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The Expression Pattern of Prostaglandin-Endoperoxide Synthase-2 in
Immature Oocytes and Surrounding Cumulus Cells May Explain A
Disrupted Oocyte Maturation Process
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ABSTRACT

OBJECTIVE: To evaluate the correlation between the gene expression of prostaglandin-endoperoxide
synthase-2 in the cumulus-oocyte complex with the level of prostaglandin-endoperoxide synthase-2 in
follicular fluid and follicle diameter, oocyte maturation, and fertilization capacity.

STUDY DESIGN: As the study group, 26 cumulus-oocyte complexes and 26 follicular fluids obtained
from immature (n=10) or unfertilized mature oocytes (n=16) and as the control group, 26 cumulus com-
plexes and 26 follicular fluids surrounding mature and fertilized oocytes were retrieved one by one to-
tally from 32 patients in 32 intracytoplasmic sperm injection cycles.

RESULTS: There was no significant efficacy of prostaglandin-endoperoxide synthase-2 gene expres-
sions in cumulus complexes and the level of prostaglandin-endoperoxide synthase-2 in follicular fluids
in terms of oocyte maturation stage. The level of prostaglandin-endoperoxide synthase-2 in follicular flu-
ids and follicle diameters showed a significantly positive correlation in the mature and fertilized oocyte
group (r=0.414; p=0.035).

CONCLUSIONS: Although the prostaglandin-endoperoxide synthase-2 gene expressions in immature
oocytes and their cumulus cells were similar to those in oocytes that have completed their nuclear and
cytoplasmic maturation, the level of prostaglandin-endoperoxide synthases-2 in the follicular fluid and
follicle diameter correlation may lead to new clinical approaches in cases of premature follicular rupture
before oocyte maturation is completed.
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Introduction zymes responsible for the production of PGs. While PTGS-1
is a constitutive form of the enzyme, PTGS-2 can be induced
by inflammatory stimulants, cytokines, and growth hormones
(2). Pre-ovulatory bovine follicular granulosa cells and cumu-
lus cells (CCs) have shown PTGS-2 gene expression, although
PTGS-1 expression has not been observed in the in vitro mat-
uration process of isolated cumulus-oocyte complex (COCs)
[ ?;1[‘7/;: CZZZZ Oégiifo};%{:nd Embryology, Bursa Uludag University School (3). PTGS-2 -/- deficient female mice have been reported as
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University School of Medicine, Bursa, Turkey. fects (4). In the murine ovulation model, PTGS-2 plays an im-
portant enzymatic role in CC expansion and rupture of the fol-

Prostaglandins (PGs) perform a variety of roles in female
reproductive functions including ovulation, fertilization and
implantation (1). The prostaglandin-endoperoxide synthase
(PTGS), PTGS-1 and PTGS-2 isoenzymes are the primary en-
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between follicular size and the presence of mature oocytes
(12). The measurement of follicular size before retrieval might
be an indicator of the fertilization potential of oocytes in a
cycle (13). However, in intracytoplasmic sperm injection
(ICSI) cycles, the data are still scanty regarding follicular size
and fertilization rate.

The aim of the study was thus two-fold: first, to explain the
disrupted oocyte maturation process and fertilization defects
with the gene expression of PTGS-2 in oocytes and surround-
ing cumulus cells, and second, to analyze whether follicular
diameter has a relation with the level of follicular fluid PTGS-
2 in follicles that contain mature or immature oocytes.

Material and method

This clinical trial was conducted between September 2015
and May 2016 with patients who participated in the Assisted
Reproduction Program of the University Hospital and under-
went ovarian stimulation for ICSI cycles. The patient group
allocation was performed according to the retrieved oocyte
maturation stage (Figure I). Patient exclusion criteria were:
documented endometriosis and female age of >39 years old
due to the detrimental effects on oocyte quality (14). Patients
with male factor such as oligoasthenoteratozoospermia (OAT)
and azoospermia were excluded to avoid possible effects on
oocyte fertilization status. Approval for the study was granted
by the local ethics committee (no: 2015-17/14) and informed
consent was obtained from each participant.

Assessed for eligibility (n=75 cycles) |

Exclueded (n=43 cycles)

¢ Abnormal oocytes (poor development
and/or abnormal morphology)

¢ Empty follicle collected from follicular
fluids

e Follicular fluids contaminations

Group 1 Group 2 Group 3
« Follicular micro * Follicular micro « Follicular micro
environments consisting: environments consisting: environments consisting:
» Immature oocytes (n=10) * Mature unfertilized e Cumulus sell (n=26)
 Cumulus sell (n=10) oocytes (n=16) o Follicular fluids (n=26)
« Follicular fluids (n=10) © Cumulus sell (n=16) (absence of mature
* Follicular fluids (n=16) fertilized oocytes)

Figure 1: Sample allocation diagram

Patients were stimulated with 150-375 IU per day of re-
combinant FSH (rFSH) (Gonal F, Merck-Serono, GER-
MANY) that was started on day 2 of the menstrual cycle.
Pituitary suppression was achieved with GnRH antagonists
(Cetrotide, Merck-Serono, Germany) during flexible antago-
nist protocol. Serum estradiol (E2) levels and follicle growth
were monitored daily. When at least two or more follicles
reached >17 mm diameter, 250 pg/0,5 ml recombinant -hCG
(Ovitrelle, Merck-Serono, Germany) was administered (14).
The rate of response to COH was calculated as: [(retrieved
oocyte number / AFC) x 100]. Additionally, the COH response
and total recombinant FSH dose relation were evaluated due to
avoiding the possible effect of recombinant FSH both on folli-
cle diameter and oocyte maturation or fertilization.
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Oocyte pick-up (OPU) was performed 34-36 hours after
ovulation trigger, by vaginal puncture with a 17 mm gauge
needle with ultrasound guidance. Before aspiration, the folli-
cle diameter was calculated with transvaginal ultrasound and
the largest follicle in each ovary was aspirated firstly. The as-
pirated follicular fluids (FFs) and cumulus-oocyte complexes
(COCs) were kept apart from others in order to prevent con-
tamination of other follicle micro-environments. The first FFs
and COCs aspirated from each ovary of the patient were in-
cluded in the study. Aspiration of the other follicles was per-
formed in accordance with the routine application. After aspi-
ration, COCs were isolated from FFs. COCs were washed in
GMOPs medium (Vitrolife, Goteborg, Sweden) and immedi-
ately incubated in fertilization medium (Vitrolife, Goteborg,
Sweden) in marked four-well dishes at 37 °C in a humidified
atmosphere of 6% CO2, 5% Oz2 (the balance gas was nitrogen)
using Hera-Cell incubators (Thermo Fisher Scientific Inc.,
Massachusetts, USA). After 2-4 hours, CCs were removed
form oocytes firstly mechanically with a ppd injector to re-
trieve cumulus cells. Then oocytes were denuded with enzy-
matic treatment with 80 IU/mL hyaluronidase solution to pre-
pare for ICSI. Afterward, the samples were placed in a cleav-
age medium (Vitrolife, Goteborg, Sweden).

FF samples were centrifuged at 1.600 g for 3 minutes and
separated from other cells and components. The supernatant
was obtained after centrifugation and stored at -80 °C until
ELISA was performed.

After denudation, the oocytes were evaluated for nuclear
maturity and classified as germinal vesicle (GV), Metaphase-
I (MI) or Metaphase-II (MII) under inverted microscopy. The
evaluation was based on the presence of the GV, GV break-
down or extrusion of the first polar body, respectively. ICSI
was performed with oocytes at the M-II stage and then oocytes
were incubated for pre-embryological development. The study
groups are shown in figure 1.

Total RNA was extracted from the oocyte and CCs using
the Quick-RNA TM MicroPrep Kit (Zymo Research Corp.,
USA) according to the manufacturer’s protocol.
Complementary DNAs (cDNAs) were synthesized using the
SensiFAST cDNA Synthesis Kit (Bioline Life Science Corp.,
USA). All cDNA was frozen at -80 °C until it was used for
RT-PCR. The sequence of the primer pairs used for PCR was:
(1) PTGS-2 forward 5’-GTTCCACCCGCAGTACAGAA-3’
and (ii) reverse 5~ AGGGCTTCAGCATAAAGCGT -3°, giv-
ing a PCR product of 106 base pairs.

The genes coding glyceraldehyde-3-phosphate-dehydro-
genase (GAPDH) were selected as reference genes for nor-
malizing the PCR data. The sequences of the forward and re-
verse primers used for PCR were: forward S’GAGTCAACG-
GATTTGGTCGT-3" and reverse 5’GACAAGCTTCC-
CGTTCTCAG-3’, giving a PCR product of 185 base pairs.
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Real-time quantitative polymerase chain reaction (RT-
PCR) was used to quantify the expression of the test genes in
the oocyte and cumulus cells from the same follicles. The rel-
ative quantification of gene expression was calculated using
the 2-2ACT method. RT-PCR was performed on the Light
Cycler® 480 Real-Time PCR System (Roche Ltd.,
Switzerland) using the SensiFAST™ SYBR® Hi-ROX Kit
(Bioline Life Science Comp., USA). Each assay was per-
formed in triplicate and three negative controls were run for
each assay: no template, no reverse transcriptase, and no RNA
in the reverse transcriptase reaction.

FF PTGS-2 levels were measured using commercial en-
zyme-linked immunosorbent assay (ELISA) kits according to
the manufacturer’s instructions (Sunred Biological
Technology, Shangai). The PTGS-2 assay had a sensitivity of
2,125 U/L detection range of 3 to 1.000 U/L and intra-assay
CV of < 8%. Serial dilutions of goose samples with high read-
ings were used to generate binding patterns parallel to the
standard curves, to validate the assays for measuring goose
samples.

The non-normally distributed variables were defined with
the median value (minimum-maximum value). The Mann-
Whitney U (for comparison of ranks between two groups) or
the Kruskal-Wallis (to compare more than two groups) non-
parametric tests for variables were used in the statistical anal-
ysis. For analyses of the correlations of non-normally dis-
tributed variables, the Spearman Rho test was performed.
Linear regression analysis (enter method) was performed for
identifying factors associated with ovarian response to COS
between baseline clinical characteristics of patients. A two-
sided p-value <0.05 was considered statistically significant.
These procedures were undertaken using SPSS 23.0 (IBM)
software.
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Results

Patient age, body mass index (BMI), basal antral follicle
counts, basal endocrine parameters, estradiol levels on the day
of ovulation trigger, and total gonadotrophin doses (baseline
clinical characteristics of patients) were compared among pa-
tients comprising the study groups and these are shown in
table I. The overall mean age at the time of the study was
31.87 years (range, 24-39 years). The mean BMI index value
was 25.87 (16.30-37.40). The mean serum Anti-Miillerian
Hormone (AMH) level was 2.39 (0.01-8.4) ng/dL and the
mean antral follicle count (AFC) number was 8.73 (1-16) with
no statistically significant difference between the groups. The
rate of response to COH was compared among patients com-
prising the study groups and this showed no differences
(»=0.09). In the multiple linear regression analyses, the COH
response was not associated with patient age (B=0.762,
p=0.460), BMI (=-0.62, p=0.700), or the total gonadotrophin
dose (B=0.32, p=0.06) for all patients. The rate of COH re-
sponse was only associated with patient AMH levels
(B=0.671, p=0.01) for all patients, although the mean AMH
levels and total gonadotrophin doses were similar between the
groups (p=0.867; p=0.430 respectively).

The relative expression levels of PTGS-2 were evaluated
in the CCs according to the nuclear maturation stage of
oocytes and fertilized versus unfertilized oocytes. In terms of
the nuclear maturation stage; PTGS-2 expression in immature
oocyte CCs (n=10) tended to increase 1.67-fold higher than in
mature oocyte CCs (n=42), although there was no significant
difference (95% CI 0.00001 to 1.53; p=0.443) (Figure 2). In
terms of the cytoplasmic maturation stage (referred fertiliza-
tion ability); PTGS-2 expression in the unfertilized oocyte
CCs (n=16) tended to increase 2.82-fold higher than in fertil-
ized oocyte CCs (n=26), with no significant difference (95%
CI0.00001 to 6.64; p=0.057) (Figure 2).

Table I: Baseline clinical characteristics of patients in total and in groups

Overall Group 1 Group 2 Group 3 p

Age 31.87 (24-39) 31 (27-34) 33 (24-39) 34 (25-39) 0.788
Body Mass Index 25.87 (16.30-37.40) 31 (1937.40) 25 (21.50-31.50) 26.4 (16.3-34) 0.404
Anti-mullerian 2.39 (0.01-8.4) 1.43 (0.1-8) 2.3 (0.01-7.40) 1.57 (0.1-8.40) 0.867
Hormone (ng/dL

Antral follicle count (AFC) 8.73 (1-16) 6 (1-16) 8 (1-15) 9 (2-12) 0.673
Follicle stimulating 5.63 (3.00-10.5) 6.5 (3-10.5) 4.9 (3-9.8) 6.5 (4.20-8.60) 0.823
Hormone (mLU/mL)

Luteinizing hormone (mLU/mL) 5.05 (1.60-11.30) 3.7 (1.5-10.1) 4.3 (2.5-6.1) 4.8 (1.6-11.3) 0.671
Estradiol (ng/mL) 52.1 (10-201) 49 (20.1- 200) 33 (10- 201) 56 (14-121) 0.280

Estradiol on trigger day (ng/mL)
Total gonadotropin dose (Units)

1394.87 (86-5000)
2400 (750-4200)

230 (86-1591)
2100 (750-3600)
Success rate of controlled 1.1 0.67%

877 (86-5000) 1273 (314-4361)  0.124
2250 (1600-3600)  2437.5 (900-4200) 0.430
1.22v 1.27 0.09*

*The Kruskal-Wallis test for comparison of ranks between groups. Data are given as median (min-max)
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Relative prostaglandin-endoperoxide synthases-2
expression fold change in cumulus cells

Immature and mature socytes sur i U ilized and fertilized oocytes ding
cumulas cell (n=10 vs n=42) cumulus cell (n=16 vs n=26)

Figure 2: The prostaglandin-endoperoxide synthase-2 (PTGS-
2) expression in immature oocytes surrounding CCs (n=10) in-
creased 1.67-fold higher than in mature oocytes surrounding
CCs (n=42) although there were no significant differences
(95% CI 0.00001 to 1.53; p=0.443). In terms of the cytoplasmic
maturation stage (referred fertilization ability) PTGS-2 expres-
sion in unfertilized oocytes surrounding CCs (n=16) increased
2.82-fold higher than in fertilized oocytes surrounding CCs
(n=26) although there were no significant differences (95% CI
0.00001 to 6.64; p=0.057). All data were normalized by using
the 2-44¢T method.

The relative expression level of PTGS-2 in oocytes was
compared according to the oocyte maturation stage. In imma-
ture oocytes, PTGS-2 expression tended to decrease 1.35-fold
lower than in unfertilized mature oocytes, with no significant
difference (95% CI 0.00001 to 1.48; p=0.174). Mature and
fertilized oocytes were not included in this analysis as there
could have been a potential for embryo development.

Measurement for the diameter of the first aspirated folli-
cles was made with transvaginal ultrasound, before follicle as-
piration (Table II). The mean follicular diameter was mea-
sured as 18 (14-20) mm in Group 1, 20.6 (17-24.5) mm in
Group 2 and 19.65 (17-22.5) mm in Group 3. A statistically
significant difference was determined between Groups | and 2
(p=0.002) and between Groups 1 and 3 (p=0.012). The levels
of FF PTGS-2 were evaluated between the groups (Table II).
The mean FF PTGS-2 concentrations were 162.18 (126.17-
291.58), 156.51 (138.31-626.88), and 163.63 (83.96-484.83)
u/L respectively in Groups 1, 2 and 3, and the results were
comparable between the groups (p=0.504). The correlations
between follicle diameter and FF PTGS-2 levels were evalu-
ated between the groups. With higher FF PTGS-2 levels only

Table II: The mean follicular diameter in total and in groups
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in Group 3, a statistically significant positive correlation was
determined between follicular diameter and FF PTGS-2 levels
(=0.414; p=0.035) (Figure 3).
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Figure 3: The correlations between follicle diameter and level
of prostaglandin-endoperoxide synthases-2 (PTGS-2) in follic-
ular fluids. With the level of PTGS-2 in follicular fluids levels
only in Group 3, a statistically significant positive correlation
was determined between follicular diameter and level of
PTGS-2 in follicular fluid (r= 0.414; p=0.035)

Conclusion

In our study, PTGS-2 gene expression levels in different
nuclear maturation stages of human oocytes and in their sur-
rounding CCs were evaluated additionally to FF PTGS-2 en-
zyme levels. Our results demonstrate that (i) FF PTGS-2 con-
centrations and follicle diameters showed a significantly posi-
tive correlation in oocytes that have completed their nuclear
and cytoplasmic maturation, (ii) the relative PTGS-2 expres-
sion in CCs of immature oocytes was similar to that in mature
oocytes CCs, and (iii) in terms of fertilization ability of
oocytes, the expression of PTGS-2 in CCs of unfertilized
oocytes were the same as in fertilized oocyte CCs.

Study samples were obtained from patients who under-
went ovarian stimulation. In previous studies, it was suggested
that controlled ovarian stimulation, compared to natural cy-
cles, could cause changes in FF contents and this was also
thought to affect CCs protein expressions (9). While this is the
standard procedure for most research involving human

Total Group 1 (n=10)

Follicle diameter (mm)
The level of prostaglandin-endoperoxide
synthases-2 in follicular fluids (u/L)

19.8 (14-24.5)

201.94
(83.96-626.88)

(126.17-291.58)

Group 2 (n=16) Group 3 (n=26) P
18 (14-20)x 20.6 (17-24.5)yz 19.65 (17-22.5)z  0.001*
162.18 156.51 163.63

(138.31-626.88) (83.96-484.83) 0.504

The Kruskal-Wallis test for comparison of ranks between groups, data are given as median (min-max)
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oocytes and CCs, it must be stressed, though, that in order to
minimize the influence of possible variations in the hormonal
environment, this study was performed in patients with match-
ing characteristics.

The important subject is the evaluation of the impact of
follicle diameters on clinical results. The follicles with a
smaller size (a diameter of 3-10 mm) were capable of con-
taining mature oocytes with a decreased rate (25.4%), while
their fertilization rate was similar to that of MII oocytes ob-
tained from larger size (a diameter of 16-18 mm) follicles
(%85.6, %85.8 respectively) (15). Moreover, it was reported
that fertilization rates evaluated for different follicle sizes as <
15mm, 15-18 mm and >18.5 mm were 49%, 53% and 64% re-
spectively in ICSI cycles. In the larger follicles, the rate of ab-
normal fertilization was also lower than in oocytes retrieved
from smaller follicles (9% vs 13%, respectively) (16). In our
study, contrary to previous findings, follicles that reached 20.6
(17-24.5) mm (Group 2) in diameter containing MII oocytes
(Group 2) showed higher fertilization defects than mature
oocytes obtained from follicles with a median diameter of
19.65 (17-22.5) mm (Group 3). It could be postulated that in
mature oocytes obtained from larger follicles, the cutoff mea-
surement with a gap of knowledge may be postmature - aged
oocytes. Given that the evaluation of oocyte maturation is car-
ried out according to nuclear maturation (excretion of pole
polar body) and that the rate of cytoplasmic maturation can
only be assessed by fertilization success, it can be concluded
that the oocytes complementing the nuclear and cytoplasmic
maturation do not correlate with the increase in follicle diam-
eter, as supported by the work of Teramoto et al. (15).

Prostaglandin synthesis from ovarian follicles has also been
reported in a previous study (9,17,18). Several studies have re-
ported that the expression of the PTGS-2 enzyme is responsi-
ble for prostaglandin E2 synthesis in CCs and their activity for
CC expansion and oocyte maturation in rodents (4,5,19,20).
The increase in prostaglandin E2 levels for the in vitro matura-
tion process, 6 hours, and before (i.e. before germinal vesicle
destruction) (21) supports the idea that it is involved in oocyte
maturation and cumulus expansion. Moreover, in the process
of ovulation, hCG plus PTGS-2 inhibitor (celecoxib) applica-
tion in a monkey model caused a decreased rate of mature
oocytes, presumably due to the failure of both cumulus expan-
sion and rupture of the follicle wall. Administration of high
doses of the PTGS-2 inhibitor indomethacin to mice at the time
of hCG administration also delayed oocyte nuclear maturation
(22,23). Administration of lower doses of indomethacin
yielded primarily MII oocytes, even when follicle rupture
failed (24), suggesting that follicle rupture is more sensitive to
inhibition of PTGS-2 than is oocyte maturation. In our study,
although a limited number of samples have been studied, rela-
tive PTGS-2 expression in CCs surrounding immature oocytes
(Group 1) showed a tendency to increase compared to that of
CCs surrounding mature, unfertilized oocytes (Group 2).
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Conversely, it was observed that PTGS-2 expression in imma-
ture oocytes (Group 1) showed a greater tendency to decrease
than in mature but not in fertilized oocytes (Group 2).
Although with no significant difference, it could be speculated
that the tendency of increased PTGS-2 gene expressions in im-
mature oocytes and their CCs may lead to premature follicular
rupture independently of the oocyte maturation stage. This
suggestion could be demonstrated with a study that includes a
larger patient sample.

This study was based on explaining a disrupted oocyte
maturation process and fertilization defects with the gene ex-
pression of PTGS-2 in oocytes and surrounding cumulus cells
and to analyze whether follicular diameter has a relation with
the level of follicular fluid PTGS-2 in follicles that contain im-
mature oocytes. To the best of our knowledge, the level of FF
PTGS-2 concentration and the PTGS-2 expression in human
oocytes and CCs were assessed for the first time according to
the oocyte maturation level. There was found to be no signifi-
cant efficacy of PTGS-2 gene expressions and levels in the
oocyte maturation process and fertilization. However, the ten-
dency of increased PTGS-2 gene expressions in immature
oocytes and their CCs may lead to new clinical approaches in
cases of premature follicular rupture or oocyte maturation ar-
rest in-vitro. There is a need for more extensive research in
which more material can be assessed and molecular mecha-
nisms can be explored.
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