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Abstract
Background: Due to its anti-apoptotic and anti-proliferative contradictory functions, BCL2 role in breast carcinoma progression is not clearly understood. 
The purpose of this study was to highlight BCL2 expression during metastatic progression of invasive breast carcinoma of no special type (NST).
Materials and methods: The specimens, primary tumors and corresponding lymph node metastases (LNM) from 84 patients were immunostained for 
estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor (HER)-2, basal cytokeratin CK5, nuclear protein Ki67 and 
B-cell lymphoma (Bcl)-2 receptor. 
Results: BCL2 expression was higher at primary site than in axillary metastases. Its score correlates positively with hormone receptors’ level and negatively 
with HER2, CK5 and Ki67 at both sites. Switch of molecular profile was determined in 22.62% of cases. BCL2 expression was not influenced by subtypes 
switch. Changes of BCL2 expression were found in 25% of cases with stable molecular subtype. The Luminal A and Luminal B/Ki67 were encountered 
in the majority of BCL2 transitions, mainly from positive to negative state. 
Conclusions: Molecular subtypes and BCL2 expression are not stable during tumor progression and metastatic development. In the present study we 
established immunohistochemically that BCL2 is not influenced by subtypes’ transitions. BCL2 switches were encountered only in cases with a stable 
HER2, Luminal A or B phenotypes. We expect a further confirmation of our results by other research groups.
Key words: BCL2, breast carcinoma, immunohistochemistry, molecular subtypes, metastases.

Introduction

Breast carcinoma is the most common cause of death 
among women, and despite all efforts the drivers of this 
malignancy are not completely elucidated. Cancer occurs as 
the result of a disturbance in the balance between cell growth 
and cell death. Over-expression of anti-apoptotic genes or 
under-expression of pro-apoptotic genes can result in the 
lack of cell death, mechanisms that have been demonstrated 
in breast cancer too. Besides well-known prognostic factors, 
such as tumor size, histological type and grade, vascular in-
vasion, identifying of new molecular factors has become the 
objective of many research studies. One of these potential 
markers is B-cell lymphoma (Bcl)-2 receptor.

BCL2 is a member of regulator proteins that regulate cell 
death, by either acting as pro-apoptotic or anti-apoptotic 
[1, 2]. BCL2 is specifically considered as an important anti-
apoptotic protein and is thus classified as an oncogene. This 
protein, apart from its well-known inhibition of apoptosis, 
can also inhibit progression of the cell cycle by delaying entry 
into the S phase and maintaining cells in the G0 phase.

BCL2 in addition to HER2 and p53 is considered a tumor-
related protein that has the potential to further improve indi-
vidualization of patient management, by predicting response 
to chemotherapy, hormone therapy and radiotherapy [3]. Due 

to its anti-apoptotic function BCL2 is considered an impor-
tant factor in the modulation of hormonal/anti-hormonal 
responsiveness exhibited by tumors [4]. Patients with elevated 
BCL2 immunostaining appeared to have the greatest benefit 
from endocrine therapy. In addition, BCL2 overexpression is 
associated with favorable outcome and its effect in relation-
ship to estrogen receptor (ER) status. Some data suggest that 
BCL2 expression is a predictive factor for response to che-
motherapy particularly in anthracycline-based chemotherapy 
[5]. Other report showed this marker has no significant value 
for the therapeutic strategy [6]. Contrary, clinicopathological 
data suggests that BCL2 expression correlates with aggressive, 
prometastatic behavior in breast cancer [7]. 

In the last decade, the gene analysis led to identification 
of molecular subtypes and defined the gene-expression 
prognostic signatures [8, 9]. By analysis of protein expres-
sion using immunohistochemistry it has been identified that 
molecular subtypes characterized with surrogate markers 
are similar to those derived from gene expression arrays 
[10, 11]. Nowadays, it seems to be important to investigate 
the molecular profile of metastases too. Recent data reveal 
the instability of receptors throughout the metastatic process 
[12, 13]. This supports the hypothesis that the malignant 
phenotype is not pre-determined, but continues to evolve 
throughout its natural history. In comparison to basic, five 
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commonly accepted markers in breast cancer stratification 
(ER, PR, HER2, CK5, Ki67), nowadays is not clear the future 
of BCL2 positive tumor cells in the lymphonodal environ-
ment. The aim of the current study was to compare BCL2 
expression from primary tumor with corresponding lymph 
node metastases (LNM) in association with hormone re-
ceptors (estrogen (ER), progesterone (PR)), HER2 (human 
epidermal growth factor receptor-2), basal cytokeratin CK5 
status and molecular subtypes.

Material and methods

Patients. In this retrospective study there were analyzed 
specimens (breast carcinoma of no special type and corre-
sponding axillary lymph node metastases) from 84 patients 
of 33-86 years old. In all cases patients underwent radical 
mastectomy and lymph nodes dissection, without prior 
chemo- and radiotherapy. Histopathological diagnosis was 
assessed by two pathologists and cases suitable for immuno-
histochemistry were carefully selected.

Ethical issues. This study was based on patients’ informed 
consent and approved by the Ethics Committee of the Nicolae 

Testemitsanu State University of Medicine and Pharmacy 
from Chisinau, the Republic of Moldova (approval number 
21/13/31.03.2014).

Specimen processing and immunohistochemistry. 
The specimens were fixed in 10% phosphate buffered for-
malin for 24-48h and paraffin embedded (Paraplast High 
Melt, Leica Biosystems).  Primary tumor and its LNM were 
placed in one block and 5-μm thick step sections were cut. 
The immunohistochemical assessment included 6 surrogate 
markers (from Leica Biosystems, except HER2), for ER (clone 
ER/6F11), PR (clone Pr16), human epidermal growth factor 
receptor 2 (HER2/polyclonal/ DakoCytomation), marker of 
proliferation Ki67 (clone K2), basal cytokeratin CK5 (clone 
XM26) and BCL2 (clone BCL2/100/D5). Incubation with 
primary antibodies was followed by the use of HercepTest 
PharmDx Kit (DakoCytomation) and Bond Polymer Refine 
Detection System (Leica Biosystems, Newcastle Upon Tyne, 
UK). All cases were evaluated also by FISH as international 
rules recommend (PathVysion HER-2 DNA Probe Kit II, 
Abbot). Slides were processed automatically on Leica Bond-
Max autostainer (Leica Microsystems GmbH, Wetzlar, Ger-

Fig. 1.  Representative images of ER, PR, HER2, CK5, Ki67, BCL2 immunohistochemical staining in primary breast 
carcinoma and corresponding lymphonodal metastases (color version look on the front page of the cover).
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many). The hematoxylin solution, Harris modified (HHS32, 
SigmaAldrich) was used for counterstaining (fig.1).

Microscopic evaluation. The hormone receptors were 
scored as the percentage of nuclear positively stained cells 
from at least 1000 cells assessed. We followed the guidelines 
of ER and PR assessment purposed by Allred et al. [14]. Cases 
scored +1 – +3 were considered positive. The threshold of 
positivity was 10%. 

The HER2 assessments were done on LeicaBond Oracle 
HER2 IHC System (LeicaBiosystem). The HER2 status was 
interpreted in accordance with American Society of Clinical 
Oncology recommendations [15]. Cases interpreted as +2 
and +3 were considered positive. Leica HER2 control slides 
ensured the control and accuracy of our decisions.

We used a 14% threshold for Ki67. This marker, as well as 
hormone receptors were counted using a semi-quantitative 
method performed by Suciu et al. [16].

The basal cytokeratin CK5 was interpreted in Azoulay’s 
et al. manner [17]. Cases evaluated as +1 – +3 were consid-
ered positive. 

The BCL2 evaluation was based on Callagy et al. recom-
mendations: 0 – no staining; +1 – until 10% of cells show 
cytoplasmic pattern; +2 – 10-50%; +3 – more than 50% [18]. 
Cases scored as +2 and +3 were considered positive.

Based on Goldhirsch et al. recommendation we clustered 
molecular subtypes, as follows: ER+ and/or PR+, HER2−, CK5-,
Ki67<14% as Luminal A; ER+ and/or PR+, HER2+, CK5− as 
Luminal B/HER2;   ER+ and/or PR+, HER2−, CK5−, Ki67>14% 
as Luminal B/Ki67; ER+ and/or PR+, HER2+, CK5−, Ki67>14% 
as Luminal B/HER2/Ki67; ER−, PR−, HER2+, CK5− as HER2-
overexpressed; ER−, PR−, HER2− and  CK5+ as Basal-like; ER−, 
PR−, HER2− and  CK5- as unclassified [19].

Image acquisition and statistical analysis. A Nikon 
Eclipse 80i microscope with Nikon DS-Fi1 installed camera 
and Nis-elements BR 2.30 imaging software were used for 
microscopic evaluation (Nikon Instruments Europe BV). 
For descriptive statistics and Pearson’s correlation assess-
ment WinStat 2012.1 software was used (R. Fitch Software, 
Bad Krozingen, Germany). For all the tests a value of p£0.05 
was considered significant. In order to determine the shift-
ing direction of subtypes (from basal to Luminal and vice 
versa) unclassified subtype was assigned as “1”, Basal-like as 
“2”, HER2+ as “3, Luminal B/HER2-“4”, Luminal B/HER2/
Ki67 –“5”, Luminal B/Ki67 –“6” and Luminal A was equated  
with “7”.

Results

Histological assessment revealed that the most frequent 
histological grade is G2, determined in 45 cases (53.6%), the 
share of G1 constitutes 6%/5 cases and G3 respectively in 
40.5%/34 cases. In relation to BCL2, the majority of positive 
scores were determined in cases with G2 (36 cases/42.9%) 
and G3 grades (23 cases/27.4%) In primary tumor the sur-
rogate markers for hormone receptors had the highest rate. 
BCL2 marker was positive in 62 cases/73.8% (tab. 1).

Table 1
Surrogate markers positivity in primary tu

Score
ER PR HER2 CK5 BCL2

No % No % No % No % No %

0 16 19.0 26 31.0 62 73.8 73 86.9 17 20.2

1 3 3.6 5 6.0 4 4.8 5 6.0 5 6.0

2 9 10.7 13 15.5 5 6.0 4 4.8 9 10.7

3 56 66.7 40 47.6 13 15.5 2 2.4 53 63.1

84 cases/100%

In relation to hormonal receptors the positive BCL2 
highest score was determined in cases with high expression 
of ER and PR receptors (tab. 2). And vice versa increasing of 
the HER2 and CK5 scores leads to decreasing of BCL2 score.

The proliferation marker Ki67 was considered positive 
(≥14) in 50 cases/59.52% of primary tumors. A positive BCL2 
was accompanied with positive Ki67 (≥14) in 32 cases/38.10% 
and in 30 cases/35.71% with a Ki67<14. In 18 cases/21.43% 
with high Ki67 level, BCL2 was considered negative.

The most frequent subtype at primary site was Luminal 
B (45 cases/53.6%), followed by Luminal A (26 cases/31%) 
and hormone-negative group (13 cases/15.5%). By compar-
ing the molecular profile and BCL2 score the highest rate of 
positivity was determined in Luminal B (39.29%) and Lumi-
nal A subtype (28.57%). The ratio of positive/negative BCL2 
marker in HER2 overexpressing subtype was 50/50 – (4.76% 
positive)/(4.76% negative). Appropriate ratio was determined 
for Luminal B/HER2/Ki67 – 4.76% positive/3.57% negative.

By comparing molecular profile of primary tumor and its 
LNM we determined a transition of subtype to another one 
in 19 cases/22.62%. We have to mention that BCL2 expres-
sion was stable in spite of these switches. Transitions of BCL2 
score (21 cases/25%) we found in the group, where molecular 
subtype at both sites is similar (tab. 3).

The highest percentage of BCL2 transition was encoun-
tered in Luminal A (8 cases/9.52%) and Luminal B/Ki67  
(8 cases/9.52%). HER2-positive cases (4 cases/4.76%) as-
sociated in primary tumor with positive BCL2, preserved 
molecular subtype in metastases, but became BCL2 negative. 
In the same manner, from positive BCL2 to negative, proceed 
Luminal B/Ki67 and Luminal A, in 7 cases/8.33% each. The 
main intention of BCL2 expression throughout metastatic 
process was rather loss than acquiring – in 19 cases (from 
21 changed), direction was from positive in primary tumor 
to negative in lymph node metastases. This is visible and by 
comparing the number of BCL2 positive cases at both sites 
– 62 cases/73.81% in primary tumor and 44 cases/52.38% 
in LNM.

BCL2 expression was analyzed in relation to proliferation 
activity. Tumors were grouped in 2 categories in accordance 
with Ki67 level: low proliferating (<14) and high proliferating 
(≥14). In 7 cases of Luminal A, where BCL2 changed during 
progression from negative to positive, the Ki67 had a low level 
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(<14). Other 7 cases of Luminal B/Ki67, where BCL2 from 
positive changed to negative, Ki67 preserved a high rate at 
both sites. If in Luminal subtypes the proliferation marker 
preserves similar quotes at both sites, in HER2-overexpressed 
it changed randomly. In the last 7 cases some correlation of 
Ki67 level with BCL2 switch was not observed. 

The statistical assays revealed significant, positive cor-
relation of BCL2 level with type of molecular profile, level 
of ER, PR markers and negative correlation with HER2, CK5 
and Ki67. 

Discussion

Breast carcinoma is the most common cause of death 
among women. Despite implementation of screening pro-

grams the incidence of this tumor worldwide is still increas-
ing. Besides well-known prognostic factors, such as tumor 
size, histological type and grade, vascular invasion, identify-
ing of new molecular factors became the objective of many 
research studies. Failure to undergo apoptosis is considered 
a major mechanism of cancerogenesis and chemoresistance.

A marker which is involved in inhibition of apoptosis 
is B-cell lymphoma (Bcl)-2 receptor. It has been shown to 
contribute to oncogenesis because it can transform and 
immortalize cells in cooperation with c-myc, ras or viral 
genes. Del Bufalo et al. consider that BCL2 overexpression 
enhances both tumorigenicity and metastatic potential of 
tumor cells by inducing metastasis-associated properties 
[20]. Rochaix et al. found that BCL2 expression in tumors 

Table 2

BCL2 expression in relation to ER, PR, HER2, CK5 surrogate markers score at primary tumor site

BCL2 score

No % No % No % No %
Total

ER score

0 1 2 3 No %

0 10 11.9 3 3.6 4 4.8 17 20.2

1 1 1.2 4 4.8 5 6

2 2 2.4 1 1.2 1 1.2 5 6.0 9 10.7

3 4 4.8 2 2.4 4 4.8 43 51.2 53 63.1

Total 16 19.05 3 3.57 9 10.71 56 66.67 84 100

PR score

BCL2 score
No % No % No % No %

No %
0 1  2 3 

0 10 11.9 3 3.6 2 2.4 2 2.4 17 20.2

1     2 2.4 3 3.6 5 6

2 3 3.6   2 2.4 4 4.8 9 10.7

3 13 15.5 2 2.4 7 8.3 31 36.9 53 63.1

Total 26 31.0 5 6.0 13 15.5 40 47.6 84 100

HER2 score

BCL2 score
No % No % No % No %

No %
0 1  2 3 

0 9 10.7 1 1.2 7 8.3 17 20.2

1 4 4.8 1 1.2   5 6

2 7 8.3   2 2.4 9 10.7

3 42 50.0 3 3.6 4 4.8 4 4.8 53 63.1

Total 62 73.8 4 4.8 5 6.0 13 15.5 84 100

CK5 score

BCL2 score
No % No % No % No %

No %
0 1  2 3 

0 10 11.9 4 4.8 1 1.2 2 2.4 17 20.24

1 5 6.0     5 6

2 8 9.5 1 1.2   9 10.7

3 50 59.5   3 3.6 53 63.1

Total 73 86.9 5 6.0 4 4.8 2 2.4 84 100
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was associated with a better differentiation of the cancers and 
particularly G1 – 100% of BCL2-positive tumors, G2 – 81%, 
G3 – 60% [21]. This assumption is in line with our results 
where majority (70.2%) of BCL2 positive cases was evaluated 
with G2 and G3 grades. Contradictory, Binder et al. presented 
a significant inverse correlation between histological grading 
and immunoreactivity for BCL2, confirmed by Ermiah et al. 
too [22,  23]. In our assays a statistically significant correla-
tion between histological grade and BCL2 was not found. 

Ermiah et al. consider that patients with positive expres-
sion of BCL2 had lower recurrence rate than BCL2-negative 

patients and better survival after median follow-up of 
47 months [23]. Recently, Yang et al. found significant relation 
between BCL2 negativity and good prognosis [5]. All related 
uniformities could have several explanations: unknown, other 
than anti-apoptotic function of BCL2, lack of homogeneity 
in studied group, differences in immunohistochemical assays 
and the cut-off used to define BCL2 positivity [24]. Lee et 
al. considered BCL2 positive case as “>0%” of stained cells 
and Dumontet et al. used a threshold of “>70%” positive 
cells [25, 26].

BCL2 is considered as modulator of hormonal/anti-

Table 3
Molecular subtypes and BCL2 evolution in tumor progression:  

a comparative study of primary tumor and corresponding metastases

Molecular subtype BCL2 expression No.
cases

%

Tm Mt Tm Mt

Unclassified Unclassified - - 2 2.38

77.4

Unclassified Unclassified + + 1 1.19

Basal-like Basal-like - - 1 1.19

HER2 HER2 - - 3 3.57

HER2 HER2 + - 4 4.76

Luminal A Luminal A - - 1 1.19

Luminal A Luminal A - + 1 1.19

Luminal A Luminal A + - 7 8.33

Luminal A Luminal A + + 13 15.48

Luminal B/HER2 Luminal B/HER2 - - 1 1.19

Luminal B/HER2 Luminal B/HER2 + - 1 1.19

Luminal B/HER2/Ki67 Luminal B/HER2 - - 1 1.19

Luminal B/HER2/Ki67 Luminal B/HER2/Ki67 - - 2 2.38

Luminal B/HER2/Ki67 Luminal B/HER2/Ki67 + + 1 1.19

Luminal B/HER2/Ki67 Luminal B/Ki67 + + 1 1.19

Luminal B/Ki67 Luminal B/Ki67 - - 1 1.19

Luminal B/Ki67 Luminal B/Ki67 - + 1 1.19

Luminal B/Ki67 Luminal B/Ki67 + - 7 8.33

Luminal B/Ki67 Luminal B/Ki67 + + 16 19.05

Basal-like Unclassified - - 1 1.19

22.6

HER2 Luminal B/HER2/Ki67 - - 1 1.19

Luminal A Unclassified + + 1 1.19

Luminal A Luminal B/HER2 + + 1 1.19

Luminal A Luminal B/Ki67 + + 2 2.38

Luminal B/HER2 Luminal A + + 1 1.19

Luminal B/HER2/Ki67 HER2 - - 1 1.19

Luminal B/HER2/Ki67 Luminal A + + 1 1.19

Luminal B/Ki67 Basal-like - - 1 1.19

Luminal B/Ki67 Luminal A - - 5 5.95

Luminal B/Ki67 Luminal A + + 4 4.76

Note: Molecular subtypes shifted cases are selected with Bold. BCl2 transitions (No and %) are primed with gray color. Tm – primary tumor, 
Mt – metastases.
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hormonal responsiveness exhibited by tumors. Binder et al. 
supposed that loss of BCL2 expression seems to induce the 
loss of hormonal regulation, increased dedifferentiation and 
deregulated proliferation [22]. Gee et al. determined that im-
munostaining for hormone receptors was strongly associated 
with that for the BCL2 protein, results which were confirmed 
by other researches later too [4, 27]. Authors supposed that 
this protein, like progesterone receptor, is under estrogen reg-
ulation via estrogen receptor. These results were confirmed 
also by a highly significant relationship between response to 
endocrine therapy and the presence of BCL2 protein. Indeed, 
BCL2 was more accurate predictor of response than estrogen 
receptor status. Patients who had a combination of BCL2 
high score and elevated ER level received the greatest benefit 
from endocrine therapy.  Our results concerning BCL2 and 
hormone receptors relationship are similar to Gee et al. [4]. 

In the literature the BCL2 was inversely related to c-erbB-2 
oncoprotein (as well to epidermal growth factor receptor or 
EGFR) [4, 22]. Petry et al. support the concept that ERBB2 
influences the expression of BCL2 family members to induce 
an anti-apoptotic phenotype [28]. Authors indicate that 
ERBB2 alters the expression of BCL2 in a way that leads to 
adverse prognosis. In our assays BCL2 correlated negatively 
with HER2 expression.

The anti-apoptotic function of BCL2 should predispose 
tumor to high proliferation. No associations were observed 
with Ki-67 proliferative status by some researches [4]. More, 
high proliferative activity assessed by Ki-67 correlated in-
versely with  BCL2  expression in primary tumor in Binde 
et al. and Zaha et al. experiments [22, 29]. Our results are 
complementary to above mentioned. 

CK5/6-positive breast carcinomas have a low BCL2 
expression and high proliferation rate [30]. Same data arise 
from our study too.

Korsching et al. consider that different cellular subgroups 
in the female breast give rise to subgroups of breast carcino-
mas with different protein expression and cytogenetic altera-
tion patterns that may be related to clinical behavior [30]. 
Approximately 80% of patients present hormone positive 
tumors. Dawson et al. established that prognostic value of 
BCL2 was present across molecular subtypes (ER+/Luminal, 
HER2+, HER2− and triple negative), and was independent 
of tumor size, grade and stage [31]. Cases with ER+/BCL2− 
pattern had a worse prognosis than those with ER−/BCL2+. 

There are several evidences which affirm the instability of 
molecular subtypes during metastatic process [12, 13, 32]. In 
our study BCL2 expression was stable throughout this transi-
tion and unexpectedly changed in the group where molecular 
subtype was the same at both sites. Our results are in line 
with Subhawong et al., which reported a downregulation of 
BCL2 expression in metastases in Luminal A subtype [33]. 
But in this report, patients (17 cases) underwent many cycles 
of adjuvant therapy prior to study and developed resistance 
to hormonal therapy. We couldn’t find other results concern-
ing relationship of BCL2 expression and molecular subtypes 
throughout progression.

Regarding the involvement of BCL2 in metastatic process 
our results are in contradiction with data of other groups, 
which reported an increase of BCL2 expression in axillary 
metastases [34, 35]. Another study reported a similar BCL2 
expression between the primary tumor and lymph node 
metastases [36]. The differences with our study are related 
to a number of cases (Mimori et al. with 6 cases, Arun et al. 
and Kristek et al. with 60 cases each), method of markers as-
sessment (cDNA microarray at Mimori et al.) and the most 
important, that all of them reported BCL2 expression from 
classical, histopathological position of breast cancer inter-
pretation (34-36). A direct and comprehensive comparison 
from molecular position of BCL2 expression between pri-
mary breast carcinomas and paired distant metastases has 
not been performed yet.

In summary, molecular subtypes and BCL2 expression 
are not stable during tumor progression and metastatic 
development. In the present study we established immuno-
histochemically that BCL2 is not influenced by subtypes’ 
transitions. BCL2 switches were encountered only in cases 
with a stable HER2, Luminal A or B phenotypes. Due to its 
dual function, promoting cell cycle arrest and preventing 
apoptosis, many things concerning BCL2 implication in 
breast cancer progression and drug resistance remain still 
unclear. Its specific localization at the crossroads of several 
complex physiological pathways, may lead to unexpected 
consequences, interesting for researches, dangerous for 
patients.

Conflicts of interest

The authors indicated no potential conflicts of interest.

Acknowledgments

This work was supported by grant UEFISCDI_IDEI 
345/2011 and UEFISCDI_Bilateral Cooperation Romania-
Moldova grant 684/2013 of the Romanian Ministry of Educa-
tion and Research.

References

1. Tsujimoto Y, Finger LR, Yunis J, Nowell PC, Croce CM. Cloning of the 
chromosome breakpoint of neoplastic B cells with the t(14;18) chromo-
some translocation. Science. 1984;226 (4678):1097–99. PMID: 6093263

2. Cleary ML, Smith SD, Sklar J. Cloning and structural analysis of cDNAs 
for BCL2 and a hybrid BCL2/immunoglobulin transcript resulting from 
the t(14;18) translocation. Cell. 1986;47(1):19–28. PMID: 2875799

3. Hamilton A, Piccart M. The contribution of molecular markers to the 
prediction of response in the treatment of breast cancer: a review of 
the literature on HER2, p53 and BCL2. Ann Oncol. 2000;11(6):647-63. 
PMID: 10942052

4. Gee JM, Robertson JF, Ellis IO, Willsher P, McClelland RA, Hoyle HB, 
Kyme SR, Finlay P, Blamey RW, Nicholson RI. Immunocytochemical 
localization of BCL2 protein in human breast cancers and its relationship 
to a series of prognostic markers and response to endocrine therapy. Int 
J Cancer. 1994;59(5):619-28. PMID: 7960234

5. Yang D, Chen MB, Wang LQ, Yang L, Liu CY, Lu PH. BCL2 expression 
predicts sensitivity to chemotherapy in breast cancer: a systematic review 
and meta-analysis. J Exp Clin Cancer Res. 2013;32:105. PMID: 24370277



RESEARCH STUDIES The Moldovan Medical Journal, February 2017, Vol. 60, No 1

6. Kavgaci H, Yildiz B, Fidan E, Reis A, Ozdemir F, Cobanoglu U, Can 
G. The effects of E-cadherin and BCL2 on prognosis in patients with 
breast cancer. Bratisl Lek Listy. 2010;111(9):493-7. PMID: 21180263

7. Tawfik K, Kimler BF, Davis MK, Fan F, Tawfik O. Prognostic signifi-
cance of BCL2 in invasive mammary carcinomas: a comparative clini-
copathologic study between “triple-negative” and non-”triple-negative” 
tumors. Hum Pathol. 2012;43(1):23-30.  PMID: 21777944

8. Van de Vijver MJ, He YD, van’t Veer LJ, Dai H, Hart AA, Voskuil DW, 
Schreiber GJ, Peterse JL, Roberts C, Marton MJ, Parrish M, Atsma 
D, Witteveen A, Glas A, Delahaye L, van der Velde T, Bartelink H, 
Rodenhuis S, Rutgers ET, Friend SH, Bernards R. A gene-expression 
signature as a predictor of survival in breast cancer. N Engl J Med. 
2002;347(25):1999–2009. PMID: 12490681

9. Prat A, Perou CM. Deconstructing the molecular portraits of breast 
cancer. Mol Oncol. 2011;5(1):5–23. PMID: 21147047

10. Callagy G, Cattaneo E, Daigo Y, Happerfield L, Bobrow LG, Pharoah 
PD, Caldas C. Molecular classification of breast carcinomas using tis-
sue microarrays. Diagn Mol Pathol. 2003;12:27–34. PMID: 12605033

11. Abd El-Rehim DM, Ball G, Pinder SE, Rakha E, Paish C, Robertson 
JF, Macmillan D, Blamey RW, Ellis IO. High-throughput protein 
expression analysis using tissue microarray technology of a large well-
characterised series identifies biologically distinct classes of breast 
cancer confirming recent cDNA expression analyses. Int J Cancer. 
2005;116:340–350. PMID: 15818618

12. Falck AK, Bendahl PO, Chebil G, Olsson H, Fernö M, Ryden L. Bio-
marker expression and St Gallen molecular subtype classification in 
primary tumours, synchronous lymph node metastases and asynchro-
nous relapses in primary breast cancer patients with 10 years’ follow-up. 
Breast Cancer Res Treat. 2013;140(1):93-104. PMID: 23807420

13. Raica M, Cîmpean AM, Ceausu RA, Fulga V, Nica C, Rudico L, Sap-
tefrati L. Hormone receptors and HER2 expression in primary breast 
carcinoma and corresponding lymph node metastasis: do we need 
both? Anticancer Res. 2014;34(3):1435-40. PMID: 24596391

14. Allred DC, Harvey JM, Berardo M, Clark GM. Prognostic and predic-
tive factors in breast cancer by immunohistochemical analysis. Mod 
Pathol. 1998;11:155-168. PMID: 9504686

15. Wolff AC, Hammond ME, Hicks DG, Dowsett M, McShane LM, Al-
lison KH, Allred DC, Bartlett JM, Bilous M, Fitzgibbons P, Hanna W, 
Jenkins RB, Mangu PB, Paik S, Perez EA, Press MF, Spears PA, Vance 
GH, Viale G, Hayes DF; American Society of Clinical Oncology; 
College of American Pathologists. Recommendations for Human Epi-
dermal Growth Factor Receptor 2 Testing in Breast Cancer: American 
Society of Clinical Oncology/College of American Pathologists Clini-
cal Practice Guideline Update. J Clin Oncol. 2013;31(31):3997-4013. 
PMID: 24101045

16. Suciu C, Muresan AM, Cornea R, Suciu O, Dema A, Raica M. Semi-
automated evaluation of Ki67 index in invasive ductal carcinoma of 
the breast. Oncol Lett. 2014;7:107-114. PMID: 24348830

17. Azoulay S, Laé M, Fréneaux P, Merle S, Al Ghuzlan A, Chnecker C, 
Rosty C, Klijanienko J, Sigal-Zafrani B, Salmon R, Fourquet A, Sastre-
Garau X, Vincent-Salomon A. KIT is highly expressed in adenoid 
cystic carcinoma of the breast, a Basal-like carcinoma associated with a 
favorable outcome. Mod Pathol. 2005;18(12):1623-31. PMID: 16258515

18. Callagy GM, Pharoah PD, Pinder SE, Hsu FD, Nielsen TO,  Ragaz J, 
Ellis IO, Huntsman D, Caldas C. BCL2 is a prognostic marker in breast 
cancer independently of the Nottingham Prognostic Index. Clin Cancer 
Res. 2006;12(8):2468–2475. PMID: 16638854

19. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, 
Thürlimann B, Senn HJ, Panel members: Personalizing the treatment 
of women with early breast cancer: highlights of the St Gallen Inter-
national Expert Consensus on the Primary Therapy of Early Breast 
Cancer. Ann Oncol. 2013;24(9):2206-23. PMID: 23917950

20. Del Bufalo D, Biroccio A, Leonetti C, Zupi G. BCL2 overexpression 
enhances the metastatic potential of a human breast cancer line. FASEB 
J. 1997;11(12):947-53. PMID: 9337147

21. Rochaix P, Krajewski S, Reed JC, Bonnet F, Voigt JJ, Brousset P. In vivo 
patterns of BCL2 family protein expression in breast carcinomas in 
relation to apoptosis. J Pathol. 1999;187(4):410-5. PMID: 10398099

22. Binder C, Marx D, Overhoff R, Binder L, Schauer A, Hiddemann W. 
BCL2 protein expression in breast cancer in relation to established 
prognostic factors and other clinicopathological variables. Ann On-
col.1995;6(10):1005-10. PMID: 8750153

23. Ermiah E, Buhmeida A, Khaled BR, Abdalla F, Salem N, Pyrhönen S, 
Collan Y.  Prognostic value of BCL2 expression among women with 
breast cancer in Libya. Tumour Biol. 2013;34(3):1569-78. PMID: 
23417836

24. Zinkel S, Gross A, Yang E. BCL2 family in DNA damage and cell cycle 
control. Cell Death Differ. 2006; 13(8): 1351–1359. PMID: 16763616

25. Lee KH, Im SA, Oh DY, Lee SH, Chie EK, Han W, Kim DW, Kim TY, 
Park IA, Noh DY, Heo DS, Ha SW, Bang YJ. Prognostic significance of 
BCL2 expression in stage III breast cancer patients who had received 
doxorubicin and cyclophosphamide followed by paclitaxel as adjuvant 
chemotherapy. BMC Cancer. 2007;7:63. PMID: 17430582

26. Dumontet C, Krajewska M, Treilleux I, Mackey JR, Martin M, Rupin 
M, Lafanechère L, Reed JC. BCIRG 001 molecular analysis: prognostic 
factors in node-positive breast cancer patients receiving adjuvant che-
motherapy. Clin Cancer Res. 2010;16(15):3988-97. PMID: 20576719

27. Linjawi A, Kontogiannea M, Halwani F, Edwardes M, Meterissian S. 
Prognostic significance of p53, BCL2, and Bax expression in early 
breast cancer. J Am Coll Surg. 2004;198(1):83-90. PMID: 14698315

28. Petry IB, Fieber E, Schmidt M, Gehrmann M, Gebhard S, Hermes 
M, Schormann W, Selinski S, Freis E, Schwender H, Brulport M, 
Ickstadt K, Rahnenführer J, Maccoux L, West J, Kölbl H, Schuler M, 
Hengstler JG. ERBB2 induces an antiapoptotic expression pattern of 
BCL2 family members in node-negative breast cancer. Clin Cancer 
Res. 2010;16(2):451-460. PMID: 20068093

29. Zaha DC, Lazăr E. Molecular characterization of apoptosis by the 
immunohistochemical evaluation of BCL2 in breast cancer. Rom J 
Morphol Embryol. 2012;53(1):155-60. PMID: 22395515

30. Korsching E, Packeisen J, Agelopoulos K, Eisenacher M, Voss R, Isola J, 
van Diest PJ, Brandt B, Boecker W, Buerger H. Cytogenetic alterations 
and cytokeratin expression patterns in breast cancer: integrating a new 
model of breast differentiation into cytogenetic pathways of breast 
carcinogenesis. Lab Invest. 2002;82(11):1525-33. PMID: 12429812

31. Dawson SJ, Makretsov N, Blows FM, Driver KE, Provenzano E, Le 
Quesne J, Baglietto L, Severi G, Giles GG, McLean CA, Callagy G, 
Green AR, Ellis I, Gelmon K, Turashvili G, Leung S, Aparicio S, Hunts-
man D, Caldas C, Pharoah P. BCL2 in breast cancer: a favourable prog-
nostic marker across molecular subtypes and independent of adjuvant 
therapy received. Br J Cancer. 2010;103(5):668-75. PMID: 20664598

32. Adamczyk A, Niemiec J, Ambicka A, Małecki K, Wysocki WH, Mituś 
J, Ryś J. Expression of ER/PR/HER2, basal markers and adhesion 
molecules in primary breast cancer and in lymph nodes metastases: a 
comparative immunohistochemical analysis. Pol J Pathol. 2012;63:228-
234. PMID: 23359191

33. Subhawong AP, Nassar H, Halushka MK, Illei PB, Vang R, Argani P: 
Heterogeneity of BCL2 expressionin metastatic breast carcinoma. Mod 
Pathol. 2010;23(8):1089-96. PMID: 20495533

34. Mimori K, Kataoka A, Yoshinaga K, Ohta M, Sagara Y, Yoshikawa Y, 
Ohno S, Barnard GF, Mori M. Identification of molecular markers 
for metastasis-related genes in primary breast cancer cells. Clin Exp 
Metastasis. 2005;22(1):59–67. PMID: 16132579

35. Kristek J, Dm B, Kurbel S, Sakić K, Krajinović Z, Blazicević V, Has 
B, Marjanović K. Tumor growth fraction, expression of estrogen and 
progesterone receptors, p53, BCL2 and cathepsin D activity in pri-
mary ductal invasive breast carcinoma and their axillary lymph node 
metastases. Coll Antropol. 2007;31(4):1043–1047. PMID: 18217456

36. Arun B, Kilic G, Yen C, Foster B, Yardley D, Gaynor R, Ashfaq R. Cor-
relation of BCL2 and p53 expression in primary breast tumors and cor-
responding metastatic lymph nodes. Cancer. 2003;98(12):2554–2559. 
PMID: 14669273

9


