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Summary. Objectives. Endometrial cancer (EC) is the
most commonly diagnosed gynecological cancer.
Endometrial hyperplasia (EH) is a more common
diagnosis than EC. Endometrial hyperplasia is found in
approximately 1.5% of all women presenting with
abnormal bleeding. Endometrial hyperplasia progresses
to EC, and especially, cancer risk increases in cases with
atypical hyperplasia. pl6, one of the tumor suppressor
proteins involved in the cell cycle, and COX-2, one of
the key enzymes of prostaglandin synthesis, are
important markers for the diagnosis of both EH and EC.
There is lack of consensus in the classification, diagnosis
and treatment of EH. The subject of changes in the cell
cycle in the progression of endometrial pathologies may
help to identify and prevent these affected pathways in
the treatment stage. The aim of this study is to
investigate the expression of pl6 and COX-2 during the
development of EC from EH.

Material and methods. We investigated COX-2 and
P16 expressions in patients with proliferative
endometrium, complex/simple endometrial hyperplasia
and endometrioid adenocarcinoma.

Results. p16 expression increased in EH and EC
(p<0.001). COX-2 expression was increased in
endometrial cancer compared to other groups, but this
increase was not found to be statistically significant.
Although p16 and COX-2 expression were increased in
patients with advanced grade/stage, lymphovascular
invasion, and >50% of myometrial invasion, this
increase was not statistically significant.

Conclusions. More detailed studies are needed to
investigate the prognostic significance of the COX-2
molecule. COX-2 might be a potential biomarker for the
prognosis of endometrial cancer and a potential
therapeutic target for EC treatment. Also, it might be
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used to prevent the progression of precursor lesions to
invasive EC.

Key words: Cyclooxygenase-2 (COX-2), Endometrial
cancer, Endometrial hyperplasia, P16

Introduction

Endometrial cancer ranks fourth in women after
lung, breast, and bowel cancer and accounts for about
half of all gynecological cancers (Greenlee et al., 2000;
Braun et al., 2016). Demographic data shows that 1-3%
of all women will face the risk of endometrial cancer at
some point in their lives. Approximately 20% of these
patients are lost due to the disease within 5 years,
although most known treatment methods are applied.
The increasing frequency of endometrial cancer has led
to serious research to find the most effective treatment
methods.

The incidence of endometrial hyperplasia (EH) (133
per 100,000 women per year) is estimated to be at least
three times higher than endometrial cancer (Reed et al.,
2009). Endometrial hyperplasia is found in appro-
ximately 1.5% of all women presenting with abnormal
bleeding. Different classifications have been defined for
EHs. In the classification made by the World Health
Organization (WHO), endometrial hyperplasia is divided
into 4 subgroups using cellular atypia and structural
patterns of glands (Baak et al., 2005; Steinbakk et al.,
2011). Although this classification is widely used
worldwide, it shows high intra and inter-observer
variations in the evaluation of the most important
prognostic factor, cellular atypia, and its reproducibility
is low.

Another classification, endometrial intraepithelial
neoplastic (EIN) system, is a classification developed to
better manage patient treatment (Steinbakk et al., 2011).
According to WHO, 63% of patients diagnosed with
EIN had atypical endometrial hyperplasia, 27% complex
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endometrial hyperplasia and 10% simple endometrial
hyperplasia. Likewise, EIN was detected in 79% of
patients diagnosed with atypical endometrial
hyperplasia, 44% of patients with complex endometrial
hyperplasia and only 5% of patients with simple
endometrial hyperplasia. Studies have shown that there
is no compatibility between the two systems. The use of
immune histochemical markers are proposed due to the
incompatibility between existing classification systems
and their inability to predict disease progression. pl6
and COX-2 are important markers for the diagnosis of
both EH and cancer (Lambropoulou et al., 2005;
Steinbakk et al., 2011). COX-2 is expressed in the
cytoplasm of normal proliferative glandular epithelium
and endometrial cancer cells (Uotila et al., 2002). COX-
2 plays an important role both in protecting the
endometrium during the menstrual cycle and in
endometrial carcinogenesis (Jarzabek et al., 2013) COX-
2 positivity is generally an indication for poor prognosis,
as it increases the production of prostaglandin in
neoplasms. COX-2 expression increases in endometrial
carcinoma compared to hyperplasia (Steinbakk et al.,
2011). COX-2 expression is increased while progressing
to EH and cancer. In some studies, it has been stated that
in patients with cancer, COX-2 expression decreases
(Greenlee et al., 2000; Faloppa et al., 2014).

The aim of this study is to investigate the expression
of p16 and COX-2 during the development of EC from
EH. Therefore, in our study, we investigated COX-2 and
pl6 expressions in patients with proliferative
endometrium, complex/simple endometrial hyperplasia
and endometrioid adenocarcinoma. There is a lack of
consensus in the classification, diagnosis and treatment
of EH. The subject of changes in the cell cycle in the
progression of endometrial pathologies will help to
identify and prevent these affected pathways in the
treatment stage.

Materials and methods

Approval of Institutional ethics Committee of the
Medical University of Ege, no. 15-11.1/15 has been
obtained for this study. Patients included in the study
were randomly selected by retrospective scanning of
patient files who applied to the Ege University
Obstetrics and Gynecology Clinic between 2012 and
2016. The patients underwent endometrial sampling for
various reasons and were operated for endometrial
cancer.

Study group

The groups in the study are designed as follows:

1-Control group: Women over 30 years of age
without any gynecological malignancy with proliferative
endometrium diagnosed by endometrial biopsy (n: 30)

2-Women over 30 years of age without any
gynecological malignancy detected with simple non-
atypical endometrial hyperplasia diagnosed by

endometrial biopsy (n: 30)

3-Women over 30 years of age without any
gynecological malignancy with endometrial hyperplasia
with complex atypia diagnosed by endometrial biopsy
(n: 30)

4-Patients with endometrioid type adenocarcinoma
diagnosed by final pathology after hysterectomy (n: 30).

Immunohistochemistry

Pathology preparations of all patients were
reassessed and pl16 (INK4a) (Clone E6H4, Dako
Cytomation, Glostrup, Denmark; dilution at 1:100) and
COX-2 (Clone CX294, Dako Cytomation, Glostrup,
Denmark; dilution at 1:100) expressions were examined
in endometrial tissue samples. Two pieces of 5-micron
thickness series were used for studying p16 (INK4a) and
COX-2 from the formalin-fixed paraffin-embedded
tissue blocks in the pathology archive of the cases.
Sections were taken on the positively charged slides.

A fully automatic immunohistochemistry staining
device (BenchMark XT, Ventana medical systems,
Tuscon, AZ) with biotin-free, HRP multiplier-based
hydrogen peroxide substrate and 3,3diaminobenzidine
tetrahydrochloride chromogen ready kit (ultra-view
Universal DAB Detection Kit, catalog number 760-500
for immunohistochemically staining BenchMark XT,
Ventana Medical Systems, Tuscon, AZ) was used.
Standard boiling was applied for 60 minutes. Tissue
specimens were dried at room temperature for at least 3
hours and antigen release was performed on the
BenchMark XT fully automated immunohistochemistry
staining device. Primary antibodies were incubated at
37°C for 32 minutes. The dehydration of the sections,
whose negative control was completed with
hematoxylin and bluing solution in the device, was
done automatically with xylene, and the coverslip
closure was performed automatically (Dako
CoverStainer, CS 100-10073, Agilent Technologies,
Santa Clara, CA, USA).

Quantification of Immunohistochemistry

The interpretation criteria for pl6 (INK4a) and
COX-2 (clone; CX-294) were used for the evaluation of
the immunohistochemical staining of pathological
sections.

p16 (INK4a): Nuclear and cytoplasmic staining were
accepted as positive. Cases without staining were
considered negative. The percentage of positive tumor
cells was evaluated as,<5%=1(+), 5-50%=2(+),
>50%=3(+).

COX-2: The preparations were evaluated in terms of
staining intensity and percentage of positive tumor cells.
Staining intensity was accepted as O=negative, 1=weak,
2=moderate, 3=strong. The percentage of positive tumor
cells; if there was no staining, it was evaluated as 0, 1—
25%=1, 25-50%=2, >50%=3. Overall scores were
assessed by the sum of percentage of positive cells and
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intensity of expression, being evaluated as follows: 0=no
staining, 1=2-3 with total score, 2=4-5 with total score,
3=6 with total score.

Statistical analysis

The statistical evaluation of the study was done with
the help of SPSS 16.0 ready package program. The
variables of the groups, normality, and homogeneity of
variances were evaluated after the preconditions were
checked. The data were given as median (minimum-
maximum) since the data in the groups were not
distributed normally and categorical variables and non-
parametric tests were used in the comparative data
between the groups for the same reason. Kruskall Wallis
test was used to compare continuous variables between
groups, and Mann Whitney U test for post hoc analysis.
Chi-square test was used to compare categorical
variables in groups. When a difference was found
between the groups, it was tried to reveal the clinical,
demographic and laboratory variables that may have an
effect on this difference with univariate or multivariate
regression analysis. P-value <0.05 was considered
significant.

COX-2 Total score
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Fig. 1. COX-2 staining scores among the groups. The scores, assessed
by the sum of percentage of positive cells (using the marks: 0=no
staining, 1=1-25%, 2=25-50%, 3=50%) and intensity of expression
(O=negative, 1=weak, 2=moderate and 3=strong), were evaluated as
0=no staining, 1=2-3 with total score, 2=4-5 with total score, 3=6 with
total score. COX-2, cyclooxygenase-2; Group 1, Proliferative
endometrium; Group 2, Simple non-atypical endometrial hyperplasia;
Group 3, Complex atypical endometrial hyperplasia; Group 4,
Endometrial carcinoma.

Patients (n)

Results

The descriptive and clinical characteristics (age,
body mass index (BMI), history of smoking, CA125
level, endometrial thickness, parity) of the patients are
shown in Table 1. When EC group (Group 4) was
compared with other groups, age, BMI, CA-125 levels
and endometrial thickness were statistically significantly
high (p<0.05).

COX-2 and p16 staining scores are shown in Figure
1 and 2. In terms of group I to 4, COX-2 and pl6
surface staining scores, both had positive correlations
and the scores for groups increased from 1 to 4 for both.
P16 expression was statistically significantly different
among the groups (p<0.001). COX-2 staining total
scores were higher in the complex atypical hyperplasia
and endometrial carcinoma group compared with other
groups, but this increase was not statistically significant.
However, when COX-2 immunohistochemical staining
total score was evaluated as weak (total score land 2)
and strong (total score 3) staining between groups,
strong staining towards endometrial cancer was
statistically significant (p=0.006).

In the group with endometrial carcinoma, the depth
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Fig. 2. p16 staining among the groups. The preparations were
evaluated in terms of percentage of positive tumor cells. It was
evaluated as negative=no staining, 1(+) <5%, 2(+) =5-50%, 3(+) >50%.
Group 1, Proliferative endometrium; Group 2, Simple non-atypical
endometrial hyperplasia; Group 3, Complex atypical endometrial
hyperplasia; Group 4, Endometrial carcinoma.

2:p<0.001, between the four groups.

Table 1. The descriptive and clinical characteristics (age, body mass index (BMI), history of smoking, CA125 level, endometrial thickness, parity) of the

patients among the groups.

Group-1 Proliferative
endometrium (n=30)

Group-2 Simple non-atypical
endometrial hyperplasia (n=30)

Group-3 Complex atypical
endometrial hyperplasia (n=30)

Group-4 Endometrial
carcinoma (n=30)

Age (years) Median (min-max) 42 (30-57)
Parity Median (min-max) 2 (0-3)
Smoking; n (%) 10 (33,3)
BMI (kg/m2) Median (min-max) 28,5 (20-39)
Ca125 (U/ml) Median (min-max) 8 (1-19)
Endometrial thickness(mm) Median (min-max) 9 (2-17)

2 (0-5)
30 (20-48)

12 (3-23)

45 (31-57) 50 (37-65)2 60,5 (39-74)abc
2 (0-5) 2 (0-4)
12 (40) 6 (20) 2(6,7)
32 (22-42)2 34 (26-57)2P
13 (1-420)2 15 (5-30)2 23,5 (6-1005)2
10 (6-20) 13,5 (5-29)2

a: p<0.05 vs. Group 1, ®: p<0.001 vs. Group 2, : p<0.05 vs. Group 3.
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Table 2. The prognostic characteristics and p16 / COX-2 staining scores in endometrial carcinoma patients.

Endometrial Carcinoma (n=30) p16 positive (n, %)

COX-2 (total score 3) Strong (n, %)

COX-2 (total score 1 and 2) Weak (n, %)

Stage 1a (n=19) 18 (94,7)
Stage 1b (n=8) 7 (87,5)
Stage 2 (n=3) 3(100)
Grade 1 (n=6) 6 (100)
Grade 2 (n=22) 20 (90,9)
Grade 3 (n=2) 2 (100)
Lymphovascular invasion Negative (n=24) 22 (91,2)
Lymphovascular invasion Positive (n=6) 6 (%100)
Myometrial invasion >%50 (n=11) 11 (%100)
Myometrial invasion <%50 (n=19) 17 (89,5)

13 (68,4) 6 (31,6)
4 (50) 4 (50)
3 (100) 0
5 (83,3) 1(16,7)

13 (59,1) 9 (40,9)
2 (100) 0

15 (62,5) 9 (37.5)
5 (83,3) 1(17,7)
8 (72,7) 3(27,3)

12 (63,2) 7 (36,8)

of myometrial invasion, tumor size, lymphovascular
invasion, cervical involvement, stage and tumor grades
were evaluated. All of the patients included in the
endometrial carcinoma group are endometrioid type
adenocarcinoma, and the FIGO grading system was used
for histological grading. The prognostic characteristics
and p16/COX-2 staining scores in endometrial
carcinoma patients are shown in Table 2. Stage III and
IV cases were not observed.

A high rate of pl6 expression and COX-2 strong
expression were detected in all patients in G3 and Stage
2 endometrial cancer. Also, both expressions increased
in patients with lymphovascular invasion and >50% of
myometrial invasion. However, pl6 expression and
COX-2 strong expression did not have a statistically
significant relationship with prognostic factors such as
tumor stage, grade, lymphovascular invasion and depth
of myometrial invasion.

Discussion

Cyclooxygenase-2 plays a role in the conversion of
arachidonic acid in the cell membrane to prostaglandin
H2 and E2. PGE2 has many functions such as cell
proliferation, differentiation, and apoptosis. Therefore,
COX-2 may function as an effective prognostic
biomarker and a potential therapeutic target for
endometrial cancer. COX-2 expression was found in
most colorectal adenocarcinoma patients. In an in vitro
study, COX-2 downregulation significantly inhibited the
growth and invasiveness of the endometrial
adenocarcinoma cell line HEC- 1B (Xiao et al., 2015).
Also, COX-2 has increased expression in endometrial
carcinoma compared to normal endometrium (Comerci
et al., 2000; Einstein et al., 2000; Tong et al., 2000).
Erkanli et al showed that in endometrial hyperplasia and
endometrial carcinoma, COX-2 was found to be
overexpressed compared to the normal endometrium
(p=0.02) (Erkanli et al., 2007). Nasir et al, in a
retrospective study showed a high COX-2 positivity rate
in human endometrial carcinoma tissues (88%) as
compared to endometrial hyperplasia, atypical complex
hyperplasia and non-neoplastic endometrial tissues.
They suggest that expression of COX-2 might well be

the "signal" of cancerous transformation in these cells
and COX-2 inhibitors may play an important role in the
clinical management of endometrial cancer (Nasir et al.,
2007). In our study, it was found that the expression of
COX-2 is increased in the complex atypical hyperplasia
and endometrial carcinoma group, but this increase was
not statistically significant. However, when COX-2
immunohistochemical staining total score was evaluated
as weak (total score 1 and 2) and strong (total score 3)
staining between groups, strong staining towards
endometrial cancer was statistically significant
(p=0.006).

The prognostic significance of COX-2 expression in
endometrial carcinoma is controversial. Oplawski et al.
investigated COX-2 expression in different grades of
endometrial cancer (Oplawski et al., 2020). In their
study, analysis of COX-2 expression showed that the
optical density of the reaction product in G1 reached
186% in the control group, 243% in the G2 and 293% in
the G3 group. These results suggest that changes in the
expression of COX-2 may be potentially useful in
predicting the progression of endometrial cancer and
treatment effectiveness. Also, Cao et al. noted the
overexpression of COX-2 in poorly differentiated form
of endometrial cancer, while not observing its expression
in a well-differentiated form. They indicated the key role
of COX-2 in the progression of endometrial cancer (Cao
et al., 2002). Ferrandina et al. reported that the frequency
of COX-2 overexpression in late FIGO stage patients
was higher than that in patients with <50% myometrial
invasion (Ferrandina et al., 2002). However, Erkanli et
al. could not demonstrate any association between COX-
2 overexpression and endometrium cancer prognostic
factors (myometrial invasion, grade, stage) (Erkanli et
al., 2007). COX-2 overexpression does not affect
survival and is not a prognostic factor in cancer
development. In a retrospective study by Orejuela et al.
no statistically significant difference was found between
tumor stage and grade and COX-2 expressions in
endometrial carcinoma (Orejuela et al., 2005). In a study
by Li et al. they detected COX-2 down regulation in a
large series of endometrioid tumors and concluded that
COX-2 expression is not a significant prognostic factor
in tumor development (Li et al., 2002). Also, in the study
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of Faloppa et al. they conclude that COX-2 expression is
lower in EC compared with nonmalignant endometrial
lesions (benign endometrial polyps, endometrial
hyperplasia, endometrial intraepithelial neoplasia) and
COX-2 expression has no prognostic value in EC
(Faloppa et al., 2014). In a recent meta-anlaysis, Li et al.
investigated the role of COX-2 in the determination of
the risk, prognosis, and clinical features of endometrial
cancer. Their results suggested that COX-2
overexpression is significantly associated with poor
prognosis and advanced clinical features in endometrial
cancer (Li et al., 2020). In our study, a high rate of COX-
2 expression was detected in all patients in G3 and
advanced stages in endometrial cancer. However, COX-
2 expression did not have a statistically significant
relationship with prognostic factors such as tumor stage,
grade, lymphovascular invasion and depth of myometrial
invasion. The low number of advanced stage and G3
patients in endometrial cancer group may have affected
these statistical results.

Many studies show that PG receptors are associated
with endometrial carcinoma carcinogenesis (Sales et al.,
2004; Battersby et al., 2007; Zhu et al., 2018; Ye et al.,
2020; Lyndin et al., 2022). Ye at al. emphasized that
further investigations concerning PG receptors in
gynecological cancers are necessary. They may represent
novel and specific anti-inflammation targets for
gynecological cancer chemoprevention and combination
with COX2 enzyme inhibitors might provide more
advantages (Ye et al., 2020). Also, Kosmas et al
determined the expression of cyclooxygenase-2 (COX-
2) in endometrial adenocarcinoma in imprint smears as
an alternative technique and to correlate the results with
clinicopathologic parameters. They showed that positive
expression of COX-2 in malignant cells was related to
morphological features of more aggressive tumors
(pathogenetic type II, advanced clinical stage, mainly
high grade, deep myometrial involvement >1/2) and
more lymph node involvement (41.2% vs 13.4%)
(Kosmas et al., 2020).

In recent years multiomic studies have provided
extremely important and detailed information on topics
related to the molecular basis of cancer, potential
molecular markers, and therapeutic targets. Multiomics
data include genome, transcriptome, proteome,
metabolome, and epigenome data. These approaches
have also been applied in endometrial cancer research in
order to identify novel molecular markers and
therapeutic targets. Boron et al. reviewed recent
multiomic approaches in endometrial cancer and this
review provided some important findings (Boron et al.,
2022). Among these studies, Zou et al. investigated the
expression of leucine-rich repeat-containing G protein
coupled receptor 5 (LGRY), somatostatin (SST),
prostaglandin D2 synthase (PTGDS), and zinc finger
protein 558 (ZNF558) in endometrial cancer (Zou et al.,
2020). They have reported that the expression of all four
genes was associated with EC prognosis. More
validation demonstrated that PTGDS was significantly

downregulated in the EC group compared with the
atypical hyperplasia and normal endometrial groups, and
its low expression was an independent risk factor for
worse prognosis of EC. They concluded that LGRS,
SST, ZNF558, and PTGDS may participate in the
development, progression, and prognosis of EC, in
which PTGDS may be a novel biomarker and
therapeutic target for EC.

pl6 is one of the tumor suppressor genes known to
have anti-proliferative effects in tumor development.
Studies report that p16 expression increases in advanced
age, oxidative stress and DNA damage (Ressler et al.,
2006; Horrée et al., 2007; Fordyce et al., 2010).
Increased expressions of pl6 have been reported in the
literature in endometrial cancer (Sood et al., 1997).
Although it is known to be a critical tumor suppressor
protein in the cancer development process, increased
expression in some cancers has also been reported due to
reasons not fully understood. The reason for this
increase is thought to be a protective mechanism to stop
cell proliferation, which has increased secondary to the
inactivation of the Rb (retinoblastoma) protein
(Reuschenbach et al., 2008). Yoon et al evaluated to
stromal p16 expression in benign, precancerous, and
malignant endometrial lesions using immunohisto-
chemistry. They showed that atypical hyperplasia/
endometrial intraepithelial neoplasia and serous
endometrial intraepithelial carcinoma had significantly
higher stromal p16 expression levels than benign lesions.
In addition, endometrioid carcinoma, serous carcinoma,
and carcinosarcoma showed significantly elevated
stromal p16 expression levels compared with benign and
precancerous lesions. However, differences in stromal
pl6 expression among nonpathological endometrium,
atrophic endometrium, endometrial polyp, and
hyperplasia without atypia were not statistically
significant (Yoon et al., 2017). Our observations support
this situation. The degree of pl6 staining increases with
hyperplasia and carcinoma from the normal
endometrium. In the complex endometrial hyperplasia
and endometrial carcinoma group, 3(+) positive staining
rates were found to be increased compared to other
groups. There was no 3(+) staining in the proliferative
endometrium group, and only one patient had 3(+)
staining in the simple atypical endometrial hyperplasia
group.

In conclusion; we found that pl6 expression
increased in endometrial hyperplasia and endometrial
cancer. Although there was no increase in correlation
with other endometrial cancer prognostic factors,
especially in patients with endometrial cancer, their
expressions were found to be significantly higher
compared to other groups. pl16 expression promotes the
development and progression of endometrial cancer and
is association with worse oncogenic behavior. Although
increased expression of the COX-2 molecule in
endometrial cancer has been reported in the literature,
there is no consensus about the effect on the stages of
carcinogenesis. In our study, COX-2 expression was
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increased in endometrial cancer compared to other
groups, but this increase was not found to be statistically
significant. However, when COX-2 immunohisto-
chemical staining total score was evaluated as weak
(total score 1 and 2) and strong (total score 3) staining
between groups, strong staining towards endometrial
cancer was statistically significant (p=0.006). Also, a
high rate of COX-2 expression was detected in all
patients in G3 and advanced stages in endometrial
cancer. However, COX-2 expression did not have a
statistically significant relationship with prognostic
factors such as tumor stage, grade, lymphovascular
invasion and depth of myometrial invasion.

There were some limitations in this study. There
were a limited number of patients in our study. In the
endometrial cancer group, the low number of patients,
especially in G3 and advanced stages, may have affected
the statistical significance in the evaluation of prognostic
factors. These results emphasize the importance of
conducting larger-scale studies in the future. More
detailed studies are needed to investigate the prognostic
significance of the COX-2 molecule and the mechanisms
by which it plays a role in carcinogenesis. COX-2 might
be a potential biomarker for the prognosis of endometrial
cancer and a potential therapeutic target for EC
treatment. Also, it might be used to prevent the
progression of precursor lesions to invasive EC.
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