renovation of the culture media.
These experiments were repeated ten times. We concluded that mechanical isolation
is better than immunosurgery to isolate ICM of cat embryos and high densities of
feline inactivated fibroblast is not ideal to culture of embryonic stem cells.

713. Characterization of Cultured Adult Corturnix japonica Testicular
Germ Stem Cells Using Seven Stem Cell Markers. Thomas Jensen, Matthew
Poling, Suellen Charter, and Barbara Durrant. San Diego Zoo’s Institute for
Conservation Research, Escondido, CA, USA; University of California, La Jolla, CA,
USA

Conservation of germplasm from endangered species is a priority for all classes
of animals. However, the large avian oocyte and the inability to consistently
superovulate birds make techniques such as cloning and oocyte cryopreservation
unlikely tools for avian conservation. Instead, the use of domestic birds as hosts to
produce sperm of exotic species for use in artificial insemination may be a practical
approach to conserve avian germplasm. During early embryonic development (stages
14-17) the primordial germ stem cells circulate in the blood prior to colonization of
the gonadal ridge. We propose that transfer of adult exotic bird germ stem cells
(GSCs, collected at necropsy) to host embryos of non-seasonal domestic species can
provide year-round production of sperm from genetically valuable individuals.
Following the death of a donor, developing host embryos to stages 14-17 requires 2.5
days. Therefore, viable donor cells must be maintained in culture until host embryos
are ready for transfer. Testes from three quail (10-12 wks, young adult), one lesser
flamingo (26 yrs, mid life) and one gold-breasted starling (21 yrs, geriatric) were
mechanically dispersed prior to 10-day culture. Cells were cultured in DMEM/F12
medium supplemented with 15% FBS and FGF and LIF at 408C with 6% CO2 in air.
The testicular cells were stained with stem cell-specific antibodies SSEA-1, SSEA-3,
SSEA-4, EMA-1, CD9, integrin (int) beta1 and int alpha6 at days 0, 2, 4, 6, 8 and 10
followed by flow cytometry to determine if stem cell-specific antigen expression
changed throughout the culture period. Immunohistochemistry established location of
antibody positive cells within quail and lesser flamingo testes. The patterns of antigen
expression varied in a species-specific manner over time in culture. However,
because the flamingo and starling cells were collected opportunistically from birds of
different ages, it was not possible to exclude age as a variable in this study. In quail

cultures the percentage of cells positive for most stem cell markers increased over the
course of the culture: SSEA-3 (0.4-0.8), SSEA-4 (undetectable (UD)-59), EMA1
(UD-2), CD9 (UD-0.2), int alpha6 (UD-0.4) and int beta1 (UD-0.2). SSEA-1
expression was consistently high throughout culture at 87-93%. No EdU
incorporation was detected by flow cytometry, indicating that cells did not proliferate
in quail cultures. Although total cell numbers decreased by 58% by day 10, the
number of antibody positive stem cells increased by 2 (CD9) to 60-fold (SSEA-4). In
flamingo cultures the percentage of cells positive for some stem cell markers
increased over the course of the culture: SSEA-4 (UD-12), int alpha6 (UD-0.7) and
int beta1 (1.8-2.2). SSEA-1 decreased (16%-10%) and SSEA-3 (20%-2%). EMA1
and CD9 remained UD throughout culture. In gold-breasted starling cultures the
percentage of cells positive for some stem cell markers increased over the course of
the culture: SSEA-4 (UD-3), int alpha6 (UD-0.3) and int beta1 (UD-0.09). SSEA-1,
EMA1 and CD9 remained UD throughout culture. SSEA-3 decreased (0.7-0.4).
These preliminary data suggest that the survival of testicular stem cells may be
prolonged by in vitro culture. In addition, in vitro culture may be a useful adjunct to
xenotransfer studies by increasing the number of stem cells available for transfer.
This culture system will provide the foundation for developing techniques to preserve
the genetic material from endangered or genetically valuable specimens.

714. CD9 Is a Surface Marker on Human Male Germline Stem Cells.
Khaled Zohni, Xiangfan Zhang, Seang Lin Tan, Peter Chan, and Makoto C. Nagano.
McGill University, Montreal, QC, Canada

Spermatogonial stem cells (SSCs) are responsible for the lifetime production of
sperm, and are an important target cell for restoring male fertility after chemotherapy.
In the mouse, we can immunologically enrich testis cells for SSCs, expand in culture,
cryopreserve, and transplant them into the testis of chemically-induced infertile mice,
resulting in fertility restoration. Although this scheme represents a promising clinical
approach to male fertility preservation and restoration for cancer survivors, we have
virtually no information about biological properties of human SSCs. As a first step to
realize the above scheme for a clinical application of human SSCs, we evaluated the
expression of molecules known as mouse SSCs markers in human spermatogonia.
CD9 is a type IV glycoprotein involved in binding of cells to the extracellular matrix
and was shown to be mouse SSCs marker. The intense signals were detected in the
basal compartment of the human seminiferous tubules, which were also stained with a
pan-spermatogonia marker, MAGE A4 (an oncofocalprotein). To test if CD9 can
enrich for human spermatogonia, we used immunomagnetic cell sorting (MACS).
Our results showed 5to 7 enrichment for human spermatogonia including SSC using
CD9. To test if CD9 is expressed on human SSCs we used a functional
transplantation assay. Our data show that CD9 is expressed on human SSCs and
thus can be used as a marker for this rare population.
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