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Endometrial hyperplasia versus carcinoma: does phosphatase
and tensin homolog immunohistochemical expression
differentiate between them
Marwa A. El Kholya, Eman A. El Kholyb
Context Phosphatase and tensin homolog (PTEN) is a
protein that acts as a tumor suppressor by dephosphorylating
the lipid second messenger phosphatidylinositol 3,4,5-
trisphosphate. Loss of PTEN function and mutation in PTEN
gene have been implicated in the pathogenesis of
endometrial carcinoma (EC).

Objective The aim was to evaluate the immunohistochemical
expression of PTEN in endometrial hyperplasia andEC and to
evaluate the relationship between its expression and tumor
grade in EC.

Materials and methods Specimens included 16 cases of
endometrial hyperplasia without atypia, six cases of atypical
endometrial hyperplasia, and 18 EC specimens.
Immunohistochemical staining for PTEN was performed
using diaminobenzidine detection kit on formalin-fixed and
paraffin-embedded tissue samples. Tumor tissue blocks and
clinical data were collected from the files of the Pathology
Department of Al-Zahraa University Hospital during the
period 2010–2014.

Results Immunohistochemistry showed that PTEN was
positive for nuclei and cytoplasm of glandular endometrial
cells. The PTEN expression was decreased significantly in
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atypical hyperplasia or EC compared with simple or complex
hyperplasia (P0.041). In EC, we proved that PTEN
expression is downregulated in high-grade tumors.

Conclusion A positive PTEN expression correlates
significantly with hyperplasia without atypia and well-
differentiated tumors. The downregulation of PTEN indicates
a more malignant phenotype.
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Introduction
Noncancerous changes of the endometrium are
commonly known as hyperplasia. Endometrial
hyperplasia essentially implies an overgrowth of the
endometrium. It is almost exclusively associated with
a relative excess of endogenous or exogenous estrogen.
Simple hyperplasia resembles the normal endometrial
tissue growth pattern, whereas complex hyperplasia has
a more complex and thus more abnormal architectural
growth pattern. Both simple and complex hyperplasias
can be associated with cellular atypia, which seems to be
the most important predictor of malignant potential [1].

Endometrial cancer (EC) is the fourth common
malignancy in women [2]. EC is the most common
gynecologic malignancy in developed countries and the
second most common in developing countries [3].
There are two basic types of EC: endometrioid
(estrogen related with indolent behavior) and non-
endometrioid (unrelated to estrogen and aggressive)
[1]. Type I is the endometrioid adenocarcinoma, which
is mostly a well-differentiated tumor and comprises
most ECs. Type I EC is associated with the unopposed
estrogen stimulation and is mostly progressed by
endometrial hyperplasia [4].
Endometrioid ECs account for three-fourths of ECs
and are thought to develop following a continuum of
premalignant lesions ranging from endometrial
hyperplasia without atypia, to hyperplasia with
atypia, and finally to well-differentiated carcinoma
[5]. Therefore, new insights into the morphology of
biologically defined premalignant lesion of
endometrium had a great benefit [6]. Type I EC
shows microsatellite instability and mutations in K-
ras, phosphatase and tensin homolog (PTEN),
phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit-α (PIK3CA), and catenin β-1
(CTNNB1) genes [7]. Moreover, these molecular
genetic alternations have been described in atypical
endometrial hyperplasia [8]. Currently, PTEN is the
most frequently altered gene in endometrioid EC [9].

The tumor suppressor gene named PTEN, also called
MMAC1, is located on chromosome 10q23. It is
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somatically mutated in several types of tumors [10].
PTEN gene appears to be normally regulated, with
greatest physiological endometrial gland expression in
an estrogen-rich environment. Thus, the effect of
diminished PTEN tumor suppressor function is
directly proportional to cancer risk, particularly in
high-estrogenic states [11]. The PTEN protein has
a crucial role in the control of the PI3K–AKT pathway
through dephosphorylation of PIP3 at the cell
membrane. The absence of functional PTEN
protein leads to unopposed action of PI3K, with
resultant uncontrolled PIP3 production. One major
effector of the PI3K–AKT pathway is mTOR, which
stimulates protein synthesis, initiates entry into G1
phase of the cell cycle, and interacts with proteins that
regulate apoptosis [12]. The PTEN gene has both lipid
and protein phosphate activities, and the combination
of the losses of PTEN lipid and protein phosphate
activity can cause an aberrant cell growth and an escape
from apoptosis, as well as abnormal cell spreading and
migration [13]. In spite of the underlying mechanism,
immunohistochemistry study of PTEN expression
is an effective screening method for EC [14].
Interestingly, studies have also shown the
relationship between PTEN and prognosis in several
cancers, including EC [8].

The current study was designed to investigate the
hyperplastic and neoplastic endometrial glands
expression by using PTEN as a marker and
differentiate between hyperplastic and malignant
endometrial glands, thereby evaluating the role of
possibility in early diagnosis of endometrial
premalignant lesions.
Materials and methods
Tissue specimens
Formalin-fixed and paraffin-embedded 40 specimens
were collected and prepared for this study from Al-
Zahraa University Hospital during the period
2010–2014, after obtaining an informed consent
and approval of the local ethical committee.
Specimens included 16 cases of the endometrial
hyperplasia without atypia (10 cases were simple
and six cases were complex), six cases of atypical
endometrial hyperplasia, and 18 specimens of EC.
All patients with EC had undergone surgical
intervention (total abdominal hysterectomy and
bilateral salpingio-ophrectomy). Endometrial
hyperplasia samples were obtained by either
curettage or biopsy specimens. Hyperplasia
specimens were evaluated according to WHO
classification [15]. Regarding EC cases, grading was
assessed according to the International Federation of
Gynecology and Obstetrics (FIGO) grading system
[16,17]: seven cases were grade I, 5 cases were grade II,
and six cases were grade III.

Two sections of 5 μm thickness were cut from the
paraffin blocks: one was stained by hematoxylin and
eosin for histopathological examination, whereas the
other section was mounted on a positive charged slide
and immunostained with mouse monoclonal
antibodies against PTEN.
Immunohistochemistry
For immunohistochemical study, unstained positively
charged slides (Biogenix, Atlanta) were prepared from
each paraffin block for immunostaining with a
prediluted monoclonal primary PTEN antibody
(clone 6H2.1; Dako) (recommended dilution 1 :
100). Immunohistochemical reactions were carried
out using Labeled Streptavidin-Biotin 2 System-
Horseradish Peroxidase (LSAB2 System-HRP). The
LSAB2 system-HRP is based on a modified labeled
avidin–biotin (LAB) technique in which a biotinylated
secondary antibody forms a complex with peroxidase-
conjugated streptavidin molecules. The entire antibody
complex is made visible by addition of an appropriate
substrate chromogen reagent, which is converted by the
peroxidase label to brown-colored precipitate at the site
of antigen localization in tissue. The chromogen used is
diaminobenzidine produced by Dako (USA). Finally,
the sections were counterstained with Mayer’s
hematoxylin.
Positive and negative control
As a negative control for PTEN, a tissue was processed
through the aforementioned sequences, but the
primary antibody was omitted instead, and
phosphate buffer solution was added. For positive
external control, a section of breast invasive ductal
carcinoma was used as a positive control for PTEN.
Evaluation of immunostaining
Positive staining was indicated as a brown color in the
nucleus or cytoplasm of endometrial glandular cells.
Quantification of positivity was expressed in
percentages. Samples with nuclear staining of at
least 10% of tumor cells were considered PTEN
positive. Staining of cells was scored as negative if
less than 10% [6].
Statistical analysis
Data were analyzed using statistical program for the
social sciences (SPSS; SPSS Inc., Chicago, Illinois,
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USA) version 18.0. Quantitative data were expressed as
mean±SD. Qualitative data were expressed as
frequency and percentage. χ2-Test of significance
was used to compare proportions between two
qualitative parameters.
Probability (P value)
The probability of significance was as follows:
(1)
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P value less than or equal to 0.05 was considered
significant.
(2)
 P value less than 0.001 was considered as highly
significant.
(3)
 P value greater than 0.05 was considered
insignificant.
Results
A total of 40 cases [22 (55%) cases of endometrial
hyperplasia and 18 (45%) cases of EC] were
enrolled in this study. The cases were distributed
as follows: simple hyperplasia (25%), complex
hyperplasia (15%), atypical hyperplasia (15%), and
EC (45%). According to the International
Federation of Gynecology and Obstetrics criteria,
the cases were divided into following grades: grade
I (38.9%), grade II (27.8%), and grade III (33.3%)
lesions (Table 1).
Immunohistochemical expression of PTEN
PTEN staining was nuclear or cytoplasmic. Of 40
cases, 20 (50%) were positive for PTEN. The
positive rate increased significantly in endometrial
hyperplasia (68.2%) than EC (27.8%), using χ2-test
(P=0.011) (Table 2). There was also a statistically
significant difference between types of lesion and
PTEN expression of the patient groups (P=0.041∗);
the expression decreased in atypical hyperplasia (50%)
and EC (27.8%) than simple hyperplasia (70%) and
complex hyperplasia (83.3%) (Figs 1, 2, 3). Regarding
the cases of EC, the expression of PTEN decreased in
high-grade tumors: 42.9% in grade I, 20% in grade II,
and 16.7% in grade III (Fig. 3, Table 3).
e 1 Type of lesion distribution of the patient groups

ons n (%)

le hyperplasia 10 (25.0)

plex hyperplasia 6 (15.0)

ical hyperplasia 6 (15.0)

ometrial carcinoma 18 (45.0)

e I 7 (38.9)

e II 5 (27.8)

e III 6 (33.3)
Discussion
EC is the most prevalent malignancy of the
gynecologic tract in the developed world [12]. There
are two major classes of EC, commonly described as
type I and type II cancers, which respectively
correspond to endometrioid and non-endometrioid
histologic types [18]. Type I usually arises in the
background of endometrial hyperplasia, and type II
is unrelated to estrogen [5].
The pathogenesis of EC and its precursor lesion is
complex and involves many molecular disturbances
including microsatellite instability (MI) and
mutations of PTEN, PIK3CA, k-ras, and β-catenin
genes [19]. The most frequently altered gene in
endometrial tumors of endometrioid histology
showing microsatellite instability is PTEN
inactivation [20]. Several studies have found that
PTEN inactivation is correlated with clonal growth
pattern detected in endometrial hyperplasia and
carcinoma [21]. Most of the endometrioid
endometrial carcinoma (EECA) had occurred on top
of atypical endometrial hyperplasia, so an accurate
diagnosis of premalignant lesions in routine
endometrial biopsies has a great value in patient
management. However, cytological atypia, which is a
predominant criterion for the diagnosis of premalignant
lesions (atypical endometrial hyperplasia), has poor
reproducibility [22]. Evaluation of PTEN loss by
immunohistochemistry is highly reproducible and
may be an effective tool for screening of malignant
and premalignant endometrial lesions [23].
In the current study, PTEN negative immunoreactivity
was detected in most EECA and atypical complex
hyperplasia (ACH), but positive PTEN expression was
noted in typical simple and complex hyperplasia. The
expression decreased in atypical hyperplasia (50%) and
EC (27.8%) than simple hyperplasia (70%) and complex
hyperplasia (83.3%). These results are in agreement with
those obtained by Kapucuoglu et al. [8], who stated that
PTEN expression was significantly higher in cyclical
endometrium than in the carcinomas. Moreover, this
Table 2 Phosphatase and tensin homolog expression in
endometrial hyperplasia versus carcinoma

PTEN [n (%)]

Lesions Positive Negative

Hyperplasia 15 (68.2) 7 (31.8)

Endometrial carcinoma 5 (27.8) 13 (72.2)

Total 20 (50.0) 20 (50.0)

χ2 6.465

P value 0.011

PTEN, phosphatase and tensin homolog.



Fig. 1

Immunohistochemical staining using phosphatase and tensin homo-
log antibody, showing positive nuclear reactivity of simple hyperplasia
of endometrium (a and b) (phosphatase and tensin homolog, ×100)
(phosphatase and tensin homolog, ×200).

Fig. 2

Immunohistochemical staining using phosphatase and tensin homo-
log antibody showing (a) positive phosphatase and tensin homolog
nuclear expression in complex hyperplasia and (b) complete negative
reaction in atypical complex hyperplasia of endometrium. (phospha-
tase and tensin homolog, ×100).
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studywas in linewithanother studydonebyBoruban et al.
[5], which stated that mutation of PTEN with absent or
at least diminished expression is present in 83%ofEECA
cases. Similar to the result of this study, Elwy et al. [24]
found that PTEN immunoreactivity was noted in all
normal proliferative and hyperplastic endometrium,
whereas 80% of EECA showed complete absence or
diminution of PTEN expression. Hecht and Mutter
[25] explained this by stating that the most commonly
observed PTEN defect in EECA is inactivation of both
alleles to generate a complete loss of PTEN protein, and
even a PTEN hemizygous inactivation leads to a protein
deficiency, rather than a null state, which is functionally
significant when combined with abnormalities of other
genes that converge on its downstream pathway. Garg
et al. [23] stated that the evaluation of PTEN by
immunohistochemistry is highly reproducible, provided
the application of standard immunohistochemical
techniques and simple scoring criteria.

Furthermore, the present study exhibited decreased
PTEN expression in higher grade of EECA than in
lower grades, with 42.9% in grade I, 20% in grade II,
and 16.7% in grade III. This is consistent with another
study by Mao et al. [26] which revealed PTEN loss in
higher grade endometrioid carcinoma. These findings
suggest that PTEN alternation occurs in the earliest
phase of endometrial carcinogenesis. PTEN
inactivation initiated in precancers from a normal
background state, and then additional PTEN
damage accumulates in the transition from
premalignant to malignant disease.
Conclusion
Decreased PTEN expression is associated with
malignant endometrium, with a statistically
significant difference of PTEN immunoreactivity
between hyperplastic endometrium and carcinoma.
Data from this study revealed that a loss of PTEN
expression is partly associated with the ECs passing
through a premalignant phase. The PI3K–AKT



Fig. 3

Immunohistochemical staining using phosphatase and tensin homo-
log antibody showing (a) positive expression in grade I endometrioid
endometrial carcinoma. (phosphatase and tensin homolog, ×100)
and (b) complete lack of reaction in grade III endometrioid endome-
trial carcinoma (phosphatase and tensin homolog, ×200).

Table 3 Relation between type phosphatase and tensin
homolog expression and types of lesion

PTEN [n (%)]

Lesions Positive Negative

Simple hyperplasia 7 (70.0) 3 (30.0)

Complex hyperplasia 5 (83.3) 1 (16.7)

Atypical hyperplasia 3 (50.0) 3 (50.0)

Endometrial carcinoma

Grade I 3 (42.9) 4 (57.1)

Grade II 1 (20.0) 4 (80.0)

Grade III 1 (16.7) 5 (83.3)

χ2 8.876

P value 0.041

PTEN, phosphatase and tensin homolog.
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pathway is frequently activated in EC, often in part
owing to functional PTEN loss. Therefore, accurate
detection of this aberration is an important component
of patient selection to reach optimal targeted
therapeutic agents.
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