
Introduction

Breast cancer is the most common malignancy in women
not only in the Czech Republic, but also in the entire wes-
tern world, with increasing incidence. However, the morta-
lity of this disease has not increased that much. It is both
due to improvements in the therapy as well as due to mam-
mography screening in recent years. Nevertheless, appa-
rently identical tumours may behave in a different way. This
is the result of the fact that breast cancer is an immensely
heterogeneous malignancy characterized by a broad varia-
bility of clinical development. Therefore, it is important to
identify subgroups of patients bearing higher risk of relapse
of the disease.

In breast cancer, the following prognostic factors are
well accepted and widely used in routine practise:
1. Tumour size – one of the most powerful predictors of tu-

mour behaviour in breast cancer (9, 17, 54). Precise as-
sessment of the tumour size is needed for adequate
treatment.

2. Axillary lymph node status has been proved to be the
most important predictor of disease-free survival and
overall survival in breast cancer in numerous studies
(16, 49, 55). Between 20 to 30 % of node negative breast
cancer patients will develop a recurrence of the disease
within 10 years, compared to about 70 % of patients
with positive axillary lymph nodes. The absolute number

of positive lymph nodes is also of prognostic importan-
ce.

3. The histological grade is an important determinant of
prognosis, and allows risk stratification within a tumour
stage (22, 34).

4. Estrogen receptor and progesterone receptor determina-
tions should be routinely performed in the diagnostic
process of all breast cancer patients. Negative hormone
receptor status is associated with worse prognosis for the
patient (3, 5, 40). However, its main importance is in
predicting the response to hormonal therapy.

5. Her-2/neu gene amplification results in overexpression
of the encoded transmembrane oncoprotein, belonging
to the family of tyrosine kinase growth factor receptors.
The amplification of the gene/overexpression of the pro-
tein is present in about one third of all breast cancers
(48). Her-2/neu positivity is associated with higher hi-
stological grade and reduced survival (2). The recently
developed humanized monoclonal antibody trastuzu-
mab (Herceptin) is used for the treatment of patients
with Her-2/neu positive tumours. High expression of
Her-2/neu oncoprotein can predict the success of mole-
cular targeted therapy with trastuzumab (21). Thus, Her-
2/neu analysis is necessary to obtain both prognostic
and predictive data.
Approximately one third of breast cancers have muta-

tions of the tumour suppressor gene p53, which is asso-
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ciated with a higher histological grade and higher clinical
aggressiveness of the disease (4). The already mentioned
p53 appears to be a useful prognostic marker, particularly
in node-negative breast cancer patients (1).

Expression of Ki-67 protein is used as a marker of cell
proliferation and can have a prognostic role in breast can-
cers (37). Ki-67 is a labile nuclear protein that cannot be de-
tected in resting (G0) cells, but is expressed in the G1
through M phases of the cell cycle.

Other factors which can be detected in breast cancer tis-
sue samples, and are not used in routine practise yet, in-
clude: epidermal growth factor receptor (EGFR) (52),
cyclins A, B, D, and E (27, 28, 32, 53), survivin, one of the
inhibitor of the apoptosis protein family (26), vascular en-
dothelial growth factor (VEGF) (13) and Cathepsin D (19,
24). Among numerous prognostic factors, bcl-2 was also
considered as one of possible promising markers.

Bcl-2 (acronym for the B-cell lymphoma/leukemia-2
gene) was first discovered in B-cell malignancies (51).
Specific translocation moves bcl-2 gene from its normal lo-
cation at 18q21 into the locus at 14q32, resulting in perma-
nent activation of bcl-2 gene and overproduction of bcl-2
protein (42).

The family of bcl-2 proteins are mitochondrial proteins
regulating apoptosis. By forming a complex network of
homo- and heterodimers, they either inhibit or advance
apoptosis. Relative ratios of antiapoptotic proteins (bcl-2,
mcl-1, bcl-X) and proapoptotic proteins (bax) then deter-
mine the behaviour of the cell and the response to various
apoptotic stimuli, such as cytostatic agents (20, 43).
Clinical studies have shown that from this family of prote-
ins, bcl-2 itself has the greatest value as a prognostic factor
(31, 14, 33).

In preclinical studies, bcl-2 protein inhibits apoptosis in
vitro and is associated with chemoresistance (15, 50, 56).
For this reason it has been hypothesized that bcl-2 protein
overexpression may play a role in the resistance to chemo-
therapy. In vivo, the expression of bcl-2 protein should in-
hibit apoptosis and therefore should mean a worse outcome
for the patients. Surprisingly, statistical analysis revealed
that bcl-2 positive patients had better prognosis and better
survival, compared with patients with bcl-2 negative tu-
mours (46, 57).

Several possible explanations for these seemingly para-
doxical results have been suggested (30):
1) bcl-2 not only inhibits apoptosis, but also has an inhibi-

tory effect on cell proliferation (41);
2) bcl-2 expression is regulated by estrogens (23);
3) bcl-2 antagonists are present in tumour cells, negating

cytoprotective function of bcl-2 (29).
The purpose of our study was to elucidate the prognostic

role of bcl-2 in breast cancer. We analysed the bcl-2 expres-
sion in breast cancer tissue using immunohistochemistry
and studied its relationship to well accepted prognostic
markers. Also, we investigated the association between the
expression of bcl-2 and survival of the patients. Based on

the knowledge from previous studies, we hypothesized that
negative or weak bcl-2 expression could indicate a more ag-
gressive phenotype of breast cancer and might therefore
mean worse prognosis for the patient.

Material and Methods

Patients

The study comprised 57 women with primary breast
carcinoma who were treated with neoadjuvant (primary)
chemotherapy in the University Hospital in Hradec Králo-
vé, Czech Republic between 1999 and 2003. To be included
in the study, the patients had to meet the following criteria:
no history of previous malignancy and no evidence of me-
tastatic disease at the time of diagnosis.

At the time of diagnosis, histological verification of
breast carcinoma was obtained from core-cut biopsy tissue
samples.

The treatment was commenced with neoadjuvant che-
motherapy, in a combination of doxorubicin (50 mg/m2)
and paclitaxel (175 mg/m2), 6 cycles in 3 week regimens.

Response to the neoadjuvant chemotherapy was evalua-
ted in a standard manner. Clinical complete response was
defined as no sign of the tumour on mammography prior to
surgery. Pathological complete response was defined as no
residual tumour in the surgical specimen. Partial response,
stable disease and progressive disease were then evaluated
according to the results of the mammography examination.
Partial response was defined as more than 50 % reduction
of the tumour. Stable disease was defined as between 50 %
reduction and 25 % increase in tumour size. Progressive di-
sease was defined as more than 25 % increase in tumour
size.

Neoadjuvant chemotherapy was followed by a surgical
procedure, which was either modified radical mastectomy
(ablation of breast gland with pectoral fascia and axillary
lymph node dissection, including level I and II) or partial
mastectomy (removing part of mammary gland with tu-
mour), with axillary lymph node dissection. All patients
who were treated with partial mastectomy were given po-
stoperative radiotherapy to the breast. The patients were
then followed in the Department of Oncology and Radio-
therapy, University Hospital in Hradec Králové every 3
months. Bilateral mammography, chest X-ray, skeletal scin-
tigraphy and hepatic ultrasonography were carried out once
a year. Patients with signs of metastatic disease underwent
further investigations. Disease-free survival was calculated
as the time from the date of diagnosis to documented re-
lapse and overall survival was calculated as the time from
the date of diagnosis to death.

Histological and immunohistochemical examination

All specimens were fixed in 10 % formalin and embed-
ded in paraffin. For each specimen, 4-μm sections were cut
and stained with hematoxylin and eosin. Histological type
and grade was examined in the core-cut biopsy, as well as in
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the surgical specimen. In the core-cut biopsy, immunohisto-
chemical analysis was performed using the streptavidin-bio-
tin method with peroxidase detection system (En Vision,
DAKO). The monoclonal primary antibodies against the fol-
lowing antigens were used: estrogen receptor (1D5, DAKO),
progesterone receptor (PgR636, DAKO), Ki-67 (MIB-1,
DAKO), p53 (DO-7, DAKO), bcl-2 (124, DAKO). A Her-
cepTestTM Kit (DAKO) was used to detect the overexpres-
sion of Her-2/neu. Appropriate tissue specimens were used
as positive controls. Examined markers were evaluated in
a standard manner: IRS (immunoreactive score) for ER
and PgR (range 0–12) (44); for Ki-67 the percentage of po-
sitive cells was determined semiquantitatively; Her score
was used for the evaluation of Her-2/neu (0–3), according
to manufacturer’s instructions. Immunostaining for p53
and bcl-2 was evaluated using a semiquantitative system.
Expression was scored 0 to 3 based on the intensity of
staining: 0 none, 1 weak, 2 intermediate, 3 strong signal;
and the percentage of positive cells was counted: 0 none, 1
(1 %), 2 (2–10 %), 3 (11–30 %), 4 (31–60 %), 5 (more than
60 %). The overall score was then expressed as the summa-
tion of the proportion and intensity scores (11). One patho-
logist evaluated all slides for bcl-2 immunostaining in
a blind fashion, without knowledge of other clinicopatholo-
gical data.

Statistical Methods

Association between the bcl-2 expression and Ki-67,
and tumour size was analysed by the Kruskal-Wallis non-pa-
rametric Analysis of Variance (ANOVA). Associations be-
tween the bcl-2 expression and other variables were
evaluated by the chi-square test of independence in contin-
gency tables or the Fisher’s exact test. Significance was de-
fined at the p < 0.05 level. The disease-free survival and
overall survival curves were estimated by the Kaplan-Meier
survival curves. The logrank test was used to assess the dif-
ferences between the curves.

Results

Patients’ characteristics are shown in Table 1. Fifty-se-
ven patients were included in the study. Radical modified
mastectomy with axillary lymph node dissection was per-
formed in 25 cases (44 %). Partial mastectomy with axillary
lymph node dissection was performed in 32 cases (56 %).

Clinical complete response to the neoadjuvant chemo-
therapy was achieved in 9 cases (15.8 %), 7 out of which
(12.3 %) had also pathological complete response. Partial
response was achieved in 27 cases (47.3 %). Stable disease
was seen in 20 patients (35.1 %) and progressive disease
occurred in one patient (1.8 %).

A semiquantitative system was used for evaluation of
bcl-2 protein expression. The frequency of bcl-2 scores
(0–8) are shown in Figure 1.

Table 2 summarizes the association between the bcl-2
expression and other variables. Bcl-2 expression was signi-
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Fig. 1: The frequency or scores of Bcl-2 expression.

Age Median 56
Range 38–74

TNM T1 2 (3.5 %)
classification T2 24 (42.1 %)

T3 12 (21.1 %)
T4 19 (33.3 %)
N0 14 (24.6 %)
N1 34 (59.6 %)
N2 9 (15.8 %)

Histology ductal carcinoma 46 (80.6 %)
lobular carcinoma 9 (15.8 %)
papilar carcinoma 1 (1.8 %)

dediferentiated 1 (1.8 %)
carcinoma

Grade G I 1 (1.8 %)
G II 29 (50.9 %)
G III 27 (47.3 %)

ER IRS score 0–4 29 (50.9 %)
IRS score 5–12 28 (49.1%)

PR IRS score 0–4 38 (66.7%)
IRS score 5–12 19 (33.3 %)

p53 score 0–2 34 (59.6 %)
score 3–8 23 (40.4 %)

Ki-67 0–10 % 9 (15.8 %)
11–20 % 15 (26.3 %)
21–100 % 33 (57.9 %)

Her score negative (0–1) 42 (73.7 %)
positive (2–3) 15 (26.3 %)

type of surgical ME + EA 25 (43.9 %)
procedure pME + EA 32 (56.1 %)

Tab. 1: Patients’ characteristics.

variables p
tumour size 0.56

grading 0.53
ER 0.003
PR 0.36

Ki-67 score 0.07
Her-2/neu 0.24

p53 0.88

Tab. 2: Association between Bcl-2 expression and other va-
riables.



ficantly related to estrogen receptor status only (p = 0,003).
There was an association between the bcl-2 expression and
the proliferation index Ki-67, but it was not statistically sig-
nificant (p = 0.07). We found no significant correlation be-
tween the expression of bcl-2 and other variables in our
group of patients.

At the median follow-up period (58 months; range
25–96 months), the disease free survival (DFS) and overall
survival (OS) were 70 % and 77 %, respectively. Thirteen
deaths for cancer-related causes had occurred and 17 re-
currences, 3 of which were locoregional recurrences and 14
distant metastases.

Kaplan-Meier curves were used to estimate survival for
bcl-2 negative and positive tumours. Observed bcl-2 nega-
tivity showed a trend toward association with a shorter

overall survival, but it was not statistically significant (Fig.
2). Regarding disease free survival, we found no associa-
tion with bcl-2 protein expression (Fig. 3). Nevertheless,
due to the small number of patients included in this sta-
tistical analysis, these findings should be interpreted with
caution.

Discussion

Breast cancer is a disease with variable clinical develop-
ment and prognosis. The presence of alterations in mole-
cular mechanisms affects tumour growth, proliferation,
progression and metastatic potential. This limits signifi-
cantly the prognostic value of the TNM staging system.
Therefore, various biomarkers are used as a complement to
clinicopathological staging in order to identify patients at
a higher risk of relapse (who need more aggressive systemic
treatment). In our study, we tried to find an association
between expression of bcl-2 protein and survival of the pa-
tients. We examined bcl-2 expression using a semiquan-
titative method in patients treated with neoadjuvant
chemotherapy followed by a surgical procedure.

Our hypothesis was that negative or weak bcl-2 expres-
sion would mean a worse prognosis for the patients.
However, the results of this study suggest that bcl-2 expres-
sion does not have such a prognostic significance. In this
regard, our results are in contrast with studies that suggest
that bcl-2 expression is a favourable prognostic factor when
primary surgical therapy is used. In other studies bcl-2 ex-
pression has been found to be an independent predictor of
prognosis (7, 8, 12, 10, 18, 38). However, other studies have
shown opposite results (6, 25, 35, 36, 47). In concordance
with our study, bcl-2 expression was not proved to be a fa-
vourable prognostic marker in studies where patients were
treated with neoadjuvant chemotherapy (11, 39).

In one of the largest studies evaluating the prognostic
significance of bcl-2 (45), Rolland et al. deteced bcl-2 pro-
tein expression in tissue from 819 patients with primary re-
sected breast cancer. Their results showed that bcl-2 alone
did not have an independent prognostic significance.
However, the p53(+) bcl-2(-) phenotype remained indepen-
dently associated with a worse prognosis. Such discrepan-
cies between the studies are likely to be due to the wide
variation between the methodologies, types of cases, and
various treatments schemes studied.

Conclusion

Bcl-2 appears to play an important part in regulation of
apoptosis and proliferation in breast cancer cells. 

However, the behaviour of this pathway is very com-
plex. It seems necessary to study more biomarkers, not
only bcl-2, on a larger number series of patients to assess
the prognosis of patients treated with neoadjuvant che-
motherapy.
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Fig. 2: Kaplan-Meier curve for overall survival.
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