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Introduction

Epithelial ovarian cancer (EOC) is the most common
cause of death among women who develop gynecologic
cancer [1].The current management of EOC includes
cytoreductive surgery followed by combination
chemotherapy for all patients with FIGO Stage ≥ IB [2].
Yet, the majority of women with advanced EOC will
develop recurrences and will die of their disease as
chemotherapy drug resistance leads to uncontrolled
cancer growth [3]. Therefore, the determination of
parameters that could identify those patients who would
or not benefit from platinum-based chemotherapy could
be of clinical significance. Important candidates that
could be characterized as biological predictors for
response of EOC to chemotherapy include the excision
repair cross-complementation group 1 (ERCC1) enzyme
and the apoptosis-related proteins p53, bcl-2 and bax.

In recent years, studies on mechanisms of chemother-
apy resistance have focused on the identification of
molecular markers involved in critical pathways through
which the antineoplastic action of the drug is exerted [4].
Unfortunately, some cancer cells are able to circumvent
drug action through increased DNA-repair capacity.
ERCC1 is a rate limiting DNA repair protein in the
nucleotide excision repair (NER) pathway that is specif-
ically in charge of removing DNA platinum compounds
[5].

Drug resistance to chemotherapy may also be the result
of resistance to and escape from apoptosis, a process

modulated by various oncogenes and tumor-suppressor
genes, such as the previously mentioned p53, bcl-2 and
bax. Deregulation of all three genes represents a crucial
step in EOC carcinogenesis [6]. The aim of the present
study was to analyze by immunohistochemistry ERCC1
expression in patients with EOC and to correlate the
results with the immunohistochemical expression of p53,
bcl-2 and bax, as well as with other clinicopathological
data (histology, grade, FIGO stage, response to
chemotherapy). 

Materials and Methods

Patient selection

Sixty patients with EOC who were operated on from 1999
through 2007 at “Iaso” Women’s Hospital were included in this
analysis. Data extracted from the records included information
regarding demographic details, initial stage, grade, and histo-
logical type of the carcinoma. Uniform optimal surgical staging
and treatment according to FIGO guidelines were performed in
all cases. 

Immunohistochemistry

Sections 4-µm thick were cut from one representative paraf-
fin block of each case. Antibodies used were ERCC-1 (clone
8F1, 1:200 dilution, Neomarkers, Fremont, CA, USA), p53
(Dako, Denmark, 1:30), bcl2 (Dako, Denmark 1:50) and bax
monoclonal (clone B-9, 1:80, Santa Cruz, Biotechnology Inc,
Santa Cruz, CA, USA). Immunoreactivity was evaluated by
combining the staining intensity and the percentage of posi-
tively stained cells. Staining intensity for all four antibodies was
scored as follows: 0 = none, 1 = weak, 2 = moderate and
3 = strong. The positively stained cells were expressed as the
percentage on the whole tissue section and scored as follows:
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0 = none, 1 = 0-25%, 2 = 26-50%, and 3 = 51-100%. The sum
of those two scores was defined as follows: 0 = negative, 2 or
3 = weak, 4 = moderate and 5 or 6 = strong. The staining pattern
was nuclear for p53, cytoplasmic for bcl2, membranous and
cytoplasmic for bax and nuclear for ERCC1. Cases were
grouped as either negative ≤ 3 or positive > 3. 

Statistical considerations

Correlation analysis was performed by applying the Spear-
man test or by evaluating the gamma co-efficient. Differences
in immunohistochemical (IHC) scores between histological
groups were assessed by the Mann-Whitney test. In the current
study, the effect of p53, bcl-2, ERCC-1 and bax expression on
disease-free survival (DFS) was analyzed using the Kaplan-
Meier method. Differences between groups were evaluated by
applying the log-rank test. All analyses were performed using
the SPSS v18.0 (SPSS Inc, USA).

Results

The main clinicopathological characteristics of the
sample under study and the distribution of the immuno-
histochemical scores are presented in Table 1. Positive

immunohistochemical expression for p53, bcl-2, bax and
ERCC-1 is shown in Figure 1.      

There was a statistically significant correlation between
the immunohistochemical expression of ERCC-1 and
bcl-2 and stage of disease. High stage disease was related
to decreased ERCC-1 expression and to increased bcl-2
expression. There was no correlation between the expres-
sion of p53 and bax and stage of disease or between any
of the molecules under investigation and grade of the
tumor (Table 2). No significant correlation was found
among the molecules of study. 

The immunohistochemical expression of ERCC1 was
significantly reduced in serous and endometrioid carcino-
mas when compared to clear cell carcinomas (p = 0.007
and p = 0.031, respectively). There was a significantly
increased p53 expression in serous carcinomas as com-
pared to clear cell carcinoma (p = 0.032), and a signifi-
cantly increased expression of bax in serous carcinomas
as compared to MMTs (p = 0.041). Further pairwise
comparison of the several histological types regarding
IHC scoring, revealed no statistically significant differ-
ences.  

Figure 1. — Immunohistochemistry performed on epithelial ovarian cancer cases. Representative microphotographs indicating
strong immunoreactivity for bcl-2, bax, p53 and ERCC-1. 
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No statistically significant difference in DFS was found
between groups considered negative or positive for p53,
for bcl-2 and for bax. On the contrary, irrespective of his-
tological type,  ovarian carcinomas considered positive
for ERCC-1 had a significantly higher DFS than those
considered negative for ERCC-1 (82.89 ± 8.09 vs 42.13
± 7.27 months respectively, p = 0.021) (Figure 2).

Discussion

Epithelial derived ovarian tumors, when malignant,
constitute one of the most lethal forms of cancer. These
tumors are themselves a heterogeneous group of neo-
plasms. Of most importance are the specific genetic alter-
ations encountered in each separate morphological sub-
group of EOC. As proposed by Shih and Kurman [7], the
model of ovarian carcinogenesis encompasses type I
tumors, characterized by mutations of BRAF and KRAS

for low-grade serous tumors, KRAS mutations for muci-
nous tumors and β-catenin and PTEN mutations for
endometrioid tumors while the only distinct molecular
event for the more aggressive type II tumors, high-grade
serous carcinomas and undifferentiated carcinomas, is the
accumulation of p53 mutations. Nevertheless, one should
also consider the crucial role of the responsiveness of
each tumor to cisplatin-based chemotherapy. Nucleotide
excision repair (NER), has a central role in DNA repair
and is associated with resistance to cisplatin-based
chemotherapy. Likewise, apoptosis, when inefficient,
may be an important cause of chemoresistance.

In the present study, the immunohistochemical expres-
sion of ERCC-1 has been evaluated in patients with
epithelial ovarian cancer treated with platinum-based
chemotherapy. Since the initial work of Olaussen et. al.
[8] on the predictive/prognostic role of ERCC1 on the
clinical course of patients with small cell lung cancer
treated with platinum-based therapy, many authors have
tried to investigate its role on other tumors [9].

In the present study, patients with ERCC-1 positive car-
cinomas, irrespective of histological type, had a signifi-
cant higher disease-free interval in comparison to those
with ERCC-1 negative tumors, the latter being statisti-
cally correlated with high-stage disease. Moreover,
ERCC-1 positivity was found to be significantly reduced
in serous and endometrioid carcinomas in comparison to
clear cell carcinomas. It has been emphasized by some
investigators that ERCC1 does not only act by removing
the platinum adducts from DNA but it is also involved -
as a repair mechanism - in the prevention of mutagenesis
and cancer development [10]. This complex role may
lead to an inconsistent effect of ERCC-1 expression on
survival, providing a satisfactory explanation for the con-
tradictory results of our study. 

Recently, the existence of ERCC1 exon VIII alternative
splicing in ovarian cancer cells has been demonstrated
[11]. It was found that its overexpression did not change
the protein level of ERCC1 in cancer cells but decreased
the excision repair function of ERCC1 and enhanced the
sensitivity of cancer cells to cisplatin in a dose-depend-
ent manner. Taking under consideration the above obser-
vation, evaluating the protein expression of ERCC-1
might prove to be of limited value. Our results also ques-
tion the validity of immunohistochemistry in the evalua-

Table 1. — Clinicopathologic features of the sample under study.

n (%)

Histology
Serous 25 41.67
Endometrioid 17 28.33
Clear 8 13.33
Mucinous 3 5.00
Mixed epithelial tumor 5 8.33
MMT 2 3.33
Grade
G1 13 21.67
G2 19 31.66
G3 28 46.66
FIGO stage
Ia 9 15.00
Ib 3 5.00
Ic 15 25.0
IIa 16 26.67
IIb 2 3.33
IIc 1 1.67
IIIa 7 11.67
IIIb 1 1.67
IIIc 3 5.00
IV 3 5.00
Immunohistochemistry scores

n (%) n (%)

p53 ERCC-1
0 3 5.00 0 16 26.67
1 0 0.00 1 0 0.00
2 2 3.33 2 0 0.00
3 4 6.67 3 10 16.67
4 4 6.67 4 12 20.00
5 21 35.00 5 15 25.00
6 26 43.33 6 7 11.67

n (%) n (%)

bcl-2 bax
0 27 45.00 0 7 11.67
1 0 0.00 1 0 0.00
2 2 3.33 2 13 21.67
3 4 6.67 3 8 13.33
4 3 5.00 4 21 35.00
5 8 13.33 5 7 11.67
6 16 26.67 6 4 6.67

Table 2. — Correlations between the IHC score of the molecules
under study and Stage/Grade. Significant observations are
underlined.

IHC Gamma p level
Score co-efficient

Stage p53 0.080 0.542
bcl-2 0.348 0.004
ERCC-1 -0.343 0.004
bax -0.025 0.834

Grade p53 0.103 0.438
bcl-2 0.050 0.706
ERCC-1 -0.046 0.709
bax -0.171 0.167
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tion of the biological behavior of a tumor. The expression
of the cell growth regulators p53 and bcl-2 was found to
be more inversely related than expected. The crucial point
is the relation between a gene’s mutation and its protein
immunohistochemical expression. In ovarian carcinogen-
esis, many of the common miss-sense mutations that
occur in TP53 are associated with post-translational sta-
bilization and relative overexpression of p53, allowing
for its immunohistochemical detection [12]. Most authors
speculate over a positive relation between p53 positive
tumors, the immunohistochemical expression of bcl-2
and bax, their prognostic significance and their predictive

value in patients treated with platinum-based therapy [13,
14]. Our results from this relatively limited series are
more in agreement with those reported by Beale et al.
[15]. Most probably, single-gene expressions are unreli-
able to be used as potential predictive markers. It appears
that the most crucial feature of any ovarian tumor is the
existence of genetic alterations that determine its devel-
opment and its progression. It has been shown that tumor
biomarkers have significantly different expression pat-
terns in each tumor subtype and that more than half of
those biomarkers lose their predictive value when sur-
vival analyses are made subtype specific [16]. Therefore,

Figure 2. — Kaplan-Meier curves of the disease free survival among EOC cases with positive or negative expression of the mole-
cules of the current study.

bcl-2

bax
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despite the fact that - as shown in the present study - plat-
inum-based chemotherapy had different effects in women
with ERCC1 (+) and ERCC1 (-) EOC, significantly
longer series probably with histological-type matched
cell regulator genes should be evaluated to draw more
distinct conclusions.
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