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Introduction. Endometriosis is an endless source of scientific investigations, but still the mechanisms of
malignant transformation of ovarian endometriosis remain to be understood.

Patients and methods. This study was conducted on surgical specimens isolated from ovarian endometri-
oid cysts (OEC) and the endometriosis-associated ovarian tumors obtained after surgical operation from
117 patients. The normal level of serum CA 125 was assumed to be up to 35 IU/ml. Immunohistochemical
study of MCK, CK7, CK20, CK 8/18, Calretinin, EMA, Ki67, CEA, Vimentin, Inhibin, WT1, p53, ARID1A
(BAF250a), CA 125 antibodies was performed.

Results. The results revealed a direct correlation between the level of serum CA 125 and the WT1 expression
in the OEC epithelium (Pearson =0.84, p<0.0001) and between the level of serum CA 125 and the p53
expression (Pearson »=0.81, p<0.0001). A striking direct correlation was found when studying the relation-
ship between WT1 and p53 expression in OEC epithelium (Pearson »=0.79, p<0.0001).

Conclusion. This research delineated the changes in OEC epithelium, which were similar to the serous
epithelial type and associated with an extensive rise in the serum biomarker CA 125 level, which could be
indicative of the early neoplastic transformation of OEC.

Keywords: CA 125, WT1, p53, ovarian endometrial cyst, ARID1A, malignant transformation
Corresponding author: Olga 1. Patsap. E-mail: patsap.o@fccps.ru

For citation: Mikhaleva L.M., Patsap O.1., Bezuglova T.V., Davydov A.L,|Aliev G.M.|Novel clinical and
morphological predictors of malignancy in patients with ovarian endometrioid cysts. Clin. exp. morphology.
2021;10(1):21-32. DOI: 10.31088/CEM2021.10.1.21-32.

Funding. The study was carried out without any sponsorship.
Conflict of interest. The authors declare no conflict of interest.

Received 11.01.2021. Received in revised form 02.02.2021. Accepted 11.02.2021.

VIK: 61:616-091.816

Hosbie k1TMHUKO-MOP ¢ onorniecKme NpeFUKTOPbl HEOIIACTMYECKOI TpaHchopMaun
y MaIMeHTOK C SHOMeTPHONTHBIMYU KICTAMI AMYHIKOB

JLM. Muxanesa', O.H. Iayan?, T.B. Besyznosa’, A.H. /lasuidos®, | .M. Anues|**

! ®I'BHY HayuHo-#ccienoBarenbekuit HHCTHTYT Mopdosioruu yenoseka, Mocksa, Poccust

2 ®I'BY DenepanbHblil HeHTp Mo3ra U HeiiporexHomoruit ®MBA Poccun, Mocksa, Poccust

3 TlepBbiii MOCKOBCKHIA TOCYIApCTBEHHBIN MeqUIMHCKHI yHuBepcuTeT iMeHd .M. CeueHoBa (Ce4eHOBCKHI yHHUBEPCUTET),
WuctutyT kmuanveckoi meauiuabl umenn H.B. Crimgocorckoro, Mocksa, Poccust

4 MexayHapoaHbIi Hay4HO-HCccnenoBarenbckuit uactutyT GALLY, Can-AnTonuno, Texac, CIIA

Bseoenue. [Ipobnema sHI0METpHO3a SIBISIETCSI HEUCCSKAEMbIM UCTOYHUKOM ISl HAYYHBIX HCCIIET0BaHMMH,
IIPY 9TOM MEXaHH3MBI 3I0Ka4eCTBEHHOI TpaHc(opMaIiy SHAOMETPHO3a SUYHUKOB BCE €I1le OCTAI0TCs He-
JIOCTATOYHO U3YYCHHBIMU.

Mamepuanvt u memoosr. VicciienoBanue NpoBe/ieHO Ha OTEPAIOHHOM MaTepHae SHIOMETPUOUAHBIX KHCT
ssuyHUKOB (OKST) 1 omyxoneit SHYHUKOB, MOMTyYSHHBIX MTOC/IE XUPYPrUYecKuX oneparuii y 117 nmanneHTox.
HopmanbHbIM ypoBHEM CHIBOPOTOUHOTO oHKOMapkepa CA 125 Oblin npuHATHI 3Ha4eHus 1o 35 ME/mn Bkitto-
YUTENbHO. IMMYHOTUCTOXMMUYECKOE UCCIIEA0BaHNE TPOBOAMIOCK C Hcnoiib3oBanueM MapkepoB MCK, CK7,
CK20, CK 8/18, Calretinin, EMA, Ki67, CEA, Vimentin, Inhibin, WT1, p53, ARID1A (BAF250a), CA 125.
Pesynemamul. Beisipnena npsimast KOppesnsius Mex 1y ypoBHeM cbiBopoTouHoro CA 125 u sxcnpeccueit WT1
B snutennn DK (koaddunuent [Mupcona, r=0,84, p<0,0001) u mexxay ypoBHeM chiBopoToynoro CA 125
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u skcripeccueit pS3 B smutenun DK (r=0,81, p<0,0001). CunpHas mpsiMasi KOppesius oOHapyKeHa IpH
W3yYeHUH B3aUMOCBS3H Mex Ty skcpeccred WT1 u p53 B snurenmnu OKA (1=0,79, p<0,0001).
3axnouenue. 1o pe3ynbraraM JaHHOTO MCCIIETOBAHUS BBISIBICHBI H3MEHEHUs B annTenun DK ¢ mmmyHO-
(eHOTHITOM, TTOOOHBIM CEPO3HOMY AIHTENHUIO, M TH H3MEHEHHS CBA3aHbI CO 3HAUUTEIHHBIM TOBBIIIICHHEM
YPOBHSI CBIBOPOTOYHOTO Oromapkepa CA 125, 9To MOXKeT yka3bIBaTh Ha pAaHHIOIO HEOIUTACTHYECKYIO TPaHC-
¢dopmanmio DK,

KuoueBbie ciioBa: CA 125, WT1, p53, sunmomerpuonanas kucra sitmaauka, ARID1A, 3nokadectBeHHast
TpaHchopMarius
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Introduction

Endometriosis takes the third place in all gynecological
diseases after inflammation and leiomyoma. The incidence
of endometriosis in fertile women ranges up to 15% and is
one of the most common causes of infertility and chronic
pelvic pain syndrome [1-4].

Endometriosis is characterized by ectopic tissue mor-
phologically similar to the endometrium, with glands and
stroma. To date, many theories have been proposed, which
highlight the etiology, pathogenesis, and natural history of
the endometriosis and endometriosis-associated tumors
with genetic alterations, changes in the microenvironment,
stress factors, etc., but none of them can explain the entire
variety of its forms and ability to neoplastic transforma-
tion [1, 2, 5-7].

The history of malignant transformation of endome-
triosis started in 1925 when John Sampson first described
endometriosis-associated malignancy criteria [8]. Malig-
nant transformation of endometriosis is a rare phenomenon
that occurs in about 0.7-2.5% of cases and, when it occurs,
it usually involves the ovary [1, 9, 10]. Endometriotic foci
also were identified near ovarian epithelial carcinomas
and within these carcinomas. So, they were named endo-
metriosis-associated tumors and included predominantly
endometrioid, clear-cell carcinomas, and a minor group
of seromucinous tumors [11, 12]. The risk of endometri-
oid and clear-cell ovarian tumors is 2—3 times higher in
women with endometriosis [10, 13]. Further investigation
led to discovering so-called “atypical” endometriosis. It
consumes gradual changing of normal endometrioid cyst
epithelium into atypical endometriosis with loss of nuclear
polarity, hyperchromic nuclei, syncytial papillary changes,
large hobnail cells, and then into invasive carcinoma [10].
Endometriosis was significantly associated with borderline
ovarian tumors and endometriosis-associated ovarian car-
cinomas [14]. Atypical endometriosis and endometriosis-
associated ovarian tumors have similar molecular changes,
such as PTEN, ARIDIA, and HNF-1b mutations. More-
over, ARID 1 A mutations were observed in clear-cell tumors

22 KIMHUYECKAA V1 SKCITEPMMEHTAJTIbHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

and atypical endometriosis but not in distant endometrioid
foci [10, 15].

The mechanisms of malignant transformation of endo-
metriosis such as genetic, epigenetic factors, microenvi-
ronment have been reported earlier [1-15]. The following
neoplastic transformation pathways make a significant
contribution to the development of “atypical” endometri-
osis and endometriosis-associated tumors. These include
KRAS/BRAF mutations, TP53 mutations, mTOR pathway,
ARID 1A mutation, iron metabolism, redox molecules in
endometriotic cyst fluid, etc. Previous investigation has
revealed a number of pathophysiological changes in en-
dometriosis-associated carcinomas, such as deregulated
oxidoreductase activity, metabolism, hormone activity, in-
flammatory response, innate immune response, and cell-to-
cell signaling [16]. DNA methylation and demethylation,
histone modifications, and miRNA aberrant expressions
play a significant role in endometrioid ovarian cyst (OEC)
malignant transformation [17]. PI3K-AKT-mTOR, chro-
matin remodeling (A4RID1A4), Notch signaling, and Wnt/[3-
catenin pathway may contribute to OEC malignant trans-
formation [1, 18-20].

Apart from the OEC malignant transformation, such
cases have been reported from extraovarian endometriosis,
including vaginal, ureteral, or cesarian scar. Most of the
extraovarian malignancies are clear-cell or endometrioid
carcinomas [21-26]. However, there are rare cases where
rhabdomyosarcoma arises from OEC [27].

As previously mentioned, endometriosis-associated tu-
mors could arise from endometrioid cysts [28]. There are
reports available that cystic fluid contains several active
biomolecules, such as iron, reactive oxygen species, inter-
leukins. Iron-induced oxidative stress and DNA mutations
are the basis of iron carcinogenesis, which are followed
by the subsequent synthesis of the antioxidants with the
decrease in cellular oxidative stress capacity, promotion
of apoptosis resistance, and leading to tumor initiation and
progression [29, 30]. So, with the help of metallobiology
technology, these molecules can be used as non-invasive
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biomarkers for detecting the endometriosis malignant trans-
formation [31, 32].

World Health Organization approved the classification
of ovarian tumors in 2014 that include high-grade and low-
grade serous carcinomas (HGSC and LGSC, respectively)
that differ from each other in genetic disorders, clinical
course, and origin [33]. The source of HGSC is the fallo-
pian tube epithelium implanted on the ovarian surface. It
is associated with the fallopian tube’s serous intraepithe-
lial carcinoma (STIC) and 7P53 mutations [11]. LGSC is
characterized by KRAS and BRAF mutations and develop
sequentially from serous borderline tumors [11].

Glycosylation disorders are known as cancer markers.
They lead to tumor-associated glycans and glycoproteins
production. The glycosylation marker CA 125 is used for
detecting and monitoring serous ovarian tumors. Since gly-
cosylation changes are the early event in the tumor, the
identification of tumor-associated markers of glycosylation
is an effective strategy in early diagnosis and improving
the treatment [34].

The level of serum CA 125 detected in 1% of healthy
female donors can be 35 IU/ml and is often regarded as
the upper limit of the normal reference in the clinical prac-
tice. It should be noted that this level is controversial, for
example, in postmenopausal women or in patients after
hysterectomy, the level of CA 125 tends to decrease, and the
lower level may be more acceptable [35]. Approximately
85% of patients with ovarian epithelial tumors have a se-
rum CA 125 level higher than 35 IU/ml. Serum CA 125 is
less often increased in mucinous, clear-cell, and borderline
tumors than in serous carcinomas. An increase in serum CA
125 level may also be associated with other malignancies
(pancreas, breast, colon, lung tumors) and benign or physi-
ological conditions, including pregnancy, endometriosis,
and menstruation [35].

Regarding CA 125 as a marker of endometriosis,
many authors are inclined to believe that the level of
CA 125230 IU/ml is an indicator of endometriosis with
high accuracy only in women with symptoms of pain
and infertility. CA 125 should be considered a discrimi-
natory test for suspected endometriosis, and the level of
CA 125 <30 IU/ml, however, cannot be a criterion for reli-
able detection of endometriosis [36—39].

The present work suggested that an increased level of
serum CA 125 in patients with OEC indicates a change in
the morphology and physiology of endometrioid epithe-
lium, reflecting the beginning of the neoplastic transfor-
mation of OEC.

The efficient understanding of biological and func-
tional mechanisms depicting OEC complex pathogenesis
is considered a significant aspect for developing novel di-
agnostic and therapeutic strategies. Furthermore, the neo-
plastic transformation of ovarian endometriosis remains
to be understood fully despite decades of research. The
present study delineated an extensive rise in the serum
levels of CA 125 in OEC conditions, which indicates a
change in the morphology and physiology of endometri-
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oid epithelium conducive to the possible beginning stage
of neoplasm.

Patients and methods

The present study was conducted on the surgical speci-
men samples obtained from 117 patients. 104 patients were
after cystectomy with endometrioid cysts and 13 with
ovarian tumors, including endometriosis-associated ones.
The age group was chosen from 20 to 83 years (average
36.58+0.95 years) during the period of 2016 to 2019 admit-
ted to the Hospital of S.S. Udina City of Moscow Hospital
and the Moscow Clinical Hospital #31. All patients agreed
and provided their individual informed consent to analyze
their surgical specimen samples with complete Institutional
ethical guidelines. Normal range of serum CA 125 was
admitted under 35 TU/ml. We divided patients into five
groups based on obtained data:

* group 1 includes OEC with normal levels of serum
CA 125 cancer biomarker in 69 patients,

* group 2 includes an increased level of serum CA 125
(36—60 IU/ml) in 17 patients,

* group 3 includes an increased level of serum CA 125
(61-90 IU/ml) in 10 patients,

* group 4 includes an increased level of serum CA 125
(91-301 IU/ml) in 8 patients,

* and group 5 includes ovarian carcinomas, i.e., en-
dometrioid (endometriosis-associated ones), serous
low- and high-grade with solid, pseudo-endometrioid,
transitional cell-like pattern (SET-type) in 13 patients.
The serum CA 125 analysis was performed at various
laboratories in Moscow using immunochemilumines-
cent analyzers Architect 10001 (USA) and Immulite
1000 (Japan).

Reagents

To compare expression in OEC with ovarian tumors, we
used a diagnostic panel of mouse monoclonal antibodies
against MCK, CK7, CK20, CK 8/18, Calretinin, EMA,
Ki67, CEA, Vimentin, Inhibin, WT1, CA 125, ARID1A
(BAF250a) (Santa Cruz, USA).

Immunohistochemistry

OEC and endometriosis-associated tumors surgical
specimens were collected into buffered neutral 10% for-
malin and subjected to fixation. Paraffin-embedded tissue
blocks were prepared through routine histological process-
ing. Immunohistochemical analysis was executed with the
aid of the avidin-biotin complex technique. Histological
sections were made using Sakura rotary microtomes,
stained with hematoxylin and eosin. Immunohistochemis-
try study of MCK, CK7, CK20, CK 8/18, Calretinin, EMA,
Ki67, CEA, Vimentin, Inhibin, WT1, CA 125, ARID1A
(BAF250a) antibodies was performed using “Leica Bond-
maX” immunostainers (Germany).

Interpretation of the immunohistochemical results was
carried out considering the localization of positive cells
by counting both the number of colored epithelial cells
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per 100 cells in 10 high power fields (x400/HPF) and the
intensity of staining. The obtained quantitative results were
expressed as a percentage, where 0 — lack of expression,
1 — up to 50% of colored cells — focal expression,
2 — more than 50% of colored cells — intense expression
of the marker.

The intensity of cytoplasmic expression of the marker
was evaluated in points, where 0 — lack of expression,
1 — weak (pale) cell staining, 2 — moderate cell staining,
3 — intense (bright) cell staining.

Ki67 expression was evaluated as follows: 1) 0-20% —
low proliferative activity, 2) 21-50% — moderate prolifera-
tive activity, 51-100% — high proliferative activity.

The expression of p53 in a weakly positive reaction was
considered corresponding to the wild-type of 7P53 gene
(weakly positive staining), with total negative or staining
of more than 80% of the nuclei referred to mutant-type of
TP53 gene.

Statistics

Statistical analysis of results was performed using de-
scriptive statistics and a paired t-test, and a correlation
between the expression of immunohistochemical mark-
ers in OEC epithelial and stromal cells and the level of
serum CA 125. The reliability of the differences in the
mean values was calculated using the analysis of variance.
The correlation analysis results estimated the relationship
between the studied parameters with the Pearson correla-
tion coefficient calculation (7). Also, the nonparametric
Mann—Whitney criteria and the Spearman rank correla-
tion coefficient were used in the calculation in cases where
parametric statistics methods were incorrect. The data was
presented as M+m, where M is the arithmetic mean and
m is the mean’s statistical error. A P-value of 0.05 was
considered the cutoff for statistical significance.

Results

Most patients with OEC (groups 1-4) (98.1%) and with
endometriosis-associated carcinomas (group 5) (82%) re-
ported nagging pains in the lower abdomen with varying
frequency during the menstrual cycle. The body mass index
(BMI) ranged from 16.8 to 43 (average 23.08+0.48) in
OEC (groups 1-4) and from 18 to 28 (average, 23.77+0,8)
in group 5, the age of menarche was from 11 to 18 years
(average 13.09+0.13 years) in groups 14 and 11 to 16 (av-
erage, 12.77+0,4) in group 5. The diameter of OEC ranged
from 15 to 135 mm (average 61.544+2.72 mm) in groups
1-4 and from 20 to 240 mm (average 93.8+16,7 mm).
Bilateral OEC were detected in 16 patients (13.68%) in
groups 1-4. Gynecological diseases combined with OEC
(groups 1-4) included cervical ectopy in 43 patients
(41.3%), endometrial hyperplasia in 4 (3.8%), infertility
I'in 2 (1.9%), leiomyoma in 12 (11.5%), adenomyosis in
2 (1.9%), endometrial polyp in 12 (11.5%), endocervical
polyp in 4 (3.8%), chronic salpingoophoritis in 5 (4.8%),
and less than in 1% observed ovarian apoplexy, mature cys-
tic teratoma, paraovarian cyst, cervical leukoplakia, HSIL,
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and chronic endometritis. Three (3) patients had a history
of breast fibroadenoma (2.9%). Twenty-five (25) (24%)
patients had no combined gynecological pathology, and 20
(19%) patients had more than two diseases (Fig. 1). Gyne-
cological diseases combined with endometriosis-associated
tumors (group 5) included leiomyoma in 1 patient (7.7%).

Combined gynecological diseases in OEC patients

Expression of MCK, CK7, CK8/18, and EM A markers
in OEC and endometriosis-associated ovarian tumors did
not differ in all groups and were expressed in all cases.
Expression of CK20, CEA, Calretinin, Inhibin, and Vi-
mentin in OEC epithelium and endometriosis-associated
ovarian tumors was negative. The expression of prolif-
eration marker Ki67 in OEC did not exceed 5% in all
cases. In contrast, its expression in ovarian tumors was
10-15% in endometrioid and low-grade serous carcino-
mas and 50-71% in high-grade serous carcinoma (SET-
type). Expression of the immunohistochemical marker
CA 125 was higher in serous ovarian tumors and in the
OEC group with elevated serum CA 125 levels above
60 TU/ml. ARIDIA (BAF250a) expression was 70-96%
(average 83.73+£0.67%) in all groups of OEC, 10-43%
(average 21.6+4.5%) in endometrioid ovarian carcinomas
and 60—67% (average 64+1.4%) in serous carcinomas low-
and high-grade (Table 1).

Significant changes in nuclear expression were detect-
ed when evaluating the immunohistochemical reaction
for WT1 and p53 expression. The WT1 gene located on
chromosome 11p13 provides protein synthesis is required
for the development of normal kidneys and gonads. WT1
protein is a transcription factor significantly involved in
the growth, maturation, cell differentiation, and apoptosis
in these tissues. The characteristic feature for serous dif-
ferentiation of OEC epithelial cells is an intense nuclear
expression of WT1 both in individual cells and in a group
of epithelial cells.

Chronic endometritis
Cervical leukogplakia
Paraovarian cyst
Mature cystic leratoma
H58

Drvarian apoplexy

Mo combined diseases
Chronic salpingoophoritis
Breast fibroadenoma
Endocervical potyp
Endometrial polyp

Combined gynecological diseasss

Adenomyasis
LEiamiyama

Infertility 1

Endometrial hyperplasia

Cervical ectopy
Number of patbents
Fig. 1. Combined gynecological diseases in OEC patients
Puc. 1. KomOuHNpOBaHHBIC THHEKOIOTHYESCKUE 3a00JIeBaHUs
y nanueHTok ¢ DK
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Table 1| Tabnuya 1

Expression of IHC markers in all groups |
Ikcnpeccusi UT'X mapkepoB Bo Bcex rpymmax

Group | MCK CK7 CK8/18 EMA Ki-67 WT1 p53 CA125 ARID1A BAF250
I'pynna
1 3+ 3+ 3+ 3+ 1-2% 0-2% Wild-type | Aukuit Tan, —1-2+ 3+
(0-35 UE/ml) | (0.17+0.1%) 0-15% (2.6£0.5%)
ME/mi)
2 3+ 3+ 3+ 3+ 1-2% 0-6,5% Wild-type | Aukwuit Tan, —1-2+ 3+
36-60 UE/ml) | (0.76£0.37%)  1-54% (18.74+3.52%)
ME/m)
3 3+ 3+ 3+ 3+ 2-3% 0-58% Wild-type | Juknit tan, 2-3+ 3+
(61-90 UE/ml) | (20.7£6.4%)  3-60% (31.7£7.6%)
ME/mi)
4 3+ 3+ 3+ 3+ 2-4% 62-86% Mutant-type | 2-3+ 3+
(91-301 UE/ml) | (77£3.01%) MyTaHTHBIH THII,
ME/mi) 14-93% (71.9£8.9%)
5 endometrioid | 3+ 3+ 3+ 3+ 10-15% 0% Wild-type | 1-2+ Loss of expression
9HIOMETPHOUIHBIC JIuKuii T in 60% of cells |
IToteps sxcnpeccuu
B 60% Ki1eTOK
5 serous low-grade | 3+ 3+ 3+ 3+ 10-15% 35-50% Wild-type | 2-3+ 3+
low-grade cepo3Hbie JIvKwii T
5 serous high grade 3+ 3+ 3+ 3+ 50-71% 50-80% Mutant-type| 2-3+ 3+
(SET-type) | MyTaHTHBIN THI
high-grade cepo3ubie
(SET-tuna*)

*SET-tum — CEpO3Had KapuuHoMa high-grade C COJIMAHBIMHA, SHAOMETPUOUIHBIMHA U NEPEXOAHOKIIETOUYHBIMHU YHYaCTKaMU CTPOCHUS.

The nuclear expression of WT1 in the OEC epithe-
lium was predominantly negative in the patients of
1-2 group with serum CA 125 levels up to 60 IU/ml (0-35;
36-60 IU/ml). However, a few positive nuclear expression
cases of WT1 were observed in individual epithelial cells
and were up to 6.5% (average 0.4+0.1%). Positive nuclear
expression was observed in stromal cells in all cases in
all groups and was 41-78.3% (average 67.9+5.6%). Pa-
tients with elevated levels of serum CA 125 61-90 [U/ml
showed a positive nuclear expression up to 58% (average
20.7+£6.4%) of OEC epithelial cells. Patients with elevated
levels of serum CA 125 91-301 IU/ml demonstrated the
positive nuclear expression in 62—-86% epithelial cells (av-
erage, 77.0£3.01%). Positive nuclear expression of WT1
was also observed in stromal cells in all cases in 47-56%
(average, 51.6+5.2%) of cells (Fig. 2, 3).

Correlation between the serum CA 125
and WTI expression in epithelial and stromal OEC
clinicopathology
Relationship between levels of serum CA 125 and WTI,
p53, ARIDIA (BAF250a) expression in epithelial and
stromal OEC clinicopathology

WTT1 nuclear expression was observed focally in OEC
epithelium along with epithelium with a negative reaction.
It was noted that with an increase in serum CA 125 level,
there was an increase in the number of such foci. However,
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even at level 301 IU/ml, foci of epithelium with a negative
expression remained in OEC. The expression of WT1 was
ambiguous in 13 patients with ovarian carcinomas: group
of endometrioid carcinomas (n=9): 8 exhibited negative
expression, 1-weak focal and uneven (about 1% of cells);
group of serous tumors (low-grade, n=3) was 35-50% and
in serous carcinoma high-grade (SET-type), n=1, it was
50-80%.

The expression of protein p53 was predominantly
wild-type, while the percentage of nuclear expression in

100
90
80
#
2 70
a
= 50
§ o
E 30
20
10
0
L1} 50 100 150 200 250 300 350
CA 125, IUfmil
e WT1 stromal cells  =———WT1 epithelial cells

Fig. 2. WTI expression in OEC epithelial and stromal cells
Puc. 2. Oxcnpeccust WT1 B snHTENTHATBHBIX H CTPOMAIBHBIX
kieTkax DK
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Serum CA 125 level, WT1 expression | P53 expression | ARIDI1A (BAF250a)
IU/ml | Oxcnpeccuss WT1 Ixenpeccus pS3 expression |
YpoBeHBb CHIBOPOTOYHOIO Ikenpeceust ARIDIA
CA 125, ME/ma (BAF250a)

Under 60 IU/ml |
Menee 60 ME/Mn

,'a"'"'}u.

L

More than 60 TU/ml

in negative WT1
expression areas |
Ceerme 60 ME/Mn

B 00JIaCcTSAX C HEraTHBHOU
skcrpeccueit WT1

More than 60 IU/ml
in positive WT1
expression areas |
Csoitre 60 ME/Ma
B 00J1aCTAX

C MOJIOKUTEIILHOM
skcrpeccueit WT1

Fig. 3. WT1, p53, and ARID14 (BAF250a) expression in OEC epithelial and stromal cells
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Puc. 3. Dxcnpeccust WT1, pS3 u ARIDIA (BAF250a) B smuTenuaibHBIX B CTPOMANBHBIX KieTkax DK
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Fig. 4. WTI and p53 expression in OEC epithelial cells
Puc. 4. Dxcnpeccust WT1 u p53 B anutenuanbHbIX kieTkax DK

OEC epithelial cells gradually but unevenly increased
with increasing level of serum CA 125 and ranged from
0 to 75% (average 13.77+2.21%) in 99 cases. The expres-
sion level of p53 was over 80% in 4 cases with serum
CA 125 levels 94.3-301 1U/ml, which is an indicator of
pathological expression of p53 (Fig. 3, 4). P53 expres-
sion was predominantly wild-type, and the percentage of
expression was 15-82% (average 33.56+4.6%) in endo-
metrioid and serous low-grade ovarian tumors, and the
mutant-type expression was detected in high-grade serous
carcinoma (SET-type).

WTI and p53 expression in OEC epithelial cells
Statistical analysis of this data was completed. We have
identified a strong direct correlation between the serum CA
125 level and the WT1 expression level in the OEC epithe-
lium (Pearson correlation coefficient () =0.84, p<<0.0001)
and between the serum CA 125 level and p53 expression

OPUTMHAJIDHBIE UICCITEJOBAHNMA

(Pearson, 7=0.81, p<0.0001). There was a moderate inverse
relationship between the serum CA 125 level and the WT1
expression level in the OEC stroma (Pearson, r=-0.68,
p=0.002) and between WT1 expression in the epithelium
and stroma of OEC (Pearson, r=-0.69, p=0,5).

When studying the relationship between the expression
of WT1 and p53 in the OEC epithelium, a strong direct cor-
relation was revealed (Pearson, 7=0.79, p<0.0001), which
may be associated with early neoplastic transformation.

BMI and OEC diameter were also evaluated in this
study [40, 41]. Studies of the Pearson correlation coefficient
for samples over 60 were conducted, and nonparametric
statistics such as the Mann—Whitney coefficient (U) and
Spearman correlation coefficient (P) were evaluated. When
evaluating the Mann-Whitney coefficient, no differences
were found in the samples in groups I-II and V. Significant
differences in the samples were found in groups III and
I'V. At the same time, there was no significant correlation
between the size of the OEC, BMI, and the expression of
CA125, WT1, and p53 in groups I-II (0-60 IU/ml), the
Spearman coefficient ranges —0.02—0.4, which indicates a
weak direct/inverse correlation. In group III (61-90 IU/ml),
amoderate direct relationship was found between the OEC
size and the expression of the immunohistochemical mark-
ers WT1 and p53 and a moderate inverse relationship be-
tween BMI and the level of p53 expression. There was a
moderate direct relationship between the OEC size and the
level of serum CA 125, as well as the level of p53 expres-
sion, and a moderate inverse relationship between BMI and
WTT1 expression in group IV (91-301 IU/ml). A moderate
inverse relationship between BMI and WT1 expression
was also found in the group of ovarian tumors. Summary
data of parametric and nonparametric correlation in OEC
groups are in Table 2a, 2b.

Table 2a | Tabnuya 2a

Summary data of correlation in all OEC groups (Pearson, r) |
CpoaHnble KOppesUOHHBIE JaHHbIe BO Beex rpynnax DK (kpurepuii Ilupcona, r)

Serum CA 125, Body mass  OEC diameter, P53 expressionin WT1 expression
IU/ml | index, kg/m? | mm | epithelium, % | in epithelium, % |
Yposenb CA 125 Hupexc JAuamerp Oxkcnpeccust PS3  Oxcnpeccus WT1
B CBIBOPOTKeE Macchl TeJa, IKSI, Mmm B MHTENIHH, Yo B JMHTENNH, Yo
kpoBu, ME/ma Kr/m*
Serum CA 125, IU/ml | - 0,14 0,09 0,81 0,84
VYposenb CA 125 B cbIBOpOTKE
kposu, [U/ml
Body mass index, kg/m?| -0,14 - —-0,06 -0,14 -0,11
WHaekc Macchl Tera, Kr/m>
OEC diameter, mm | 0,09 -0,06 - 0,14 0,11
Huamerp DK, Mm
P53 expression in epithelium, % | 0,81 -0,14 0,14 - 0,79
Okcnpeccus P53 B smurenun, %
WT1 expression in epithelium, % | 0,84 -0,11 0,11 0,79 —

Oxcnpeccusd WT1 B snmurenun, %
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Table 2b | Tabnuya 2b

Correlation between BMI/OEC diameter and WT1, p53 expression depending on serum CA 125 level (Spearman, rs) |
Koppeasinus mexkay unaexcom macceol Testa (MMT)/ n anamerpom JKSI u skenpeccueii mapkepos WT1, p53

B 3aBHCHMOCTH OT cbIBOPOTO4HOr0 YpoBHsI CA 125 (IU/ml | ME/mu1) (kputepuii Cnimpmana, rs)

Groups | OEC diameter| BMI | UMT
I'pynnsi Juamerp KA
WT1 ps3 CA 125 WT1 p53 CA 125

I (CA 125 = 0-35 IU/ml | ME/mi) —0,2 0,09 —0,1 0,16 0,14
IT (CA 125 =36-60 IU/ml | ME/mu) 0,4 0,01 0,02 —0,2 —0,22 —-0,2
III (CA 125 = 61-91 IU/ml | ME/m) 0,5 0,3 0,35 0,6 0,3
IV (CA 125 =90-301 IU/ml | ME/m) 0,24 0,57 0,65 —0,57 0,19 —0,4
V (ovarian tumors | omyXoiu STHYHUKA) —0,1 —0,2 —0,3 —0,6 —0,1 —0,3

Discussion

CA125 is a significant marker, and it is mostly used
to identify disease conditions, including OEC. Predomi-
nantly, the CA125 levels are reported to be enhanced in
80-85% in females with advanced stages of ovarian cancer
and endometriosis. Hence, it is referred to as a suitable
cancer marker to monitor ovarian tumor progression, dif-
ferentiation, and regression to foster early diagnosis [38].
A plethora of research studies established a positive link
between endometriosis and certain groups of ovarian tu-
mors, such as endometrioid, clear-cell, and serous low-
grade, based on data from more than 21,000 patients [42].
Yiying Wang et al. reported that the immunohistochemical
expression of markers OVGP1, WT1, and FMO in LGSCs
and concluded these carcinomas develop from tubal-type
epithelium of ovarian cystic inclusions [43, 44]. Abnormal
expression of the WT1 protein is well known as a serous
differentiation marker since it has a positive expression in
serous ovarian tumors [45, 46]. A method exists for dif-
ferential diagnosis of ovarian HGSC and LGSC based on
the p53/P16 ratio. However, the authors of this study noted
that routine morphological diagnosis is better associated
with the patient survival outcome [47]. The same authors
provide data that WT1 expression was observed in 71.4%
of LGSC and 57.1% of HGSC, p53 expression was com-
pletely negative in 81% of LGSC and 30.6% of HGSC,
focal in 9.5% of LGSC and 1.2% of HGSC, diffuse in
9.5% of LGSC and 68.2% of HGSC [47]. Other investiga-
tors did not find p53 expression in solitary endometriosis,
and endometriosis coexisted with endometriosis-associated
tumors [48]. However, they explored a small sample of
29 cases without any significant correlations with serum
biomarkers. Ma X et al. suggested that PTEN mutation
is an early indicator and p53 mutation is a later indica-
tor in malignant transformation of endometriosis [49].
We also found p53 expression over 75% in 5 cases with
serum CA 125 levels 94.3-301 IU/ml, which may reflect
the serous epithelial transformation that had existed for a
long time and possibly is at the beginning of neoplastic
changes.
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According to our data, there was focal serous differ-
entiation of OEC epithelium with expression of serous
markers such as WT1 and p53 with an increase in the CA
125 level more than 60 IU/ml. We found that the IHC-
profile for normal endometrioid epithelium was WT1-/
p5S3wt/ARID1A+ and was characteristic for groups 1-2
(0-35; 36-60 IU/ml). When comparing the IHC-profile
of OEC group 3 (61-90 1U/ml) with group 5 (endome-
triosis-associated tumors), we stated their equality, i.e.,
WTI1+/p53wt/ARID1A+. Moreover, when we compare
the IHC-profile of group 4 (91-301 IU/ml) to group 5,
these were similar: WT1+/p53mt/ARID1A+. These find-
ings suggest the neoplastic transformation to serous ovar-
ian borderline tumors and LGSC. We found OECs share
similar immunohistochemical profiles with serous ovarian
carcinomas, but not with the endometrioid ones because
the expression of WT1 and p53 were not observed, and
there was no lack of ARID1A expression. The expressions
of WT1 and p53 levels were focal across the endometrioid
carcinomas. Besides, ARID1A (BAF250a) expression in
OEC was close to that in serous low-grade carcinomas
and differed from endometrioid ones. Moreover, there is
a clinical case that demonstrated OEC malignant trans-
formation to well-differentiated endometrioid carcinoma
with normal serum CA 125 [50], which supports our sup-
position that OEC may transform to serous ovarian tumor,
and this process is accompanied by an increase in serum
CA 125 level.

Bulun et al. established that endometriotic stromal
cells are mutation-free. We likewise found that the stromal
cells did not display any changes in immunohistochemical
marker expression. These authors have depicted that the
stroma cells contain widespread epigenetic defects, which
could alter gene expression and induce a progesterone-
resistance and inflammation. Subsequent estrogenic action
in the stroma results in paracrine signaling to neighboring
epithelial cells, which may enhance proliferation, causing
mutation accumulation and malignant transformation in
OEC epithelial cells that may lead to epithelial ovarian
cancer [51].
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Fig. 5. Possible mechanisms of neoplastic transformations of OEC. OIC — ovarian inclusion cyst; OEC — ovarian endometrioid cyst;
OSC — ovarian serous cystadenoma; RM — retrograde menstruation; ROS — reactive oxygen species; SE — serous epithelium;
OVGP1 - oviduct-specific glycoprotein 1; WT1 — Wilm’s tumor protein; FMO3 — flavin-containing monooxygenase 3;
ARIDI1A — AT-rich interactive domain-containing protein 1A; PIK3CA — phosphatidylinositol-3-kinase, catalytic subunit;
KRAS — RAS/MAPK pathway protein; BRAF — v-RAF murine sarcoma viral oncogene homolog b; PTEN — homolog
of phosphatase and tensin; IL-1 — interleukin 1; IL-6 — interleukin 6; PGE2 — prostaglandin E2; MIF — macrophage migration
inhibitory factor; p53 — p53 protein; CA 125 — cancer antigen 125

Puc. 5. TlpennonoxurensHple MEXaHU3MBI Heomactuueckoil Tpancopmanuu IKS. OIC — nHKITIO3MOHHAS KUCTA SIMYHUKA;

OEC — sHnomerpuonasas kucra suyauka; OSC — cepo3Has LUCTaJeHOMA sIMYHUKA; RM — peTporpaaHas MEHCTpyalus;
ROS - aktuBHbIe hopmbl kucaopona; SE — ceposusiit snurenuii; OVGP1 — stiinieBoacnennuuHbIi TMKOMPOTEHH 1

WT1 — 6enoxk omyxonu Bunbsmca; FMO3 — daBunCcOneprkamas MoHookcurenasa 3; ARID1A — AT-HachIIeHHBIN
HMHTEPaKTUBHEIN JoMeH, coneprkanuii 6enok 1A; PIK3CA — dpocharunummno3nTon-3-kiuHa3a, KaTaTUTHYeCcKas CyObeAnHATIA
anpda; KRAS — 6enok mytu RAS/MAPK; BRAF — romonor b BupycHOro OHKOTeHa MBIIIHHO capkoMbl V-RAF;

PTEN — romonor ¢ocdarassl u Tenzuna; UJI-1 — unrepneiikun 1; NJI-6 — untepneiikun 6; PGE2 — npocrarmanaus E2;

MIF — ¢dakrop nHrnOupoBanus Murpanun Makpodaros; pS3 — 6enok p53; CA 125 — onyxoneBsiii anturet 125

In this regard, a scheme for the possible development
of ovarian carcinomas from OEC was proposed (Fig. 5).
Our results reported that OEC could be precursors to both
endometrioid carcinomas via the ARID1A, PI3K/AKT,
MAPK/ERK pathways, and serous carcinomas via the
TP53, RAS/MAPK pathways.

Conclusion

Evaluation of immunohistochemical expression of WT1
and p53 markers in the OEC with increased serum CA 125
level is beneficial to oncologists to choose a suitable thera-
peutic modality with adequate follow-up to the patients.
Our present study results replicate previously published
reports. Furthermore, the results indicate an early change
in the epithelium that may give rise to neoplastic transfor-
mation is feasible. However, the mechanism of neoplastic
transformation remains only partially understood and re-
quires extensive research.

Human and animal rights

All the study procedures were approved by the US NIH
Ethical Standards. Animals were not used for this study.
Consent was obtained from all the humans in this study.
The procedures were in accordance with the ethical stan-
dards of the committee responsible for human experimenta-
tion (institutional and national) and with the NIH ethical
guidelines.
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