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Abstract. – OBJECTIVE: The aim of the study 
was to determine the expression pattern of long 
pentraxin 3 (PTX3) mRNA in cumulus cells (CCs) 
isolated from metaphase II oocytes of women with 
unilateral endometrioma undergoing controlled 
ovarian stimulation using a gonadotropin-releas-
ing hormone antagonist (GnRHa) protocol. 

PATIENTS AND METHODS: A total of 60 CC 
samples, 30 from the affected ovary and 30 from 
the contralateral ovary, were collected from 12 pa-
tients with unilateral endometrioma who under-
went flexible GnRHa protocol with recombinant 
human chorionic gonadotropin (rhCG) trigger. 
Thirty CC samples collected from the left ovary of 
12 women with male factor infertility were used as 
external controls. Long PTX3 mRNA expression 
in each group was analyzed by real-time poly-
merase chain reaction (RT-PCR). Relative gene 
expression (fold-change) was calculated accord-
ing to the 2-ΔΔCt equation. Fertilization rates after 
intracytoplasmic sperm injection (ICSI) were re-
corded for each group.

RESULTS: CC-PTX3 mRNA expression in the 
unilateral endometrioma group was significant-
ly lower than the mRNA expression of the dis-
ease-free ovary (0.90±0.01 vs. 0.25±0.02, p<0.01). 
CC-PTX3 mRNA expression of MII oocytes of the 
disease-free ovary was found to be similar to the 
control group (1.02±0.03 vs. 0.90±0.01, p=0.107). 
A significant 3.6-fold downregulation was ob-
served in the CC-PTX3 mRNA expression of the 

endometrioma group compared to the CC-PTX3 
mRNA expression in the contralateral ovary. CC-
PTX3 mRNA expression in the endometrioma 
group was downregulated 4.08-fold compared 
to the CC-PTX3 mRNA expression of the con-
trol group (1.02±0.03 vs. 0.25±0.02, p<0.001). 
The cumulus morphologies of the endometrio-
ma group with low CC-PTX3 expression and the 
groups with normal CC-PTX3 levels were similar. 
Fertilization rates of the endometrioma group 
were similar to the contralateral ovary and con-
trol groups.

CONCLUSIONS: Unilateral endometrioma re-
duces CC-PTX3 expression but does not affect dis-
ease-free ovaries. The GnRHa protocol improved 
the fertilization rates, suggesting that failed CC-
PTX3 expression is an in vivo pathology.
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Introduction

One in ten women of reproductive age had 
endometriosis. Ovarian endometriomas are the 
most common presentation of endometriosis and 
are found in 20% of endometriosis patients1-3. En-
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dometrioma is a condition in which endometrial 
tissue, histologically and functionally similar to 
eutopic endometrium, settles in the ovaries and 
becomes a blood-filled cystic formation2. It is an 
estrogen-dependent inflammatory pathology with 
different clinical courses, ranging from chronic 
pelvic pain to infertility. Approximately 80% of 
endometriomas are unilateral and tend to be lo-
cated in the left ovary3,4, significantly affecting 
follicular morphology and function5,6. Due to the 
progressive nature of the disease, involvement of 
the healthy ovary also manifests with a gradual 
decrease in ovarian reserve and subsequent diffi-
culty in conceiving.

The mechanism by which endometriomas neg-
atively affect oocyte quality and quantity is not 
clear5-7. The most accepted view is that it prevents 
follicular development by disrupting ovarian blood 
flow and innervation owing to its mechanical ef-
fect6,8. In addition to its mechanical effect, the 
chronic inflammatory nature of endometrioma 
and its toxic iron content can cause early atresia 
in developing follicles7,9,10. The fact that iron levels 
in follicles close to the endometrioma are higher 
than those in follicles far from the cyst is evidence 
that free iron can cause ferroptosis in the oocyte7. 
Disruption of granulosa cell (GC) proliferation and 
ovarian steroidogenesis in the presence of endome-
trioma suggests that the negative effect of the cyst 
on oocytes is mediated by GCs11. The fact that en-
dometriomas reduce P450 aromatase, anti-Mulleri-
an hormone (AMH), and progesterone synthesis in 
GCs supports the idea that the decrease in oocyte 
quality and quantity occurs through GCs11.

The somatic cell-derived cells that surround 
the oocyte in a layer are called cumulus cells 
(CCs). Nuclear and cytoplasmic maturation of 
oocytes is achieved by bidirectional communi-
cation between CCs and oocyte12. Towards the 
end of folliculogenesis, CCs enter the expansion 
process, which is a critical stage for ovulation, re-
sumption of meiosis, and fertilization13. Cumulus 
cell expansion occurs through the combined ac-
tion of several genes that maintain the balance be-
tween pro- and anti-inflammatory cytokines14-16. 
Long pentraxin 3 (PTX3), which is regulated by 
oocyte-derived GDF-9, is one of the key anti-in-
flammatory genes responsible for cumulus expan-
sion17,18. CC-PTX3 is required for hyaluronan-rich 
matrix assembly and cumulus expansion19. In the 
presence of endometrioma, deterioration of lo-
cal and systemic inflammatory balance in favor 
of inflammation may disrupt the expression of 
many cumulus genes, including the long PTX3, 

negatively affecting oocyte quality may be neg-
atively affected16-18. However, no study has inves-
tigated CC-PTX3 mRNA expression in patients 
with endometrioma. This study was designed to 
determine the expression pattern of PTX3 mRNA 
in CC isolated from metaphase II (MII) oocytes 
of patients with unilateral ovarian endometrioma 
undergoing controlled ovarian stimulation for as-
sisted pregnancy.

Patients and Methods

Sample collection for this cross-sectional study 
was initiated after approval from the Institutional 
Ethics Committee (ethical approval number: 2023-
10-22) and informed patient consent was obtained. 
Participants were selected from patients who ap-
plied to the Göztepe Medicalpark Hospital In Vitro 
Fertilization Unit. Thirty CC samples were collect-
ed from 12 patients scheduled for controlled ovarian 
stimulation and ICSI due to unilateral unoperated 
endometrioma. Thirty CC samples obtained from 
disease-free contralateral ovaries were used as in-
ternal controls. Thirty CC samples obtained from 
the left ovaries of 12 women without ovarian cysts 
who underwent controlled ovarian stimulation due 
to male factor infertility were selected as external 
controls. 

Patients in the endometrioma and control 
groups were matched for age, body mass index 
(BMI), and infertility duration. Since endometri-
omas show a left-lateral predisposition, the left 
ovaries were used as the control group3. The diag-
nosis of endometrioma was made using transvag-
inal ultrasonography, and its presence was con-
firmed for at least two cycles. CC-PTX3 mRNA 
levels obtained from endometrioma ovaries were 
compared with CC-PTX3 mRNA expression in 
disease-free contralateral ovaries and in external 
control patients. Patients with a history of system-
ic inflammatory disease, bilateral endometrioma, 
ovarian surgery, and use of hormonal or anti-in-
flammatory drugs for the last 3 months were ex-
cluded from the study. Patients with insufficient 
CC were excluded from the study. Patients with 
insufficient CCs were excluded from the study. 
Patients with azoospermia were not included in 
the control group because it was planned to com-
pare fertilization rates between the groups. In the 
baseline evaluation on the 3rd day of the cycle, 
luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), anti-mullerian hormone (AMH) 
levels, and antral follicle count (AFC) of the par-
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ticipants in both groups were recorded. The diam-
eter of the endometrioma was measured during 
transvaginal examination.

A flexible GnRHa protocol for controlled 
ovarian stimulation was applied in both groups. 
Detailed information regarding the antagonist 
protocol can be found elsewhere20. Briefly, after 
starting recombinant follicle-stimulating hor-
mone (rFSH) treatment on the 3rd day of the cycle, 
patients whose follicle diameter reached ≥14 mm 
were administered gonadotropin-releasing hor-
mone antagonist (GnRHa) for pituitary suppres-
sion. Ovulation was triggered by recombinant 
human chorionic gonadotropin (rhCG) treatment. 
Cumulus oocyte complexes (COC) collected un-
der ultrasound guidance 36 h after the ovulation 
trigger were subjected to cumulus isolation. We 
evaluated cumulus cell morphology during COC 
grading before denudation in all the groups. 
Thus, we had the opportunity to retrospectively 
compare the changes in CC morphology between 
groups with different PTX3 expression patterns.

Before being mechanically separated from 
COCs into CCs, it was subjected to COC classi-
fication: COC grade 1 indicates first polar body 
(+) mature oocytes (MII), COC grade 2 indicates 
first polar body (-) (MI) oocytes, and COC grade 
3 indicates germinal vesicle (GV) oocytes. MII 
CCs were used for quantitative reverse transc-
riptase polymerase chain reaction (qRT-PCR) in 
both groups. CCs, mechanically peeled with 290 

µ diameter pipettes, were transferred to RNA-lat-
er-containing tubes and stored until RNA ex-
traction. CCs isolated from MII oocytes were 
placed in individual vials. CCs of MII oocytes 
obtained from unilateral endometrioma ovaries 
were labeled CCMII-endm (+). CCs of MII oo-
cytes collected from disease-free contralateral 
ovaries were labeled as CCMII-endm (-). CCs 
of MII oocytes collected from the left ovary of 
women in the control group were labeled as 
CCMII-con (Table I). The total number of CCs 
isolated from MII oocytes in all three groups and 
selected for Real-Time Polymerase Chain Reac-
tion was 90. All MII oocytes were subjected to 
intracytoplasmic sperm injection (ICSI). The re-
lationship between CC-PTX3 expression and the 
fertilization rate was recorded. 

The cumulus cell morphology of each group 
was evaluated before denudation. In the mor-
phological evaluation, cytoplasmic brightness 
(marked bright cytoplasm was considered grade 
1, moderate brightness was considered grade 2, 
and loss of brightness was considered grade 3), 
number of cumulus cell layers (if the number of 
layers was <5, it was considered grade 1; if it 
was 5-9, it was considered grade 2; and if it was 
>9, it was considered grade 3), cumulus cell loss 
(grade 1 if CC loss <50%, grade 2 if CC loss was 
50-75%, grade 3 if CC >75%), and corona radiata 
polarization (normal corona radiata polarization 
was considered grade 1, and loss of polarization 

Variables Unilateral endometrioma Disease free ovary Control group p-values

Age (years) 27.5±2.96 26.67±3.68 0.468a

BMI (kg/m2) 23.19±1.64 22.88±1.40 0.586a

Infertility duration (yrs) 3 (2.5-4) 3 (2-4) 0.398b

Antral follicle count (AFC) 3 (2-4) 3 (2.5-5) 3 (3-4) (left ovary) 0.742c

LH (mIU/mL) 5.5 (5.4-6.6) 5.6 (4.4-6.1) 0.311b

FSH (mIU/mL) 5.7±1.31 5.2±0.87 0.235a

AMH (ng/mL) 2 (1.4-3.1) 2.3 (2.1-3.15) 0.128b

Endometrioma size (mm) 42.4 (31.5-50)

Endometrial thickness (mm) 9.2 (8.8-9.5) 9.5 (9-10) 0.062b

Ovarian stimulation GnRH antagonist+rhCG GnRH antagonist+rhCG

MII oocyte-CC 30 30 30

Fertilization rate 66.6% 70% 66.6% 1.00d

Table I. Comparison of demographic laboratory characteristics between the unilateral endometrioma and control groups.

Data are given as mean ± standard deviation or median (1st quartile - 3rd quartile) for continuous variables. aStudent t-test, 
bMann-Whitney U test, cKruskall-Wallis test, dChi-square test. BMI, body mass index; LH, luteinizing hormone; FSH, folli-
cle-stimulating hormone; AMH, anti-mullerian hormone; MII, mature oocytes; GnRH, gonadotropin-releasing hormone; rhCG, 
recombinant human chorionic gonadotropin.
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was considered grade 2) were considered. Thus, 
we had the opportunity to analyze the changes in 
the CC morphologies of the groups with normal 
and defective CC-PTX3 mRNA expression.

Quantitative Reverse Transcriptase-
Polymerase Chain Reaction

Long PTX3 mRNA expression in each group of 
participants was analyzed using qRT-PCR. Glyc-
eraldehyde-3-Phosphate Dehydrogenase (GAPDH) 
was used as a reference gene to examine mRNA ex-
pression. Total RNA isolation from cumulus cells 
was performed using the PureLink Total RNA Mini 
Kit (Invitrogen, Waltham, MA, USA), and its con-
centration was measured with a Qubit Fluorometer 
(Thermo Fisher Scientific, Waltham, MA, USA). 
RNA was reverse transcribed using the High-Ca-
pacity cDNA Kit (Applied Biosystems, Foster City, 
CA, USA). Blirt Amplyfyme SYBR Green Master 
Mix (Cat No.: AM-02-200; Gdańsk, Poland) was 
used for Real-Time PCR. The sequences of primers 
used for qRT-PCR were as follows: PTX3: Forward 
5’-TGGACAACGAAATAG ACATGG-3,’ reverse 
5’-CTCTCATCTGCGAGTTCTCC-3,’ GAPDH: 
forward 5’-GAAGATGGTGATGGGATTTC-3,’ 
reverse 5’-GAAGGTGAAGGTCGGAGTC-3.’ 

Statistical Analysis
IBM SPSS Statistics Version 22.0 for Win-

dows (IBM Corp., Armonk, NY, USA) was 
used for data analysis. Variables with normal 
distribution were analyzed using an indepen-
dent sample t-test, and non-normal distribu-
tions were analyzed using the Mann-Whitney 
U test or the Kruskal-Wallis test. The Chi-
square test was used to compare categorical 
data, which were expressed as percentages. 
Continuous variables are given as mean±stan-
dard deviation or median (1st quartile-3rd quar-
tile); two-tailed p-values of p<0.05 were con-
sidered significant. Relative gene expression 
(fold-change) was calculated according to the 
2-ΔΔCt equation. Statistical differences in CC-
PTX-3 expression were analyzed by one-way 
ANOVA followed by Tukey’s multiple compar-
ison test using GraphPad Prism 8.0 (GraphPad 
Software Inc., San Diego, CA, USA). 

Results

Demographic characteristics of all three 
groups are presented in Table I. The mean age, 
BMI, infertility duration, AFC, and serum FSH, 

LH, and AMH levels were similar in both groups. 
The mean endometrial thickness on ovulation 
trigger day was similar in both groups. There 
was no difference between the two groups in 
terms of the total gonadotropin dose consumed, 
total number of oocytes collected, and serum es-
tradiol levels on the day ovulation was triggered.

The number of MII oocyte cumulus samples 
subjected to qRT-PCR was 90, including 30 in 
the endometrioma group, 30 in the contralateral 
disease-free ovary, and 30 in the control group. 
qRT-PCR was not performed on the CCs of MI 
and GV oocytes. The median endometrioma di-
ameter was recorded as 42.4 mm (31.5-50). CC-
PTX3 mRNA expression in MII oocytes of the 
disease-free contralateral ovary was found to be 
similar to that in the control group (1.02±0.03 
vs. 0.90±0.01, p=0.107). CC-PTX3 mRNA ex-
pression in MII oocytes obtained from ovaries 
with unilateral endometrioma was significant-
ly lower than the mRNA expression of the 
disease-free contralateral ovary (0.90±0.01 
vs. 0.25±0.02, p<0.01). A significant 3.6-fold 
downregulation was observed in the CC-PTX3 
mRNA expression of the endometrioma group 
when compared to the CC-PTX3 mRNA ex-
pression in the contralateral ovary (Figure 1). 
CC-PTX3 mRNA expression of MII oocytes 
collected from the endometrioma ovary was 
downregulated 4.08-fold compared to the CC-
PTX3 mRNA expression of the control group 
(1.02±0.03 vs. 0.25±0.02, p<0.001). 

In the predenudation microscopic examination 
of MII oocytes with low CC-PTX3 expression, 
we did not observe any significant morphological 
changes compared to the MII oocytes of the con-
tralateral ovary and the control group with normal 
PTX3 expression. CCs with low or normal PTX3 
levels had a bright cytoplasm, a similar number 
of cell layers, and polarized corona radiata. Low 
CC-PTX3 levels did not lead to either loss of trans-
parency or partial or complete loss of CCs. The 
two-pronuclear zygote (2PN) rates of low PTX3 
expressing endometrioma patients were similar to 
the 2PN zygote rates of the contralateral ovary and 
control groups. No difference was found between 
the two groups in terms of the 2PN zygote rate.

Discussion

Although endometriomas do not cause signifi-
cant changes in clinical pregnancy and live birth 
rates compared to healthy controls, they adversely 
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affect both the total number of oocytes and em-
bryo quality6. However, the results of studies con-
ducted so far are unclear about the mechanisms 
by which endometriomas negatively affect oocyte 
development. In the last decade, the view that en-
dometriomas negatively affect both oocyte and 
embryo development by reducing cumulus cell 
proliferation, progesterone synthesis, and aro-
matase activity has gained weight5,11. For all these 
reasons, the negative effects of endometriomas 
on oocyte developmental competence have been 
tried to be proven by studies using cumulus cell 
sample5,21,22. The number of studies investigating 
the changes caused by endometriomas in oo-
cyte morphology or metabolic pathways is quite 
low5,23. If the functions of CCs are truly impaired 
in the presence of endometrioma, the expression 
of critical genes responsible for cumulus expan-
sion should also be impaired. 

In the current study, we analyzed for the first 
time the mRNA expression of long PTX3, one 

of the main genes responsible for cumulus ex-
pansion22, in the CC of MII oocytes of unilateral 
endometrioma patients and compared it with the 
expression levels in contralateral disease-free ova-
ries. We also compared CC-PTX3 mRNA expres-
sion in the endometrioma group with the mRNA 
expression of healthy controls who underwent 
IVF/ICSI due to male factor infertility. When 
we compared it with CC-PTX3 expression in the 
contralateral group, we found that PTX3 expres-
sion was 3.6-fold lower in ovaries with unilateral 
endometriomas. Since the fold change in PTX3 
mRNA was >2, we concluded that the CC-PTX3 
expression pattern in endometrioma ovaries was 
defective compared to that in disease-free ova-
ries. The 4.08-fold decrease in CC-PTX3 mRNA 
expression in the endometrioma group compared 
to that in the healthy control group strongly sup-
ports that endometriomas may impair oocyte de-
velopment quality by causing cumulus expansion 
defects. The fact that CC-PTX3 mRNA expres-
sion in the disease-free contralateral ovary and 
the expression values of the control group were 
similar suggests that unilateral endometriomas 
did not negatively affect the cumulus cell func-
tions of the contralateral ovary.

Since PTX3, which is only one of the cumulus 
expansion genes, is not expressed sufficiently in 
the presence of endometrioma, it may not be cor-
rect to discuss the existence of cumulus expansion 
defects. Since cumulus expansion is controlled by 
many oocyte- and cumulus cell-derived genes, oth-
er genes may compensate for the PTX3 expression 
defect24. If the levels of CC-PTX3 associated with 
MII oocytes of patients with unilateral endometri-
oma are physiologically low, the degree of cumu-
lus cell expansion in the MII oocytes of the endo-
metrioma group will be reduced. To test this, we 
evaluated the images of each COC during pre-de-
nudation grading. In the unilateral endometrioma 
group with PTX3 expression deficiency, CCs did 
not regularly surround centrally located oocytes. 
Instead, CCs form a more uniform and unstable 
mass. In the endometrioma group, the brightness 
of the CCs and the number of layers formed by 
these cells were similar to those in the groups with 
normal PTX3 expression. In addition, the absence 
of partial or complete loss of CCs suggests that 
PTX3 deficiency does not cause significant chang-
es in COC morphology. The decrease in the COC 
diameter compared to that in the control group was 
not large enough to be interpreted as compaction. 
Morphological evaluation of CCs during grading 
before COC denudation may provide functional 

Figure 1. Graphical representation of the fold change in 
CC-PTX3 mRNA expression in MII oocytes of endometri-
oma, disease-free contralateral ovary, and left ovary of the 
control group. CC-PTX3 mRNA expression in the unilateral 
endometrioma group was approximately four times lower 
than the expression level of both the contralateral ovary and 
the ovary of the control group (​data are expressed as the 
mean ± SEM. One-way ANOVA followed by Tukey’s multi-
ple comparison test). ns., not significant. 
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data to confirm changes in PTX3 mRNA expres-
sion. Although PTX3 deficiency leads to loss of 
polarization in the corona radiata in mice, we did 
not observe loss of polarization in corona radiata 
despite defective PTX3 expression in the endome-
trioma group. This difference may be due to dif-
ferences in certain functions of PTX3 in humans 
and mice25 or may depend on the severity of the 
decrease in PTX3 expression in the presence of en-
dometrioma. In mouse studies, cumulus expansion 
defects and loss of polarization in the corona ra-
diata have been noted in Ptx3-/- mice19. However, 
in patients with endometrioma, PTX3 expression 
is reduced compared to that in controls, and there 
is no complete absence of PTX3 expression. CCs 
may expand in the presence of low PTX3 levels, 
or other genes responsible for cumulus expansion 
may compensate for PTX3 deficiency.

Although it is known that CC-PTX3 is involved 
in the mechanism associated with cumulus expan-
sion in humans and is also a potential biomarker for 
oocyte quality, there are not enough studies inves-
tigating CC-PTX3 levels in infertile populations. 
Ouandaogo et al26 reported that PTX3 expression 
was downregulated in CCs obtained from the oo-
cytes of PCOS patients at different stages of nuclear 
maturation. It is thought that low-grade chronic in-
flammation in PCOS disrupts the redox balance of 
the follicle, causing defects in CC-PTX3 expression 
and expansion18,26. PTX3 expression increases in re-
sponse to local inflammation and exerts a protective 
effect against inflammation by regulating apoptotic 
cell loss27. An increase in oocyte apoptosis, follicle 
atresia, and inflammatory cytokine production in 
the affected ovary compared to the unaffected ovary 
is critical evidence that endometriomas can disrupt 
cumulus granulosa cell function8,9,11. Increased local 
and systemic inflammation in the presence of endo-
metrioma may restrict the role of PTX3 in cumulus 
matrix stability28. However, despite the CC-PTX3 
expression defect in MII oocytes of patients with 
endometrioma, PTX3 expression in the disease-free 
contralateral ovary was normal, suggesting that lo-
cal inflammation rather than systemic inflammation 
is the determinant of PTX3 expression.

CCs are an important indicator of oocyte de-
velopment, as they participate in the production 
and transfer of factors that ensure nuclear and 
cytoplasmic maturation of the oocyte29. The fer-
tilization and implantation potential of oocytes 
with inadequate or defective cumulus expansion 
is limited14,22. Thus, the fertilization rates of pa-
tients with unilateral endometrioma expressing 
low PTX3 levels would be expected to be lower 

than that of the control group. However, the fact 
that the ICSI outcomes of patients with endome-
triomas were similar to those of the contralateral 
ovary and the control group led us to question 
the role of CC-PTX3 in fertilization. The answer 
to this question was clarified in an experimental 
study conducted by Salustri et al19. The authors 
reported that although oocytes obtained from 
Ptx3-/- mice were fertilized in vitro, in vivo fer-
tilization did not occur. Supporting these experi-
mental results, the ICSI results of patients in the 
endometrioma group were similar to those of the 
healthy controls, suggesting that low CC-PTX3 
expression prevents fertilization in vivo, where-
as ICSI overcomes this problem. In agreement 
with this, in a recent study30, our team showed 
that CC-PTX3 expression in PCOS patients var-
ies according to the nuclear maturation stage 
and that ICSI overcomes CC-PTX3 expression 
defects. Salustri et al19 and our previous study30 
are critical in showing that oocyte development 
is normal in humans and mice, despite the CC-
PTX3 expression defect. Our study is unique 
as it shows that despite low CC-PTX3 expres-
sion, MII oocytes from endometrioma patients 
are fertilized by ICSI at a rate similar to that in 
healthy individuals. However, the grading we 
used to evaluate CC morphology is an important 
limitation, as it is a system developed by us and 
has not been agreed upon by everyone.

Conclusions

Long PTX3 is just one of the essential genes re-
sponsible for cumulus expansion. Low CC-PTX3 
mRNA expression in women with unilateral en-
dometrioma may lead to unexplained infertility 
without ovulatory dysfunction. Therefore, ICSI 
should be the first treatment option in women with 
endometrioma because of the risk of insufficient 
CC-PTX3 expression, as it provides fertilization 
rates similar to those of healthy controls.
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