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Abstract: Objectives: To investigate the effect of Gonadotrophin releasing hormone (GnRH) antagonist treatment 
on the proliferative activity and morphology of the primate ovarian surface epithelium (OSE); the main origin of 
ovarian cancer.  Methods: This study was conducted at the Biological Sciences Institute at The University of 
Edinburgh, Edinburgh, United Kingdom from 2009-2010. Evaluation of OSE cell proliferation was assessed using 
5-bromo-2-deoxyuridine (BrdU) labeling in paraffin- embedded tissue sections of marmoset ovaries obtained from 
previously treated marmoset monkey (n=44) with Antarelix (GnRH antagonist). Treatment administration was at 
zero time and on 5th day of ovulation. The extent of proliferation was also determined using same marker in cycling 
and pregnant animals in the OSE layer in proximity to stroma, antrum and corpus luteum (CL). The staining was 
performed at early, mid and late follicular and luteal phases and at early pregnancy. Results: GnRH antagonist 
administration at any time during follicular phase suppresses OSE cells proliferation. The epithelia overlaying the 
large antral follicles at pre-ovulatory stage and CL at early luteal phase displayed the maximum staining, while 
hardly few cells atop the stroma reacted with the marker. The morphology of the epithelial cells in contact with 
stroma was typical resting cuboidal shaped with tight attachment to basement layer. The cells above CL were 
prominently squamous type with loosened attachment, and those over large antral follicle were flattened and 
disorganized. Apparently, the cell multiplication and intercellular adhesion was distorted in the layers above CL and 
antrum, which correlates with their proliferative activity. Conclusion: This study concludes that GnRH antagonist 
treatment can alleviate the OSE proliferation, therefore can reduce the risk of ovarian cancer development. 
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1. Introduction 

Gonadotrophin releasing hormones (GnRHs) 
is a short-acting decapeptide that is secreted by the 
hypothalamus, which could induce the secretion of 
Luteinizing Hormone (LH) and follicle stimulating 
hormone (FSH) in the pituitary gland.1 FSH is a 
pleiotropic hormone produced by the pituitary and 
exerts its action on the ovary by inducing 
proliferation, differentiation and steroidogenesis in the 
granulosa cells of growing preovulatory follicles. The 
initial development of primordial follicles (PF) is 
believed to be FSH independent. Elevated FSH levels 
are found to be associated with altered ovarian 
function including diminished ovarian reserve, pre-
mature ovarian failure, infertility, ovarian hyper-
stimulation syndrome, poor quality of eggs, 
menopause and also a huge body of literature exists 
suggesting an association with ovarian cancers.2 Over 
20 different forms of GnRH in vertebrate species have 
highly conserved structure. Plasma gonadotrophin 
levels regulate the overall reproductive process, 
especially the gonadal steroidogenic and gametogenic 
functions.3 The GnRH-I and II receptors are also 
found in almost all types of normal and cancerous 
epithelial cells, including those present in gonads. 

Prior studies suggest that GnRH-II has a role in 
suppression of cell proliferation and apoptosis by 
triggering a G-protein (Gi) mediated signal pathway in 
the target cells.4-5 During the last four decades, several 
thousand peptide and non-peptide GnRH agonists and 
antagonists have been synthesized and tested for 
clinical efficacy. These compounds competitively bind 
to pituitary GnRH receptors and down-regulate 
gonadotrophin synthesis and secretion. Clinically, the 
agonists/antagonists are used for the treatments of 
prostatic, breast and endometriotic cancers, uterine 
fibroids, precocious puberty, premenstrual and 
polycystic syndromes, and infertility.5-9 Ovarian 
epithelial proliferation is believed to be primarily 
regulated at the level of gonadotropin’s, which 
stimulate follicular oestradiol production. As a 
mitogen, β-oestradiol and other localized factors such 
as insulin-like and hepatocyte-growth factors (IGF, 
HGF) trigger proliferative response in post-ovulatory 
OSE layer at the sites of rupture. Poly-ovulatory 
mammals like marmosets have repeated ovulations 
and therefore repeated rupture and healing of the OSE 
layer. These features accelerate OSE cell 
multiplication and transformation to neoplasia at the 
rupture sites.10  
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Antarelix has been used in marmosets to 
suppress LH/CG secretion from the pituitary gland.11 
It was found that upon such treatment the level of 
serum β-oestradiol rapidly falls and as a result 
proliferation of granulosa cells in antral follicle and 
CL diminishes. The study hypothesize that Antarelix 
may also suppress the mammalian OSE proliferation 
and tumourigenesis in a dualistic manner. Either by 
inhibiting LH/CG secretion so that follicular 
development is inhibited and ovulation is prevented. 
Hence the number of re-epithelization events is 
reduced and OSE stays non- proliferative. Or, the 
antagonists may bind directly to OSE cell’s GnRH 
receptors and impart anti-proliferative response 
through some unknown downstream signaling 
pathway. According to the gonadotrophin theory of 
ovarian cancer, a high level of gonadotropins at 
menopause has a role in the development of epithelial 
ovarian cancer. In this study, we test the hypothesis 
that GnRH antagonist administration would suppress 
endogenous gonadotrophin, resulting in inhibition of 
OSE proliferation in marmoset. We also hypothesize 
that changes in the ovarian environment during the 
ovarian cycle (follicular and luteal phase) and at early 
pregnancy might have an influence on the activity and 
morphology of the OSE cells. To our knowledge this 
is the first report of a GnRH antagonist treatment on 
OSE proliferation in a primate. 
2. Materials and methods 
Animals and tissue samples. Adult female common 
marmoset monkeys (Callithrix jacchus) (age 2-3 yrs) 
with body weight ~350 g, and having a regular 28 d 
ovulatory cycles or gestation periods between 141 d 
and 145 d, were housed in cages under standard 
conditions. The ovaries used for this study had been 
collected for analysis on day 0 (n = 4), day 5 (n = 5) 
and day 10 (n = 6) of the follicular phase, 9 and at 
early (n = 5), mid (n = 5) and late (n = 5) luteal phase 
(14-22 d) of the ovarian cycle. Additionally, ovaries 
from the pregnant animals were collected from second 
(n = 5), third (n = 3) and fourth (n = 6) week of 
pregnancy.  
Treatments. All experimental procedures of this work 
were carried out in accordance with the Animals 
(Scientific Procedures) Act 1986, and were approved 
by the Local Ethical Review Process Committee. In 
order to synchronize the timing of ovulation, 
marmosets were treated intramuscularly with a single 
i.m. injection of 1 µg of a prostaglandin (PG) F2α 

analogue (cloprostenol, Planate; Cheshire, UK), 
between days 12-15 of 20 d luteal phase to induce 
luteolysis. The day of the PG injection was designated 
as follicular day zero. A GnRH antagonist Antarelix 
(Europeptides, Argenteuil, France) was dissolved in 
water to reach a concentration of 10 mg/ml. To 
provide a slow-release depot, Antarelix was 

administrated at a dose of 12 mg/kg body weight by 
subcutaneously injecting on follicular day 0 (day of 
PG injection) (n = 5) or day 5 (n = 5).9 Ovaries were 
collected on day 10 following PG administration, 
corresponding to the periovulatory period in the 
control animals. Control marmosets were studied in 
parallel on day 0 (n = 5) and day 10 (n = 5) 
corresponding to PG administration. All animals were 
injected i.v. with 20 mg BrdU (Roche Molecular 
Biochemicals, Essex, UK) prepared in saline. After 1 
h they were killed with an i.v. injection of 400 µl of 
Euthetal (sodium pentobarbitone; Rhone Merieux, 
Harlow, Essex, UK). Both ovaries from each animal 
were removed, weighed and immediately fixed in 4% 
neutral buffered formalin. After 24 h, the ovaries were 
transferred to 70% ethanol, dehydrated and embedded 
in paraffin. Whole ovaries were serially sectioned at 5 
µm, prepared and then processed for 
immunohistochemical analysis as described.12 
Immunohistochemistry. The changes in the 
proliferative activity of the OSE throughout the 
follicular phase, luteal phase and early pregnancy and 
after GnRH antagonist treatment were studied by 
quantifying the number of proliferating cells within 
the OSE area whose nuclei were stained with BrdU. 
For this, sections were prepared on glass slides and 
stained for BrdU as described by earlier publication. 12 
For BrdU immunostaining, antigen retrieval was 
performed using pressure cook. To reduce non-
specific binding, sections were blocked in normal 
rabbit serum (NRS; 1:5 diluted with TBS containing 
freshly added 5% bovine serum albumin) for 30 min. 
Primary antibody, BrdU (mouse anti-BrdU; Roche 
Molecular Biochemicals, Essex, UK) was diluted 1:30 
in TBS. Incubation was carried out overnight at 4ºC. 
Incubation with the secondary antibody rabbit anti-
mouse IgG (1:60 diluted in NRS: TBS; DAKO Corp.) 
was carried out for 40 min at room temperature 
followed by incubation with alkaline phosphatase-
anti-alkaline phosphatase complex (1:100 dilution in 
TBS; DAKO Crop.) for 40 min at room temperature. 
Slides were visualized using 500 µl nitro blue 
tetrazolium (NBT) solution containing NBT substrate 
(Roche Molecular Biochemicals), buffer, 5-bromo-3-
chloro-3-indolyl-phosphate and levamisole. Sections 
were counterstained with haematoxylin. The positive 
immunostaining of BrdU within the granulosa cells of 
growing follicles was used as a positive control. 
Quantification of immunohistochemistry. BrdU 
incorporation of the OSE showing proliferating cells 
was quantified. Proliferation of the OSE was detected 
all around the circumference and in all sections. At 
least 20 histological sections were chosen randomly 
from both ovaries (right and left) of each group to be 
examined. The labelling index was determined by 
counting the number of OSE cells (labelled and 
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unlabelled) in each section under 600X magnification, 
and expressed as the percentage of labelled OSE cells. 
The labelling index is expressed as a mean value for 
the number of OSE cells in each section.  
Statistical analysis. The Kolmogorov-Smirnov test 
was used in order to test whether the data is normally 
distributed or not. Data for studies of GnRH 
antagonist treatment and the ovarian cycle influences 
on OSE cell proliferation was not normally distributed 
therefore; The Kruskal-Wallis test was selected in 
order to compare different groups. Data for BrdU 
labelling distribution over different areas of the ovary 
was not normally distributed, therefore Chi-square test 
was used to compare the total percentages between 
groups. Differences were considered to be significant 
at p<0.05. Analysis was carried out using Minitab 
version 15. 
3. Results 

OSE proliferation at different stages of the 
ovarian cycle and during early pregnancy. Results of 
the present study revealed that the highest 
proliferation was obtained during the late follicular 
and early luteal phase (p=0.52). There was a gradual 
increase in the proliferation activity as the follicular 
phase advanced, reaching the maximum value towards 
the end of this phase (p=0.03). After ovulation, 
proliferation in early luteal phase ovaries was also 
high before declining markedly by the mid luteal 
phase (p=0.009). This low level was maintained in 
late luteal phase ovaries. During all stages of 
pregnancy (2, 3 and 4 weeks), the OSE cells showed 
diminished or extremely low BrdU labelling, and 
correspondingly very low labelling index as compared 
to the non-pregnant cycling animals (p=0.96). The 
OSE proliferation was discernable mostly at week 2 of 
pregnancy (Figure 1). 

 
Figure 1. BrdU incorporation into the marmoset OSE cells. 
Over the total area of the ovary at early (n = 4), mid (n = 5) 
and late stages (n = 6) of the follicular phase, and early (n = 
5), mid (n = 5) and late stages (n = 5) of the luteal phase and 
at week-1 (n = 5) and week-2 pregnancy (n = 3). Values are 
means ± SEM. Different letters over the bars represent 
statistically significant differences. 

To ascertain which underlying tissue is 
contributing to the OSE proliferation, the BrdU 
staining was examined at different regions of the OSE 
layer. During the follicular phase the majority of the 
proliferating cells were detected over the large antral 
follicles which were very close to the surface (60-75 
μm), and a lower number of proliferating cells were 
found distributed randomly over the stroma (Figures 2 
and 3; A and B). During the luteal phase, most of the 
proliferating cells were located over the CL and little 
activity was observed over the stroma (Figures 2 and 
3; C and D). During early pregnancy a variation in the 
distribution of the proliferating cells within the OSE 
was also detected. The highest number of proliferating 
cells was found over the CL, whereas slightly lower 
number of evenly distributed cells was observed over 
stroma. At this pregnancy stage, large antral follicles 
were not detected close to the ovarian surface (Figures 
2 and 3; E and F). 
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Figure 2: Box plots indicating the distribution of BrdU 
labelled cells in marmoset OSE through different regions. 
Overlying stroma, antral follicles and corpora luteal (CL) at 
the follicular phase (n = 15), the luteal phase (n = 15) and at 
week 1 and 2 pregnancy (n = 8). The lines of the boxes show 
the 25th, 50th (median) and 75th percentiles, the whiskers 
show the 10th and 90th percentiles and asterisks represent the 
outliers. Data are the number of BrdU labelled cells in OSE 
cells at each region for each section (2 sections/ animal).  
 
Morphological changes in the OSE cells. The 
distribution of proliferation markers in OSE cells 
varied considerably during different reproductive 
stages (follicular, luteal and pregnancy). The OSE 
morphology and its adhesiveness to underlying tissues 
are also expected to alter considering the extent of 
multiplication capabilities within a limited surface 
area in which the cells can expand. The microscopic 
observation revealed considerable variation in the 
shape of the OSE cells ranging from squamous to 
cuboidal. Moreover, the association between the OSE 
cells was affected by the ovarian cycle and the ovarian 
compartments. OSE cells over the large antral follicles 
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which were located very close to surface were 
flattened in shape and disarrangement between these 
cells was noticed. There was no evidence of firm 
attachment with the underlying basement membrane 
(Figure 4; A). Over the CL, OSE cells appeared as 
squamous with very weak association between the 
cells, and it was seen that attachment of these cells 

with the basement membrane was also loose (Figure 
4; B). The OSE cells observed in a region away from 
the follicular development and the ovarian event over 
the stroma, displayed highly organized arrangement of 
cuboidal shape, and attachment in between the cells 
and of the cells with underlying basement membrane 
was also firm (Figure 4; C).  

 

Figure 3: Photomicrographs showing BrdU labelling within the marmoset OSE cells. BrdU labelling within the OSE cells at 
follicular phase of the ovulatory cycle (A) over large antral follicle and (B) over stroma. C-D demonstrate the morphology of 
OSE cells at luteal phase (C) over mature CL and (D) over stroma. E-F OSE cells at pregnancy (E) over stroma and (F) over CL. 
Red arrows indicate labelled cells within the tunica albuginea layer (black stain).  

 

Figure 4: Photomicrographs representing the morphological changes of the OSE cells at different regions of the marmoset ovary. 
(A) OSE covering large antral follicle (arrow indicates flattened shaped cells), (B) over a mature CL (arrow indicates squamous 
shaped cells) and (C) over ovarian stroma (arrow indicates cuboidal shaped cells).  
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Effect of Antarelix treatment on OSE 
proliferation. Prior studies on Antarelix treatment in 
marmoset monkeys revealed significant reduction in 
BrdU labelling in ovarian endothelial cells and 
steroidogenesis in granulosa and theca cells of 
growing follicle. It was a matter of interest to study 
how these changes would affect the overlaying OSE 
cells. A comparison of sections prepared from the 
ovaries of late follicular controls and the treatment 

groups revealed that the OSE cells of GnRH 
antagonist-treated ovaries from day 0-10 and from 
day 5-10 exhibited a decrease in the proliferation 
after both treatment schedules. Quantitative analysis 
confirmed significant decrease in cell proliferation in 
the OSE cells in both treated groups, and the effect 
was more pronounced in the longer treatment 
schedule (day 0-10 treated group; p = 0.001) (Figure 
5). 
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Figure 5: Box plots indicating BrdU incorporation into the marmoset OSE cells over the total surface area of the ovary after 
GnRH-antagonist treatment. From day 5-10 (n = 5; 5 sections/animal) and day 0-10 (n = 5; 3 sections/animal) follicular phase, 
ovaries from day 10 follicular phase were used as a control (n = 5; 4 sections/animal). The lines of the boxes show the 25th, 50th 
(median) and 75th percentiles, the whiskers show the 10th and 90th percentiles and asterisks represent the outliers. Data are the 
number of BrdU labelled cells in OSE cells for each section.  

 
4. Discussion 

Considering the fundamental role of OSE 
cells in ovarian tumourigenesis, the growth regulation 
of normal and neoplastic OSE cells by intraovarian 
regulators may play an important role in ovarian 
cancer development. In this regard, GnRH has been 
implicated as an autocrine regulator of normal OSE as 
well as a growth inhibitor of ovarian cancer cells. 
GnRH antagonists are widely used in the clinic during 
ovarian hyperstimulation programmes to block 
endogenous gonadotrophin secretion.13 GnRH 
regulates the biosynthesis and secretion of 
gonadotrophins. In this study we have demonstrated 
two significant findings regarding the OSE cell 
proliferation, under the effects of pregnancy and in 
response of GnRH antagonist treatment. We provide 
evidence that GnRH antagonist treatment and 
pregnancy both significantly reduce the proliferative 
activity of the OSE.  

The present results indicates that during the 
ovulatory cycle, BrdU staining of OSE layer increases 

towards end of the follicular phase, when it is in 
contact with large antral follicles, and decreases by the 
mid luteal phase. In fact the highest staining was seen 
in CL at early luteal phase. Low staining of OSE, 
overlying the stroma shows that the resting OSE cells 
at early follicle development or those which are not in 
the vicinity of the CL or antrum are not rapidly 
dividing. Since OSE proliferation was associated with 
large antral follicles and CL at all reproductive phases 
it can be predicted that events leading to luteogenesis 
contribute towards OSE proliferation whereas the 
reverse process, luteolysis, suppresses the proliferative 
response. Before luteogenesis remarkable changes 
take place in the granulosa and theca cells of growing 
follicles in late follicular phase, notably 
vascularization, angiogenesis and steroidogenesis. 
Interestingly, these changes are regulated by LH.14 
Vascular endothelial growth factor (VEGF) is a pro-
angiogenic factor that plays an important role in 
angiogenesis. 15 In granulosa cells of growing follicles, 
VEGF expression is up-regulated most likely due to 
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LH, and high cellular level of this factor is maintained 
up to luteal phase controlled by LH/CG. 16 In the CL 
the same granulosa cells transform to granulosa-lutein 
cells responsible for steroidogenesis. OSE cell 
morphology is believed to be another marker of 
proliferative activity. 17 It has been suggested that 
squamous and cuboidal forms of cells represent the 
groups that have not or have undergone post-ovulatory 
proliferation respectively. OSE cells tend to assume 
columnar shapes when they form clefts and inclusion 
cysts. 18 These cells are the primary targets for 
mitogenic and inflammatory action leading to 
tumourigenic growth. 19 

The OSE cells attach to the basement 
membrane that participates in a number of 
fundamental biological processes such as cell growth, 
differentiation tissue development and repair. 20,21 It 
has been proposed that loss of ovarian surface 
basement membrane after preovulatory stimulation by 
gonadotrophins is a critical step in early 
tumourigenicity of the OSE. 22,23 We found that non-
proliferative cuboidal and tightly attached OSE cells 
were present away from the ovulation sites. The 
proliferative squamous cells with very loose 
attachment were discernible over CL and disarranged 
flattened cells were present in the OSE layer just 
before ovulation. Some of these cells might transform 
to columnar cells if inclusion cysts or clefts are 
formed after ovulation.  

Although it was not expected to detect OSE 
proliferation during pregnancy, OSE cells during 2nd 
week of gestation displayed positive BrdU staining 
specifically in proximity to CL. These observations 
suggest that the OSE cells at this stage are still under 
the influences of the CL mitogenic factors or probably 
because the progesterone concentration has not been 
high enough to suppress any proliferative action. 

So far the results indicate that, in marmosets, 
luteogenesis rather than folliculogenesis seems to 
influence OSE proliferation and luteolysis and 
pregnancy reverses this process. In primates LH/CG is 
necessary for CL development, which induces 
numerous paracrine regulators of luteal development 
including VEGF that controls angiogenesis and 
vascularization.24,25 As LH concentration starts to 
recede, the natural luteolysis advances starting from 
mid luteal phase. During luteolysis the LH level falls 
and all its stimulatory actions like angiogenesis and 
steroidogenesis decline. 

In this investigation, the potential anti-
proliferative response to treatment with a GnRH 
antagonist was examined on OSE cells in marmoset 
monkeys. Blocking FSH and LH/CG release at zero 
time by Antarelix (0-10 days) in this study would have 
arrested the development of antral follicles with 
consequent prevention of ovulation. 9 Further, β-

oestradiol synthesis was decreased as Antarelix 
treatment inhibits steroidogenesis. At 5th day blockage 
(5-10 days) some gonadotrophin concentration would 
have built up in within first 5 days which apparently is 
sufficient to grow follicles up to pre-antral stage. 
Thereafter, LH “surge” which takes place at late 
follicular phase necessary for ovulation and CL 
formation must have been prevented. The depressive 
effect of Antarelix on OSE proliferative activity was 
clearly discernible regardless of the time of 
administration. It is proposed that pre-ovulatory large 
antral follicle and its derived CL may be responsible 
for OSE proliferation in the contact regions. This 
conclusion is derived from the observation that OSE 
proliferation was suppressed when drug was 
administered on 5th day of follicular cycle when pre-
ovulatory follicles were not able to be differentiated. 
There could be several explanations of Antarelix’s 
OSE anti-proliferative effect which may function in 
isolation or in combination: 1) reversal of LH/CG up-
regulation of localized growth factors like IGF and 
HGF which are responsible for mitogenic action 
through their anti-apoptotic effect on OSE, 2) 
inhibition of gonadotrophin-induced steroidogenesis 
in antral follicles and CL would minimize production 
of mitogenic β-oestradiol in granulosa cells, and 
consequently OSE proliferation would be inhibited, 3) 
GnRH antagonists result in skew in frequency of 
antral follicles,9 and apparently this would reduce 
ovulation frequencies and resultant epithelial rupture, 
and thereby prevent the neoplastic growth of OSE, 
and 4) this compound may bind to GnRH-I/ GnRH-II 
receptors in OSE cells itself and inhibit all 
downstream pathways which involve mitogen 
activating protein (MAP), P38 and the extracellular 
signal regulate kinase (ERK-1/2) responsible for 
mitogenic proliferation.26  

In conclusion, BrdU uptake and 
immuoreactivity equating to proliferating cells was 
detected at the ovulation site before and after 
ovulation and lower number of BrdU–stained cells 
were found to be distributed randomly in OSE at other 
sites around the ovary, suggesting that the OSE 
proliferative activity takes place in a cyclic manner 
depending on the ovarian events that occur underlying 
the OSE during the ovarian cycle. GnRH antagonist 
treatment resulted in complete inhibition of OSE cells 
proliferation.  

 
Acknowledgement: This research project was fully 
sponsored by King Abdul Aziz University, Saudi 
Arabian Government in the form of overseas 
scholarship for PhD programme in the University of 
Edinburgh. 
 



Life Science Journal 2014;11(8)                                                          http://www.lifesciencesite.com 

 

706 

Disclosure: Author has no conflict of interest, and the 
work was not supported or funded by any drug 
company. 
 
Corresponding author: 
Dr. Salina Y Saddick, BSc MSc PhD 
The faculty of science, Biology department, 
King Abdulaziz University, Saudi Arabia, 
Email: sysaddick@yahoo.co.uk 
 
Reference  
1. Li X, Kang X, Deng Q, Cai J, Wang Z. Combination of a 

GnRH agonist with an antagonist prevents flare-up effects 
and protects primordial ovarian follicles in the rat ovary 
from cisplatin-induced toxicity: a controlled experimental 
animal study. Reprod Biol Endocrinol 2013 1:11-16. 

2. Bhartiya D, Sriraman K, Gunjal P, Modak H. 
Gonadotrophin treatment augments postnatal oogenesis 
and primordial follicle assembly in adult mouse ovaries? J 
Ovarian Res 2012: 5:32. 

3. Millar RP. GnRHs and GnRH receptors. Anim Reprod Sci 
2005 88:5-28.  

4. Kang SK, Choi KC, Yang HS, Leung PC. Potential 
role of gonadotrophin-releasing hormone (GnRH)-I 
and GnRH-II in the ovary and ovarian cancer. Endocr 
Relat Cancer 200310:169-77.  

5. Wu HM, Wang HS, Huang HY, Soong YK, MacCalman 
CD, Leung PC. GnRH signaling in intrauterine tissues. 
Reproduction 2009 137:769-77. 

6. Huang F, Zou Y, Wang H, Cao J, Yin T. Invitro apoptosis 
effects of GnRHII on endometriosis stromal cells from 
patients with endometriosis. Int J Clin Exp Pathol 2013 
6:1603-1609.  

7. Meyer C, Sims AH, Morgan K, Harrison B, Muir M, Bai J, 
Faratian D, Millar RP, Langdon SP. Transcript and protein 
profiling identifies signaling, growth arrest, apoptosis, and 
NF-kB survival signatures following GNRH receptor 
activation. Endocr Relat Cancer 2013 20:123-136. 

8. Hayden C. GnRH analogues: applications in assisted 
reproductive techniques. Eur J Endocrinol 2008 1:17-25. 

9. Taylor PD, Hillier SG, Fraser HM. Effects of GnRH 
antagonist treatment on follicular development and 
angiogenesis in the primary ovary. J Endocrinol 2004 
183:1-17. 

10. Saddick SY. Invitro regulation of sheep ovarian surface 
epithelium (OSE) proliferation by local ovarian factors. 
Saudi J Bio Sci 2012 19: 285-290. 

11. Vasauskas AA, Hubler TR, Mahanic C, Gibson S, Kahn 
AG, Scammell JG. Regulation and distribution of squirrel 
monkey chorionic gonadotropin and secretogranin II in 
the pituitary. Gen Comp Endocrinol 2011 170:509-513.  

12. Rowe AJ, Morris KD, Bicknell R, Fraser HM. 
Angiogenesis in the corpus luteum of early pregnancy in 
the marmoset and the effects of vascular endothelial 
growth factor immunoneutralization on establishment of 
pregnancy. Biol Reprod 2002 67:1180-1188. 

13. Huirne JA, van Loenen AC, Schats R, McDonnell 
J, Hompes PG, Schoemaker J, Homburg R, Lambalk CB. 
Dose-finding study of daily GnRH antagonist for the 
prevention of premature LH surges in IVF/ICSI patients: 
optimal changes in LH and progesterone for clinical 
pregnancy. Hum Reprod 2005 20:359-367. 

14. Dickson SE, Fraser HM. Inhibition of early luteal 
angiogenesis by gonadotropin-releasing hormone 
antagonist treatment in the primate. J Clin Endocrinol 
Metab 2000 Jun;85(6):2339-44. 

15. Redmer DA, Doraiswamy V, Bortnem BJ, Fisher K, 
Jablonka-Shariff A, Grazul-Bilska AT, et al. Evidence for 
a role of capillary pericytes in vascular growth of the 
developing ovine corpus luteum. Biol Reprod 2001 
Sep;65(3):879-89. 

16. Stouffer RL, Martinez-Chequer JC, Molskness TA, Xu F, 
Hazzard TM. Regulation and action of angiogenic factors 
in the primate ovary. Arch Med Res 2001 Nov;32(6):567-
75. 

17. Auersperg N, Wong AS, Choi KC, Kang SK, Leung PC. 
Ovarian surface epithelium: biology, endocrinology, and 
pathology. Endocr Rev 2001 Apr;22(2):255-88. 

18. Gillett WR, Mitchell A, Hurst PR. A scanning electron 
microscopic study of the human ovarian surface 
epithelium: characterization of two cell types. Hum 
Reprod 1991 May;6(5):645-50. 

19. Deligdisch L, Einstein AJ, Guera D, Gil J. Ovarian 
dysplasia in epithelial inclusion cysts. A morphometric 
approach using neural networks. Cancer 1995 Sep 
15;76(6):1027-34. 

20. Couchman JR, Abrahamson DR, McCarthy KJ. Basement 
membrane proteoglycans and development. Kidney Int 
1993 Jan;43(1):79-84. 

21. Aumailley M, Smyth N. The role of laminins in basement 
membrane function. J Anat 1998 Jul;193 ( Pt 1):1-21. 

22. Yang DH, Smith ER, Cohen C, Wu H, Patriotis C, Godwin 
AK, et al. Molecular events associated with dysplastic 
morphologic transformation and initiation of ovarian 
tumorigenicity. Cancer 2002 May 1;94(9):2380-92. 

23. Roland IH, Yang WL, Yang DH, Daly MB, Ozols RF, 
Hamilton TC, et al. Loss of surface and cyst epithelial 
basement membranes and preneoplastic morphologic 
changes in prophylactic oophorectomies. Cancer 2003 Dec 
15;98(12):2607-23. 

24. Duncan MB, Kalluri R. Parstatin, a novel protease-
activated receptor 1-derived inhibitor of angiogenesis. Mol 
Interv 2009 Aug;9(4):168-70. 

25. Fraser HM, Duncan WC. SRB Reproduction, Fertility and 
Development Award Lecture 2008. Regulation and 
manipulation of angiogenesis in the ovary and 
endometrium. Reprod Fertil Dev 2009;21(3):377-92. 

26. Mamputha S, Lu ZL, Roeske RW, Millar RP, Katz AA, 
Flanagan CA. Conserved amino acid residues that are 
important for ligand binding in the type I gonadotropin-
releasing hormone (GnRH) receptor are required for high 
potency of GnRH II at the type II GnRH receptor. Mol 
Endocrinol 2007 Jan; 21(1):281-92. 

 
 

7/2/2014 


