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Aim. To demonstrate immunohistochemical expression of p53, c-erbB-2, and nm23 proteins in ovarian cancer and to
establish their correlation with such predictive factors as clinical stage, grade, and vascular invasion. The effect of pro-
tein overexpression on patients’ overall survival was also assessed.

Method. We performed immunohistochemical analysis of formalin-fixed, paraffin-embedded specimens from 80
ovarian carcinomas, using the anti-nm23, p53, and c-erbB-2 monoclonal antibodies. Immunohistochemical results
were scored semiquantitatively. All patients were staged according to the criteria of the International Federation of Gy-
necology and Obstetrics (FIGO) staging system (I-IV). Carcinomas were graded as low- or high-grade, according to the
modified grading system recommended by Shimatzu and Silverberg. For univariate analysis, survival time was ana-
lyzed by Kaplan-Meier method, and the log-rank test was used to assess the differences between the groups. For
multivariate analysis, Cox proportional hazard regression model was used to examine several parameters simulta-
neously.

Results. Univariate analysis showed that advanced clinical stage (p<0.001); positive staining for nm23 (p<0.001),
p53 (p=0.021), and c-erbB-2 (p=0.003) protein; high histological grade (p<0.001); and vascular invasion (p=0.006)
were associated with shorter overall survival. Multivariate analysis revealed only clinical stage as an independent prog-
nostic parameter (p=0.014). Multivariate analysis for early-stage disease showed that only the presence of vascular in-
vasion was significantly associated with shorter survival (p=0.008), whereas none of the parameters analyzed for the
advanced-stage disease showed independent predictive value for prognosis.

Conclusion. The overexpression of p53, nm23, and c-erbB-2 proteins was associated with other parameters character-
istic of aggressive tumors, such as advanced clinical stage, high grade, and/or presence of vascular invasion. However,
this overexpression had no independent prognostic value either for overall survival or survival corrected by clinical
stages.
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In most Western countries, ovarian cancer is the
fourth most common cause of death from cancer in
women, accounting for 5% of all cancer-related
deaths (1). Approximately one-fourth of all gynecolo-
gic malignancies are of ovarian origin, and 47% of all
gynecologic cancer-related deaths are due to ovarian
cancer (1).

The main reason for such a high mortality rate as-
sociated with this tumor is the absence of symptoms
in the majority of women with early stages of the dis-
ease; 70% of women present with symptoms when
the disease is already at an advanced stage (2). Exten-
sive intra-abdominal disease is difficult to eradicate
surgically and many patients have only a partial re-
sponse to postoperative chemotherapy. In spite of sig-

nificant advances in surgery and the use of new, more
effective chemotherapeutic regimens, the 5-year sur-
vival of patients in all stages of the disease is only
30%. It seems that there has been no significant de-
crease in the incidence or mortality from ovarian can-
cer since the early 1980s, although some studies re-
ported a decreasing incidence in younger women,
attributed to the use of oral contraceptive pill (2).

The prognosis of patients with ovarian tumor de-
pends on surgical factors (stage of the disease and re-
sidual disease following laparatomy), response of re-
sidual disease to postoperative treatment, and the
histopathological characteristics of the tumor (3).
Identification of new prognostic factors might be use-
ful in directing the therapy and intensifying the fol-

www.cmj.hr 429



low-up of a selected group of patients. Finally, the re-
sults of research in prognostic factors may provide
better understanding of the biological behavior of
ovarian tumors.

There is an increasing number of studies on the
predictive value of biofunctional markers in deter-
mining prognosis and treatment response of patients
with epithelial ovarian cancer. Successively, the role
of proliferation markers (MIB-1, Ki-67), DNA ploidy,
heat shock proteins, CD44, and melanoma-associ-
ated antigen 4 (MAGE-4) have been extensively ana-
lyzed, as well as functional and structural alterations
of oncogenes and tumor suppressor genes (4).

Biomarkers directly involved in drug resistance,
such as proteins involved in multidrug resistance and
detoxification, have also been tested as indicators of
clinical outcome (5). However, due to pronounced
biologic, pathologic, and clinical heterogeneity of
ovarian tumors, outcome and interpretation of tran-
slational studies are often equivocal and no general
agreement has been reached about the clinical
significance of investigated markers.

Proto-oncogene c-erbB-2 is located on chromo-
some 17 and encodes a cell-surface glycoprotein sim-
ilar in structure to the epidermal growth factor recep-
tor (EGFR). EGFR and c-erbB-2 have tyrosine kinase
activity, and c-erbB-2 amplification was shown to oc-
cur in a number of human tumors (4). Whereas over-
expression has been associated with a poor prognosis
of patients with cancer arising from other primary
sites (6), studies of the ovarian cancer have produced
conflicting results. To date, few reports have been
published on c-erbB-2 protein overexpression in
specimens of ovarian cancer. Published results are
discordant and their clinical value is not clearly estab-
lished. Some studies showed no value of c-erbB-2
protein overexpression as a predictor of a long time
survival (7-9), whereas others have suggested that
overexpression is a marker of poor prognosis (6,10).

p53 is a tumor suppressor gene located on the
short arm of chromosome 17. It suppresses cell
growth by controlling entry into the S-phase of the
cell cycle. Mutation or deletion of p53 gene is be-
lieved to result in uncontrolled cell proliferation.
Most p53 gene mutations result in stabilization of the
protein. In contrast to relatively short half-life of the
wild type p53 protein, increased stability of the mu-
tant forms allows their detection by immunohisto-
chemical techniques. Mutations of p53 gene are the
most common genetic abnormalities described in hu-
man cancers and have been implicated in the
pathogenesis of a variety of human tumors. Studies
have demonstrated an association between p53 pro-
tein overexpression and poor prognosis in patients
with various tumor types, including breast, colo-
rectal, and lung cancer (11). The overexpression of
p53 protein has been reported in up to 81% of cases
of ovarian cancer (12). The prognostic significance of
this overexpression is controversial. Some authors
have found an association between p53 overexpres-
sion and poor prognosis (13-15); others have failed to
confirm these findings (12).

Gene nm23 was initially cloned as a metastasis-
suppressor gene and its expression leads to reduction
of tumor metastasis. Reduced nm23 expression has
been associated with the presence of metastasis or
poorer prognosis in patients with breast carcinoma,
melanoma, or colorectal carcinoma (16,17). How-
ever, high nm23 expression has been reported to cor-
relate with carcinogenesis or progression of pancre-
atic carcinoma and neuroblastoma (18). Significance
of nm23 expression in human cancers may differ de-
pending on the organs in which the tumors develop.
Little data are available on nm23 expression in ovar-
ian carcinoma. Most studies found nm23 overexpres-
sion associated with more aggressive tumor pheno-
type (19,20), and only a few indicated that nm23
overexpression might have a favorable prognostic
role in ovarian cancer (21).

We studied p53, c-erbB-2, and nm23 overex-
pression in patients with epithelial ovarian cancer, for
whom we had extensive and complete follow-up in-
formation. Our aim was to investigate whether p53,
nm23, and c-erbB-2 overexpression was associated
with recognized prognostic factors in ovarian cancer,
such as stage, grade, and vascular invasion. We also
analyzed the association of p53, nm23, and c-erbB-2
overexpression with overall survival and outcome in
advanced- and early-stage disease.

Patients and Methods

Clinical Data

Histologic samples of 80 ovarian cancers were retrieved
from the files of the Department of Pathology, Split University
Hospital Center, Split, from 1989 to 1993. All samples had been
taken at laparatomy before the initiation of chemotherapy. Atypi-
cal proliferating tumors were not included in the study.

Survival time of the 80 patients included in the study was
calculated as the interval from the date of diagnosis to the last
clinical control or death from the ovarian cancer-related cause, or
until December 31, 1999.

The mean age of patients was 58.2±10.78 years (median,
59; range, 34-79). Median follow-up was 21 month (range, 1-112
months).

All patients were staged according to the criteria of the In-
ternational Federation of Gynecology and Obstetrics (FIGO) stag-
ing system I-IV (22). Carcinomas were graded as either low-
(score 3-6) or high-grade (score 7-9) carcinoma, according to the
modified grading system recommended by Shimatzu and
Silverberg (23).

Immunohistochemical Staining

At the time of surgery, tumors were dissected and fixed for
24 h in neutral buffered formalin. After fixation, blocks were rou-
tinely embedded in paraffin wax.

Immunostaining for c-erb-2, p53, and nm23 proteins was
performed with monoclonal antibodies to human p53 (DAKO,
Glostrup, Denmark, mouse anti-human, M7991) at a dilution of
1:50, to c-erbB-2 (DAKO, rabbit anti-human, A0096) at a dilution
of 1:100, and to nm23 (DAKO, rabbit anti-human, A0485) at a
dilution of 1:200. Before staining, antibodies were diluted in
tromethamine (TRIS)-NaCl buffer containing 1% bovine albumin.

Four-micrometer sections were first deparaffinized in
xylene and rehydrated in descending concentrations of alcohol.
The slides were treated in a microwave oven at 750 W and 110
°C, three times for 5 minutes in a citrate buffer. After this step,
slides were stained with labeled streptavidin-biotin and then with
chromogen diaminobenzidin (DAKO). For counterstaining,
Mayer’s hematoxylin was used.

For the determination of c-erbB-2 protein overexpression,
only the membrane staining intensity was evaluated. Staining of
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the entire membrane in more than 10% of the tumor cells was
considered positive (24).

Immunoreactivity to nm23 was invariably cytoplasmatic
and perinuclear. Moderately and strongly expressed staining re-
sults were considered positive (25).

Positive staining for p53 was nuclear. The results of the p53
immunoreactivity were recorded as positive if distinct nuclear
staining was seen in at least 10% of tumor cells. Since proliferat-
ing normal tissues show a small proportion of cells with p53
immunostaining, a cut-off point for p53 overexpression was 10%
positively immunostained nuclei (13).

Statistical Analysis

For univariate analysis, survival time was analyzed by the
Kaplan-Meier method, and the log-rank test was used to assess
differences among groups. For multivariate analysis, Cox propor-
tional hazard regression model was used to examine all factors
found to be predictive of survival in univariate analysis simulta-
neously. Associations between tested parameters were studied by
Spearman rank correlation. Differences were considered statisti-
cally significant at p�0.05.

Results

As revealed by the frequency distribution of clin-
ical, histopathogical, and immunohistochemical data
of our patients with ovarian cancer, there was equal
number of patients with low- and high-grade cancer
(Table 1). Approximately two-thirds were in the ad-
vanced stage of the disease.

There was a clear correlation between p53 pro-
tein overexpression and vascular invasion (p=0.008),
whereas no significant association could be found be-
tween p53-positive staining and advanced clinical
stage (FIGO stage III or IV) or high grade (Table 2).
Positive staining for c-erbB-2 was significantly associ-
ated with vascular invasion (p=0.050), high grade

(p=0.022), and advanced clinical stage of the disease
(p=0.043) (Table 3). Positive staining for nm23 was
associated with all analyzed parameters: vascular in-
vasion (p�0.001), high grade (p=0.002), and ad-
vanced clinical stage (p�0.001) (Table 4).

Univariate analysis showed that advanced clini-
cal stage (p<0.001), high grade (p<0.001), vascular
invasion (p<0.001), and positive staining for p53
(p=0.021), nm23 (p<0.001), and c-erbB-2 (p=
0.003) protein were all associated with shorter overall
survival (Table 5). When all these predictors were in-
cluded in Cox multivariate analysis (Table 5), clinical
stage was the only predictor significantly associated
with survival (p=0.014). Other parameters showed
no independent value for predicting the prognosis of
patients with ovarian cancer.

Using Cox proportional hazard regression analy-
sis, we examined the association between grade, vas-
cular invasion, and expression of p53, c-erbB-2, and
nm23 proteins with patient survival in early (FIGO
stage I and II) and advanced (III and IV) clinical stage
(Table 6). Multivariate analysis of early-stage disease
showed that only the presence of vascular invasion
was significantly associated with survival (p=0.008),
whereas in the advanced stage of disease, none of the
other variables showed any independent predictive
value for patient prognosis.

Discussion

We used immunohistochemical approach to in-
vestigate p53, nm23, and c-erbB-2 protein overexpre-
ssion in ovarian cancer to assess the frequency of their
occurrence, their relationship with clinicopathologi-
cal parameters and biological aggressiveness of tu-
mor, and their role in tumor progression.

No correlation was found between p53 protein
overexpression and clinical stage. Some investigators
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Table 1. Clinical, histopathological, and immunohistochemi-
cal data of 80 patients with ovarian cancer
Parameter No. of patients
Histological grade:
low (score 3-6) 40
high (score 7-9) 40

Clinical stage:
early (I and II) 27
advanced (III and IV) 53

Vascular invasion:
yes 55
no 25

p53:
+ 60
– 20

c-erbB-2:
+ 48
– 32

nm23:
+ 60
– 20

Table 2. Association between overexpression of p53 and
clinicopathological variables
Variable No. of patients p53+ p53– R* p
Clinical stage:
I and II 27 18 9 0.137 0.224
III and IV 53 42 11

Grade:
low 40 8 12 0.115 0.308
high 40 32 8

Vascular invasion:
yes 55 46 9 –0.296 0.008
no 25 14 11

*Spearman’s rank correlation coefficient.

Table 3. Association between overexpression of c-erbB-2
and clinicopathological variables
Variable No. of patients c-erbB-2+ c-erbB-2– R* p
Clinical stage:
I and II 27 12 15 0.227 0.043
III and IV 53 36 17

Grade:
low 40 28 12 0.255 0.022
high 40 29 11

Vascular invasion:
yes 55 37 18 –0.220 0.050
no 25 11 14

*Spearman’s rank correlation coefficient.

Table 4. Association between overexpression of nm23 and
clinicopathological variables
Variable No. of patients nm23+ nm23– R* p
Clinical stage:
I and II 27 14 13 0.382 <0.001
III and IV 53 46 7

Grade:
low 40 24 16 0.362 0.002
high 40 36 4

Vascular invasion:
yes 55 48 7 –0.420 <0.001
no 25 11 14

*Spearman’s rank correlation coefficient.



found that p53 overexpression was more common in
tumors in advanced than in early stage (13,14). In
other studies p53 overexpression was not associated
with the stage of disease (12,15). In our study,
overexpression of p53 gene significantly correlated
with vascular invasion, but not with the clinical stage
and high histological grade of the tumor. The associa-
tion between vascular invasion and p53 overexpres-
sion in ovarian cancer has not been previously re-
ported, but Goodheart et al (26) described correlation
between p53 mutation and microvessel density count
in ovarian cancer. Their finding was consistent with
the hypothesis that wild-type p53 gene inhibits angio-
genesis by inducing the synthesis of angiogenic
thrombospondin-1. If p53 gene is mutated, the level
of thrombospondin-1 drops, shifting the balance in fa-
vor of angiogenic factors, helping the growth and
spread of the tumor (11).

Overexpression of nm23 and c-erbB-2 proteins
could be an indication of a more aggressive pheno-
type because it significantly correlated with the ad-
vanced clinical stage, vascular invasion, and high
grade of tumor. Some authors found correlation be-
tween overexpression of c-erbB-2 gene and advanced
clinical stage and high histological grade (27,28). In
other studies, c-erbB-2 overexpression was not associ-
ated either with clinical stage of disease or with
histological grade (7,29).

Although univariate analysis in our study show-
ed that all parameters analyzed were associated with
shorter survival, multivariate analysis revealed that
only clinical stage was significantly associated with
shorter survival.

The prognostic value of stage according to the
FIGO has been well established (3). The importance
of staging with regard to survival also stems from the
influence it has on subsequent patient management.
Extensive surgical staging in presumed FIGO I and II
stage of ovarian cancer showed that 31% were actu-
ally in a more advanced stage, mostly stage III (3).
These patients are likely to be given inadequate treat-

ment if metastatic spread outside of ovaries is over-
looked. Although the FIGO stage provides a fairly ac-
curate assessment of the prognosis, there is a contro-
versy over some aspects of surgical staging proce-
dure, especially regarding the status of retroperitoneal
lymph nodes. Opponents to “intensive surgical stag-
ing” point out that aggressive operation cannot signifi-
cantly change the survival of the patients, but it can
increase the operation risk. Surgeons who operated
on patients included in this study were of the same
opinion – adequate para-aortic lymphnode sampling
was rarely done. We believe that this fact could ac-
count for the significant association of vascular inva-
sion with the survival of the patients in the early, but
not in the advanced stages of the diseases.

In our study, univariate analysis showed associa-
tion of p53, nm23, and c-erbB-2 protein overexpres-
sion with shorter overall survival. However, these
overexpressed proteins were not proven as independ-
ent prognostic indicators by multivariate analysis, ei-
ther in early or in advanced clinical stage of the
disease.

Researchers have been trying to asses the real
prognostic significance of p53, nm23, and c-erbB-2
overexpression in ovarian cancer, but results of their
studies have been controversial. For instance, some
studies found that nm23 overexpression was con-
nected with more aggressive tumor phenotype and
shorter survival (19,20), whereas other studies indi-
cated that nm23 overexpression might have a favor-
able prognostic role in ovarian cancer (21,30).

Wen et al (13), Dong et al (14), and Bossari et al
(15) have found an association between p53 over-
expression and poor prognosis, whereas others have
failed to confirm these findings (12).

Regarding the c-erbB-2 protein overexpression,
Medl et al (7), Frutuoso et al (8), and Afify et al (9)
showed that c-erbB-2 overexpression could not be
used as a predictor of long time survival, whereas
Slamon et al (6) and Berchuck et al (10) suggested that
overexpression was a marker of poor prognosis.
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Table 5. Univariate and multivariate analysis of effects of investigated parameters on overall survival
Analysis

univariate multivariate
Variable log rank (p) HR* 95% CI† p
Clinical stage (I+II vs III+IV) 27.86 (<0.001) 1.747 1.122-2.721 0.014
c-erbB-2 (+, –) 9.10 (0.003) 1.258 0.636-2.489 0.509
p53 (+, –) 5.34 (0.021) 0.956 0.425-2.149 0.913
nm23 (+, –) 13.07 (<0.001) 1.760 0.676-4.582 0.247
Histological grade (low, high) 26.50 (<0.001) 1.138 0.587-2.205 0.702
Vascular invasion (no, yes) 39.02 (<0.001) 0.280 0.078-1.004 0.051
*Hazard ratio.
†Confidence interval.

Table 6. Cox proportional hazard regression analysis of patients in early and advanced stage of the disease
Early stage (I and II) Advanced stage (III and IV)

Variable HR* 95% CI† p HR 95% CI p
c-erbB-2 (+, –) 0.396 0.050-3.155 0.382 1.465 0.661-3.249 0.347
p53 (+, –) 1.576 0.142-17.521 0.711 0.843 0.354-2.007 0.700
nm23 (+, –) 0.854 0.106-6.875 0.882 2.329 0.676-8.030 0.181
Histological grade (low, high) 1.307 0.145-11.800 0.811 1.109 0.551-2.229 0.772
Vascular invasion (no, yes) 0.021 0.001-0.372 0.008‡ 0.724 0.188-2.785 0.639
*Hazard ratio.
†Confidence interval.



The results of studies on the influence of c-erbB-
2, nm23, and p53 overexpression on survival in early
and advanced clinical stages has have not been uni-
form either. Bossari et al (15) found that p53 protein
overexpression was associated with shorter survival
of patients in early but not in advanced stage of the
disease. Hartman et al (31), on the other hand, con-
cluded that p53 overexpression was associated with
shorter survival in advanced but not in early stage of
the disease. Meden et al (32) found that c-erbB-2
overexpression had a statistically significant negative
prognostic effect in early stage patients, but results of
Leeson et al (33), which were similar to our results, in-
dicated that c-erbB-2 overexpression had no prognos-
tic significance in early-stage ovarian carcinoma.

In previous studies of c-erbB-2, nm23, and p53
protein overexpression as a prognostic marker in ova-
rian carcinoma, various methods were used to detect
overexpression, ranging from frozen tissue immuno-
histochemistry to immunohistochemistry of forma-
lin-fixed paraffin-embedded tissue. However, en-
zyme and microwave treatment of the tissue during
the staining process may greatly affect the staining re-
sults, and tissue fixation procedures may also influ-
ence immunostaining.

Different scoring methods and subjective inter-
pretation of immunohistochemical analysis may also
be reasons for different results obtained by different
studies. In ovarian cancer research, further contro-
versy is created by the use of different antibodies, dif-
ferent cut-off level between positive and negative tu-
mors, and inadequate staging and follow-up of the
patients.

What role, if any, c-erbB-2, nm23, and p53 genes
play in the etiology, pathogenesis, or biologic behav-
ior of ovarian cancer remains unknown. The results of
our study support the view that the presence of
overexpression is associated with other parameters
characteristic of aggressive tumors and that over-
expression has no independent value for patient prog-
nosis. Uniformly poor prognosis of patients with ad-
vanced-stage ovarian cancer might well obscure sub-
tle variations in prognosis related to the expression of
these genes. Although we could not confirm the sig-
nificance of overexpression of these proteins as prog-
nostic factors in our group of patients with ovarian
cancer, they should be considered as potential targets
for studies in antibody-directed therapy or gene ther-
apy. Therapeutic strategies targeted at c-erbB-2 are
under development, such as the use of monoclonal
receptor antibodies to inhibit tyrosine kinase activity.
Also, the fact that acquired mutation in the p53 tumor
suppressor gene is the most frequent genetic alter-
ation in ovarian cancer makes this gene an ideal mo-
lecular target for gene therapy.
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