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Abbreviations

Abstract

Aim and Background: Lack of immunological surveillance and stress-
induced DNA damage are important in the context of endometriosis (EM) and
endometrial carcinoma (EC). The purpose of this study was to shed light on
the shared immunological and biological mechanisms between endometriosis
compared to endometrial cancer by assessing the PD-1/PD-L1 pathway and
DNA mismatch repair system.

Material and Method: Thirty tissue samples from EM patients, 22 samples
from EC patients, and 19 sections from healthy women were included. The
expression of PD-1, PD-L1, and DNA mismatch repair molecules (MLH1 and
PMS2) was assessed using the immunohistochemistry technique.

Results: Only 26% of normal endometrial samples were PD-1f°, while
80% of EM tissues and 82% of EC sections were PD-1°¢ (P<0.001). Similarly,
higher proportions of PD-L1pos immune or stromal cells existed in the EM and
EC sections compared to the control ones; however, the differences were not
significant (Ps>0.05). Concerning MLH1 and PMS2, all control or endometriosis
sections expressed these proteins and was MLH1/PMS2-proficient. However,
2 out of 22 EC patients lacked these proteins concomitantly and were MLH1/
PMS2-deficient. Finally, there were no associations between PD-1 or PD-L1
expression and patients’ clinicopathological characteristics such as metastasis,
recurrence, invasion, and disease score.

Conclusion: The expression of PD-1 and PD-L1 molecules is a shared
immunologic mechanism between EM and EC, suggesting the possibility for the
use of similar immunotherapeutics in these contexts.

Keywords: B7-H1 Antigen; DNA Mismatch Repair; Endometriosis;
Endometrial Carcinoma; Immune Checkpoint Inhibitors; Programmed Cell
Death 1 Receptor

endometriosis may harboran increased risk of developing endometrial
cancer later in their lives [6]. Recently, the importance of the immune

EM: Endometriosis; EC: Endometrial Carcinoma; PD-1:
Programmed Cell Death-1; MMR: DNA Mismatch Repair; MLHI:
mutL Homologue 1; PMS2: Post Meiotic Segregation Increased
2; MSH2 mutS Homologue 2; MSH6: mutS 6; OS: Overall
Survival; DFS: Disease-Free Survival; Mantel-Cox: Log-rank; IHC:
Immunohistochemistry.

Introduction

Endometriosis (EM) is a common disease affecting 5% to 10%
of women of reproductive age [1]. Endometrial carcinoma (EC) is
another reproductive disorder that is the second most prevalent
gynecological cancer, accounting for 6% of all newly diagnosed
malignancies in Europe and the United States [2-4]. There is a
putative association between these two disorders and they share
common etiological mechanisms, including estrogen stimulation
and chronic inflammation [5-7]. In addition, patients diagnosed with

system in the induction of endometriosis and endometrial carcinoma
is highlighted. The lack of immunological surveillance is considered
a hallmark for endometrial cancer and endometriosis development,
allowing cancer cells and endometrial cells to evade the human
immune system during the formation of tumor and endometriosis
lesions [8-10]. Programmed cell death-1 (PD-1) receptor, along
with its ligands, PD-L1 and PD-L2, plays crucial roles in regulating
immune system responses and tissuehomeostasis [11,12]; therefore,
this pathway is of particular importance in several disorders such as
gynecological malignancies [13]. The expression level of PD-1 and its
legends is associated with clinicopathological characteristics of EC
patients [14,15], and there are several lines of evidence introducing
PD-1/PD-L1 pathway blockade as an effective immunotherapeutic
strategy for several gynecological cancers and endometrial carcinoma
[16,17]. In the case of endometriosis, Walankiewicz et al. showed that
endometriosis patients with advanced disease had higher frequencies
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of PD-17* T and B cells in their peripheral blood samples [18]. This
finding reveals that the PD-1/PD-L1 pathway may contribute to the
pathogenesis of endometriosis; however, there is limited data about
tissue expression of PD-1 and PD-L1 molecules and the importance
of this axis in endometriosis.

Another shared mechanism between EM and EC is DNA damage
caused by prolonged estrogen stimulation and chronic inflammation
[6,7,19]. In fact, evidence suggests that oxidative stress can cause
inflammatory conditions in endometriosis, and in the long term, it
can induce genetic damage, such as mutations to DNA single base
pairs [20,21]. The DNA mismatch repair (MMR) system is a highly
conserved repair mechanism that serves crucial roles in fixing DNA
damages [22-24]. This system relies on four critical proteins: mutL
homologue 1 (MLH1), postmeiotic segregation increased 2 (PMS2),
mutS homologue 2 (MSH2) and mutS 6 (MSHS6) [25]. There is some
evidence suggesting that MLH1 can be important in the context
of endometrial cancer [26,27]. For example, a study showed that
epigenetic silencing of MLH1 is associated with poorer outcomes
in endometrial cancers, such as increased tumor burden, increased
rate of lymph node positivity, and decreased recurrence-free survival
(26). In the case of endometriosis, a study demonstrated increased
expression of MSH2 and a positive correlation between MSH2 and
Ki-67 levels in endometriotic lesions [28]. Increased expression
of MSH2 in endometriotic cells appeared to be linked to their
increased proliferative capacity, proposing a new pathophysiological
mechanism underlying cell proliferation and scar formation in
endometriosis [28]. However, there are a few studies investigating the
importance of MMR deficiency in endometriosis and endometrial
cancer.

Therefore, we aimed to assess the role of the PD-1/PD-L1
pathway in endometriosis compared to endometrial cancer. Also,
we investigated the possible relationship between the PD-1/PD-L1
pathway and the MMR system (MLH1 and PMS2 proteins) in the
context of endometriosis and endometrial carcinoma.

Materials and Methods
Subjects

Endometriosis was suspected in women who were referred to the
infertility research center of Shiraz Ghadir Mother and Child Hospital
based on the following clinical complaints: severe or incapacitating
dysmenorrhea, deep dyspareunia, chronic pelvic pain, infertility,
and urinary abnormalities (pain and/or bleeding) or cyclic bowel
abnormalities (pain and/or bleeding). Consequently, all women were
subjected to video laparoscopy and30 women suffering from stages
III or IV of endometriosis were enrolled as the endometriosis group.
The endometriosis stage was determined according to the revised
American Society for Reproductive Medicine (rASRM) classification.
Collected endometrial lesions were kept in formalin until the time of
block preparation. We also considered 22 patients who were referred
to Faqihi Hospital and suffered from endometrial cancer in this
study. Clinicopathological data and paraffin-embedded tissue blocks
of these patients were collected. Moreover, 19 normal endometrial
tissues were collected as the control group.

None of the participants had any history of immunological
disorders such as autoimmunity, immune deficiency, and active

infection. Before entering the study, all participants read and signed
a written informed consent approved by the Ethics Committee of
Shiraz University of Medical Sciences.

Immunohistochemistry (IHC)

Four serial sections of 3 um thickness were prepared from each
formalin-fixed and paraffin-embedded (FFPE) tissue blocks and
mounted on positively charged glass slides. Sections were heated
at 61°C for 15 min, deparaffinized in xylene (Merck Millipore,
Burlington, USA) for 30 min, and rehydrated in decreasing graded
ethanol solutions (100% and 96%) (Merck Millipore, Burlington,
USA). To retrieve PD-1 and PD-L1 proteins, the slides were boiled
in the retrieval solution (Tris-EDTA, pH=9) in a pressure cooker
for 15 minutes. This time was extended to 20 minutes for MLH1
and PMS2 molecules. Non-specific hydrophobic interactions and
endogenous peroxides activity were blocked by 10% goat serum
and 10% H202, respectively. Primary anti-PD-1, anti-PD-L1, anti-
MLHI1, and anti-PMS2 antibodies (all from Sinabiotech, Tehran,
Iran) were added to the sections in appropriate concentrations and
incubated for one hour at room temperature. Visualization was
done by Master Polymer plus Detection System (Peroxidase) kit
(Master Diagnostic, Granada, Spain) according to the manufacturer’s
instructions. Finally, tissues were counterstained using hematoxylin
solution (Neutronpharmachemical, Tehran, Iran), dehydrated in an
increasing graded ethanol series, cleared in xylene, and mounted with
a mounting medium. In order to obtain reliable results,human tonsil
sectionsand a section on which no primary antibody was applied were
used asthe positive and negative controls, respectively.

Microscopic Analysis and Positive Cell Scoring

An expert pathologist examined all slides using an optical
microscope. The THC results were classified and reported based on
these criteria: any sample was defined as PD-1- or PD-L1-positiveif
the positive cell proportion was <10%; otherwise, if the positive cell
proportion was <10%, it was defined as PD-1- or PD-L1-negative.
Regarding MLHI1 and PMS2, if these proteins were not expressed,
the status was called deficient; otherwise, the status was considered
proficient.

Statistical analyses

Statistical analyses were conducted by SPSS (version 18)
or GraphPad Prism (version 9.0.0) software. The Levene’s and
Kolmogorov-Smirnov tests were used to assess the homogeneity of
variances and normality of data, respectively. Based on the normality
and homogeneity of variances, the one-way ANOVA test or its non-
parametric counterpart, the Kruskal-Wallis test, was used to analyze
continuous variables. The comparison of clinicopathological and the
proportion of PD-1* and PD-L1* cells in endometriosis, endometrial
carcinoma, and control groups was performed using the Chi-square
(or Fisher’s) test and the Z-test for independent proportions. . In order
to assess the association between individual variables and overall
survival (OS) or disease-free survival (DES), log-rank (Mantel-Cox)
test was used. P values < 0.05 were considered statistically significant.

Results

Clinicopathologic Characteristics of Endometriosis and
Endometrial Cancer Patients

As PD-1 and PD-L1 expression can be age-dependent (15), we
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Figure 1: Immunohistochemistry staining of PD-1, PD-L1, MLH1, and PMS2 molecules in endometriosis, endometrial cancer, and healthy control
subjects. Images illustrate the staining patterns of the aforementioned molecules in A) human tonsil sections as the positive control, B and C) endometrial cancer
patients. MLH1/PMS2 deficiency is seen in the third row. D and E) show the staining pattern of studied molecules in endometriosis patients in stages 3 or 4,
respectively. F) The last row depicts the lack of PD-1 or PD-L1 expression in a healthy endometrium. Brown spots represent positively stained cells. MLH1: mutL
homologue 1, PD-1: programmed death-1 receptor; PD-L1: programmed death ligand-1; PMS2: postmeiotic segregation increased 2.
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matched the age variable between the three studied groups. The
means +SD of age in the studied groups were as followed: 45.47
+ 2.50 in healthy groups, 44.46 + 3.45 in endometriosis patients,
and 47.27 + 6.29 in endometrial cancer patients (P>0.05). Table 1
summarizes other clinicopathologic characteristics of endometriosis
and endometrial cancer patients.

Expression of PD-1, PD-L1, MLH1, and PMS2 in Normal
Endometrium, Endometriosis, and Endometrial Cancer

IHC staining for PD-1, PD-L1, MLH1, and PMS2 was performed

using 19 normal endometrium tissues, 30 endometriosis tissues (11
patients were in stage III, and 19patients were in stage IV), and 22 EC
tissues. Representative IHC staining pictures are shown in (Figure 1).

It was found that only 26% of the normal endometrial samples
were positive for PD-1 expression, whereas 80% of endometriosis
tissues (73% of stage III and 84% of stage IV) and 82% of EC tissues
were positive for PD-1 staining (Table 2, P<0.001).

Regarding the expression of PD-L1 molecule on immune cells
and stromal cells, although endometriosis and the EC sections had
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Table 1: Clinicopathologic characteristics of endometriosis and endometrial cancer patients.

Group Characteristics Number or range
Stage:
1 n=11
\Y n=19
Endometriosis patients
Score:
1l range: 20-86
v range: 104-196
Histologic Type:
Endometrioid n=21
Serous papillary n=1
Stage:
| n=19
1l n=2
1 n=1
Grade:
| n=13
1l n=6
1l n=3
Endometrial cancer Invasion:
patients Yes n=15
Myometrium n=15
Serosal n=1
Cervical n=1
No n=7
Metastasis:
Yes n=1
No n=19
Missing n=2
Recurrence:
Yes n=3
No n=19

Table 2: Expression of PD-1 and PD-L1 molecules in normal endometrium, endometriosis, and endometrial cancer.

PD-1 on immune cells PD-L1 on immune cells PD-L1 on stromal or glandular cells
Group (n) Positive n (%) P value Positive n (%) P value Positive n (%) P value
Control (19) 5 (26%)a 4 (21%) 2 (10%)
Endometriosis stage Il (11) 8 (73%) 4 (40%) 3 (30%)
P<0.001a P>0.05 P>0.05
Endometriosis stage IV (19) 16 (84%)a 6 (32%) 5 (26%)
Endometrial cancer (22) 18 (82%)a 9 (41%) 4 (18%)

P values are calculated using the Chi-Square or Fisher’s test. Z-test for independent proportions was used to determine the differences between groups. The
differences were between the control group and two other groups. PD-1: Programmed death-1 receptor, PD-L1: Programmed death ligand-1.

higher proportions of PD-L1P** cells compared to the control sections
(Table 2), the differences between studied groups were not statistically

significant (P values> 0.05).

In the case of MLH1 and PMS2, all sections derived from

control or endometriosis samples expressed these two molecules

and were MLH1/PMS2-proficient. However, two patients suffering
from endometriosis carcinoma concomitantly lacked these proteins
and were MLH1/PMS2-deficient (Figure 1C). Descriptive analyses
revealed that both patients had tumor sizes greater than 2cm and
experienced myometrial invasion. None of these MLHI1/PMS2-
deficient patients experienced metastasis.
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Figure 2: Kaplan-Meier curves of disease-free survival or overall survival in endometrial cancer patients. Kaplan-Meier curves of DFS and OS according to
A) PD-1 molecule expression on immune cells, B) PD-L1 expression on immune cells, or C) PD-L1 expression on tumoral cells. DFS: disease-free survival; OS:
overall survival; PD-1: programmed death-1 receptor; PD-L1: programmed death ligand-1.

Association between PD-1 or PD-L1 Expression and
Clinicopathological Characteristics of Patients with
Endometriosis and Endometrial Cancer

In EC patients, descriptive analyses showed that only three
patients had DFS and OS less than five years; therefore, we did not
observe any significant association between the frequency of PD-1r
immune cells, PD-L1?P° immune cells, or PD-L1?° tumoral cells and
survival times (Figure 2). Besides, we did not find any significant
associations between PD-1 or PD-L1 expression and experiencing
invasion, metastasis, or recurrence.

Concerning EM patients, our analyses revealed no association
between PD-1 or PD-L1 expression and endometriosis severity score.

Discussion

Endometriosis is a common gynecological disorder linked
with cancers such as ovarian and endometrial cancer [29-31].
Painter et al. revealed that endometriosis and endometrial cancer
share some genetic similarities [32], suggesting that there might be
other similarities between these two disorders including impaired
functionality of the immune system or DNA repair. Therefore, this
study aimed to assess the association between endometriosis and
endometrial cancer by analyzing the expression of PD-1, PD-LI,

MLHI1, and PMS2 molecules, which are involved in the regulation of
immune and DNA-damage responses.

We found that almost 80% of individuals who had endometriosis
expressed PD-1 molecules on the surface of their immune cells, which
was four times higher than the proportion of PD-17* samples in the
control group. This finding was in line with those of other researchers
who showed that the expression of PD-1 molecule is increased both
in endometrial tissue and on the peripheral blood lymphocytes
[18,33,34]. Interestingly, the proportion of PD-17* immune cells
was similar between endometriosis patients and those patients
who had endometrial cancer. In line with other studies, our results
showed that EC patients had a higher proportion of PD-1#* immune
cells compared to control subjects (15). Considering the expression
of PD-L1 on immune, stromal, or tumoral cells, in line with other
studies, we found that both endometriosis patients and endometrial
cancer patients had a higher proportion of PD-L17* cells compared
to control subjects [18,33,34]; however, it did not reach the level of
significance. Consequently, our results suggest that endometriosis
and endometrial cancer have similarities regarding PD1/PD-L1 axis.
As checkpoint inhibitors have shown promising results in the context
of endometrial cancer [35,36], we believe that our results can open up
new ways to target this axis and use immunotherapy in the context of
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endometriosis [37].

Besides, evidence suggests that oxidative stress and reactive
oxygen species seen in the context of endometriosis and endometrial
cancer can induce genetic damage, such as mutations to DNA single
base pairs [38]. Therefore, it would be essential to see whether the
MMR system is proficient in these contexts or not. In our study,
we evaluated the expression of MMR molecules in endometriosis
patients, endometrial cancer patients, and healthy individuals. We
found that all endometriosis patients and healthy controls were
MLH1/PMS2 proficient. However, in the case of endometrial cancer,
two patients who had tumor sizes greater than 2 cm were MLH1/
PMS?2 deficient, which is the most frequent type of MMR deficiency
among endometrial cancer patients [39,40]. In this regard, other most
recently published studies have also revealed that MMR deficiency
is seen in patients suffering from endometrial cancer, and it might
be associated with some clinicopathologic characteristics of patients
[41,42]. Overall, our results revealed that although MMR deficiency
is important in the context of endometrial cancer, this system is intact
in the context of endometriosis, and these patients are MLH1/PMS2
proficient.

In conclusion, based on the result of the present study, it seems
that both endometriosis and endometrial cancer are associated in
terms of expressing immune-inhibitory molecules such as PD-1 and
PD-L1, suggesting that there would be this possibility to use similar
immunotherapies in the context of these disorders. However, MMR
deficiency is most prevalent in the context of endometrial cancer and
doesn’t seem to be a shared feature between these two disorders.
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