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Expression and contribution of the HIF-10/VEGF signaling
pathway to luteal development and function in pregnant rats
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Abstract. Vascular endothelial growth factor (VEGF) is vital
in normal and abnormal angiogenesis in the ovary, particularly
during the early development of the corpus luteum in the ovary.
However, the molecular regulation of the expression VEGF
during luteal development in vivo remains to be fully elucidated.
As the expression of VEGF is mediated by hypoxia-inducible
factor (HIF)-1a in luteal cells cultured in vitro, determined in
our previous study, the present study was performed to confirm
the hypothesis that HIF-1a is induced and then regulates the
expression of VEGF and VEGF-dependent luteal develop-
ment/function in vivo. This was investigated using a pregnant
rat model treated with a small-molecule inhibitor of HIF-1a.,
echinomycin (Ech). The development of the corpus luteum in
the pregnant rat ovary was identified via performing assays of
the serum progesterone, testosterone and estradiol concentra-
tions by radioimmunoassay, accompanied with determination
of the changes in the expression levels of HIF-1a and VEGF by
reverse transcription-quantitative polymerase chain reaction at
different days of the developmental process. On day 5, serum
progesterone levels were markedly increased, whereas serum
levels of testosterone and estradiol did not change signifi-
cantly. On day 17, the highest level of serum progesterone was
observed, however, this was not the case for testosterone and
estradiol. Further analysis of the expression levels of HIF-1a
and VEGF revealed that their changes were consistent with the
changes in serum levels of progesterone, which occurred in the
development of the corpus luteum in the ovaries of pregnant
rats. Further investigation demonstrated that Ech inhibited
luteal development through inhibiting the expression of VEGF,
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mediated by HIF-1a, and subsequent luteal function, which
was determined by detecting changes in serum progesterone
on days 8 and 14. Taken together, these results demonstrated
that HIF-la-mediated expression of VEGF may be one of the
important mechanisms regulating ovarian luteal development
in mammals in vivo, which may provide novel strategies in
treatment for fertility control and for certain types of ovarian
dysfunction, including polycystic ovarian syndrome, ovarian
hyperstimulation syndrome and ovarian neoplasia.

Introduction

The corpus luteum is a temporary endocrine structure in
mammals, which is important in the female reproductive
cycle and is formed temporarily from a ruptured and ovulated
follicle with rapid angiogenesis (1-5). The ruptured follicle,
which occurs immediately following ovulation is considered
to be under hypoxia conditions due to bleeding and imma-
ture vasculature (6). Previous studies have indicated that
hypoxia is important for establishing the vascular system
during luteal development (5), which induces the expression
of hypoxia-inducible factor (HIF)-1a in luteal cells (7-11).
When vascular endothelial factor (VEGF) is regulated by
hypoxia, there is an upregulation of specific transcription
factors, notably HIF-1a (7,8,12). However, the physical role of
HIF-1a in this process of luteal development remains to be
fully elucidated.

Notably, VEGF is important in the regulation of normal and
abnormal angiogenesis in the ovary (3,4,13-18), particularly in
the newly formed corpus luteum (19-22). Hypoxia is a potent
stimulus for the expression of VEGF (14,23), as ovulation
causes a decline of local oxygen concentration, producing a
hypoxic environment, and may be the predominant stimulator
for VEGF production in the developing corpus luteum (5,24).
However, there have been no reports regarding the contribu-
tion of HIF-1a signaling to VEGF-dependent angiogenesis
and luteal function during ovarian luteal formation in vivo.

Due to the important role of HIF-1a in regulating the
expression of VEGF in luteal cells cultured in vitro (9,25),
the present study hypothesized that the HIF-1la signaling
pathway contributes to VEGF-dependent angiogenesis and
the following functions of corpus luteum in the ovary in vivo.
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Therefore, the present study investigated the expression levels
of HIF-1la and VEGF during luteal development in pregnant
rats, determined by measuring serum hormone levels during
luteal development. In addition, the effects of the HIF-1a
small-molecule inhibitor echinomycin (Ech) on luteal function
and HIF-1a-mediated expression of VEGF in the early corpus
luteum of pregnant rats was investigated. The present study
aimed to demonstrate that HIF-la is an important mediator
of luteal functions in vivo, which may be an important mecha-
nism regulating VEGF-dependent angiogenesis during luteal
development in mammals.

Materials and methods

Animals. A total of 78 female Sprague-Dawley (SD) rats
(body weight, 50-70 g; age, 25 days), and 21 male SD rats
(age, 2-3 months) Wushi Experimental Animal Supply Co.,
Ltd. (Fuzhou, China). The animals were maintained under a
14 h light/10 h dark schedule at 20-25°C, with a continuous
supply of chow and water. The study was approved by the
Ethics Committee on Animal Experimentation of the Fujian
Normal University (Fuzhou, China). All efforts were made
to minimize animal discomfort and to reduce the number of
animals used.

Experimental design. The rats were allowed to accommodate
for 1-2 weeks prior to mating with males, which occurred
at 2-3 months of age (179-250 g body weight). Previously
unmated female rats (three per cage) were mated with an
unvasectomized male (one per cage) and were examined every
morning for the presence of a vaginal plug. Day 2 of pregnancy
was defined as the day at which a vaginal plug was recovered.
The pregnant females were removed and used in the subse-
quent experiments.

To further confirm the pregnant rat model, measurements
of the serum levels of progesterone, testosterone and estra-
diol in the animals were measured on days 2, 5, 8, 11, 14, 17
and 20 of pregnancy. The rats were anesthetized with atropine
(Sigma-Aldrich, St. Louis, MO, USA) on the days of sample
collection prior to opening of the abdomen, and =3.0 ml blood
was collected from the abdominal aorta, and centrifuged at
1,000 x g at 4°C for 10 min. The ovaries were rapidly excised
and chilled in ice-cold 0.154 M NaCl with 14.0 uM indo-
methacin (Sigma-Aldrich) immediately following perfusion
for measuring the expression levels of HIF-1a. and VEGF.

For estimating the possible role of HIF-1a/VEGF
signaling during the formation of the corpora lutea in the
pregnant rats, 1 mg/kg body weight Ech (BioViotic, Dransfelg,
Germany), a small-molecule inhibitor of HIF-1a, was intra-
peritoneally injected on day 1 of pregnancy. DMSO (dimethyl
sulphoxide; Sigma-Aldrich) served as a the control/vehicle.
The plasma levels of progesterone and the expression levels
of HIF-1a and VEGEF in the perfused ovaries were then deter-
mined on days 2, 8 and 14.

For histological analysis, one ovary from each rat was fixed
in 4% paraformaldehyde (Sigma-Aldrich), and the other ovary
was snap-frozen and used for the remaining experiments.

Ovarian perfusion. To avoid the effects of the vascular
system, ovarian perfusion was performed prior to collection
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of the ovaries. The female rats were perfused in vivo through
the abdominal aorta with 0.154 M NaCl. The animals were
anesthetized with 0.05 mg atropine/kg body weight subcuta-
neously, 2.5 mg diazepam/kg body weight intraperitoneally.
(Sigma-Aldrich). The abdomen was opened via a mid-ventral
incision and an intravenous cannula (1.4 mm outer diameter)
was inserted via the aortic bifurcation. The abdominal aorta
was clamped caudally to the celiac artery, and the inferior
vena cava was severed. Subsequently, 40 ul of the perfusion
solution was perfused at ambient temperature through the
lower abdominal vascular system for ~5 min at constant pres-
sure using a hand-held syringe. Perfusion was discontinued
when the ovaries, particularly the corpora lutea, had become
completely pale. The ovaries were then rapidly removed for
subsequent analysis of gene expression.

Radioimmunoassay of the levels of progesterone, testosterone
and estradiol. The levels of serum progesterone, testosterone
and estradiol were determined using specific radioimmuno-
assay kits, according to the manufacturer's instructions. The
progesterone RIA kit [intra-assay coefficient of variation (cv)
<4.3%; inter-assay cv <7.1%], testosterone RIA kit (intra-assay
cv <5.0%; inter-assay cv <10.0%) and estradiol RIA kit
(intra-assay cv <3.5%; inter-assay cv <7.0%) were purchased
from Atomic Gaoke Co., Ltd., Department of Isotope, China
Institute of Atomic Energy (Beijing, China). Protein concen-
trations were determined using a Bio-Rad protein assay
(Bio-Rad Laboratories, Inc., Hercules, CA, USA), with bovine
serum albumin standards.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR) analysis of the mRNA levels
of VEGF and HIF-Io. Total RNA was extracted from the
ovaries using TRIzol solution (Invitrogen Life Technologies,
Carlsbad,CA,USA) and then reverse-transcribed using a cDNA
Synthesis kit; Bio-Rad, Laboratories, Inc.). The reverse-tran-
scribed products were amplified using a TagMan Gene
Expression Assay kit (Applied Biosystems Life Technologies,
Foster City, CA, USA), with TagMan Universal PCR Master
Mix (4304437), HIF-1a primer (Rn00577560_m1) and VEGF
primer (cat. no. Rn01511601_m1). A kit for detecting the levels
of 18S ribosomal RNA (Hs99999901_s1) was used as an
endogenous control. The 20 pl PCR reaction mix contained
10.0 p1 2X TagMan Gen Expression mix (Applied Biosystems
Life Technologies), 1.0 ul 20X TagMan Gene Expression
Assay (Applied Biosystems Life Technologies), 4.0 ul cDNA
template and 5.0 ul RNase-free water. The PCR conditions of
the RT-qPCR system (Applied Biosystems Life Technologies),
were as follows: 50°C for 2 min, 95°C for 10 min, followed by
40 cycles at 95°C for 15 s, and 60°C for 1 min. The relative
gene expression levels were calculated in accordance with the
AAC method (26-29). Relative mRNA levels were expressed as
244Ctyalues (26-29).

Western blot analysis of the protein expression levels of VEGF
and HIF-1a. The protein samples were obtained using a Nuclear
and Cytoplasmic Protein Extraction kit (Beyotime Institute of
Biotechnology, Haimen, China). Protein concentrations were
determined using a Bio-Rad assay with bovine serum albumin
standards. Following determination, 20 ug of the protein
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samples were subjected to 8% SDS-PAGE gel electrophoresis
and then electrophoretically transferred onto a polyvinylidene
difluoride membrane (Pall Life Sciences, Port Washington,
NY, USA). The membrane was washed with phosphate-buff-
ered saline with 0.2% Tween 20 (PBST; Sigma-Aldrich),
blocked with 5% non-fat dried milk in PBST, and probed with
mouse monoclonal anti-HIF-1a (1:500; cat. no. abl; Abcam,
Cambridge, MA, USA) and rabbit polyclonal anti-f-actin
(1:5000; cat. no. NB600501H; Novus Biologicals, Littleton,
CO, USA) primary antibodies overnight at 4°C. Following
washing, the membranes were incubated with horseradish
peroxidase-conjugated goat anti-mouse immunoglobulin
(Ig)G (1:5,000; cat. no. NB7570; Novus Biologicals) or goat anti
rabbit IgG (1:5,000; cat. no. NBP230348H; Novus Biologicals)
secondary antibodies for 1 h at room temperature. [3-actin was
used as a loading control. To detect the immunoblotting signal,
2 ml enhanced chemiluminescence detection solution was
used (Thermo Fisher Scientific, Inc., Rockford, IL, USA) , and
the membrane was exposed to Kodak OMAT film (Kodak,
Rochester, NY, USA). The blots were quantified using ImageJ
1.49 software (National Institutes of Health, Bethesda, MD,
USA).

Statistical analysis. Data are presented as the mean + standard
error of the mean. The significance of differences in the mean
values within and between multiple groups were evaluated
using one-way analysis of variance, followed by Tukey's
multiple range test. Statistical analysis was conducted using
Sigmastat 3.02 (Sigma-Aldrich). P<0.05 was considered to
indicate a statistically significant difference.

Results

Changes in the levels of serum progesterone, testosterone and
estradiol during luteal development in pregnant rats. In order
to confirm successful generation of a rat model of pregnancy in
the present study, the levels of serum progesterone, testosterone
and estradiol were examined during luteal development. The
results demonstrated that serum progesterone concentration was
significantly increased on day 5 (P<0.05; Fig. 1A), however, no
significant change was observed in the remaining two hormones
(Fig. 1B and C), suggesting that the corpus luteum had already
formed. The level of serum progesterone was highest on day
17 (P<0.05; Fig. 1A), indicating that the corpus luteum had
matured. A decrease of serum progesterone was observed
(P<0.05; Fig. 1A) and suggested luteolysis had occurred. At the
same time, serum estradiol concentrations increased signifi-
cantly (Fig. 1B) and stimulated follicular development during
the subsequent follicular wave in the ovary.

Changes in the mRNA levels of VEGF and HIF-1a during
luteal development in pregnant rats. To investigate the
possible role of the HIF-1a/ VEGF signaling pathway during
the development of the corpus luteum in pregnant rats, the
present study also detected the mRNA expression levels of
VEGEF and HIF-la in the ovaries during luteal development.
The mRNA expression level of VEGF increased significantly
between days 5 and 17 (Fig. 2A), and then decreased mark-
edly on day 20 (Fig. 2A). Notably, the changes in the mRNA
expression levels of HIF-1la were similar to those of VEGF
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Figure 1. Changes in the serum levels of progesterone, testosterone and estra-
diol during luteal development in pregnant rats Adult female rats were mated
with males to induce pregnancy. Day 1 of pregnancy was defined as the day
when a vaginal plug was recovered. Animals were sacrificed by decapita-
tion and trunk blood was collected for hormone determination on days 2,
5,8, 14, 17 and 20. The serum levels of (A) progesterone, (B) testosterone
and (C) estradiol were examined. The abdomen was opened, and the ovaries
were rapidly excised and chilled in ice-cold NaCl (0.154 M) with 14.0 uM
indomethacin immediately following perfusion to determine the expression
of HIF-1 and VEGF. Data are presented as the mean + standard error of
the mean. The different letters indicate statistically significant differences in
the mean values within and between multiple groups, which was evaluated
using a one-way analysis of variance, followed by Tukey's multiple range
test. P<0.05 was considered to indicate a statistically significant difference.
VEGEF, vascular endothelial growth factor; HIF, hypoxia-inducible factor; D,
day of pregnancy.

(Fig. 2B), indicating that the HIF-10/VEGF signaling pathway
may be involved in luteal development and the following endo-
crine function.

Effects of Ech on luteal development in pregnant rats. In
order to further clarify the involvement of HIF-1a in luteal
development, the pregnant rats were injected with Ech, a
small-molecule inhibitor of HIF-1a, on day 2 of pregnancy,
and the levels of serum progesterone were determined on days
2, 8 and 14 of pregnancy in rats treated with or without Ech
(Fig. 3). The results revealed that Ech significantly decreased
the levels of serum progesterone, compared with the untreated
control group, further demonstrating the importance of HIF-1a.
in the formation and development of the corpus luteum in vivo.
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Figure 2. Changes in the mRNA expression of VEGF and HIF-la during
luteal development in pregnant rats. Relative mRNA levels of (A) VEGF
and (B) HIF-1a were detected using reverse transcription-quantitative poly-
merase chain reaction analysis on days 2, 5, 8, 11, 14, 17 and 20. Data are
presented as the mean =+ standard error of the mean. The different letters
indicate statistically significant differences in the mean values within and
between multiple groups, which was evaluated using a one-way analysis of
variance, followed by Tukey's multiple range test. P<0.05 was considered
to indicate a statistically significant difference. VEGF, vascular endothelial
growth factor; HIF, hypoxia-inducible factor; D, day of pregnancy.

1501

120+

Serum concentration of progesterone
(pg/mL)

D2 D8 D14

Figure 3. Effects of Ech on luteal development in pregnant rats Adult female
rats were mated with males to induce pregnancy. Day | of pregnancy was
defined as the day when a vaginal plug was recovered. The pregnant rats were
intraperitoneally injected with Ech (1 mg/kg body weight), a small-molecule
inhibitor of HIF-1a, on Day 2 of pregnancy. Animals were sacrificed and
trunk blood was collected for progesterone determination on days 2, 8 and
14. The abdomen was opened, and then the ovaries were rapidly excised and
chilled in ice-cold NaCl (0.154 M) with 14.0 uM indomethacin immediately
following perfusion for measuring the expression of HIF-1 and VEGF. Each
Data are presented as the mean + standard error of the mean. The different
letters indicate statistically significant differences in the mean values within
and between multiple groups, which was evaluated using a one-way analysis
of variance, followed by Tukey's multiple range test. P<0.05 was considered
to indicate a statistically significant difference. Dimethyl sulfoxide served as
the vehicle. VEGF, vascular endothelial growth factor; HIF, hypoxia-induc-
ible factor; Ech, echinomycin; Veh, vehicle; D, day of pregnancy.

Effects of Ech on the mRNA expression levels of VEGF and
HIF-1o. during luteal development in pregnant rats. To deter-
mine the possible role of HIF-1a/VEGF signaling during luteal
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Figure 4. Effects of Ech on the mRNA expression levels of VEGF and
HIF-1a during the luteal development in pregnant rats The relative mRNA
levels of (A) VEGF and (B) HIF-la were examined using reverse transcrip-
tion-quantitative polymerase chain reaction analysis on days 2, 8 and 14.
Data are presented as the mean + standard error of the mean. The different
letters indicate statistically significant differences in the mean values within
and between multiple groups, which was evaluated using a one-way analysis
of variance, followed by Tukey's multiple range test. P<0.05 was considered
to indicate a statistically significant difference. Dimethyl sulfoxide served as
the vehicle. VEGF, vascular endothelial growth factor; HIF, hypoxia-induc-
ible factor; Ech, echinomycin; Veh, vehicle; D, day of pregnancy.
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Figure 5. Effects of Ech on the protein expression of HIF-1a during the luteal
development in pregnant rats. (A) Representative western blot analyses of the
protein levels of HIF-la. (B) Summarized intensities of the HIF-la blots,
normalized to the control. Data are presented as the mean + standard error
of the mean. The different letters indicate statistically significant differences
in the mean values within and between multiple groups, which was evaluated
using a one-way analysis of variance, followed by Tukey's multiple range
test. P<0.05 was considered to indicate a statistically significant difference.
Dimethyl sulfoxide served as the vehicle treatment. HIF, hypoxia-inducible
factor; Ech, echinomycin; Veh, vehicle; D, day of pregnancy.

development in vivo, the mRNA expression levels of VEGF
and HIF-1a were also assessed in the ovaries of the pregnant
rats treated with or without Ech. The results demonstrated that
Ech inhibited the mRNA expression of VEGF in the ovary of
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Figure 6. Effects of Ech on HIF-1 binding activity during luteal develop-
ment in pregnant rats. Data are presented as the mean + standard error of
the mean. The different letters indicate statistically significant differences in
the mean values within and between multiple groups, which was evaluated
using a one-way analysis of variance, followed by Tukey's multiple range
test. P<0.05 was considered to indicate a statistically significant difference.
Dimethyl sulfoxide served as the vehicle treatment. HIF, hypoxia-inducible
factor; Ech, echinomycin; Veh, vehicle.

the pregnant rats (Fig. 4A), suggesting that HIF-1a affected
the expression of VEGF during this developmental process.
However, no significant changes in the mRNA expression
of HIF-1a were observed in the ovaries following Ech treat-
ment on day 8 of pregnancy, although a marked decrease was
observed on day 14 (Fig. 4B). Therefore, the present study
investigated the protein expression of HIF-1a.

Effects of Ech on the protein expression of HIF-1o during
luteal development in pregnant rats. The results of examina-
tion of the protein expression levels of HIF-1a in the pregnant
ovaries indicated no significant change following Ech treat-
ment on day 8 of pregnancy (Fig. 5), which may be due to
Ech being an inhibitor of HIF-1a activity. A marked decrease
in the protein expression of HIF-1a was observed on day 14,
which may have been caused by luteolysis. Therefore, the
binding activity of HIF-1required further analysis.

Effects of Ech on HIF-1 binding activity during luteal devel-
opment in pregnant rats. To further investigate the regulatory
role of HIF-1a on the mRNA expression of VEGF, the present
experiment examined the effects of Ech on HIF-1 binding
activity during luteal development in pregnant rats. The results
revealed that Ech significantly inhibited the binding activity of
HIF-1 (Fig. 6), which contributed to the decrease in the mRNA
expression of VEGF in the ovaries of the pregnant rats treated
with Ech, and inhibition of the subsequent luteal functions on
days 8 and 14 of pregnancy.

Discussion

The results of the present study demonstrated that HIF-1a and
VEGF were expressed in the ovaries, which was similar to
serum progesterone secretion in a luteal development-depen-
dent manner in the pregnant rats. This suggested that
HIF-10/VEGF signaling may have an important regulatory
role in corpus luteum formation and development in vivo in
mammals.

It is well-known that the corpus luteum is a temporary
endocrine structure, which is important in the female repro-
ductive cycle and is formed from a ruptured and ovulated
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follicle, with rapid angiogenesis, in mammals (1-3,5,9,25).
VEGF is considered to be critical in the regulation of normal
and abnormal angiogenesis in the ovary (3,9,13-17,25,30),
particularly in the newly formed corpus luteum. In primates,
VEGTF protein is localized in the hormone-producing cells
of the corpus luteum, and is highest in the granulosa-derived
cells (14-16,30-35). VEGF is fundamental in the physiological
angiogenesis and vascularization of the follicular luteinizing
granulosa layer during corpus luteum formation (15,16,30,32).
Whereas the inhibition of VEGF in vivo during the luteal phase
prevents luteal angiogenesis and subsequent progesterone
secretion (2-4,36,37), excess VEGF generation during the
vascularization of multiple follicles is also considered to cause
ovarian hyperstimulation syndrome (13,38). Furthermore,
if VEGF is inhibited, the corpus luteum has a rudimentary
vascular bed with poor functions (37,39). VEGF is also
required for the ongoing function and vasculature maintenance
of the mature corpus luteum (3,4,36). These observations are
consistent with the those observed in the present study of
changes in the mRNA expression levels of VEGF in the luteal
development of pregnant rats.

Our previous studies demonstrated that VEGF is transcrip-
tionally activated by an HIF-la-mediated mechanism in luteal
cells cultured in vitro under hypoxia (9,25), which is caused by
ovulation of a ruptured follicle with bleeding and immature
vasculature in vivo (5,30). However, several reports have also
revealed that reproductive hormones, including human chorionic
gonadotropim (HCG) are involved in the primary regulation of
the expression of VEGF in the ovary. For example, the mRNA
expression of VEGF in human luteinized granulosa cells has
been observed to increase in a dose- and time-dependent manner
by HCG in vitro (13,38). Chronic or acute exposure to HCG
directly stimulates the production and secretion of VEGF in
monkeys (32) and human luteinized granulosa cells (2,13,14,38).
The administration of a gonadotropin-releasing hormone
antagonist decreases the mRNA expression of VEGF in the
monkey corpus luteum (31). In addition, luteal vascularization
and the development of ovarian hyperstimulation syndrome are
dependent on luteinizing hormone/HCG stimulation (13,38).
Furthermore, in the fully formed, highly vascular corpus luteum,
HCG also upregulates the expression of VEGF (2). Therefore,
the present study examined changes in the mRNA experssion
levels of HIF-1a during development of the corpus luteum in
pregnant rats. The results demonstrated that the expression of
HIF-1a changed in a stage-specific manner and was correlated
with the expression of VEGEF, suggesting that HIF-1a. may be
vital to the VEGF-dependent development of the corpus luteum
and its functions in vivo.

HIF-1, a helix-loop-helix transcriptional factor, which
consists of HIF-1a and HIF-1{, has been cloned and character-
ized as a transcriptional activator of several oxygen-sensitive
genes, including erythropoietin, heme oxygenases, transferrin
and several glycolytic enzymes (27-29,40), whose protein
products are important in developmental and physiological
processes, including angiogenesis, erythropoiesis, glycolysis,
iron transport and cell proliferation/survival (2,5,11,41-43).
It has been reported that HIF-1a protein is inducible by a
decrease of O, concentration in tissue or cells. HIF-1p is
not inducible, however, it can be bound to HIF-1a to form a
dimer to activate the transcription of several genes containing
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cis hypoxia-response element in their promoter or enhancer
regions (10,44.,45). Therefore, the present study treated preg-
nant rats with a HIF-1a specific small-molecule inhibitor, Ech,
and then examined the levels of gene expression and proges-
terone secretion. A significant decrease in the level of serum
progesterone was found following Ech treatment. Further
analysis revealed that the ovarian mRNA level of VEGF was
also markedly inhibited, which may contribute to insufficient
luteal development and function. However, no significant
change in the mRNA expression of HIF-1a was observed in
the ovaries. On subsequent examination of the protein expres-
sion of HIF-1a, Ech also had no effect. The following analysis
of HIF-1 binding activity suggested that this decrease in the
mRNA expression of VEGF may have been caused by the
inhibition of Ech on HIF-1 binding activity during luteal devel-
opment in the pregnant rats. Together, these results suggested
that HIF-1a was involved in luteal function through the VEGF
signaling pathway in the ovary of pregnant rats.

In conclusion, the present study demonstrated that changes
in the expression of VEGF occurred in a stage-dependent
manner during the development of the corpus luteum in the
ovary. Further investigation revealed that the change in the
expression of VEGF was regulated by HIF-1a signaling. This
HIF-la-mediated expression of VEGF may be an important
mechanism regulating luteal development and function in the
mammalian ovary. HIF-1a antagonism may be useful for the
development of novel treatments for fertility control and for
certain types of ovarian dysfunction (11,43,46), particularly
those conditions characterized by pathological angiogenesis and
excessive vascular permeability, including polycystic ovarian
syndrome, ovarian hyperstimulation syndrome and ovarian
neoplasia.
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