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Abstract
Background: Ovarian cancer comprises a heterogeneous group of neoplasms.

The prognosis cannot be predicted by histopathologic examination alone. The aim of
this study is to evaluate p53, PTEN, and β-catenin expressions in primary ovarian
carcinomas in an attempt to find a possible relationship with morphologic parameters
and clinical findings.

Methods: The study included 100 epithelial ovarian tumors (borderline and
carcinomas) from affiliated hospitals of Shiraz university of medical sciences during
2007-2013. Immunohistochemical staining for p53, PTEN, and β-catenin was performed
on 65 serous, 18 mucinous, 10 endometrioid, 5 clear cell, and 2 mixed tumors. 

Results: p53 expression pattern in serous carcinoma significantly differed from
endometrioid carcinomas. Strong positivity (2+) in >50% of the tumor cells favored
serous carcinoma. PTEN expression significantly differed in mucinous and serous
carcinomas as well as in endometrioid carcinoma and borderline endometrioid tumor.
There was significantly decreased β-catenin expression in the carcinomas compared
with borderline tumors. In all of the different subtypes of ovarian carcinomas, we
observed a significant association with decreased β-catenin expression to tumor grade
as well as in serous carcinomas with increased nuclear grade, mitosis, and tumor
grade. There was no significant relation between expressions of p53, PTEN, and β-catenin
in epithelial ovarian tumors to FIGO staging, response to chemotherapy, serum CA-
125 marker, and tumor recurrence.

Conclusion: p53 and PTEN are helpful in differentiation of some epithelial ovarian
tumor subtypes. In serous carcinomas, diminished expression of β-catenin is associated
with higher tumor and nuclear grade. This expression is significantly different in
borderline and carcinomas. 
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Introduction
The incidence of ovarian cancer has continually

increased during the past ten years.1 Serous tumors
comprise approximately 70% of ovarian cancers.2
Ovarian cancer is the most common female genital
cancer in Iran. Sometimes, in epithelial ovarian
tumors, a definite diagnosis and grading only on
the basis of morphology is not possible. In such
cases, mutations and gene expression studies can
be helpful.3,4 Each of the four major classes of
epithelial tumors has distinct genetic
abnormalities, which are not necessarily unique.
For instance, in some studies, it has been
demonstrated that the p53 mutation is uncommon
in low-grade serous tumors. However, in higher
grade serous tumors this mutation is common.2,5

Clear cell and mucinous carcinomas are
completely differentiated from serous tumors by
their gene expression patterns.2,6

β-catenin is a part of the WNT (wingless)
signaling pathway; it plays a role in adhesion and
polarity of the cells. A previous study has reported
that the immunohistochemistry (IHC) staining of
β-catenin demonstrated a defect in the WNT
signaling pathway in 25% of ovarian endometrioid
adenocarcinomas. Although a mutation in this
gene is common in this type of adenocarcinoma,
it is rare in serous, mucinous, and clear cell
carcinomas.7

The phosphatase and tensin homolog (PTEN)
is a tumor suppressor that plays an important role
in apoptosis and sensitization of ovarian cancers
to cisplatin, which is the treatment of choice in

ovarian cancers. This is to some extent fulfilled
via p53-dependent mechanisms. Loss of PTEN in
K-ras mutant mice leads to changes in their
ovarian epithelial cells and rapid development of
low-grade and invasive serous
adenocarcinoma.3,8,9 Low-grade tumors are
usually associated with mutations, deletions, or
gene amplifications in K-ras and PTEN, while
high-grade tumors are associated with p53
mutations or deletions.2,5

Major prognostic factors in ovarian cancer
consist of histological subtype, clinical staging
according to the FIGO staging system, malignancy
level, and residual tumor. Nevertheless, these
items only provide an incomplete image of the
tumor biology in ovarian cancers. Clinical staging
on the basis of the FIGO staging system is a
helpful prognostic factor in ovarian cancers.
However, there is a remarkable heterogeneity in
each FIGO stage.10 Genotypic and phenotypic
characteristics of ovarian cancers not only
determine their metastatic potential, but also are
responsible for their resistance against
conventional treatments of cancer, recurrence,
and poor prognosis. In this regard, identification
of novel prognostic markers, which may provide
a better understanding of the biology of primary
epithelial ovarian tumors, is of great value. This
study aims to investigate the expressions of p53,
PTEN, and β-catenin markers by IHC analyses in
carcinomas as well as ordinary and micropapillary
borderline epithelial ovarian tumors. We have
sought to determine the presence of any possible
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Figure 1A. Borderline endometrioid tumor shows 2+ phosphatase
and tensin homolog (PTEN) cytoplasmic staining (100×).

Figure 1B. Endometrioid carcinoma shows negative cytoplasmic
staining of PTEN (400×). 



relationship with clinicopathological findings.
Two grading systems for serous carcinoma were
also compared. The correlation of IHC results of
these markers with parameters of a universal
grading system was evaluated for the first time in
this study.

Patients and Methods
This cross-sectional study collected pathology

reports and clinical data of 100 patients with
primary epithelial ovarian tumors from affiliated
hospitals of Shiraz university of medical sciences
from 2007 to 2013. The Medical Research Ethics
Committee and Institutional Review Board (IRB)
of Shiraz university of medical sciences approved
the study protocol. The inclusion criteria were
all patients with malignant or borderline primary
epithelial ovarian tumors. Exclusion criteria were
previous chemotherapy or radiotherapy, lack of
sufficient tumor tissue, insufficient fixation, and
widespread tumor necrosis. 

All hematoxylin and eosin (H&E) slides were
re-evaluated for confirmation of the diagnosis.
The histological type and grade were assessed
according to WHO classification and FIGO
grading system, respectively. For serous
carcinomas, we used a semi-quantitative grading
based on the universal grading system modeled on
the Nottingham system of breast cancer grading.11

Data extracted from patients' tumor clinic follow-
up records included: FIGO stage, CA-125 marker
before treatment, need for chemotherapy, response
to chemotherapy, tumor recurrence, or patient’s

death in the two-year follow up period. Serum CA-
125 marker levels less than 35 before treatment
were considered negative, whereas values above
35 were considered positive.

Immunohistochemistry (IHC) study
Immunohistochemical staining for β-catenin,

p53 and PTEN were performed manually using a
peroxidase kit with mouse monoclonal antibodies
M3539 (clone β-catenin-1), M7001 (clone DO-7)
and M3627 (clone 6H2.1), all purchased from
Dako, Denmark. The slides were evaluated for
both tumor cell percentage and intensity of
immunoreactivity. p53 expression was nuclear
and reported as 0 (absolutely no staining), +1 (<
50% of the cells, patchy weak) and +2 (>50%,
strong).12 For β-catenin, membrane staining was
reported as negative (0), weakly positive (<10%),
1+ (10%-50%) and 2+ (>50%, strongly positive).
Absence of membrane staining was considered
negative.13 PTEN expression was cytoplasmic, and
reported as negative (0), weakly positive (1+,
<50% of the cells) and strongly positive (2+,
>50%).11

Statistical analysis
The data were analyzed with SPSS software,

version 18. The relationship between expressions
of p53, β-catenin, and PTEN markers to clinico-
pathological findings was determined using the
chi-square and Fisher’s exact tests. For serous
carcinomas, these tests were used for
determination of the relationship between these
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Figure 2A. Borderline serous tumor shows 2+ membranous staining
of β-catenin (400×).

Figure 2B. High grade serous cystadenocarcinoma shows negative
β-catenin staining (400×).



tumors as well as between nuclear grade, mitosis,
and dominant tumor pattern. A P-value <0.05
was considered statistically significant.

Results
A total of 100 patients with epithelial ovarian

tumors were selected. These included 30
borderline cases and 70 carcinomas. The tumors
comprised 65 serous (19 borderline cases and 46
carcinomas), 18 mucinous (10 borderline cases
and 8 carcinomas), 9 endometrioid carcinomas,
one borderline endometrioid carcinoma, 5 clear
cell carcinomas, and 2 cases of mixed tumor.
With regards to histological grading, other than
clear cell and mixed tumors, the carcinomas
consisted of 34 well-differentiated, 15 moderately
differentiated, and 14 poorly differentiated tumors.
The patients’ age range was 21-80 years, with a
mean value of 48.58 years. For borderline and
carcinoma cases the mean age was 41.32 and
51.25, respectively. We eliminated 8 cases for
p53, 6 cases for β-catenin, and 4 cases for PTEN
due to inappropriate IHC staining. 

Expression of p53 was observed in 98.9% of
the tumors. Severity of p53 expression in serous
tumors significantly differed from endometrioid
tumors. Severity of PTEN expression in serous
tumors significantly differed from mucinous
tumors. Table 1 shows two cases of mixed tumor.

Expression of PTEN in endometrioid
carcinomas significantly differed from borderline
tumors. (Figure 1 A,B) β-catenin expression in
borderline tumors (serous, mucinous, and
endometrioid) significantly differed from
carcinomas (P=0.004). Low or lack of β-catenin
expression was mostly observed in carcinomas
(serous, mucinous, endometrioid and clear cell;

Figure 2 A,B). Expressions of PTEN and p53 did
not significantly differ in borderline tumors
compared to carcinomas. 

β-catenin expression in various grades of the
above mentioned carcinomas significantly
differed. There was an association between low
expression and higher tumor grades as well as
between higher expression and lower grades
(P=0.004). Expressions of PTEN and p53 markers
were not significantly associated with carcinoma
grade. This grading was not indicated for clear cell
carcinoma and mixed epithelial tumors (Table 2).

All borderline serous tumors expressed β-
catenin. Low expression of β-catenin was
associated with higher nuclear grade, higher
mitosis rate, and higher tumor grade. Low β-
catenin expression was associated with
predominantly solid structure and higher tumor
grades. The FIGO and universal grading systems
for serous ovarian carcinomas showed a
statistically significant relationship (Table 3). 

We determined FIGO staging in 46 patients,
serum CA-125 marker in 22 patients, need for
chemotherapy and response in 33 patients, in
addition to the one- and two-year follow up
periods in 27 patients. Expression patterns of
p53, PTEN, and β-catenin in epithelial ovarian
tumors were not significantly related to FIGO
staging, response to chemotherapy, serum CA-125
marker, and tumor recurrence. 

Discussion 
In ovarian cancers, the patient prognosis cannot

be predicted based on precise histopathological
evaluations. In epithelial ovarian tumors, the pro-
apoptotic molecules (p53 and PTEN) as an index
in the genetic pathway have been the target of
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Table 1. Correlation between immunohistochemistry (IHC) expression patterns in p53, phosphatase and tensin homolog (PTEN), and
β-catenin with histologic subtypes of ovarian surface epithelial tumors.

p53 P-value PTEN P-value β-catenin***
0 1+ 2+ 0 1+ 2+ 0 Weakly+ 1+ 2+

Serous tumor 0 16 44 0.044* 16 27 21 0.018** 4 19 14 25
Mucinous tumor 1 7 10 11 6 1 0 4 0 14
Clear cell carcinoma 0 3 2 2 2 1 0 2 1 2
Endometrioid tumor 0 6 4 0.044* 5 4 1 2 0 3 5
Mixed tumor 0 1 1 1 1 0 0 0 1 1
*: Comparison between serous and endometrioid tumors; **: Comparison between serous and mucinous tumors.; ***: P-value was not significant for this marker.



modern therapeutic approaches.12

Different reports exist regarding mutation or
overexpression of p53 gene in ovarian tumors. A
prognostic value of p53 in ovarian cancer was
evaluated through a meta-analysis of 62 previously
published studies. Out of 62 studies, 25 reported
this association with poor survival. When the
meta-analysis was restricted to serous tumors,
there was a significant association with poor
prognosis. The percentage of tumors that
expressed p53 ranged from 13.7%-82%.13 There
were not enough studies that reported results for
the other histological subtypes to perform an
analysis. The IHC results were highly dependent
on a variety of methodological factors, choice of
primary antibody, and IHC staining protocol. The
differences in IHC staining protocols and cut-off
values for positive expression (that ranged from
>5% to >90% of positively stained cells) might
have contributed to the observed heterogeneity.13

In mucinous tumors, different studies reported
the percentages of positive p53 from 6.3%-22%.14

In the current study, expression of p53 in
carcinomas was remarkably higher than previous
studies. In some studies the immunoexpression
level and pattern of p53 have significantly differed
between high- and low-grade carcinomas.15,16

The molecular genetic profile and behavior of
serous carcinomas with grade 2 nuclei are virtually

the same as those of serous carcinomas with grade
3 nuclei, hence they are viewed as high-grade
tumors.17 In the current study, p53 expression
did not significantly different in low- and high-
grade tumors.  Chen L et al. concluded that
expression of p53 mutants was closely correlated
with prognosis of epithelial ovarian carcinoma and
it could be considered a prognostic indicator.18 The
current study, as with other recent studies, could
not determine a statistically significant relationship
between p53 expression and clinical findings.
This relationship also could not be detected in
serous tumors. This could be explained by the
small number of cases that had available
information. It has been demonstrated that
overexpression of mutant p53 would lead to a
remarkable increase in resistance to anticancer
agents.19 Min et al. demonstrated that higher
expression of p53 (in more than 50% of cells) was
related to the type and grade of ovarian tumors.
Higher expression of p53 was observed in ovarian
carcinomas, however this was not the case in
borderline tumors.20 In another study, p53
expression was shown to be related to serous
carcinoma. This expression was higher in serous
types compared to endometrioid carcinomas.12

However, there was an overlap in molecular and
morphological characteristics of high grade
endometrioid tumors and high grade serous
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Table 2. Phosphatase and tensin homolog (PTEN), p53, and β-catenin expressions in various grades of ovarian carcinomas. 
Type and FIGO grade PTEN* p53* β-catenin

Negative 1+ 2+ Weakly Strongly Negative Weakly 1+ 2+        P-value
positive positive positive

Serous carcinoma
Well- 3 8 9 7 12 1 2 6 10         0.004
differentiated
Moderately 4 7 2 2 10 0 5 4 3
differentiated
Poorly 5 4 3 4 8 3 7 0 2
differentiated

Mucinous carcinoma
Well- 3 3 1 2 5 0 3 0 4
differentiated
Poorly 0 1 0 0 1 0 0 0 1
differentiated

Endometrioid carcinoma
I 4 3 0 5 2 0 0 3 4
II 1 0 0 0 1 1 0 0 0
III 0 1 0 1 0 1 0 0 0

*: P-value was not significant for this marker. 



carcinomas. Some researchers have suggested
that real high-grade endometrioid carcinomas are
rare.6 In the study by Gomes and Andrade,
although a relatively limited number of primary
ovarian carcinomas were studied, various gene
expression patterns of p53 and PTEN were
observed mainly in endometrioid and serous
variants. This indicated the different pathogenic
mechanisms that underlie various subtypes of
ovarian carcinomas.12 In the present study, the p53
expression pattern in serous tumors significantly
differed from endometrioid tumors. Another study
concluded that p53 and Ki67 were useful markers
in differentiating between borderline mucinous and
carcinomas. p53 in mucinous carcinomas had
high values compared to borderline tumors.14 In
our study the expression of p53 was not
significantly different for these tumors. This might
be attributed to the lower number of mucinous
tumors. All five cases with characteristic features
of clear cell carcinoma were also positive for
p53. This less common subtype could not be
analyzed due to the low number of cases.  

PTEN plays an important role in apoptosis
and sensitization of ovarian cancers to cisplatin.
Chen et al. have demonstrated that the PTEN
expression pattern differed at various stages and
grades of ovarian tumors. There was no association
with different tumor subtypes and patient age.21

In another study on 70 cases of primary ovarian

carcinomas (serous, endometrioid, and mucinous),
IHC expressions of p53 and PTEN showed a
significantly higher expression of p53 in
histologically high grade tumors - mainly of the
serous subtype. Considering PTEN, only
statistically significant lack of expression was
seen in well-differentiated endometrioid
carcinomas.12 In our study, the severity of PTEN
expression in serous tumors was significantly
different from mucinous tumors. Also expression
pattern of PTEN was significantly different in
borderline endometrioid and endometrioid
carcinomas. Common genetic changes that
included the p53 mutation were probably
responsible for similarity in gene expression
pattern and morphology in high-grade serous
carcinomas and high-grade endometrioid
carcinomas. This overlap in gene expression and
morphology could make precise differentiation of
these two categories problematic for
pathologists.20 Brucka investigated the PTEN
gene expression profile in endometrial cysts, clear
cell carcinoma, and ovarian endometrioid tumors.
The highest expression was observed in
endometrial cysts, whereas the lowest expression
was observed in endometrioid adenocarcinomas.
However, the difference was not statistically
significant.22 It is interesting to note that
endometrioid adenocarcinoma originated from
endometrium also have the same PTEN expression
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Table 3. Association between immunohistochemical (IHC) expressions of p53, phosphatase and tensin homolog (PTEN), and β-
catenin and the universal grading system for serous ovarian carcinomas with regards to tumor structures, nuclear grading, and mitosis.
Universal grading system β-catenin P53* PTEN*

Negative Positive P-value 1+ 2+ 0 1+ 2+
Grade 1 1 14 <0.001 7 9 4 8 5

2 8 8 3 13 3 7 6
3 8 2 3 7 5 3 2

Architecture Glandular0 3 0.007 1 2 1 2 0
Papillary 6 19 8 18 5 12 10
Solid 11 2 4 9 6 4 3

Nuclear grade 1 1 8 0.009 4 5 3 3 4
2 8 14 6 17 6 11 6
3 8 2 3 7 3 4 3

Mitosis 1 4 10 0.029 6 9 3 8 5
2 3 9 3 9 2 5 5
3 10 5 4 11 7 5 3

*: P-value was not significant for this marker.



pattern; lack of cytoplasmic PTEN expression in
the well-differentiated group.15, 23 Martini et al.
demonstrated that impaired expression of PTEN
could be helpful in the diagnosis of endometriosis
cases at high risk for malignancy.24

In previous studies, diminished expression of
E-cadherin with β-catenin was associated with
several markers of tumor progression10 such as
decreased tumor differentiation,1, 10, 24 peritoneal
metastasis, and advanced stages of the disease.10

In some other studies, expression of these genes
was related to the tumor subtype.1, 10, 24, 25 Bhagat
et al. demonstrated that aberrant expression of
β-catenin in malignant epithelial tumors was more
than seen with borderline epithelial ovarian
tumors.26 Decreased expression of this marker
has been reported in advanced stages of serous and
clear cell ovarian tumors.1 In the current study,
expression in borderline tumors (serous, mucinous,
and endometrioid) significantly differed from
carcinomas. Diminished expression in serous
carcinomas was associated with higher tumor and
nuclear grade. Expression of β-catenin did not
show a statistically significant relationship with
tumor subtype, staging, or other clinicopatholog-
ical findings. This could be due to the small
number of clinical data in the current study.
Considering the relationship between decreased
expression of β-catenin and higher grades of
serous carcinomas, as an important prognostic
factor in these patients, and the very high
prevalence of these tumors in the studied
population, it is important to perform further
studies in this field with more clinical data. 

Conclusion
p53 expression was higher than reported by

previous studies; its expression could be useful in
differentiating serous from endometrioid tumors.
p53 and PTEN are helpful to differentiate some
subtypes of epithelial ovarian tumors. PTEN can
also help to differentiate serous from mucinous
tumors. β-catenin helps to differentiate carcinomas
from all borderline subtypes. In general,
diminished expression of β-catenin in carcinomas
is associated with higher tumor grade. We have

observed no association between p53, PTEN, and
β-catenin expression patterns and tumor
recurrence, response to chemotherapy, and FIGO
staging. However, considering the small number
of the patients for whom these items were
evaluated, and the short follow up period, the
results cannot be generalized. Further studies with
larger sample sizes and longer follow up periods
are recommended. Limitations of the current
study included patients’ non-compliance,
incomplete documents, and low number of certain
tumor subtypes with low incidence.
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