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Summary

Purpose of the study: To determine if bcl-2 and p53 expression, and apoptotic index (AI) were associated with patient outcome
in epithelial carcinomas of the ovary (EOC) and therefore useful as prognostic factors to predict survival.

Methods: A total of 50 women with epithelial carcinomas of the ovary were retrospectively analyzed. The archival paraffin-embed-
ded material of of these cases were evaluated for expression of pS3 and bcl-2 by immunohistochemical techniques. Apoptotic cells

were detected with an in situ hybridisation method.

Results: A total of 33 (66%) of 50 cases showed positive immunoreactivity for the p53 antibody. Twenty-four of the 50 cases
showed positive bcl-2 protein expression. Median value for Al was found to be 2.48. No statistically significant association was
found between bcl-2 and p53 expression and clinicopathologic features. Univariate survival analysis of Al failed to reveal any effect

on prognosis in the study population.

Conclusion: We found neither p53 nor bcl-2 immunoreactivity to be of prognostic significance in patients with EOC. In addition,

AI was not found to be an independent prognostic factor.
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Introduction

Ovarian cancer is still the most fatal of gynecologic
malignancies [1]. However little is known about the mole-
cular events leading to the development of ovarian cancer.
Malignancies usually possess aberrations in more than a
single pathway. Either increased proliferation or decrea-
sed death might result in an augmentation of cell numbers
[2]. Most of our knowledge concerning oncogenic events
has concentrated on mechanisms of increased cell growth
and proliferation. However, tissue growth not only
depends on cell proliferation, but also on the rate of phy-
siologically occurring cell death which is called apopto-
sis [3]. The new interest in apoptosis has touched many
fields, but none more so than cancer biology. Apoptosis is
defined as eliminating cells with DNA damage or growth
de-regulation that could become precursors of malignant
clones. In this way it provides growth arrest and permits
DNA repair mechanisms to preserve the genetic integrity
of tissues [4]. Thus, it is conceivable that neoplastic
growth may also be caused or promoted by factors inhi-
biting cell death. Different endogenous regulators of the
apoptotic process have been described, among which the
p53 tumor suppressor gene and the bel-2 family of apop-
tosis regulators are the most prominent [5].

The p53 tumor supressor gene product plays a role in
DNA damage recognition, DNA repair, cell cycle regula-
tion and most particularly in triggering apoptosis after
genetic injury [6]. In the presence of DNA damage, it
serves to arrest cell division at the G, phase, thus protec-
ting against the propagation of genetic errors [7]. The level
of wild-type p53 present in nontransformed cells is low
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because of the short half-life of native proteins. Mutations
in the pS3 gene are common, and constitute the basis for
detection by immunohistochemistry [8]. The resultant pro-
teins all have significantly increased half-lives compared
to wild-type proteins, resulting in accumulation of enough
protein products for of immunohistochemical detection.

The bcl-2 gene is located at chromosome 18q21 and its
by-product is characterized as a protein inhibiting pro-
grammed cell death, apoptosis [9, 10, 11]. The bcl-2 gene
was first identified in 1984 while studying the t(14; 18)
chromosome translocations that occur frequently in B-cell
leukemia and non-Hodgkin’s follicular lymphoma [12].
Many members of the bcl-2 family have been isolated with
antagonistic function, and regulation of cell death by
members of this gene family may be achieved through
competing dimerisation [13]. The mechanism of action of
the bcl-2 protein has not been fully defined but may involve
oxidative phosphorylation and/or mitochondrial electron
and metabolite transport [6, 14]. Interestingly, expression of
bel-2, the major inhibitor of apoptosis, has been shown to
be connected with parameters of favorable prognosis and
prolonged survival in breast and recently, also in ovarian
cancer [15, 16, 17].

In this study, we aimed to determine if bcl-2 and p53
expression, and apoptotic index (AI) which might be an
indicator of apoptosis were associated with patient
outcome in epithelial carcinomas of the ovary and the-
refore useful as prognostic factors to predict survival.

Material and Methods

The study population included a total of 50 patients with the
diagnosis of EOC who received treatment at the Department of
Obstetrics and Gynecology the Ankara University School of
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Medicine, in the period from 1990 to 1997. All the cases
underwent optimal debulking staging surgery, and then received
platinum-based chemotherapy. Patients who were given any
treatment before the primary surgery were excluded. Retro-
spective reviews from patient files were performed to obtain
necessary information on the primary tumor, type of surgery,
adjuvant teratment, and survival. The tumor staging was done
on the basis of the FIGO criteria [18]. Patients with stage I and
II, and with stage III and IV were classified into an early-stage
group and advanced-stage group, respectively. The archival
paraffin-embedded material of ovarian carcinomas was re-exa-
mined and histologically reclassified in accordance with the

Table 1. — Patient characteristics (n = 50).

Characteristics N %
Age (years)

Median 53.5

Range 25-71
Follow-up (month)

Median 45.12

Range 10 -93
Surgical Staging

1+10 14 28

Imm+1v 36 12
Histological Type

Serous 34 68

Mucinous + Endometrioid 16 32
Histological Grade

1 15 30

2 26 52

3 9 18
p53 expression

negative (< %10) 17 34

positive (> %10) 33 66
bcl-2 expression

negative (£ %10) 26 52

positive (> %10) 24 48
Apoptotic Index (AI)

Median 2.48

Range 0-10
Survival

Alive 39 78

Deceased 11 22
Total 50 100

WHO classification for histologic subtype and grade [19]. A
detailed description of the clinicopathologic data of the patients
is given in Table 1.

Immunohistochemical staining for p53 and bcl-2 was perfor-
med on 6-micron tissue sections by a peroxidase-labelled strepta-
vidin-biotin technique as previously described by Henriksen [20].
Based on the literature, immunoreactivity for p53 and bcl-2 anti-
bodies was evaluated according to the percentage of positive cells:
positivity in less than 10% of the tumor cells was accepted as
negative [21, 22]. Examples of immunohistochemical staining
patterns for p53 and bcl-2 are shown in Figures 1A and 1B.

Apoptotic cells were detected by an in situ hybridisation
method (Apopdotec®/ Cell Death Assay System, Enzo). We
counted at least 1,000 tumor cells in ten randomly chosen fields
per case, and the number of apoptotic cells per 1000 tumor cells
was designated as the Al on stained sections. Since 2.48 repre-
sented the mean value of all samples under study, tumors were
classified into two groups: low Al, < 2.48; high Al > 2.48).

Statistical analysis

The Statistical Package for Social Science (SPSS, Inc,
Chicago, IL) was used for the statistical analysis. Chi-square
tests were used to assess the association between Al and p53
protein expression, bcl-2 protein expression, and various clini-
copathologic parameters. Univariate survival analyses were
based on the Kaplan-Meier method. Comparisons between the
survival curves were analyzed using the log-rank test; p values
< 0.05 were considered statistically significant.

Results

Fifty cases with EOC were enrolled in this study and
patient characteristics are summarized in Table 1. The
age of patients varied between 25 and 71 years, with a
median of 53 years. During a median follow-up of 45
months (range 10 to 93 months), 11 deaths occurred. The
median survival rate was 75 months and three years sur-
vival probability was found as 82%.

A total of 33 cases (66%) of 50 cases showed positive
immunoreactivity with the p53 antibody. We examined
possible associations between p53 positivity and other
disease parameters (Table 2). There was no significant
association with disease stage and histologic subtypes.
Although p53 positivity was mostly seen in high-grade
tumor, it did not reach a statistical significance (p > 0.05).
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The median survival was found to be 68 months and 75 histological subtypes, grades and patient ages (Table 2).
months in p53 negative and positive cases respectively ~ The median survival was 68 months for bcl-2 negative

which was not statistically significant (p > 0.05). In uni-  cases, and was 75 months for bcl-2 positive cases. This

variate analysis, pS3 positivity was not found to be pre- was not statistically significant (p > 0.05). Also in univa-

dictive of survival (Figure 2A). riate analysis, bcl-2 was not found to be predictive of sur-
Twenty-four of the 50 cases showed positive bcl-2  vival (Figure 2B).

protein expression. No statistically significant association The Al (apoptotic cells/1,000 tumor cells) was evalua-

was found between bcl-2 expression and surgical staging, ted in EOC cases, all surgically resected. In general, the

Table 2. — Correlations between p53, bcl-2 protein expression and Al, and other clinicopathologic parameters in 50 patients with EOC.

ps3 bel-2 Al
negative ositive negative ositive low high
Characteristics (sg%ll 0) (p> v/:m) P (si/(‘m) (p> r/r( 10) P (£2.48) (>2%48) P
n/17 case % n/33 case % n/26 case % n/24 case % n/28 case % n/22 case %
Surgical
Staging
I+11 5 29 9 27 7 27 7 29 10 35.7 4 18.2
II+1V 2 71 24 1 00 9 713 17 71 0B g sz 15 srg 0®
Histologic
Grade
1 7 41 8 24 6 23 9 38 6 21.4 9 40.9
243 0 59 25 76 09 20 77 15 e 0% 2 36 13 s91 00
Histologic
Type
Msuiri?llésus N 13 76 21 64 50.05 19 73 15 63 50.05 17 60.7 17 77.3 5005
Endometrioid 4 24 12 36 7 27 9 37 11 39.3 5 22.7
Age
<55 11 65 16 48 13 50 14 58 17 60.7 10 45.5
>55 6 35 17 52 2005 43 50 10 a2 2005 41 393 12 sa5 2005
Survival
Alive 13 76 26 79 50.05 20 77 19 79 50.05 20 71.4 19 86.4 50.05

Exitus 4 24 7 21 6 23 5 21 8 28.6 3 13.6

2C
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number of apoptotic cells detected was low. Median
value for Al was found to be 2.48, and patients were clas-
sified into groups according to this e.g. cases with low Al
and high Al Associations between clinicopathologic fea-
tures and Al in EOC cases are summarized in Table 2.
Although most patients with early stage carcinomas had
low Al there was no statistically significant association
between surgical stage and Al (p > 0.05). In addition,
when we evaluated the relationship between Al and age,
histologic subtypes and tumor grade, there was no stati-
stically significant association (p > 0.05). Median survi-
val was 71 months in the low Al group, and 72 months in
the high AI group which was not statistically significant
(p > 0.05). Univariate survival analysis of the apoptotic
index failed to reveal any effect on prognosis in the study
population (p > 0.05) (Figure 2C).

p53 protein expression was found to be positive in 20
of the cases with low Al and 13 of the 22 cases with high
Al bcl-2 expression was positive in 13 of the 28 cases
with low Al and 11 of the 22 cases with high Al The
apoptotic index was not correlated with bcl-2 expression
nor with p53 protein accumulation (p > 0.05).

Discussion

Ovarian cancer is the leading cause of death from
gynecologic cancer in the Western world. Despite many
advances in the medical and surgical treatment of
women with a variety of cancers, increases in long-term
survival of patients with ovarian cancer have been
minimal [23]. A better understanding of the biology of
this disease will provide better therapeutic results. Some
of the molecular mechanisms underlying the neoplastic
growth of EOC have been elucidated during recent years
and apoptosis, the physiologically occurring cell death
which is clearly different from necrosis, plays an impor-
tant role [24, 25]. The regulation of apoptosis is central
to morphogenesis during fetal development, and to
maintenance of tissue homeostasis during adulthood.
Moreover, it seems to be of importance for neoplastic
transformation in some organs [26]. Both bcl-2 and p-53
have been implicated in the regulation of this critical
process [27]. To this purpose, we examined the possible
prognostic significance of expression of both p53 and
bcl-2 proteins and Al in a cohort of uniformly treated
patients with EOC.

Mutational inactivation of the p53 tumor suppressor
gene occurs in approximately 50% of ovarian cancers
resulting in the synthesis of mutant proteins which are
less rapidly degraded than wild-type p53 [23, 28, 29]. A
close correlation between the presence of p53 immuno-
reactivity in EOC and mutations in the p53 gene or allele
loss at 17p has been shown previously [30-33]. Several
authors have reported that p53 expression analyzed
immunohistochemically is present in 40% to 60% of
ovarian carcinomas [34-36]. The proportion of p53
expression (66%) found in this study is in accordance
with previous studies. In different studies, advanced-
stage disease patients were much more prevalent than

patients with early-stage disease [36-38]. In addition, in
the study of Bosari et al. it was reported that p53 immu-
noreactivity was more prevalent in less differentiated
tumors [36]. However, in our investigation there were no
statistically significant differences in the distribution of
p53 accumulation among different disease stages, histo-
logic types, and grades.

Currently, in carcinomas of the breast, stomach, colon-
rectum, bladder, prostate and lung, p53 protein expres-
sion is considered to be an independent prognostic factor
[39, 40]; however, only a few studies have compared p53
alterations in ovarian cancer with clinical outcome.
Some of these studies reported that p53 immunostaining
in ovarian carcinomas was associated with significantly
shorter overall survival [6, 41-43]. However, p53 immu-
noreactivity was not correlated with survival in various
other studies [32, 44-46]. Marks et al. investigated p53
expression immunohistochemically in patients with
epithelial ovarian cancer and found intense staining in
50% of the patients [15]. They compared pS53-positive
cases and p53-negative cases with respect to several cli-
nicopathologic parameters. No statistically significant
association with survival was found, although the
median survival of advanced stage p53-positive cases
was somewhat shorter than comparable patients with
normal p53 expression. Our findings are in accordance
with those reported by Marks et al.; we could not demon-
strate any significant association between p53 expression
and length of survival. Although p53 abnormalities, as
detected immunohistochemically, occur commonly in
patients with EOC, p53 expression did not yield inde-
pendent prognostic information in our study. Thus, there
is no well established concensus on the prognostic value
of p53 immunoreactivity in the literature yet. Only pro-
spective studies will permit a better definition of the prog-
nostic role of p53 in ovarian carcinoma patients.

The prevalence of bcl-2 positivity in our study was
found to be 48% which is consistent with the present
data [6, 15]. Some investigators demonstrated a positive
correlation between bcl-2 expression and lower degree
of malignancy [17] and earlier tumor stages [16].
However we could not find a statistically significant
association between bcl-2 expression and tumor stage,
histologic subtypes and grade.

It is well known that bcl-2 is one of the regulators of
apoptosis, and plays a role in tumor development and
progress by prolonging the survival of malignant cells.
However, most of the studies found a paradoxical corre-
lation between bcl-2 expression and favorable predictive
factors as well as prolonged survival in breast cancer,
lung cancer and also in ovarian cancer [6, 16, 17, 47].
Although, there is no clear biologic explanation for this
finding, a plausible explanation is that it is the overall
balance between proapoptotic proteins such as Bax, Bak,
and Bad and antiapoptotic proteins such as bcl-2, Bcl-
X., and Mcl-1 that relates to cell survival after DNA
damage and less likely the expression of a single one of
these proteins [5, 48]. The determination of bcl-2 expres-
sion at only one point in time is likely to give limited



Prognostic significance of apoptotic index and bcl-2 and p53 expression in epithelial ovarian carcinoma 509

information, considering the highly dynamic nature of
the regulation of the bcl-2 family of genes [49]. Further-
more, bcl-2 has been shown to delay entry of cells into
the S phase, and the resulting lower tendency of prolife-
ration may help to explain the favorable prognostic
significance of this factor [50]. In our study, we also con-
firmed that bcl-2 expression was not associated with a
poor prognosis although it did not reveal an independent
prognostic factor in univariate analysis. However, more
extended studies may provide clues for a better under-
standing of its role in tumor progression and effect on
final outcome.

Cancer research has traditionally focused on cell pro-
liferation. However, apoptosis has increasingly attracted
the attention of oncologists researching carcinogenesis,
cancer development, and cancer therapy [51]. Studies
with various malignant tumors such non-Hodgkins
lymphoma, breast cancer, bladder cancer and prostate
cancer indicate that frequent apoptosis is a poor progno-
stic sign [52, 53]. Little is known about the significance
of apoptosis in ovarian carcinoma. To the best of our
knowledge, the present study is the second report consi-
dering the prognostic value of Al in epithelial ovarian
carcinoma patients. In the first study, Yamasaki ez al.
reported that counting apoptosis could be useful for pre-
dicting patient survival in ovarian carcinoma, although
Al was not found to be an independent prognostic factor
[54]. However, in our study, Al had no impact on patient
survival or prognosis. In addition, it was not revealed as
an independent prognostic factor in univariate analysis.

Although in the study of Diebold et al., apoptosis was
particularly prominent in high grade tumors [17], in the
preliminary study done by Yamasaki et al., no significant
correlation was found between Al and other clinico-
pathologic factors, such as age, clinical stage, lymph
node metastasis, tumor size, and histology of the tumor
[54]. Supporting the previous study, we could not show
a significant correlation between Al and other clinico-
pathologic features including age, stage, grade, and
tumor type. In addition, we could not find any correla-
tion between expression of p53 and bcl-2 proteins and
Al. Making the situation more complex, recent studies
report different findings about the relationship between
Al and bcl-2 and p53 protein expression. Baretton at al
reported that bcl-2 expression correlated with a low Al
in colorectal adenomas and carcinomas, while p53 did
not [55]. Diebold et al. could not find any correlation
between bcl-2 or pS3, and apoptosis in ovarian carcino-
mas, a finding similar to ours [17]. Thus, our findings
suggest that the regulation of apoptosis in neoplastic
tissue appears to be a complex process.

Since apoptosis is a rapid phenomenon it remains
visible histologically for only a few hours. In this study,
the number of a apoptotic cells was small. Therefore, we
believe that Al may not be the real indicator of an apop-
totic process. Thus, although it is well known that apop-
tosis plays an important role in ovarian carcinomas,
counting the apoptotic cells is not useful in predicting
patient survival.

Conclusion

We found neither p53 nor bcl-2 immunoreactivity to
be of prognostic significance in patients with EOC. In
addition, Al was not found to be an independent pro-
gnostic factor. These results suggest that the regulation
of apoptosis in neoplastic tissue is a highly complex
process, and apparently can not simply be reduced to an
assesment of the amount of bcl-2 and p53 proteins. Elu-
cidation of molecular mechanisms underlying apoptosis
may identify new targets for anticancer agents whose
effects are not tightly linked to proliferative status. Since
our limited sample size may limit the generalizability of
these findings, further investigations will be required to
elucidate the multiple genes involved in ovarian carcino-
genesis and to understand their biological and clinical
significance.
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