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Abstract. Background: Prostaglandins (PGs) within the
periovulatory follicle are essential for various female
reproductive functions such as follicular development and
maturation. In animal models, granulosa cells express the
PG synthesizing enzyme cyclooxygenase-2 (COX-2) and the
PG  inactivating  enzyme  15-hydroxyprostaglandin
dehydrogenase (15-PGDH). First references suggest a
correlation between vitamin D and prostaglandin metabolism
through the impact of 1,25(0OH),D; (calcitriol) on the
expression of COX-2 and 15-PGDH. Materials and Methods:
The expression of COX-2, 15-PGDH and the vitamin D
receptor (VDR) in human granulosa cells (COV434, hGC
and HGLS5), which were originally isolated from different
stages of follicular maturation, was determined by real-time
PCR (RT-PCR) and Western blot analysis. Results: A positive
correlation of COX-2 and VDR protein was found in the
COV434 and HGLS cells and an inverse correlation of 15-
PGDH and VDR protein levels in all the investigated cell
types. Conclusion: There may be a link between VDR,
associated target genes and prostaglandin metabolism in
human follicular maturation and luteolysis.

Prostaglandins (PGs) are members of a large group of
hormonally active fatty acids synthesised from arachidonic acid
by the action of cyclooxygenases (COX), prostaglandin G
(PGG)/prostaglandin H (PGH) synthases. COX is the rate-
limiting enzyme in the synthesis of PGs and exists in two
isoforms, COX-1 and COX-2. These two isoforms are encoded
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by two separate genes and show distinct cell type-specific
expression. The expression of COX-1 is generally constitutive,
whereas COX-2 is induced by inflammatory stimuli, including
cytokines and growth factors (1). PGs are produced in many
tissues with a manifold impact in the human organism. They are
produced, among others, by the ovarian follicle and are essential
for ovulation to occur. PGs produced within the periovulatory
follicle are involved in various female reproductive functions of
such essential processes as steroidogenesis (2-4), tissue
remodelling (5, 6), and neovascularization of the luteinizing
follicle (7) as well as being novel mediators of follicular
development and maturation, including cell proliferation,
hormone synthesis, maturation of the oocyte and ovulation (2,
8-10). They are essential for follicle rupture and oocyte release
in primates and rats (11, 12).

Gonadotropins are able to induce granulosa cell expression
of phospholipase A, and PGE synthase, which leads to the
synthesis of PGs (13, 14). The induction of COX-2 by the
ovulatory gonadotropin surge might be the rate-limiting step
in follicular PGE, production and ovulation (15, 16). Duffy et
al. (8) found that COX-2 expression by granulosa cells of
primate periovulatory follicles was also induced by the
ovulatory gonadotropin surge.

Gene targeting studies in mice have revealed the impact
of PGs in female reproduction and the distinct functions of
the isozymes COX-1 and -2. COX-1-deficient female mice
are mostly fertile and have specific parturition defects,
whereas COX-2-deficient mice are mostly infertile (17). The
infertility is caused by the lack of the key prostaglandin, E,
(PGE,) with consequent, severely impaired ovulation and
fertilization. As the decidualisation of the endometrium is
disturbed, so is implantation (17-19). The effects of PGE,
are usually mediated through the G protein-coupled cell-
surface receptors EP;_4 (20).

The key enzyme that regulates the prostaglandin levels by
converting them to the corresponding 15-keto derivatives is
15 hydroxyprostaglandin dehydrogenase (15-PGDH), which
is responsible for the biological inactivation of PGs (21).

3611



ANTICANCER RESEARCH 29: 3611-3618 (2009)

Duffy et al. (22) detected 15-PGDH in granulosa, but not in
thecal cells of periovulatory follicles of adult monkeys. Thus
the follicular granulosa cells are the site of PGE, inactivation
in the ovary and for the various grades of cell differentiation
(2, 23-25).

The molecular mechanisms by which COX-2 and 15-
PGDH regulate human ovarian function is have not been fully
elucidated. Periovulatory follicles of primates (8, 26) and rats
(27) express COX-2 both in the follicle-surrounding theca
and in the follicle-lining mural granulosa cell layer. However,
the expression of 15-PGDH within monkey periovulatory
follicles is restricted to the granulosa cells (22).

Currently, published studies suggest that intrafollicular
increased PGE, levels due to an increased COX-2 expression
of the mural granulosa cell layer and the cumulus cells
promote the expansion of the cumulus cells. The cumulus cells
build the cumulus oophorum and ensure the nutritional supply
of the oocyte. Cumulus cells may be associated with the
maturation of the oocyte, as direct effects of prostaglandins
are mediated by EP-receptors that oocytes do not have (28).

1,25(0OH),D5 (calcitriol), the biologically active form of
vitamin D, mediates antiproliferative and differentiating effects
via the nuclear vitamin D receptor (VDR). It has an important
but still unclear role in reproduction. Vitamin D-deficient
female rats have reduced fertility and a reduction in the
numbers of fetuses delivered per litter compared with normal
vitamin D-replete rats (29, 30). Calcitriol is also critical for
the maintenance of normal reproduction in male rats. Most of
the effects of calcitriol are mediated by the VDR (31).

First studies have shown a correlation between
prostaglandin and vitamin D metabolism (32, 33). Moreover
Moreno et al. (32) have shown a synergistic action of
1,25(0OH),D3, and COX-2 selective as well as non-selective
non-steroidal anti-inflammatory drugs (NSAIDs) in the
reduction of prostate cancer cell growth.

The available data have predominantly been collected in
animal models, thus the results allow only suggestions of
their function in human female reproduction. The aim of this
study was to determine the expression of COX-2, 15-PGDH
and VDR in human granulosa cells which were originally
isolated from different stages of follicular maturation.

Materials and Methods

Cell culture. Non-luteinized COV434 cells (a gift from Dr. Sonntag,
University of Muenster) were grown in DMEM (Invitrogen, Karlsruhe,
Germany) supplemented with 4,500 mg/l glucose, 1% penicillin/
streptomycin and 10% fetal bovine serum at 5 % CO,, 37°C.
Human granulosa cells (hGC) were obtained from women
undergoing IVF (in vitro fertilization)/ICSI (intracytoplasmatic
sperm injection) treatment and were separated from aspirated
follicular fluid by sedimentation. After washing steps with
phosphate-buffered saline (PBS) containing 0.1% bovine serum
albumin, the cells were suspended in PBS and layered over Ficoll-
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paque™ Plus (Amersham Biosciences, Freiburg, Germany) density
gradient separation solution and centrifuged at 800 x g for 20 min at
room temperature. The interphase layer was removed and washed
twice with PBS with 0.1% bovine serum albumin. To remove
resting erythrocytes, the cells were incubated with hemolyse buffer
(155 mmol/L NH,CI, 10 mmol/L KHCO5, 1 mmol/L EDTA, pH
7.2) for 5 min at room temperature. After an additional washing
step, the cells were maintained in growth media (RPMI-1640;
Invitrogen) supplemented with 10% Ultroser G (PALL BIOSEPRA,
Cergy-Saint-Christophe, France), 1% penicillin/streptomycin and
10% fetal bovine serum at 37°C, 5% CO,. The cell viability and
cell counts were assessed by trypan blue exclusion. For the
stimulation and inhibition experiments, the granulosa cells of 3-4
patients were pooled and only the second cell passage was used.

Immortalized human granulosa cells, HGLS5 cells (a gift from Dr.
Sonntag, University of Muenster) were grown in the same media as
hGC under standard conditions.

RNA isolation. The total RNA from the COV434, hGC and HGL5
cells was isolated with RNeasy (Qiagen, Hilden, Germany)
according to manufacturer’s instructions. The integrity of the
isolated RNA was verified by 1% agarose gel electrophoresis and
the total RNA was spectrophotometrically quantified at OD260/280.

Reverse transcription and real-time PCR. Prior to utilization, the
RNA was DNase I (Invitrogen, Karlsruhe, Germany) treated. The
synthesis of cDNA from 1 ug total RNA of granulosa cells was
performed using Super Script-1I reverse transcriptase (Invitrogen)
and oligo-d(T) 5 primer (Invitrogen). Reverse transcription reaction
mixtures were diluted 1:10 and quantitative real-time PCR (RT-
PCR) was performed using Platinum® SYBR® Green qPCR
SuperMix-UDG (Invitrogen), primers for human COX-2, 15-PGDH
and VDR (Qiagen) and 2 pl of RT reaction mixture as a template. A
melting curve was generated after 50 cycles for the final PCR
product of all the investigated genes by reducing the temperature to
65°C for 15 s followed by a slow increase in temperature to 95°C.
The fluorescence was measured at 0.2°C increments during the slow
heating process. The obtained threshold cycles (Ct) were
normalized to 7TBP (TATA-binding protein) and PBDG
(porphobilinogen deaminase) as housekeeping genes and MCF-7
cDNA as a calibrator. The fold change was determined with the
formula: efficiency target gene” (calibrator gene to investigated
gene—sample gene to investigated gene)/efficiency housekeeping
gene” (calibrator housekeeping gene—sample housekeeping) (34).
The experiments were performed in triplicate for each gene and
were repeated twice.

Western blotting. The harvested cells were lysed in sample buffer (125
mM Tris, 30% glycerine, 8% SDS, pH 6.8) and 40 pg of isolated
proteins were subjected to 10% SDS PAGE under reducing conditions
and the nitrocellulose membranes (Schleicher Schuell, Dassel,
Germany) were blocked after transfer in 5% non-fat dry milk in PBST
for 1 h at room temperature. The membranes were incubated with the
primary antibodies for human COX-2 and 15-PGDH (IBL
International GmbH, Hamburg, Germany) and VDR (Dianova,
Hamburg, Germany), at a dilution of 1:1,000 in blocking reagent
overnight at 4°C with gentle shaking. The secondary antibodies
conjugated to horseradish peroxidase (New England Biolabs, Frankfurt
Main, Germany) were used at a dilution of 1:2,000 (COX-2 and 15-
PGDH) and 1:5,000 (VDR) and the membranes were incubated for 1
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Figure 1. Real-time PCR (RT-PCR) analysis of COX-2 (A and B), 15-PGDH (C) and VDR (D) mRNA expression in human granulosa cells (N=8).

#p<0.05, *p<0.01, **%p<0.001.

h at room temperature. The obtained signals were visualized using an
enhanced chemiluminescence (ECL) detection system (Amersham
Biosciences) and compared to 3-actin as loading control.

Statistical significance. The statistical analysis of the RT-PCR and
Western blots results was performed using Student’s z-test.

Results

Immortalised granulosa cell line isolated from preovulatory
follicles. In the context of IVF treatment, it is possible to
obtain granulosa cells from the follicular fluid. These hGC
cells from FSH and LH stimulated female patients in the
early luteal phase can be cultivated. HGLS is an established
luteinised granulosa cell line that was extracted from
postovulatory follicles in the middle luteal phase.

As it is difficult to isolate hGC from pre- and postovulatory
follicles, these cell models offer the opportunity to examine
COX-2 and 15-PGDH expression in the different stages of
follicular maturation.

COX-2 expression in COV434, hGC and HGLS5 cells. As
shown by RT-PCR, the COX-2 mRNA expression in the hGC
cells was 82% higher as compared to that in the luteinized
COV434 and HGLS5 cells (Figure 1 A), and the expression in
the HGLS cells was 55% (p<0.05) lower than that in the
COV434 cells (Figure 1 B). The expression of COX-2 protein
levels was contrary to the results of the RT-PCR. As compared
to the COV434 cells, the COX-2 protein expression of the
HGLS cells was double (Figure 2 A; 3 A, C) while in the hGC
cells it was only weakly detected (Figure 2 A; 3 B).
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15-PGDH expression in COV434, hGC and HGLS cells. By
RT-PCR, the detection of /5-PGDH mRNA expression of
the hGC cells was very low as compared to the non-
luteinized COV434 cells, and in the HGLS5 cells it was about
80% lower (p<0.01) as compared to the COV434 cells
(Figure 1 C). A correlation was found between the mRNA
and the Western blot analysis of protein levels in the
COV434 and HLGS cells. The 15-PGDH protein expression
of the HGLS5 cells was 50% of that in the COV434 cells.
However, there was no correlation between the /5-PGDH
mRNA and protein expression in the hGC cells (Figures 1 C
and 2 B). In these cells, the 15-PGDH protein level was
25% lower compared to that of the COV434 cells (Figure 2
B). Furthermore, heterogeneity of the bands in Western blot
analysis was conspicuous (Figure 3 A, B, C).

VDR expression in COV434, hGC and HGLS cells. The VDR
mRNA expression was only slightly detectable in the
COV434 cells, while the HGLS5 cells showed a significantly
lower VDR mRNA expression (p<0.01) as compared to the
hGC cells (Figure 1 D). In the Western blot analysis, the
VDR protein level in the hGC cells was significant higher
(p<0.05) as compared to that of the COV434 cells and it was
higher still in the HGLS cells (p<0.01) as compared to the
COV434 cells (Figure 2 C; 3 A, B, C). An inverse correlation
between the 15-PGDH and VDR protein levels was found in
all the investigated cell types.

Discussion

In the present study, the COX-2 protein expression was
contrary to the results of RT-PCR. A strong expression of
COX-2 mRNA and only weakly detected COX-2 protein
expression was found in the hCG cells. This was in line with
the results of Narko et al. (35) who also found inconsistent
data for COX-2 expression. The reason might be
posttranscriptional and posttranslational modifications that
are described in detail in the literature (36). These
modifications are related to the mRNA stability, as 12-18
AUUUA sequences are located in the COX-2 gene which
mediate quick and selective mRNA degradation (36). These
sequences have an effect on the level and, if applicable, on
the stability of the COX-2 proteins and might explain the
different results for mRNA and protein expression. COX-2
protein levels in the HGLS cells were twofold higher
compared to that in the COV434 cells. The enhanced COX-
2 levels were associated with lower 15-PGDH protein
expression. The present results suggested that 15-PGDH is
variably expressed in the granulosa cells in the follicular and
the luteal phases in the female cycle.

Moreover, a positive correlation of COX-2 and VDR
protein was observed in the COV434 and HGLS5 cells and an
inverse correlation of 15-PGDH and VDR protein levels in
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Figure 2. Western-blot analysis of COX-2 (A), 15-PGDH (B) and VDR
(C) protein levels in human granulosa cells (N=8). The obtained signals
were densitometrically evaluated and normalised to COV434 cells.
*p<0.05, *¥p<0.01, ***p<0.001.
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Figure 3. Detection of COX-2, 15-PGDH and VDR proteins in human granulosa cells (Western blot) (N=8). Protein lysates of COV434 (A), hGC

(B) and HGLS cells (C).

all the investigated cell types. The differences of the
hormone receptor status (e.g. LH, FSH) of the COV434,
hGC and HGLS cells seemed to be associated with a
differential expression of COX-2, 15-PGDH and VDR in the
distinct hormonally regulated phases of the female cycle.
The corpus luteum is a temporary endocrine structure and
its major task is the synthesis of progesterone. This hormone
is essential for establishing and successfully maintaining
pregnancy. Examinations in patients with corpus luteum
insufficiency support the importance of progesterone for a
successful development of the embryo as these patients have
a higher incidence of abortions (37, 38). Studies with rabbits
showed that prostaglandin metabolizing enzymes are even
expressed from corpora lutea (39, 40). Although the function
of prostaglandins in the corpus luteum is ambiguous some

studies showed that PGE, was able to stimulate preovulatory
intrafollicular progesterone synthesis which is important for
the induction of ovulation (37, 38). It is presumed that
prostaglandins take part in luteolysis but no evidence is yet
available. The possibility to block these effects with non-
selective or COX-2 selective inhibitors might be suggested.

Gene targeting experiments have shown that EP1- and
EP3-deficient female mice have normal fertility, suggesting
their nonessential roles in fertilisation, ovulation and
implantation (41, 42). In contrast, EP2-deficient female mice
have similar defects to those in COX-deficient mice (43),
and EP4 deficiency in embryos results mostly in perinatal
lethality (44). Thus, the EP2 and EP4 receptors are essential
for successful ovulation and fertilisation in mice. Similar
results have also been found in studies with adult monkeys.
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In these studies the non-selective COX-1/2 inhibitor
indomethacin was injected into the follicular fluid of the pre-
ovulatory follicle and successfully prevented ovulation (11).
Restoring ovulatory function by co-injection of indomethacin
and PGE, supported the hypothesis that the synthesis of
PGE, is essential for ovulation in primates (11).

Systemic administration of non-selective (45) and
selective COX-2 inhibitors (46) in rats caused delayed
ovulation and failure of the follicle to rupture (45). Besides
these animal studies, Pall ez al. (47) gave the selective COX-2
inhibitor rofecoxib (n=6) or placebo (n=7) to women in a
randomized double-blind fashion. Four of the six women
who received rofecoxib demonstrated delayed follicle
rupture. These results suggested that selective COX-2
inhibition had a negative, local effect on human ovulation
resulting in delayed follicular rupture, without affecting
peripheral hormonal cyclicity. Therefore it could be possible
that the effects of prostaglandins in human follicular
maturation and luteolysis might be inhibited by NSAIDs.
Hopefully, further research will shed light on this.

Ligand binding assays in which homogenates of tissues
are tested for their ability to bind radiolabelled calcitriol have
demonstrated the presence of the VDR in ovarian
homogenates (48). Johnson et al. (45) studied male and
female rat tissues with a specific and sensitive polyclonal
antibody directed against VDR and found widespread
distribution of VDR in both male and female rat reproductive
tissue by using immunohistochemical techniques. VDR was
found in both nuclei and cytoplasm of granulosa cells of
ovarian follicles, weaker staining was present in thecal cells
of follicles and intense VDR staining was seen in corpora
lutea. Calcitriol has also been found in human follicular fluid
(49) and may act with the VDR in follicle granulosa cells to
regulate some of their functions. Ahonen et al. (50) studied
the immunohistochemical distribution of the VDR in rat
ovaries and human ovarian cancer. The VDR was observed
in rat ovaries, mainly in granulosa and thecal cells (50). In
cases of human ovarian cancer, VDR was found in 43%
(50). The authors concluded that the growth of ovarian tissue
might be regulated by calcitriol. In the present study, the
VDR protein level in the hGC cells was the highest as
compared to the COV434 and the HGLS cells. Granulosa
cells have an aromatase activity that converts androstendione
to estradiol (51). The synthesis of estradiol is necessary for
normal folliculogenesis and, thus, ovulation (45). Calcitriol
treatment was found to increase the rate of conversion of
androstendione in estrone by increasing aromatase activity
in human skin fibroblasts (52). Calcitriol, through VDR, may
exert similar effects in ovarian follicle granulosa cells.
Kinuta ef al. (53) observed in VDR null mutant female mice
uterine hypoplasia and impaired folliculogenesis. The
aromatase activities in these mice were low in the ovary
(24% ). The supplementation of estradiol normalised
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histological abnormality and of calcium increased aromatase
activity and partially corrected the hypogonadism. Moreover
the aromatase activity increased in the ovary. The authors
concluded that calcitriol plays a role in estrogen
biosynthesis, however, a direct regulation of the aromatase
gene was also considered (53).

In conclusion, an inverse correlation between 15-PGDH
and VDR protein levels in all the investigated cell lines
suggests a possible link between the VDR, associated target
genes and prostaglandin metabolism during human follicular
maturation and luteolysis. Thus, the hormonally regulated
expression of the VDR and prostaglandin metabolizing
enzymes COX-2 and 15-PGDH might be involved in the
regulation of the different cellular responses of human
granulosa cells, which are important for female reproduction.
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