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Abstract

Background: Endometrial carcinoma is the most common gynecological malignancy in developed countries.
About 80% of endometrial carcinomas are preceded by atypical endometrial hyperplasia. PTEN is a tumor
suppressor gene involved in many vital intracellular biological processes. PTEN is altered in more than 45% of
endometrial carcinomas. The aim of this study was to evaluate the value immunohistochemical expression of
PTEN in normal, hyperplastic and neoplastic endometrial tissues. Methods: Ninety-two endometrial samples
were enrolled in this study. They were classified into normal (n=6), hyperplastic (n=54) and neoplastic (n=32)
endometrial tissues. Formalin-fixed and paraffin-embedded tissue blocks were prepared from each specimen.
Tissue sections were immunohistochemically stained by anti-PTEN antibodies. Results: In our study; PTEN
was strongly expressed in all normal and hyperplastic endometrial tissues without atypia. Staining intensity
was decreased in atypical endometrial hyperplasia and endometrial carcinoma (p<0.0001). we also detected an
inverse relationship between PTEN expression on one side and tumor grade (p=0.006), stage (p< 0.0001) and
myometrial invasion (p=0.001) on the other side. Conclusions: Our study proved that immunohistochemical
expression of PTEN is down-regulated in atypical hyperplastic and neoplastic endometrial tissues. Evaluation of
PTEN expression can be useful as a screening method to detect the potentially precancerous hyperplastic lesions.
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Introduction

hyper-estrogenic status and develops against a background
of endometrial hyperplasia and carries a more favorable

Endometrial carcinoma (EC) is the most common
gynecological malignancy in developed countries. It is the

4™ most common cancer in women after breast, colon and
lung carcinomas. EC typically occurs in pre-menopausal
and post-menopausal women. However, no age group
is immune [1]. A literature reported the occurrence of
EC in association with intrauterine pregnancy in five
women, raising the importance of studying the molecular
alterations and genetic mutations of EC [2]. Based on
light microscopic appearance and clinical behavior; ECs
were classified into two main categories, types I and
IT [3]. Type I is the most common, representing more
than 80% of cases. Most cases occur in pre-menopausal
women. It is a low grade carcinoma that may occur in

prognosis [4]. On the contrary, type Il occurs almost
exclusively in post-menopausal women. It develops de
novo, independent of estrogenic stimulation and has an
aggressive behavior [5]. On the molecular basis, low
numbers of somatic copy number alterations and wild
type expression pattern of P53 were observed only in
EC, type I [6].

Endometrial hyperplasia (EH) is defined as increase
endometrial glands/ stroma ratio, coupled with glandular
architectural irregularity. Different classification systems
for EH have been developed over the years. Most of these
classifications were based on architectural in addition
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to cytological features. There were numerous inter and
intra-observer variations in previous classifications of EH,
especially as regards to the architectural component [7].
In 2014, WHO has adopted a new classification system
for EH, it was based on the cytological atypical features
which are considered as a more reliable component. Such
recent WHO-adopted classification system has categorized
EH into two main categories according to presence or
absence of cytological atypia; EH without atypia and
atypical EH [8]. The latter is a precursor lesion for EC,
type 1. Both atypical EH and EC, type I share a variety
of genetic alterations as microsatellite instability (MSI),
mutations of K-ras, g- catenine and phosphatase and tensin
homolog (PTEN) [1].

PTEN was firstly identified in 1997 as a tumor
suppressor gene, located on chromosome 10 (10g23).
The protein encoded by this gene is a 55- kDa protein
composed of 403 amino acids [9]. As a tumor suppressor
gene, PTEN suppresses both cellular proliferation and
differentiation by antagonizing intracellular signaling
pathways evoked by different growth factors [10].
PTEN has an active role in apoptosis of damaged and/
or injured cells by two efficient mechanisms. The first
mechanism is that the overexpression of PTEN is
invariably associated with increased p27 expression. The
latter causes cell cycle arrest in G1 phase [11]. Secondly,
PTEN promotes p53 functions through restricting murine
double minute 2 (mdm?2) to the cytoplasm [12]. So, it is
clear that deregulated PTEN expression contributes to
tumorigenesis by preventing apoptosis and enhances the
intracellular signaling pathways that promote cellular
proliferation. Deregulated PTEN expression has been
detected in various human malignant neoplasms as
glioma, melanoma, prostatic, mammary and bronchogenic
carcinomas [13-17].

The aim of this study was to evaluate the value of
immunohistochemical expression of PTEN in normal,
hyperplastic and neoplastic endometrial tissues, in order to
establish any potential benefit of PTEN immunostaining of
endometrial hyperplastic tissue specimens. We also aimed
to correlate the expression of PTEN in studied endometrial
carcinoma specimens to different tumor parameters as
tumor grade, stage and state of myometrium invasion.

Materials and Methods

Clinical data and specimens collection

A prospective study included 92 women. Eighty-
six women suffered from pre-menopausal and/or
post-menopausal bleeding admitted to the Gynecology&
Obstetrics Department of Sohag University Hospital
from January, 2020 to December of the same year.
Endometrial specimens were obtained from all patients
by dilatation and curettage (D&C). The specimens
were sent to Pathology Department, Sohag University.
Specimens were histopathologically diagnosed as either
endometrial hyperplasia (EH) or endometrial carcinoma
(EC). Additional 6 normal endometrial tissue specimens
were obtained from hysterectomy operations done for
patients suffered from uterine prolapses and multiple

uterine leiomyomas in 2 and 4 patients, respectively.
Cases of EH were classified, according to their cytological
atypical features, into EH without atypia and atypical EH.
Cases diagnosed as ECs have undergone hysterectomy
operations and the excised uteri were evaluated for status
of muscle invasion and tumor stage. The inclusion criteria
included all the endometrial biopsies and hysterectomy
specimens diagnosed as endometrial hyperplasia and/
or primary endometrial carcinomas. The exclusion
criteria included endometrial specimens with extensive
autolysis, very tiny endometrial samples that were unfit
for diagnosis, specimens formed predominantly of blood
clots or endometrial samples showed any evidence of
endometritis. All patients gave their written informed
consents and the study was approved by the Ethical
Committee of Sohag University (Registration number:
Soh-Med-21-04-29) and registered in Clinical Trials.
gov PRS (Clinical Trials.gov ID: NCT04873206). From
each endometrial specimen; formalin-fixed and paraffin-
embedded tissue blocks were prepared. Two tissue sections
were obtained from each block, one was stained by H&E
to establish the diagnosis, and the other was stained
immunohistochemically by anti-human PTEN antibody.

Immunohistochemical staining of PTEN

Formalin-fixed and paraffin-embedded endometrial
tissue blocks were sectioned into 4um thick slices.
Sections were deparaffinized by being placed in a hot
xylene for 10 minutes. Tissue sections were re-hydrated
by descending grades of alcohol. In order to block
endogenous peroxidase activity; tissue sections were
incubated in 3% H,O, for 10 minutes at room temperature.
Antigen retrieval was achieved by using 0.01 mmol/L
Citrate buffer fluid at 92°C. for 20 minutes. Sections
were incubated with primary antibody overnight at room
temperature with 1:100 dilution of a mouse monoclonal
antibody raised against amino acids 1-403 representing
full length PTEN of human origin (Catalog Number: sc-
133242, Concentrated form, Santa cruz biotechnology).
Tissue sections were incubated with goat serum secondary
antibody followed by streptavidin biotin for ten minutes,
separated by washing in BPS for five minutes after each
step. The reaction products were visualized by immersing
the sections in diaminobenzidine (DAB) for 15 minutes at
room temperature ( ScyTek, P.O. Box 3286- Logan, Utah
84323, USA). slight nuclear counterstaining was done
by immersion in Harris’ Hematoxylin for few seconds
followed by rapid washing in tap water to remove extra
dye. Sections were dehydrated by ascending grades of
alcohol. Clearance was done by xylene. Each staining
run included positive and negative control sections to
confirm that staining systems were working accurately
and the positive signals were specific. The positive control
tissue sections were prepared from human skin tissue as
recommended in the data sheet. Negative control were
obtained from endometrial tissue sections, but BPS was
used instead of primary antibody.
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Evaluation of PTEN immunostaining

The endometrial specimens were scored on the basis
of a well-established immunoreactivity scoring system
(IRS). The intensity of PTEN immune-expression was
scored as follows: 0 (negative staining), 1 (weak), 2
(moderate) and 3 (strong). The percentage of positive
cells was calculated as follows: 0 (0%), 1 (<10%), 2
(10-50%), 3 (51-80%) and 4 (>80%). The final score
was calculated by multiplying the intensity score with
the percentage of positive cells. The resulting IRS was
categorized as negative (0), low (1-4), intermediate (6,8)
and high staining (9,12) [18].

Statistical analysis

Data was analyzed using SPSS version 20 (Statistical
Software package version 20). Quantitative data was
represented as mean, standard deviation, median and
range. Shapiro-Wilk test was used to determine if the
data normally distributed or not. Data was analyzed
using Kruskal- Wallis test for comparison of the means
of three groups of non-parametric data. Qualitative data
was represented as frequencies and percentages. When
the data was categorical Chi-square (X?) test was used
to compare between groups. P value was considered
significant if it was < 0.05.

Results

Patients characteristics

The current study included 92 women, their ages
ranged from 29-72 years old (mean= 50.4). The studied
endometrial specimens were diagnosed as normal
endometrium, EHs and ECs in 6, 54 and 32 patients
respectively. As regards to the studied ECs, all cases
of ECs were of endometrioid variant. The included
EC specimens were graded into grades I, II and III in
14, 12 and 6 patients. On applying TNM and FIGO
classifications of ECs; 10 cases were in T1 stage, T2 and
T3 stages were reported in 10 and 12 patients respectively.
Myometrium invasion by the neoplastic cells were

Table 1. Diagnosis of the Studied Endometrial
Specimens.
Diagnosis of the studied cases Frequency
Normal. 6
Hyperplastic endometrium. 54
Endometrial hyperplasia without atypia 25
Atypical endometrial hyperplasia 29
Endometrial adenocarcinoma. 32

Table 2. Pathological Criteria of the Studied ECs.

Pathological characteristics of EC cases Frequency
Tumor Grade
GI 14
GI 12
GIII 6
Tumor Stage
Tl 10
T2 10
T3 12
Myometrial invasion
Positive 22
Negative 10

reported as positive and negative in 22 and 10 patients
respectively. Tables 1 and 2 summarize the pathological
characteristics of the studied cases.

Immunohistochemical detection of PTEN

On applying IRS system, 88 endometrial specimens
were scored as positive, while 4 specimens were scored
as negative for PTEN expression. The positive cases
were categorized as mild, moderate and strong for
PTEN expression in 25, 30 and 33 cases, respectively.
PTEN immunostaining was detected in the endometrial
glands, (Figure 1). The statistical evaluation of PTEN
immunostaining findings was compared with the studied

Figure 1. H&E Staining of Proliferative Endometrium (a), EH without Atypia (b), EC (c), Strong PTEN Expression in
Proliferative Endometrium (d), Moderate PTEN Intensity in EH (e), Negative PTEN Expression in EC (f).
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Table 3. Comparison of PTEN Expression between Normal Versus Hyperplastic Endometrium

Variable Cases PTEN Expression P value
Negative Mild Moderate Strong <0.0001**
Normal Endometrium. 6 0 0 0 6
EH without atypia. 25 0 0 0 25
Atypical EH. 29 0 7 20 2
Chi-square test was used; **, highly significant.
Table 4. Comparison of PTEN Expression between EH without Atypia and Atypical EH.
Variable Cases PTEN Expression P value
Negative Mild Moderate Strong
EH without atypia. 25 0 0 0 25 <0.0001**
Atypical EH. 29 0 7 20 2
Chi-square test was used; **, highly significant.
Table 5. Comparison of PTEN Expression between Normal Versus EC.
Variable Cases PTEN Expression P value
Negative Mild Moderate Strong
Normal Endometrium. 6 0 0 0 6
Endometrial Carcinoma 32 4 18 10 0 <0.0001**

Chi-square test was used; **, highly significant.

clinical and pathological data. There was no statistically
significant correlation between PTEN expression
and the ages of the studied patients. On comparing
the expression of PTEN in normal endometrium, EH
without atypia and atypical EH; all cases of studied
normal endometrial tissues and EH which lacked
any evidence of cytological atypia showed strong
cytoplasmic expression of PTEN, while most of atypical
EH specimens showed decreased intensity of PTEN
expression (p<0.0001), (Table 3). PTEN immunostaining
was evaluated in cases of EH without atypia versus
atypical EH, all cases of EH without atypia retained
strong PTEN immunostaining pattern, while the great
majority of atypical EH specimens (27/29 cases) showed
either mild or moderate PTEN expression (p< 0.0001),
(Table 4). A highly significant relationship was noticed
when the expression of PTEN in normal endometrial
tissues was compared to its expression in EC specimens.
All the included normal endometrial specimens showed
strong PTEN immunostaining, while none of the studied
EC specimens showed strong expression. In addition,
all the encountered negative PTEN tissue sections were
histologically diagnosed as ECs (p< 0.0001), (Table 5).
Expression of PTEN in hyperplastic endometrial tissues
(atypical and non-atypical EHs, separately) was compared
to its expression in EC specimens, all cases of EH without

atypia were strongly expressing PTEN (25/25 cases),
while atypical endometrial hyperplastic specimens and EC
specimens were either mildly or moderately expressing
PTEN (p< 0.0001), (Table 6). immunohistochemical
expression of PTEN in ECs was compared to different
tumor parameters. There was a statistically significant
relationship between PTEN and tumor grade. All the
studied ECs that showed negative PTEN expression
were included in tumor grade I, the intensity of PTEN
immunostaining was noticed to be increased with higher
tumor grades (p= 0.006). A similar observation was
noticed when a comparison between PTEN expression
in ECs and tumor stage was performed. Negative and
mild PTEN expressions were noticed in stages 1 and 2,
while stage 3 showed an increase in intensity of PTEN
immunostaining (p< 0.0001). Finally, as regards to the
relationship between PTEN expression and the status of
myometrium invasion; immunohistochemical expression
of PTEN in ECs is directly related to invasion of the
myometrium by the neoplastic cells (p=0.001), (Table 7).

Discussion

Endometrial carcinoma (EC) is the most common
gynecological malignant tumor in western world [1].
In more than 80% of cases, EC is preceded by endometrial

Table 6. Comparison of PTEN Expression between Hyperplastic Endometrium Versus EC.

Variable Cases PTEN Expression P value
Negative Mild Moderate Strong <0.0001%**

EH without atypia. 25 0 0 0 25

Atypical EH. 29 0 7 20

Endometrial Carcinoma 32 4 18 10

Chi-square test was used; **, highly significant.
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Table 7. Comparison of PTEN Expression to Different Studied Parameter of EC.

Endometrial Carcinoma Cases= 32 PTEN Expression p- value
Negative= 4 Mild= 18 Moderate= 10

Tumor Grade
GI 14 10 0 0.006*
GII 12
G I 6

Tumor Stage
T1 10 6 0 <0.0001**
T2 10 10 0
T3 12 2 10

Muscle Invasion
Positive 22 0 12 10 0.001*
Negative 10 6 0

Chi-square test was used. *, significant; **, highly significant.

hyperplasia (EH), which is defined as an irregular
proliferation of the endometrial glands [7]. According to
WHO classification of EH in 2014; EH was sub classified
according to the cytological atypical features into EH
without atypia and atypical EH. The 20-years risk of
progression of EH without atypia to EC is less than 5%.
On the contrary, atypical EH may progress to EC in 29%
of cases [19].

The discrimination between different types of EHs,
based only on the histological evaluation, seems to
be of low accuracy. Endometrial samples frequently
show ambiguous features, even within the same
sample. Moreover, small sized samples and technical
artifacts may result in over or under diagnosis of the
endometrial hyperplastic lesions. So, depending only on
the histological evaluation of the endometrial hyperplastic
sample seems to be unable to accurately determine the
malignant potential of different types of endometrial
hyperplasia [20].

In the current study, we evaluated the
immunohistochemical expression of PTEN in normal
and abnormal proliferative endometrial samples; both
proliferative and neoplastic specimens. The study included
92 women. The histopathological examination of their
submitted endometrial samples were normal, hyperplastic
and endometroid type of endometrial carcinoma in 6, 54
and 32 patients, respectively.

We evaluated the expression of PTEN in the submitted
endometrial samples. We found that the intensity of PTEN
immunostaining was down-regulated with increasing
the cytological atypical features. All the included
normal endometrium and EH without atypia showed
a strong PTEN expression, compared to only 6.89%
of the examined atypical EH. None of the examined
endometrioid ECs showed strong PTEN expression
(p<0.0001).

When PTEN immunoreactivity was evaluated in the
enrolled endometrial hyperplastic tissues, we found that
100% of the examined EH without atypia were strongly
expressed PTEN, compared to 6.89% of EH with atypical
cytological features (p< 0.0001).

These findings were keeping with Sarmadi, et al.
They noted that all the examined normal proliferative and
simple hyperplastic endometrial samples were positive
for PTEN, while 75% and 48% of atypical EH and
endometrioid ECs, respectively, were positive for PTEN.
Furthermore, they noted that PTEN immunostaining in
atypical EH and endometrioid ECs was heterogeneous
either between different endometrial glands or within
the same gland [21]. In addition, Shanmugapriya, et al,
postulated that PTEN immunoreactivity is down-regulated
in endometrial pathological conditions (atypical EH and
endometrioid ECs). They highlighted the usefulness of
PTEN immunohistochemical evaluation as a screening
method in cases of EH to detect precancerous lesions and
early stages of endometrial carcinogenesis [22].

The current study included 32 cases of ECs, all were of
endometrioid type. On correlating PTEN immunostaining
with tumor grade, stage and myometrium invasion of
the enrolled ECs, we found that PTEN immunostaining
was accentuated in higher tumor grades. 28.6% of grade
I were negative for PTEN, while 100% of grades II and
IIT showed mild to moderate staining intensity (p=0.006).
similarly, PTEN expression was positively correlated with
advanced tumor stage (p< 0.0001). The latter finding was
supported when PTEN expression was compared with
myometrium invasion. We detected that 40% of ECs
that didn’t show myometrium invasion were negative for
PTEN expression. On the other hand, 100% of the myo-
invasive ECs showed positive PTEN expression.

This was against to what was observed by Ray, et al.
They found that PTEN expression in ECs was 93.7%
in grades I and II, compared to only 8.6% in grade III.
However, it’s worth to mention that they included in their
study different variants of ECs; endometrioid, serous, clear
and malignant mixed mullerian type of carcinoma [23].

Gene mutations may be missense or nonsense
mutations. In missense mutation, there is a substitution
of a different amino acid into amino acid sequence as a
result of nucleotide change. So, missense mutation results
in a different amino acid sequence. However, it doesn’t
introduce a stop codon and it doesn’t prevent protein
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production. Nonsense mutation is a point mutation which
introduce a premature stop codon, which in turn, results
in shorter and unfinished protein product [24].

PTEN alterations were detected in 45% of ECs. In the
vast majority of PTEN-altered ECs, gene mutations occur.
Among PTEN gene mutations; missense substitution are
reported in 43.84%, followed by frame shift deletion
and nonsense substitutions in 28.47% and 22.95%,
respectively [24]. We supposed that during EC progression
and acquiring higher grades and advanced stages,
a selection of specific tumor cells with a specific type of
PTEN mutation may occur, and this may cause differences
in PTEN expression in different tumor grades. However,
this needs to be confirmed in future studies.

In conclusion, PTEN is strongly expressed in
normal endometrium and EH without atypia, while it
is down-regulated in atypical EH and ECs. So, PTEN
immunostaining can be used as a screening tool in
hyperplastic endometrial tissues to detect the potentially
precancerous cases.
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