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Abstract. This study aimed to assess the pre-operative chemo-
therapy impact on the relationship between estrogen receptor 
(ER) expression and markers of proliferation and apoptosis in 
primary and metastatic breast cancer. Immunohistochemical 
examinations were conducted on surgically removed ductal 
invasive breast cancers and their lymph node metastases in 
135 patients. A total of 64 patients from this group underwent 
pre-operative chemotherapy and in 71 cases the surgery was 
performed without primary chemotherapy. A negative correla-
tion between ERα and Ki-67 was found in primary tumors and 
lymph node metastases. A positive correlation was observed 
between ERα and Bcl-2. A positive correlation was also 
noted between ERβ and Bak, suggesting that the two ERs 
were involved in the regulation of proteins responsible for the 
control of the apoptotic process. Assessment of the expression 
of the proteins conducted separately in primary tumors and 
lymph node metastases did not reveal a significant effect of 
pre-operative chemotherapy on the correlations of ERs with 
Ki-67, Bcl-2 and Bak. However, the analysis of the correlations 
between the receptor expression in primary tumors and Ki-67, 
Bcl-2 and Bak in lymph node metastases showed a statisti-
cally significant impact of pre-operative chemotherapy on the 
correlations of ERα and Bcl-2 with ERβ and Bak, confirming 
involvement of the two ERs in the regulation of apoptosis 
during breast carcinogenesis.

Introduction

Estrogens play a key role in the development of breast cancer 
as they stimulate neoplastic cell proliferation. This prolifera-
tive effect occurs due to the induction of enzymes involved in 
nucleic acid synthesis, oncogene activation, as well as an 
increased production of various growth factors (1,2). The 
effectiveness of hormonal therapies in breast cancer treatment 
depends mostly on the status of estrogen receptors (ERs). 
Typical hormonal therapies, including ER selective modulators, 
aromatase inhibitors and ovarectomy, inhibit estrogen activity. 
Hormonal therapy is used in different stages of cancer progres-
sion. However, only approximately 60% of breast cancers with 
a positive ER status respond to endocrine therapy (3). The 
molecular basis of this resistance remains unclear. A plausible 
reason is the disturbance of the ERα/ERβ physiological rela-
tionship in primary breast cancer, or the dominant expression 
of one of the ER isoforms (4,5). Numerous studies have 
suggested that ERα-positive neoplasms develop mechanisms 
of growth and survival that are independent of ERs, such as 
through the overexpression of growth factors or their receptors, 
or changes in the proportions of proapoptotic and antiapoptotic 
proteins (6-12).

Breast cancer development and progression depends on the 
survival chances of genetically modified cells. The range of 
factors that stimulate and inhibit the processes of proliferation 
and apoptosis determine survival chances of neoplastic cells 
in primary tumor and metastatic foci (13,14). However, despite 
intensive studies regarding ER expression and markers of 
proliferation and apoptosis in primary breast cancer, relatively 
little is known about the expression of these markers in meta-
static foci, the main target of antineoplastic therapy. In previous 
studies, it was shown that pre-operative chemotherapy in breast 
cancer affects the expression of ERs and proteins involved in 
the processes of proliferation and apoptosis (15,16). The present 
study aimed to assess the impact of pre-operative chemotherapy 
on the correlation of ER expression with Ki-67, Bcl-2 and Bak 
in the primary tumor of breast cancer and in axillary lymph 
node metastases.
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Materials and methods

Patients. This study comprised 135 female patients, aged 
30-82 years (mean 54.4), treated surgically with partial or total 
mastectomy and lymph node dissection for primary breast 
cancer. Of this group, 64 patients underwent pre-operative 
chemotherapy and in 71 cases the surgery was performed 
without the preceding chemotherapy. In the group of cancers 
without pre-operative chemotherapy (n=71), the presence of 
regional lymph node metastases was diagnosed in 35 cases. 
The analysis was performed only in cases of invasive ductal 
breast cancer in stages pT1 and pT2, as well as histological 
differentiation grades G2 and G3.

As previously described (15,16), the proteins studied were 
not visualized due to substantial damage to primary tumor 
cells in 19 of the patients that underwent chemotherapy. 
Therefore, further analyses, including statistical evaluation, 
were performed in the group of 45 female patients with 
invasive ductal breast cancer, in which immunohistochemical 
evaluation of the markers examined was feasible despite pre-
operative chemotherapy. In this group of 45 female patients, 
the presence of regional lymph node metastases was diag-
nosed in 30 patients.

Methods. Tumor samples were fixed in 10% buffered form-
aldehyde solution, embedded in paraffin blocks at 56˚C and 
routinely stained with hematoxylin and eosin. The histo-
pathological examination was based on the World Health 
Organisation and pTN classifications of breast tumors. Tumor 
grade was assessed according to the Bloom-Richardson 
system. This study included only invasive ductal carcinomas, 
63 in grade G2 and 46 in grade G3. The local ethics committee 
approved the protocol of the study. All the participants gave 
their informed consent prior to being included in the study.

Immunostaining was performed in two representative 
sections from the primary tumors and in 1-4 lymph nodes 
containing the largest metastatic breast carcinoma foci. 
ERα, ERβ, Ki-67, Bcl-2 and Bak expression was assessed as 
previously described (15-18).

An analysis was conducted of the correlations between 
the expression of particular protein pairs in the group of 

primary tumors and in that of axillary lymph node metastases, 
and between primary tumors and metastases. Subgroups of 
patients with and without pre-operative chemotherapy were 
distinguished.

Statistical analysis. Spearman's test was used to analyze the 
correlations between ERα, ERβ and Ki-67, Bcl-2 and Bak. 
P<0.05 was considered to be statistically significant.

Results

In the groups evaluated for breast cancer, with and without 
pre-operative chemotherapy, no statistically significant rela-
tionship was observed between the expression of ERα, ERβ, 
Ki-67, Bcl-2 and Bak and the age of patients. Considering 
the fact that previous studies (15,16) thoroughly described 
morphological changes within the primary tumors treated 
with pre-operative chemotherapy, the correlations between 
protein expression and clinicopathological parameters were 
not analyzed in the present study.

Analysis of mutual relationship of the expression of ERα and 
ERβ with Ki-67, Bcl-2 and Bak in breast cancer without pre-
operative chemotherapy (in primary tumor and metastases). 
A negative correlation between the expression of ERα and 
Ki-67 was observed in the group of primary tumors (Table I), 
in metastases to lymph nodes (Table III), as well as between 
primary tumors and metastases to lymph nodes (Table V). 
In all of the above-mentioned groups, a positive correlation 
was observed between the expression of ERα and Bcl-2. 
None of these groups showed a correlation between ERα and 
Bak expression, ERβ and Ki-67 expression or Bcl-2 and Bak 
expression. However, a positive correlation was found between 
the expression of ERα and Bak in the group of primary tumors 
(Table I), as well as in metastases to lymph nodes (Table III). 

Analysis of mutual relationship of ERα and ERβ with Ki-67, 
Bcl-2 and Bak in breast cancer following pre-operative chemo-
therapy (in primary tumor and metastases). As in the cases 
without pre-operative chemotherapy, a correlation between the 
analyzed markers was determined in primary tumors, lymph 

Table I. Correlation between estrogen receptors and Ki-67, Bcl-2 
and Bak in primary tumors without pre-operative chemotherapy.

	 Comparison of markers	 p-value	 r
	-----------------------------------------------------
PT (n=71)	 PT (n=71)

    ERα	 Ki-67	 <0.0001	 -0.678
    ERα	 Bcl-2	 <0.0001	  0.572
    ERα	 Bak	 NS	 -0.059
    ERβ	 Ki-67	 NS	  0.165
    ERβ	 Bcl-2	 NS	 -0.477
    ERβ	 Bak	 <0.0040	  0.350

PT, primary tumors; NS, not significant; ER, estrogen receptor; 
r, correlation coefficient.

Table II. Correlation between estrogen receptors and Ki-67, Bcl-2 
and Bak in primary tumors with pre-operative chemotherapy.

	 Compared markers	 p-value	 r
	-----------------------------------------------------
PT (n=45)	 PT (n=45)

    ERα	 Ki-67	 <0.0300	 -0.342
    ERα	 Bcl-2	 <0.0040	  0.445
    ERα	 Bak	 NS	 -0.071
    ERβ	 Ki-67	 NS	  0.054
    ERβ	 Bcl-2	 NS	 -0.224
    ERβ	 Bak	 <0.0001	  0.586

PT, primary tumors; NS, not significant; ER, estrogen receptor; 
r, correlation coefficient.
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node metastases and between primary tumors and lymph node 
metastases.

As in the group without pre-operative chemotherapy, a 
negative correlation was observed between ERα and Ki-67, 
whereas a positive correlation was noted between ERα and 
Bcl-2 in the group of primary tumors (Table II) and in lymph 
node metastases (Table IV). However, no such correlations 
were observed between primary tumors and lymph node 
metastases (Table VI). A trend was noted of a negative 
correlation of the expression of ERα with Ki-67 between 
primary tumor and lymph node metastases, and of a positive 
correlation between ERβ and Bak (Table VI).

Discussion

It is likely that genetic heterogeneity, which increases the 
ability of neoplastic cells to adapt to different environmental 
conditions, is fundamental for the development of breast cancer 
metastatic cell resistance to chemotherapeutics (19). For 
these reasons, determining the extent of differences between 
neoplastic cells present in primary tumor and metastatic foci 

appears to be a crucial issue in determining the biology of 
neoplasms, in clinical oncology, and in identifying novel 
methods of antineoplastic therapies. Concomitantly, previ-
ously published studies regarding the expression of ERs and 
markers of proliferation and apoptosis in breast cancer remain 
divergent, most probably due to the application of different 
methods and commercially available antibodies which detect 
different domains of ERs. Moreover, studies follow different 
procedures with regard to ‘antigen exposing’ and principles of 
incubation with antibodies, as well as in microscopic assess-
ment criteria. Studies that analyzed the expression of ERs and 
other markers in breast cancer usually lacked information as 
to whether or not the cases analyzed included tumors without 
chemotherapy or tumors treated with pre-operative chemo-
therapy, and the extent thereof (20-24).

As with Rochaix et al (20), a positive correlation was 
observed in the present study between ERα expression and 
Bcl-2. Moreover, a positive correlation was noted between 
ERβ and Bak. This correlation suggests that the two ERs are 
involved in the regulation of proteins that control the apoptotic 
process. Rochaix et al (20) also found that the expression of 

Table III. Correlation between estrogen receptors and Ki-67, 
Bcl-2 and Bak in lymph node metastases without pre-operative 
chemotherapy.

	 Comparison of markers	 p-value	 r
	-------------------------------------------------------------
LNM (n=35)	 LNM (n=35)

     ERα	 Ki-67	 <0.0030	 -0.501
     ERα	 Bcl-2	 <0.0001	  0.622
     ERα	 Bak	 NS	  0.003
     ERβ	 Ki-67	 NS	  0.127
     ERβ	 Bcl-2	 NS	  0.039
     ERβ	 Bak	 <0.0001	  0.706

LNM, lymph node metastases; NS, not significant; ER, estrogen 
receptor; r, correlation coefficient.

Table IV. Correlation between estrogen receptors and Ki-67, 
Bcl-2 and Bak in lymph node metastases with pre-operative 
chemotherapy.

	 Comparison of markers	 p-value	 r
	-------------------------------------------------------------
LNM (n=30)	 LNM (n=30)

     ERα	 Ki-67	 <0.0300	 -0.421
     ERα	 Bcl-2	 <0.0030	  0.559
     ERα	 Bak	 NS	 -0.062
     ERβ	 Ki-67	 NS	  0.048
     ERβ	 Bcl-2	 NS	 -0.132
     ERβ	 Bak	 <0.0001	  0.679

LNM, lymph node metastases; NS, not significant; ER, estrogen 
receptor; r, correlation coefficient.

Table V. Correlation between estrogen receptors in primary 
tumors without pre-operative chemotherapy and Ki-67, Bcl-2 
and Bak in lymph node metastases.

	 Comparison of markers	 p-value	 r
	----------------------------------------------------------
PT (n=35)	 LNM (n=35)

    ERα	 Ki-67	 <0.0001	 -0.619
    ERα	 Bcl-2	 <0.0020	  0.557
    ERα	 Bak	 NS	 -0.211
    ERβ	 Ki-67	 NS	  0.036
    ERβ	 Bcl-2	 NS	 -0.125
    ERβ	 Bak	 NS	  0.163

PT, primary tumors; LNM, lymph node metastases; NS, not signifi-
cant; ER, estrogen receptor; r, correlation coefficient.

Table VI. Correlation between estrogen receptors in primary 
tumors with pre-operative chemotherapy and Ki-67, Bcl-2 and 
Bak in lymph node metastases.

	 Comparison of markers	 p-value	 r
	----------------------------------------------------------
PT (n=30)	 LNM (n=30)

    ERα	 Ki-67	  0.0890	 -0.333
    ERα	 Bcl-2	 NS	  0.325
    ERα	 Bak	 NS	  0.063
    ERβ	 Ki-67	 NS	  0.070
    ERβ	 Bcl-2	 NS	 -0.233
    ERβ	 Bak	 <0.0200	  0.461

PT, primary tumors; LNM, lymph node metastases; NS, not signifi-
cant; ER, estrogen receptor; r, correlation coefficient.
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ERs was considerably more frequent in Bcl-2-positive breast 
cancer as compared to Bcl-2-negative tumors. No relationship 
was observed between ER expression and Bak. Other studies 
have shown that estrogens increase Bcl-2 protein expression in 
epithelial breast cells (21) and in certain breast cancer lines, 
thereby lengthening the life of these cells (22). Berardo et al 
(23) showed that a high Bcl-2 expression was associated with 
favorable prognostic factors, such as positive ER status, a 
low fraction of cells in the S-phase of the cell cycle and a 
low number of lymph nodes with neoplastic metastases. This 
expression was also to be correlated with longer survival. 
On the other hand, Sierra et al (24) observed a correlation 
between Bcl-2 overexpression and the presence of metas-
tases, which was contradictory to the results of the present 
and other studies.

Previously, we showed that pre-operative chemotherapy 
affects breast cancer metastases to lymph nodes to a consider-
ably lesser degree as compared to primary tumors. In the case 
of significant damage to the primary tumor, followed by an 
inability to determine ER expression, we demonstrated that 
tumor assessment may successfully be performed by means of 
metastases to local lymph nodes (15,16). Although pre-opera-
tive chemotherapy did not significantly affect ER expression 
in the primary tumor, we observed its impact on the expres-
sion of proteins correlated with proliferation and apoptosis; 
therefore, it influences neoplastic process biology. The affect 
of neoadjuvant therapy on lymph node metastases, evaluated 
based on changes in the expression of the analyzed proteins, 
was relatively small, reducing the effectiveness of the therapy 
(15,16). The results of the present study, in which the impact 
of pre-operative chemotherapy was taken into consideration, 
confirm our previous observations.

In histopathological diagnostics of breast cancer, the routine 
assessment of estrogen and progesterone receptors, as well 
as that of other proteins, is performed exclusively in primary 
tumor sections. It is assumed that the effects of chemotherapy 
or hormone therapy on breast cancer metastases to lymph 
nodes should be similar to the effects noted in the primary 
tumor. However, our observations, as well as other studies indi-
cate that differences exist in the response to systemic therapy 
between the primary tumor and breast cancer metastases 
to lymph nodes. Heterogeneity in the expression of various 
biological factors between primary tumor cells and neoplastic 
cells in metastatic foci is a plausible reason for this discrepancy 
(19), as confirmed by the results of the present study.

Colonization of distant organs by neoplastic cells is the 
most hazardous feature of malignant neoplasms, while metas-
tasis is the main cause of death of patients with malignant 
neoplasms. It is estimated that curability reaches 90% if breast 
cancer is diagnosed in the gland only, whereas in the case of 
neoplastic cell dissemination long-term survival decreases 
depending on the tissues and organs involved (25). At present, 
our knowledge regarding genetic changes associated with 
neoplastic dissemination is relatively poor. Moreover, few 
studies are currently available on biological markers in meta-
static foci, particularly with regard to primary tumors. Further 
attempts to determine whether the assessment of markers in 
metastases is of a prognostic value are required.

We believe that studies that compare changes in metastatic 
and primary foci may provide information regarding differ-

ences between the primary tumor and its foci, indicating that 
certain factors are pre-disposed to neoplasm dissemination. 
Moreover, research on cancers treated with chemotherapy 
may help to explain the mechanisms whereby metastatic cells 
develop resistance to chemotherapeutics, which may be useful 
in determining the most effective therapeutic methods and 
creating possibilities for individualized treatment.
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