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The Expression of Cyclophilin A in Ovarian Endometrioma: Its
Correlation with Recurrence and Vascularity
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Endometriosis is defined as the presence of functional endometrial tissues outside of the uterine cavity.
Ovarian endometrioma is the most common type of endometriosis. It is an estrogen-dependent
inflammatory disease that frequently causes infertility and chronic pelvic pain. Cyclophilin A (CyPA) is
secreted from various types of cells in response to inflammatory stimuli. Many previous studies have
shown that the increased expression and/or heightened plasma levels of CyPA exacerbates inflammation.
The aim of this study is to evaluate CyPA immunoreactivity in ovarian endometrioma cyst wall. In this
cross-sectional study, CyPA immunoreactivity in endometrial tissue samples obtained from uterine cavity
and in endometrioma cyst walls of 44 consecutive women with ovarian endometrioma were compared with
control endometrial tissue samples obtained from uterine cavity of 40 women without endometrioma. All
endometrioma samples were confirmed via histopathological examination. Finally, the relationship between
CyPA immunoreactivity and the clinicopathological findings related to endometrioma were evaluated. The
CyPA expression rates in glandular cells, stromal cells, and the capillary endothelium were significantly
higher in endometrioma cyst walls of women with ovarian endometrioma than in the control endometrial
tissue of women without endometrioma (p = 0.0002, p = 0.0417 and p = 0.0067, respectively). The
correlation analysis demonstrated that glandular CyPA expression was correlated with endometrioma
recurrence (p = 0.0267). However, stromal and vascular endothelial CyPA expression were correlated with
dysmenorrhea recurrence (p = 0.0023 and p = 0.0003, respectively). In conclusion, the increased
expression of CyPA in ectopic endometrial tissue is associated with endometrioma recurrences and

vascularity.
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Introduction

Endometriosis is defined as presence and growth of
endometrial-like tissue outside of the uterine cavity
(Missmer et al. 2004). Tt is one of the most prevalent dis-
ease that affects 10% of reproductive age women
(Yamamoto et al. 2017). Although not associated with high
mortality, this disorder can significantly contributes to a
decrease in the quality of life (Soliman et al. 2017).
Ovarian endometrioma is the most common type of endo-
metriosis and frequently causes chronic pelvic pain (CPP)
and infertility (Busacca and Vignali 2003).

Currently, many surgical techniques, medical drugs,
and combinations of the two can be used in the treatment of
endometriosis (Singh and Suen 2017). However, a cure for
endometriosis is not possible, and the recurrence of this dis-
ease and its related symptoms is commonplace. Thus, it is
important to understand the underlying molecular and cel-

lular mechanisms of this disease (Bischoff and Simpson
2004).

Endometriosis is characterized by a chronic inflamma-
tory reaction in the pelvis; additionally, various biomarker
alterations may occur in women with endometriosis, includ-
ing increased levels of reactive oxygen species (ROS), pro-
teolitic enzyme and inflammatory molecules in endometri-
otic foci, endometrioma fluid and circulation (Yamaguchi et
al. 2008). The overproduction of ROS causes harmful
effects on those cells that exceed the cellular antioxidant
defense capacity for the removal of these toxic substances,
thus resulting in oxidative stress. ROS-induced oxidative
stress alters cellular function by regulating the gene expres-
sion and protein activity of pro-inflammatory cytokines,
adhesion molecules, and various growth and angiogenic
factors as well as by affecting the normal action of impor-
tant signaling pathways, such as the mitogen-activated pro-
tein kinase (MAPK) pathways, the AP-1 transcription fac-
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tor, the NF-kB pathway and hypoxia-inducible transcription
factors (Wu 2006; Defrére et al. 2011; Sanchez et al. 2014).
Many previous studies have clearly indicated that the pres-
ence of oxidative stress in endometrioma and surrounding
ovarian tissues (Matsuzaki and Schubert 2010). Oxidative
stress can lead to chronic inflammation, which can mediate
the formation of many chronic illnesses such as cancer, dia-
betes and various cardiovascular, neurological, and pulmo-
nary diseases (Reuter et al. 2010).

Cyclophilin A (CyPA), an 18kDa weight intracellular
protein, is a member of the immunophilin family. It is
known as an inflammatory mediator that is secreted from
various types of cells in response to inflammatory stimuli
such as hypoxia, oxidative stres, and infection. Previous
reports have shown that the expression and/or circulating
levels of CyPA are higher in the presence of several disor-
ders such as diabetes mellitus, asthma, rheumatoid arthritis,
cardiovascular disease, and cancer, which causes inflamma-
tory conditions in the body (Billich et al. 1997; Yang et al.
2007; Li et al. 2008; Nigro et al. 2011; Stemmy et al. 2011;
Satoh et al. 2013; Ramachandran et al. 2014). During the
inflammation process, the increased secretion of CyPA
stimulates the production of cytokines as well as the migra-
tion of inflammatory cells, including monocytes/macro-
phages and neutrophils (Yang et al. 2008; Tian-tian et al.
2013). Additionally, CyPA with its receptor CD147 (is also
called Basigin and EMMPRIN) interaction significantly
enhances tissue destruction and cell invasion via the ele-
vated secretion of MMPs (Yang et al. 2008; Wang et al.
2010; Tian-tian et al. 2013).

However, many previous studies have demonstrated
that CyPA knockdown serves to protect individuals from
the detrimental effects of inflammation associated with
many diseases, including atherosclerosis (Satoh et al. 2011),
ischemia/reperfusion injury (Seizer et al. 2011), and tumor
growth in vivo (Li et al. 2008).

A recent study conducted by Li et al. (2008) has shown
that CyPA is present in normal endometrial tissues and that
CyPA expression is higher in the pathological endometrial
tissues of women with endometrial hyperplasia and endo-
metrial cancer, which cause an inflammatory condition to
occur in the endometrium. Moreover, the authors found
that an overeexpression of CyPA is correlated with poor dif-
ferentiation and a prognosis of endometrial cancer. In the
same study, the suppression of CyPA in vivo was shown to
result in decreased tumor growth accompanied by the inhi-
bition of cell proliferation and the induction of apoptosis.
Finally, the authors concluded that CyPA is a promising
novel prognostic factor and possibly also a potential thera-
peutic target in the treatment of endometrial carcinoma.

Based on the above considerations, the purpose of this
study was to evaluate the alteration of CyPA expression and
subcellular localization in the endometrial tissue (eutopic
endometrium) samples and in the endometrioma cyst wall
(ectopic endometrium) tissue samples of women with endo-
metrioma. We also evaluated possible correlations between

CyPA expression in the ectopic endometrium and clinico-
pathological variables of women with endometrioma.

Materials and Methods

Patients

This cross-sectional study was conducted in Balikesir
University, School of Medicine, Training and Research Hospital
between January 2015 and July 2016. The investigation protocol was
approved by the institutional Ethical Committee of the Balikesir
University, School of Medicine. All subjects gave informed consent
before participation. The protocols of the study were in accordance
with the Helsinki Committee requirements.

Fourty-four consecutive women (35 sexually active and 9 vir-
gin) who were undergoing laparoscopic endometrioma excision were
included in this study. Endometrial tissue samples (eutopic endome-
trium) were obtained from uterine cavity of 35 sexually active women
and endometrioma cyst wall tissues (ectopic endometrium) were
obtained from cyst walls of all 44 women with ovarian endometrioma
during endometrioma surgery.

For the control group, endometrial tissue samples (control endo-
metrium) were obtained from uterine cavity of 40 women who were
undergoing laparoscopic surgery for benign indication such as tubal
sterilization, myoma uteri, and serous and mucinous cystadenoma of
the ovary.

The demographic characteristics of the patients were recorded
prior the surgery. Laparoscopic endometrioma excisions were per-
formed using the stripping method on all patients with endometrioma.
All procedures were performed under general anesthesia and all oper-
ations were performed with laparoscopy. No intraoperative complica-
tion was occurred. All patients were discharged home within 48
hours after the surgery, without any major post-operative complica-
tion. All patients were followed at least one year postoperatively.

Endometrioma were diagnosed with ultrasonography and later
histopathologically confirmed. Women who had pelvic infections,
pelvic malignancy, serious systemic diseases, advanced pelvic adhe-
sion, pelvic radiation exposure, deep infiltrative endometriosis (DIE)
and hormone replacement therapy (HRT) before 3 month the opera-
tion were excluded from the study.

Recurrence of endometrioma: During the followed period, pres-
ence of ovarian cysts of > 2 cm diameter, along with characteristic
echoes as detected by transvaginal ultrasonography for two consecu-
tive menstruation (Exacoustos et al. 2006) or the presence of de novo
ovarian endometrioma as confirmed by histology following a second
surgery was defined as endometrioma recurrence. According to these
observations, women with endometrioma were divided into two
groups as endometrioma recurrence (n = 9) and non-recurrence (n =
35).

Recurrence of dysmenorrhea: Recurrence of dysmenorrhea was
defined as a recurrence or persistence of pain symptoms requiring
medical intervention with menstration after the surgery. Presence of
dysmenorrhea was questioned verbally at preoperative and postopera-
tive evaluation (routine practice at our clinic).

Tissue specimens preparation and examination: Endometrial
tissue specimens; All pathological specimens of the endometrial tis-
sues of 35 women with endometrioma and of the 40 control women
were fixed in formalin and subsequently embedded in paraffin. They
were then cut into 4-um thick sections and stained with hematoxylin
and eosin.

Endometrioma cyst wall tissue specimens: The endometrioma
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cyst wall tissue samples of 44 women with endometrioma were
obtained during the surgery. For the purpose of standardizing the tis-
sue sampling procedure, biopsies of the endometrioma cyst walls
were obtained from the site closest to the ovarian hilus following the
removal of the endometrioma. Formalin-fixed specimens were
embedded in paraffin and cut into 4-um thick sections and stained
with hematoxylin and eosin.

Immunohistochemistry

Immunohistochemical staining for CyPA was performed on
both the endometrial tissue samples and the endometrioma cyst wall
tissue samples. During the immunohistochemistry procedure: all
biopsy specimens were fixed in 10% neutral formalin and then subse-
quently embedded in paraffin. Four-um sections were mounted on to
glass slides and allowed to dry at 37°C for 12 h. Each sample was
passed through xylene and ethanol series for removing paraffins.
Next, to prevent endogenous peroxidase activities, samples were
incubated with 1% H,0,. Each sample was washed with 0.1% triton-
x-100 phosphate buffered saline (PBS) and transferred to citrate buf-
fer solution (pH 6) to provide antigen retrieval. After, specimens
were washed with PBS again and put into an immunohistochemistry
container. Then, primary antibodies for CyPA was added and refrig-
erated at 4°C for 12 h. After, samples were washed with PBS and
incubated with streptavidin peroxidase for 30 min. Next, specimens
were then rinsed again with PBS and incubated with chromogen ami-
noethylcarbazole substrate kit (AEC kit; Zymed Laboratories). After
this procedure, the slides were stained with hematoxylin for back-
ground staining and covered with mounting medium solution (Zymed
00-8030).

Immunohistochemistry analysis was performed using the super
vision assay kit (SV0002-1, Boster, Pleasanton, CA, USA) in the
Department of Pathology by a histopathologist. The primary antibod-
ies used in this study was human monoclonal antibody against
cyclophilin A, dilution 1:100; (PA/1447, Boster, Pleasanton, CA,
USA).

Evaluation of all tissue samples: During the evaluation, an
experienced histopathologist (G.T.) was blinded to the clinical vari-
ables. All participants endometriomas underwent gross and histologic
examinations. During the gross examinations, the size of the endo-
metrioma, its bilaterality and the presence of peritoneal endometriosis
lesions were recorded.

During the histologic examinations, vascularization of the cyst
wall tissue was evaluated per random selected fields of the tissue
specimens via light microscopy under x 20 magnification. The area
surrounding the blood vessels was quantified using computer soft-
ware. During the procedure, the vascular wall was manually outlined
with the aid of the image analysis system per random selected fields
of the cyst wall tissues. The fraction of blood vessels was brought
back to the total area (on the selected field) and assessed using a com-
puterized analysis system (mean determination from the selected
field).

In all patients with endometrioma, the eutopic and ectopic
endometrial tissue samples showed strong immunoreactivity for
CyPA. CyPA expression was predominantly localized in intracyto-
plasmic glandular cells, in stromal cells and in the capillary endothe-
lium. However, there were differences with regard to staining inten-
sity between in endometrial glandular cells, endometrial stromal cells,
and the capillary endothelium of the same endometrial tissue samples.
Therefore, we have separately scored CyPA expression in different

cells. Analyzed fields selected randomly from ten slides using a bio-
microscope (Olympus BX48, Tokyo, Japan) and an image analysis
system (Nis Elements Advantages Research Microscope Imaging
Software, Nikon Enstruments Europe BV, Amsterdam, Netherlands).
The image analysis system used consisted of a PC with hardware and
software for image acquisition and analysis, a spot insight camera,
and an optical microscope. The method requires preliminary software
procedures involving spatial calibration (on a micron scale) and set-
ting of color segmentation for quantitative color analysis. Brown-
color staining intensity in the cytoplasm of the columnar cells, stro-
mal cells and capillary endothelium revealed the presence of CyPA
expression. The positivity ratio was evaluated; the number of pixels
reflects the expression level of the detected antigen and can also be
expressed as percentage of the entire image pixel amount. < 80 pixels
reflects: weak (1+), 80-200 pixels reflects: moderate (2+) or > 200
pixels reflects: strong (3+) (see Fig. 2A, B and Fig. 3A, B, C).

For statistical analysis, comparisons of metric or categorical
variables between patients and controls were done by indepentent t
test or Mann-Whitney test. Qualitative data are expressed in percent-
age (%) and quantitative data are expressed as the means + standard
deviation (SD). p values of < 0.05 were considered to be statistically
significant. MedCalc Statistical Software Programme Version 17.2
(Ostend, Belgium) was used.

Results

In this cross-sectional study, CyPA immunoreactivity
in the endometrial tissue samples (eutopic endometrium, n
= 35) and in the endometrioma cyst wall tissue samples
(ectopic endometrium, n = 44) of women with endometri-
oma were compared with the endometrial tissue samples of
age-matched women without endometrioma (control endo-
metrium, n = 40).

The morphological analysis of tissue samples using
light microscopy showed that the endometrioma cyst walls
were mainly composed of fibrous connective tissue, blood
vessels, and an inner cyst wall of endometrioma covered by
endometriotic tissue (ectopic endometrium), which included
a lining of columnar epithelium, the endometriotic gland,
endometriotic stroma, capillary vessels, and hemosiderin-
laden macrophages (Fig. 1).

Overexpression of Cyclophilin A in the eutopic and ectopic
endometrial tissues of women with endometrioma
Importantly, CyPA expression in women with endo-
metrioma was significantly higher than that it was in
women without endometrioma (Fig. 2A, B). The statistical
analysis revealed that CyPA expression in glandular cells,
stromal cells, and the capillary endothelium was signifi-
cantly higher in the eutopic and ectopic endometrial tissues
of women with endometrioma than in the control endomet-
rial tissues of women without endometrioma (p = 0.0002, p
= 0.0417 and p = 0.0067, respectively). Our subgroup
analysis showed that glandular CyPA expression in ectopic
and eutopic endometrial tissue were significantly higher
than control endometrial tissue (p < 0.0001 and p = 0.0024,
respectively). Stromal CyPA expression in ectopic and
eutopic endometrial tissue were significantly higher than
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Fig. 1. Hematoxylin—Eosin staining in endometrioma cyst
wall (x 200).
The endometrioma cyst walls were mainly composed of
fibrous connective tissue, blood vessels, and ectopic en-
dometrial tissue which included a lining of columnar
epithelium, the endometriotic gland, endometriotic stro-
ma, blood vessels, and hemosiderin-laden macrophages.
g, endometriotic gland; s, endometriotic stroma; ct, fib-
rous connective tissue; arrow, blood vessels.

control endometrial tissue (p = 0.0134 and p = 0.0279, res-
pectively). Vascular endothelial CyPA expression in ecto-
pic and eutopic endometrial tissue was significantly higher
than control endometrial tissues (p =0.0019 and p = 0.0206,
respectively). However, there were no differences in glan-
dular cells, stromal cells and vascular endothelial expres-
sion of CyPA between between eutopic and ectopic endo-
metrial tissues of women with endometrioma (p = 0.3782, p
= 0.6832, p = 0.6281, respectively). The expression of
CyPA in all tissue samples is shown in Table 1.

Comparable analysis of clinicopathological variables in
women with and without endometrioma recurrence

Clinically, we observed that 18.2% of women had
endometrioma in both ovaries, and 22.7% of patients had
peritoneal endometriotic lesions. We also found that in our
study population, endometrioma recurrence and dysmenor-
rhea recurrence were 20.5% and 52.3%, respectively, one
year after surgery.

The clinical and histopathological variables in women
with endometrioma were compared between groups. The
nine women in the recurrence group had a median age of 31
(range 23-41 years) years and the 35 women in the non-

Fig. 2. Different expression of CyPA in endometrial tissues by immunohistochemistry (x 200).
(A) CyPA expression in a woman with endometrioma revealing strong cytoplasmic staining in columnar and stromal
cells (dark brown, score 3). (B) Weak expression of CyPA in a woman without endometrioma (light brown staining,
score 1). (C) Negative control: the endometrial tissue of the uterine cavity, obtained from a woman without ovarian

endometrioma.
g, endometrial gland; s, endometrial stroma.
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Table 1. The expression of CyPA in endometrial tissues of women with and without endometrioma.

Endometrioma Non-Endometrioma
The expression Ectopic endometrial tissue Eutopic endometrial tissue Control endometrial tissue
of CyPA (n = 44) (n =35) (n = 40)
1+ 2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+ p value*
Glandular cells, 10 13 21 11 10 14 27 9 4 0.0002
n (%) (22.7%) | (29.5%) | (47.7%) (31.4%) (28.6%) (40%) (67.5%) | (22.5%) | (10%)
Stromal cells, 17 11 16 12 9 14 25 10 5 0.0417
n (%) (38.6%) | (25%) (36.3%) (34.3%) (25.7%) (40%) (62.5%) | (25%) (12.5%)
Vascular 8 22 14 9 15 11 21 15 4 0.0067
endothelium, n | (18.1%) | (50%) (31.8%) (25.7%) (42.9%) (31.4%) | (52.5%) | (37.5%) | (10%)
(%)

*Chi-squared test.

The expression of CyPA in glandular cells, stromal cells, and the capillary endothelium was significantly higher in the eutopic and
ectopic endometrial tissues of women with endometrioma than in the control endometrial tissues of women without endometrioma (p =
0.0002, p=0.0417 and p = 0.0067, respectively). The subgroup analysis showed that glandular CyPA expression in ectopic and eutopic
endometrial tissue was significantly higher than control endometrial tissues (p < 0.0001 and p = 0.0024, respectively). Stromal CyPA
expression in ectopic and eutopic endometrial tissue was significantly higher than control endometrial tissues (p = 0.0134 and p =
0.0279, respectively). Vasculary endothelial CyPA expression in ectopic and eutopic endometrial tissue was significantly higher than
control endometrial tissue (p = 0.0019 and p = 0.0206, respectively). However, there were no differences in glandular cells, stromal
cells and vascular endothelial expression of CyPA between between eutopic and ectopic endometrial tissues of women with endome-
trioma (p = 0.3782, p = 0.6832, p = 0.6281, respectively).

Table 2. Demographic characteristics of women with ovarian endometrioma in the recurrence and non-recurrence groups.

Recurrence (n=9) Non-recurrence (n = 35) p value
Mean age, year 31 (23-41) 30 (21-39) 0.4396°
Parity, n (%)
Nulliparity 4 (44.4 %) 24 (68.6 %) 0.4677°
Multiparity 5 (55.6 %) 11 (31.4 %)
Previous abdominal surgery, n(%)
No 7(77.8%) 32 (91.4 %) 0.2552°
Yes 2(22.2 %) 3(8.6%)
Sexual Behaviour, n (%)
Sexually active, 8 (88.9 %) 27 (77.1 %) 0.4412°
Virgin 1(11.1 %) 8(22.9 %)
Serum level of CA125,mean (U/mL) 65 (33-161.6) 87 (49-112.4) 0.1625°
Endometrioma cyst diameter, mean (mm) 51 (35-121) 63 (49-98) 0.0808°
Bilaterality of endometrioma, n (%)
Unilateral 7(77.8%) 29 (82.9 %) 0.7276°
Bilateral 2(22.2 %) 6(17.1 %)
Presence of peritoneal endometriosis
lesions, n (%)
No 6 (66.7 %) 28 (80 %) 0.4000°
Yes 3(33.3%) 7 (20 %)
Dysmenorrhea recurrence, n (%)
No 4 (44.4 %) 23 (65.7 %) 0.2479"
Yes 5 (55.6 %) 12 (34.3 %)
Vascularity median, (min-max) 27.3 (13.1-41.9) 18.1 (6.2-38.1) 0.0081°
Ectopic CyPA immunoreactivity
Score, meant SD
Glandular cells 2.78 +0.66 2.11+0.79 0.0267°
Stromal cells 2.11+0.78 1.94+0.82 0.6130°
Vascular endothelium 2.22+0.44 2.11+0.76 0.6857°

a, Mann-Whitney test; b, Chi-squared test.
recurrence group had a median age of 30 years (range 21-39 characteristics of these participants are summarized in Table
years). There were no differences in age or parity between 2.

the groups (p = 0.4396 and p = 0.4677, respectively). The Importantly, women with endometrioma recurrence
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Fig. 3. CyPA expression in endometrioma cyst wall tissue by immunohistochemistry (x 200).

(A) CyPA expression in a woman without endometrioma and dysmenorrhea recurrence revealing light staining in
columnar epithelium, stroma and endothelial cells (light brown, score 1). (B) CyPA expression in a woman with dys-
menorrhea recurrence revealing staining in some columnar cells and stromal cells (light brown, score 2), whereas strong
staining in endothelial cells (dark brown, score 3), however light staining in some columnar epithelium (light brown,
score 1). (C) CyPA expression in a woman with endometrioma recurrence revealing strong staining in columnar epithe-
lium, stroma and endothelial cells (dark brown, score 3). (D) Negative control: the endometriotic tissue of the endome-
trioma cyst wall, obtained from a woman with ovarian endometrioma.

g, endometriotic gland; s, endometriotic stroma; bv, blood vessels; ct, fibrous connective tissue.

had a significantly higher CyPA expression in their glandu-
lar cells (Fig. 3A, B, C) than did women without endome-
trioma recurrence. Additionally, the statistical analysis
revealed that glandular CyPA expression in the recurrence
group was significantly higher than in the non-recurrence
group (p = 0.0267). However, CyPA expression in the stro-
mal and vascular endothelial cells was similar between the
groups (p = 0.6130 and p = 0.6857, respectively) (Table 2).
Moreover, the vascularization of ectopic endometrial
tissues was compared between both groups per random
selected fields of the tissue speciments via light microscopy.
The fractional area of blood vessels in the ectopic endome-
trial tissues of women with endometrioma recurrence was
compared with that of non-recurrence patients. Notably, we
found that women with endometrioma recurrence had
significantly increased fractional areas of blood vessels than
did women without endometrioma recurrence. The frac-
tional areas of blood vessels were then measured with the
medians of 27.3% and 18.1% in the recurrence and non-

recurrence groups, respectively (p = 0.0081).

Correlation analysis between CyPA expression and clinico-
pathological variables of women with endometrioma

As shown in Table 3, glandular CyPA expression was
correlated with various clinical parameters, including the
bilaterality of endometrioma, the maximal diameter of cyst
walls, and endometrioma recurrence (p = 0.0373, p =
0.0141 and p = 0.0267, respectively). However, stromal
and vascular endothelial CyPA expression was correlated
only with dysmenorrhea recurrence (p = 0.0023 and p =
0.0003, respectively). CyPA expression in glandular cells,
stromal cells and the capillary endothelium was correlated
with the vascularity of endometrioma (p = 0.0149, p =
0.0348 and p = 0.0165, respectively). There were no corre-
lations between CyPA expression and patient age, parity, or
serum levels of CA125, a tumor marker.
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Table 3. Correlation analysis between glandular, stromal and capillary endothelial CyPA expression and clinicopathological

variables.
Variables Glandular Stromal Capillary endothelial
CyPA CyPA CyPA
Age -0.2030 -0.06312 -0.2205
p =0.1864 p =0.6840 p =0.1503
Parity 0.01496 -0.09188 -0.1413
p =0.9232 p = 0.5530 p =0.3601
CA125 level -0.009213 -0.08332 0.005286
p =0.9527 p =0.5908 p =0.9728
Endometrioma diameter 0.3150 0.2218 0.1747
p =0.0373 p =0.1479 p = 0.2566
Bilaterality of endometrioma 0.3677 0.2166 0.2471
p =0.0141 p=0.1579 p =0.1059
Presence of peritoneal endometriosis lesions 0.1015 0.01424 -0.1066
p=0.5120 p=0.9269 p=0.4911
Endometrioma recurrence 0.3340 0.07839 0.07140
p =0.0267 p=0.6130 p =0.6857
Dysmenorrhea recurrence 0.2413 0.4479 0.5157
p=0.1145 p =0.0023 p =0.0003
Vascularity 0.3648 0.3189 0.3597
p =0.0149 p =0.0348 p =0.0165
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*Spearman’s rank correlation.

Discussion

In the present study, we investigated the expression of
CyPA in the eutopic and ectopic endometrial tissues of
women with endometrioma and compared them with the
normal endometrial tissues from women in the control
group. According to our results, women with endometri-
oma had significantly higher levels of CyPA expression in
glandular cells, stromal cells, and the capillary endothelium
of both eutopic and ectopic endometrial tissues as compared
to normal endometrial tissues from age-matched controls.

Moreover, CyPA expression in the glandular cells was
significantly correlated with the presence of endometrioma
recurrence, the bilaterality of endometrioma, and endome-
trioma cyst diameter. Additionally, CyPA expression in the
stromal cells and capillary endothelium was correlated with
pain recurrence.

Furthermore, we evaluated the vascularity of the ecto-
pic endometrial tissues of women with and without endo-
metrioma recurrence. We found that there was an increase
in the vascularization of ectopic endometrium in women
with endometrioma recurrence as compared to women
without recurrence. Moreover, CyPA expression in glandu-
lar cells, stromal cells, and the capillary endothelium was
correlated with the vascularity of the endometrioma. To our
knowledge, this is the first study to examine CyPA expres-
sion in the eutopic and ectopic endometrial tissues of
women with endometrioma.

Endometriosis is a chronic inflammatory disease that
involves multifactorial etiology and that is characterized by
the presence and growth of functional endometrial tissues
in abnormal sites other than the endometrium (Ho et al.
1997; Missmer et al. 2004). There are various biomarker

alterations associated with inflammation in the eutopic and
ectopic endometrial tissues of women with endometriosis
(Grandi et al. 2017). However, the molecular mechanisms
that play a role in the pathogenesis of endometriosis are still
under investigation.

CyPA is known as an inflammatory mediator that is
secreted from various types of cells in response to inflam-
matory stimuli, such as hypoxia, oxidative stress, and infec-
tion. Many of the previous reports have shown that the
expression and/or circulating levels of CyPA are higher in
the presence of disorders related to inflammatory conditions
(Billich et al. 1997; Yang et al. 2007; Li et al. 2008; Nigro
et al. 2011; Stemmy et al. 2011; Satoh et al. 2013;
Ramachandran et al. 2014). For example, Satoh et al.
(2013) reported that CyPA expression is significantly higher
in the atherosclerotic plaque of arterial walls in patients
with atherosclerosis. Additionally, Stemmy et al. (2011)
revealed a higher concentrations of extracellular CyPA in
the chronic phase of asthma using a murine model. Billich
et al. (1997) found that CyPA levels were increased in the
synovial fluids of patients with rheumatoid arthritis (RA).
Ramachandra et al. (2014) reported that plasma CyPA lev-
els were significantly higher in patients with type 2 diabetes
mellitus than in the non-diabetic population. Yang et al.
(2007) demonstrated that CyPA expression is significantly
higher in patients with small lung cancer. A recent study
conducted by Li et al. (2008) indicated an overexpression
of CyPA in the endometrial tissues of women with endome-
trial cancer. In the current study, we found higher levels of
CyPA expression in both the eutopic and ectopic endome-
trial tissues of women with endometrioma as compared to
control subjects. In light of these reports, our findings indi-
cate that overexpression of CyPA in the endometriotic cells
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may reflect a response to oxidative stress.

However, previous studies have shown that under
inflammatory conditions, secreted CyPA acts as an auto-
crine and paracrine factor that exacerbates oxidative stress
and inflammation (Satoh et al. 2013). It is known that
endometriosis causes a local inflammatory response
(Yamaguchi et al. 2008). Even so, the fact that CyPA can
be secreted from the cell suggests that it can be detected in
circulation. However, whether or not elevated plasma con-
centrations of CyPA are accompanied by endometriosis is a
question that remains open and requires further study.

Many of previous studies have clearly indicated that
an overexpression of CyPA is correlated with poor out-
comes in patients with inflammatory diseases (Stemmy et
al. 2011). During the inflammation process, CyPA exacer-
bates oxidative stress and inflammation (Satoh et al. 2011).
Clinically, we observed that in our study population conser-
vative surgery for endometrioma was associated with a
20.5% likelihood of endometrioma recurrence and a 52.3%
likelihood of dysmenorrhea recurrence one year after the
surgery for endometrioma; our current results are therefore
in line with those of previous studies (Vercellini et al.
2006). Interestingly, we found that an overexpression of
CyPA in glandular cells was associated with endometrioma
recurrence, whereas stromal and vascular endothelial CyPA
expression were both correlated with dysmenorrhea recur-
rence. The expression pattern of CyPA in ectopic endome-
trial tissue suggests that it may play a role in the survival of
endometrioma and in the pathological mechanism of endo-
metrioma-associated pain.

Angiogenesis is known to play a major role in the
growth and survival of endometriosis (Inan et al. 2003; Di
Carlo et al. 2009; Laschke et al. 2011; Li et al. 2016); addi-
tionally, it might be enhanced by increased endothelial cell
activation. Previous studies have revealed the presence of
elevated angiogenic factors in the peritoneal fluid, serum,
and endometriotic tissues of women with endometriosis as
compared to women without endometriosis (Di Carlo et al.
2009). However, a few studies have examined the blood
vessels present in the cyst wall tissues of patients with
endometrioma. For example, Huang et al. (2012) found
that there was a higher microvessel density in ovarian endo-
metriotic lesions than in the control endometrium (Huang et
al. 2012). Inan et al. (2003) reported that the mean vascular
surface density was significantly higher in the presence of
endometriosis than it was in normal ovarian samples.
Ceyhan et al. (2008) found that microvessel density was
positively correlated with vascular endothelial growth fac-
tor (VEGF) and cyclooxygenase-2 expression in endometri-
oma cyst wall tissues and negatively correlated with cyst
diameter. In the present study, we found that women with
endometrioma recurrence had significantly higher fractional
areas of blood vessels in their ectopic endometrial tissues
than did non-recurrence patients. Furthermore, we found a
positive correlation between vascularization of the ectopic
endometrial tissues and CyPA immunoreactivity.

It is believed that nuclear factor-kappa B (NF-kB) is a
critical early regulator of the inflammatory response in
endometriotic tissues (Celik et al. 2008). Activation of
NF-kB mediates cell proliferation and angiogenesis, which
was observed through increases in the vascularized areas of
newly-formed microvascular networks and the increased
expression of cell proliferation markers in these endometri-
otic lesions (Wang et al. 2005). CyPA stimulation mediates
the rapid activation of NF-kB in the nucleus through the
degradation of the inhibitory subunit Ikappa B-alpha in the
cytoplasm (Li et al. 2008).

In a recent study conducted to investigate the pathway
leading to the activation of NF-kB, and the authors showed
that MAPKs, ERK1/2, JNK, and p38 were activated by
CyPA treatment. However, only the ERK inhibitor
PD98059 was able to decrease the activation of NF-kB and
attenuate the MMP-9 activity induced by CyPA (Jin et al.
2004). Moreover, previous cancer cell line studies have
demonstrated that CyPA secretion is associated with cancer
cell proliferation, cell cycles progression, cell invasion, and
the migration and inhibition of apoptosis (Choi et al. 2007;
Li et al. 2008; Calhoun et al. 2009). Interestingly, an over-
expression of CyPA is associated with resistance to chemo-
therapeutic drugs. Some recent studies have demonstrated
that medical treatments with anti-cancer agents such as
5-aza-2-deoxycytidine, celecoxib, 5-fluorouracil, and pacli-
taxel are related to decreases in CyPA expression within
cancer cells (Cecconi et al. 2003; Lou et al. 2006; Wong et
al. 2008; Li et al. 2013). However, the knockdown of CyPA
or Cyclosporine A and Sanglifehrin treatment, two immu-
nosuppressive drugs that work by binding to CyPA, has
been shown to increase the chemotherapeutic effect of cis-
platin and paclitaxel in the treatment of glioblastoma multi-
forme and endometrial cancer (Han et al. 2010; Li et al.
2013).

In conclusion, our present results have shown that
women with endometrioma have increased expression of
CyPA in both eutopic and ectopic endometrial tissues as
compared to women of the control group. Overexpression
of CyPA in endometrial tissues, as well as a correlation with
recurrence and vascularity, might be associated with a
molecular basis for endometriosis pathogenesis. To fully
investigate the etiology of and therapeutic approach to
endometriosis, the present study suggests further animal
model studies to test the inhibition of CyPA and its related
pathways as they relate to endometriosis.
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